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The word of Yahweh came to me, saying, “Son of man, 
speak to the children of your people, and tell them:  ‘If I 
bring the sword on a land, and the people of the land take 
a person from among them, to serve as their watchman; 
when he sees the sword coming against the land and 
blows the trumpet to warn the people, then whoever 
hears the sound of the trumpet but doesn't heed the 
warning, if the sword comes and takes their life, their 
blood shall be on their own head. They heard the sound of 
the trumpet but didn't take warning.  Their blood shall be 
on themselves. But if they had heeded the warning, they 
would have saved their lives.’ ”  
 

Ezekiel 33:1-5 
 

 
If my people, which are called by my name, shall humble 
themselves, and pray, and seek my face, and turn from 
their wicked ways; then will I hear from heaven, and will 
forgive their sin, and will heal their land. 
 

2 Chronicles 7:14 (King James Version) 
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Dedication 

To friends and leaders who have dedicated much of their lives to help the government and 

public understand and prepare for nuclear risks.  Here is a list of some of those who have 

helped me and/or America the most (note: none of those listed below have seen this revised 

version of the book and so they may or may not agree with its contents and they haven’t been 

asked to give any endorsement to this Edition): 

• Ed York (deceased):  who was on the Manhattan Project, served on the board of The American 

Civil Defense Association (TACDA) {www.tacda.org}, and who helped me design my first home 

shelter for my neighborhood.  He had tested shelter designs with actual blasts and was eager to 

share his knowledge on active/passive defense issues with all who would listen.    

• Ed Teller (deceased): who was a “Father of the U.S. hydrogen bomb” (a title he didn’t 

particularly like) and who graciously spent time instructing me and the public on nuclear issues 

and how to mitigate nuclear risks, whether from weapons or power plants.  While a 

controversial figure, I admired his work in vigorously promoting civil defense.  Indeed, Dr. Teller 

was truly one of the “fathers of U.S. civil defense.”  I hope in the future that Dr. Teller will be 

remembered for his civil defense legacy as well as his disagreement with the military use of the 

nuclear bombs in Japan.  For example, he said a non-lethal nuclear weapon demonstration for 

Tokyo should have occurred (such as in his PBS “Firing Line” interview of 10/19/87) prior to a 

weapon being used on a misinformed Japanese public.      

• Sam Cohen (deceased):  who was the “Father of the Neutron bomb” and who worked hard to 

warn the public about the dangers associated with advanced weapons and who took the time to 

explain missile defense options, technologies, and goals to me when I served as the President of 

TACDA. 

• Cresson Kearney (deceased): who wrote the best early book on Nuclear War Survival Skills and 

who gave much of his time and effort, without compensation, to support Civil Defense efforts.  

• Dr. Art Robinson:  who inspired me to get interested in Civil Defense issues and who has lived 

out: “Trust in the LORD with all your heart, and do not lean on your own understanding.  In all 

your ways acknowledge him, and he will make straight your paths.” (Proverbs 3:5-6, NASB)  Our 

brief meetings have had a profound effect.   

• Dr. Peter Pry:  who has been one of the top nuclear and EMP risk experts since his tour of duty 

at the Central Intelligence Agency (CIA). He has sacrificed much over the years to alert our 

nation to nuclear risks.  He’s also done very significant work to help State officials in Maine and 

Florida (and other States) to understand the risks and solutions associated with EMP.  We would 

do well to carefully listen to his warnings based on his time as the Staff Director of the U.S. EMP 

Commission and other key national security and EMP-related positions.  

• Bronius Cikotas:  who has quietly served behind the scenes as one the USA’s top EMP experts 

and who has promoted innovative concepts for years to protect us from EMP and other risks.  

http://www.tacda.org/
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He has also worked hard as a leader within TACDA and in support of Federal and State EMP 

initiatives to alert the public and mitigate our EMP risks. 

• Dr. Bill Radasky, Edward Savage, and Dr. Jim Gilbert of Metatech Corporation 

(www.metatechcorp.com ); Dr. George Baker (http://works.bepress.com/george_h_baker/ ), 

and John Kappenman who have a passion to help the government and technical community 

understand all dimensions of EMP and how best to mitigate EMP risks.  I have relied on some of 

their published works for much of the EMP related information herein.   

• Howard Seguine who has looked at a broad range of risks over the years and has done much to 

help our country be aware of current and evolving threats.   

• Many others, such as:  Dr. Graham (the Chairman of the U.S. EMP Commission), Ambassador 

Henry F. (Hank) Cooper (the former head of our missile defense efforts under President George 

H. W. Bush and the head of High Frontier{see http://highfrontier.org }), Ambassador R. James 

Woolsey (a former Director of the CIA and the Chairman of the Foundation for Defense of 

Democracies { www.defenddemocracy.org ), Dr. Lowell Wood (a Commissioner with the U.S. 

EMP Commission), Dr. Don Linger (the Defense Nuclear Agency’s former Director of Testing), 

Representative Andrea Boland (of the Maine Legislature, House of Representatives, who 

sponsored and help pass the first state legislation to solve EMP problems through State action), 

and Dr. Kirk (who was the one who inspired Andrea to initiate state action and who explained 

EMP risks to her); and former and current Congressional leaders such as Roscoe Bartlett, Trent 

Franks, Yvette Clarke, Newt Gingrich, Curt Weldon, and Senator Jon Kyle.    

To those who have put truth and responsibility ahead of promoting their careers and bowing to political 

correctness … most notably, friends like Chris R., Peter, and Doug E. come to mind.  

To Laura, my faithful wife, best friend, and loving mom to our ten children and who has had adoption on 
her heart since before I knew her. She has encouraged me all along the way in writing this book.  
Without her sacrificial support, patience, courage, and counsel over two decades, this book could not 
have been finished.  

To my kids, family, and friends who’ve been consistent sources of encouragement.  A special thanks 
goes to Stella and Doug, Bob and Katherine, Ed Cohen, Laurie (my sister), Jean Horton (aka “Grandma!”), 
and to my late father and father-in-law for their encouragement and support … and more recently, to 
Mike (one of my sons) who provided specific and regular encouragement to me over the last year to 
take time off from my “normal work” to finish this multi-year labor of book writing.  

To my late brother Chet, who risked much to seek justice and to help those in need (such as during his 
work with the Civil Rights movement, the Red Cross, and as a Fire Fighter) and who consistently 
encouraged me regarding disaster preparedness and civil defense efforts.  I will greatly miss talking with 
him about these matters.   

To people who seek to understand key issues of the times and then take appropriate actions; who face 

difficult issues with faith and love versus fear and selfishness; who allow disagreement and encourage 

professional dialog and research; who work hard to fulfill prudent plans, seeking to care for their family 

and friends.  

http://www.metatechcorp.com/
http://works.bepress.com/george_h_baker/
http://highfrontier.org/
http://www.defenddemocracy.org/
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Foreword and Disclaimer 

This book has been in development for over 20 years.  The actual writing began in the 1990s 

while I was the President of The American Civil Association (TACDA) {www.tacda.org} and the 

Editor of the Journal of Civil Defense.  But many of the thoughts herein were actually conceived 

earlier in the 1980s when, as an Air Force Officer at the Naval Postgraduate School, I had my 

eyes opened to the realities of nuclear weapons effects, missile defense issues, and the 

deceptive Communist policies related to societal warfare -- primarily based on open source, 

publicly available materials.  It was also during this time that, contrary to what I had been 

taught earlier about the impossibilities of surviving a nuclear war, the reality was that with a 

little effort and planning, much could be done to survive.  I wondered why our leaders ever 

functionally adopted the policy of Mutual Assured Destruction (MAD).  The more I studied this 

policy, the more I became convinced that MAD was truly immoral.  MAD was never mutual.  It 

was always a unilateral, delusional, and self-destructive policy.       

As an Air Force Officer, for several years I led the Department of Defense team that developed 

hypothetical nuclear attacks against our country from a Soviet perspective for the Joint Staff’s 

annual nuclear wargames. While I cannot write or talk about what I learned in that position, I 

will say that it was a very sobering job.   

I was also very sobered by the findings of the U.S. Electromagnetic Pulse (EMP) Commission 

{http://www.empcommission.org/}, and in particular the related Congressional testimony from 

experts like Dr. Bill Graham, the Chairman of this Commission. From their excellent technical 

research and reports, the public learned much more about EMP and what a growing list of 

potential adversaries could do to the USA with just a few well-placed warheads.   

So in my spare time I began to advocate assured survival policies for both the government and 

the public.  It was during this time that I designed my first blast shelter, built one for my entire 

neighborhood, and gave tours of the shelter to not only my neighbors, but to anyone who was 

interested in finding some alternatives to assured destruction.  [You can read more about this 

in Appendix A – Sheltering, subsection: Why we built a neighborhood blast shelter, if 

interested].  I later learned from my Senior Executive Service (SES) program manager (shortly 

before his death from cancer) that he too had quietly built a blast shelter to protect his family.     

Unfortunately, there is much fear-based/incorrect information presented to the public on these 

matters.  For example, people are misled to think that nuclear war would be the end of 

mankind or that a single nuclear weapon burst at ground level would likely kill everyone in a 

state.  As a result, when I talk with people, I typically hear things like:  “I’d rather quickly die 

than live through a nuclear attack” or, “My plan is to show up at your house.”  In reality, I 

http://www.tacda.org/
http://www.empcommission.org/
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seriously doubt that anyone would choose to die if they had the means to readily live.  Likewise, 

I believe people would much rather be prepared to responsibly care for their loved ones rather 

than to seek help from those who had warned them to get prepared, but whom they largely 

ignored.   Hopefully, this book will help dispel some of the myths that discourage people from 

wanting to prepare for nuclear risks. 

Thankfully, much can be done to mitigate nuclear risks at the family level as well as at the 

corporate and governmental levels.  Most people can do something to share the load in 

preparing to counter nuclear threats.  Indeed, when the time comes where a nuclear weapon is 

detonated in North America, almost everyone will have wished they had spent less time and 

funds on entertainment and other optional pursuits, and had invested more in preparing for 

nuclear risks.   

I hope that just as many people protect themselves with life and health insurance, that they will 

also take time to develop a resilient lifestyle and not be totally dependent on the government 

and modern infrastructures to keep them alive.  Thankfully, if a significant portion of the 

population takes action, then literally millions of lives can be saved and we can avoid being 

defeated by dictators and foreign interests.   

Everyone has a choice.  You can either adopt the MAD “assured destruction” mindset, or you 

can take reasonable steps to protect those you love.  I hope that you too will be among those 

who know how to have a safe refuge/home in time of disaster and who are gradually storing up 

essential provisions to use during crises to help save themselves and their neighbors.  

The Bible calls a person a fool who ignores warnings about real dangers.  The Bible commends 

as wise those who take shelter and store up essential provisions.1  Which group are you in?  

Which group do you want to help others to be in?    

Some Disclaimers: 

This book, Nuclear Risks and Preparedness, is intended to provide the best general, open-

source, publicly available information about nuclear risks to North America and how to survive 

these risks. It is sold with the understanding that I am not engaged in rendering any specific 

engineering, medical, or other professional services to any individual or organization. If specific 

expert assistance is required, the services of a competent professional should be sought who 

can consider all the necessary variables, circumstances, and needs of you and your family, 

friends, clients, etc.  In addition, you are encouraged to consider other sources of information, 

 
1 “The prudent see danger and take refuge, but the simple keep going and pay the penalty.” (Proverbs 22:3 and 

27:12, New International Version); “He made the fortresses strong, and put commanders in them, and stores of food, 

oil, and wine.” (2 Chronicles 11:11 English Standard Version); “Valuable stores and oil are in the house of the wise; 

but a foolish person swallows it down.” (Proverbs 21:20). 
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to include differing viewpoints, and to then come up with your own views and personal 

applications regarding nuclear risks and preparedness.    

Much effort has been made to make this book as complete and as accurate as possible, 

balanced against the need to get this information out prior to the next major event. However, 

there may be errors unknown to me in both the book’s presentation and content. Therefore, 

this book should be used only as a general guide and not as your primary or ultimate source of 

information for personal or group preparedness decisions. If you do find what you believe to be 

errors in the presentation or content of this book, please see the boxed form below to provide 

necessary feedback to me. I’ll try to provide errata page(s) for any substantive errors or 

omissions at my website listed below. I encourage any helpful feedback you may have! 

Finally, this book is based on open-source, publicly available materials and reflects the author’s 

opinions alone.  It does not necessarily reflect the views of any government (at any level) or any 

person referenced, mentioned, or cited in this work or in the Dedication.  I am painfully aware 

that much more can (and should) eventually be said.  However, I felt a great urgency in 

getting out this First Edition in time to help the public get prepared for these imminent, 

growing nuclear risks.    

 

 

 
  

See page 779 for some recent (June 2014), disturbing 

Russian propaganda that the USA is planning to launch a 

nuclear first-strike against Russia and China in 2016.  
Unfortunately, many Russians 

actually believe these lies about our 
U.S. leaders planning to attack them.  
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The prudent see danger and take refuge, but the simple keep going 

and pay the penalty. 

Proverbs 27:12 – New International Version (NIV) Bible 

 

One who is slack in his work is brother to one who destroys. 

Proverbs 18:9 – NIV Bible 

 

Four things on earth are small, yet they are extremely wise:  the 

ants are not a strong people, yet they store up their food in the 

summer; hyraxes are not a mighty people, yet they make their 

homes in the cliffs; locusts have no king, yet all of them march in 

ranks; a lizard can be caught in your hands, yet it lives in kings’ 

palaces. 

Proverbs 30:24 - 28 – Holman Christian Standard Bible 
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About Kevin Briggs 
For those readers who want to know some of my credentials, here’s a quick list:  

o Graduate of the United States Air Force Academy and the Naval Postgraduate School  

o Former President of the American Civil Defense Association (TACDA) and Editor of the Journal of 

Civil Defense  

o As an Air Force Officer: 

- Led the Defense Department’s Red Planning Board analysis team that: 

➢ Developed hypothetical nuclear attacks against the USA for wargames  

➢ Modeled effects of attacks on leadership, forces, and infrastructures 

- Regularly briefed the White House Military Office and the National Military Command 

Center staffs and other leaders regarding nuclear threats 

o  As a Federal government civilian at the Department of Defense and FEMA:  

- Led the team that developed hypothetical nuclear scenarios and exercises (that included 

mock TV broadcasts and exercise data to simulate missile attacks on the warning system 

displays) to help the Joint Staff certify nuclear battle staffs.  As the NCA and Nuclear C3 

Plans and Engineering Division Director at the Defense Information Systems Agency, my 

staff also wrote Emergency Action Procedures (EAPs) used by the military for scenarios 

involving nuclear operations. We also engineered and fielded systems to mitigate 

Electromagnetic Pulse (EMP) risks.  

- I served as the Readiness Division Director at the Federal Emergency Management 

Agency (FEMA).  In the aftermath of Hurricane Katrina, I went to leadership (for example: 

Secretary Chertoff, various White House staff, and Congress) and recommended many 

changes that resulted in the start of the Integrated Public Alert and Warning System 

(IPAWS) program.  I was also the program manager for the:  Emergency Alert System 

(EAS), National Warning System (NAWAS), FEMA National Radio System (FNARS) and 

several other continuity programs.  I led an interagency team that briefed senior Federal 

leaders regarding emerging threats and helped to develop plans and preparations for 

these threats, such as Improvised Nuclear Devices (INDs), EMP attacks, and Solar 

Superstorms. I also initiated several cyber and EMP mitigation programs while at FEMA.  

o I’ve had other jobs in industry involving nuclear risks, such as at MITRE, where I served on the 

Phase One Engineering Team (POET) of the U.S. Missile Defense program 

o I’ve been the Director of the U.S. Disaster Preparedness Institute since 1999 

o I’m married to a wonderful woman, Laura, and we’ve been blessed with 10 dear children   
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One page summary – Today versus Future?  

Today:  America is not 

prepared for nuclear attacks, 
EMP, and disasters 

Future: If people and governments 

are prepared for nuclear attacks, 
EMP, and disasters 

Most Americans would quickly die 
if there was a major nuclear attack 

with 100 or more warheads 
targeted against our largest cities 

Most Americans would survive and be able 
to rebuild society if there was a major 

nuclear attack against the USA (especially 
if there is effective public alert & warning) 

Most Americans would die if there 
was an EMP attack over the USA 

Most of America’s critical infrastructures 
could be protected against EMP attacks 

Most Americans don’t know what 
to do if there is a nuclear attack 

Most Americans are trained on how to 
survive a nuclear attack and fallout 

Most Americans don’t know what 
to do in a nuclear plant disaster 

Most Americans are trained and prepared 
for a nuclear power plant disaster 

Most Americans don’t protect 
electronics or buildings from EMP 

Most Americans protect their electronics & 
buildings from EMP attacks & induced fires 

The USA’s ballistic missile defenses 
are generally ineffective 

N. America deploys effective ballistic and 
cruise missile defenses from any direction 

Most N. Americans rely on 
commercial power to stay alive 

Most Americans are prepared and can stay 
alive for months if the electric grid fails 

Most N. Americans only have a few 
days of food & water at home  

Most North Americans have several 
months of food & water stored at home 

Almost no N. Americans have 
fallout or blast shelters 

Most North Americans have fallout or 
blast shelters in/near home, school, work 

Most N. Americans rely exclusively 
on their government for protection 

Most North Americans work to protect 
themselves and don’t rely on government 

The goal of this book is to help us move to the green zone!  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

29 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Summary of findings and recommendations 
For those readers who want key points summarized up front, here are some in 7 pages: 

Table 1.  Nuclear threats and recommended actions for the public/government 

Nuclear threats to North America America’s issues/risk Recommended actions 

Russian  

- Intercontinental Ballistic Missiles (ICBMs) 
- Short/Medium/Intermediate-Range Ballistic 

Missiles (S/M/IRBMs) – possible ship launch 
- Sea Launched Ballistic Missiles (SLBMs) 
- Strategic bombers 
- Ground/air/ship launched cruise missiles 
- Person-portable tactical nuclear weapons  

-- Possibly sold or stolen; terrorism nexus? 

- Russia has the ability 
to destroy every 
major city in America 

- Russia could mask/ 
hide their identity as 
perpetrator using  
ship or sub launches 

- Ineffective missile 
defense; no shelters 

- Respect Russian nuclear 
capabilities and intentions 

- Public should not wait for 
governments to protect 
them; hence, build fallout 
or blast shelters and store 
food, water, key supplies 

- Governments should store 
supplies & protect public 

Chinese  

- Intercontinental Ballistic Missiles (ICBMs) 
- Short/Medium/Intermediate S/M/IRBMs 
- Sea Launched Ballistic Missiles (SLBMs) 
- Strategic bombers (emerging) 
- Nuclear weapon equipped cruise missiles 

- Same issues and risks 
as with Russia (but to 
a somewhat lesser 
degree for China) 

- N. America’s 
vulnerability to EMP  

- Same actions as above 

- Respect China’s capabilities 

- Public and government 
should protect homes, 
businesses, and key 
infrastructures from EMP 

North Korean (NK)  

- Intercontinental Ballistic Missiles (ICBMs) 
- Space launch vehicles (SLVs) with weapon 
- Short/Medium/Intermediate S/M/IRBMs 
- Person-portable tactical nuclear weapons  

-- Possible ‘backpack’ nuclear weapons (?) 

- N. Korea could kill 
thousands to millions 
by attacking cities  

- Our vulnerability to 
EMP could lead to 200 
million+ dead  

- Same actions as above 

- Do not underestimate NKs 
capabilities and intentions 

- Recognize that N. Korea is 
resilient to attack, calls us 
the enemy, and has allies   

Iranian (soon a nuclear threat to N. America) 

- Space launch vehicles (SLVs) with weapon  
- Short/Medium/Intermediate S/M/IRBMs 
- Air/ground/ship launched cruise missile  
- Person-portable nuclear weapons (?)  

- Iran may already have 
nuclear weapons (as 
Russian general, 
others say) 

- Same issues as NK (?) 

- Same actions as above 

- Promote freedoms/rights 

- Be wary of extremists/jihad 

- Do not discount Iran’s calls 
for “Death to America!!!” 

Pakistani (current nuclear power and may be 
threat if ruled by jihadist regime) 

- Short/Medium-Range Ballistic Missiles 
- Nuclear cruise missile (via air/ground/ship) 
- Person-portable nuclear weapons (?) 

- Pakistan in past has 
indirectly supported 
nuclear proliferation 
and terrorism 

- Same issues as NK 

- Same actions as above 

- Be wary of extremists/jihad 

- State religion is Islam 

- Osama bin Laden was able 
to hide in Pakistan  

Others: Radical Islamic states/groups, Cuba… 

- Short/Medium-Range ballistic missiles 
- Cruise missiles & other nuclear weapons  

- Developing missiles 
and may acquire 
nuclear weapons 

- Same issues as above 

- Same general actions as 
described above 

- Need to protect public and 
strengthen infrastructures 

Sources:  Open, unclassified sources from US government (like DoD, CIA, and DoS) and EMP Commission  
        reports and websites (see later sections for particulars and other sources referenced)      © 2013   Kevin Briggs 
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Table 2 provides a comparison between the USA and three other countries in their ability to 

protect their public from the effects of a nuclear attack.    

Table 2.  Comparison of country capabilities to protect their public from a nuclear attack 

Evaluation criteria USA Russia China North Korea 

1. Effectively protect a significant percent of 
their public with blast and fallout shelters? 

No Yes Yes Yes 

2. Extensive missile defense program to 
protect nation’s capital and cities/public 
against ballistic missiles & coastal launches. 

No Yes 
Not 

assessed 
Not  

assessed 
3. Commercial infrastructures (power and 

communications …) protected against EMP? 
No Yes, some 

Sources:  Open, unclassified sources (see later sections for specifics)                                 © 2013  Kevin Briggs 

 

Table 3 and Table 4 summarize some myths and truths related to prompt and delayed nuclear 

effects along with corresponding protective actions that could save many lives.   

Table 3.  Myths, truths & recommended actions about prompt nuclear weapons effects 

Nuclear weapons myths and truths – prompt effects Recommended protective actions 

1. Myth: “If I’m in a city where a 16 kiloton (kT) nuclear 
bomb detonates, like Hiroshima, I’m certain to die!” 
Truth: If a nuclear weapon like the one dropped on 
Hiroshima is burst at ground level, most people beyond 1 
mile of the burst would likely survive (especially if in a 
building or if shielded by buildings or other terrain)  

- If there is warning, seek shelter in a 
basement or deep within a big building. 

- If caught outside or in a building near 
a window when the burst occurs, lie 
flat immediately until the blast passes. 

2. Myth: “Since modern weapons are more powerful, 
everyone in a city is likely to die if a nuclear burst occurs!”   
Truth:  While most modern weapons are larger than the 
16 kT Hiroshima bomb, even if a weapon is 10 times more 
powerful (160 kT), most people beyond 1.5 miles of the 
burst point would likely survive blast & radiation effects.  
3rd degree burns could occur as far as 3 miles away. 

Same as above.   

-  If you lie down flat before the blast 
wave reaches you, you increase your 
chance of survival by as much as 50%.  
- Those in adequate shelters can 
survive even if close to the burst point.   

3. Myth: “Modern megaton (MT) class weapons would likely 
kill everyone in the city if burst on at ground level!”   
Truth:  Most weapons today are smaller than 1.6 MTs. 
Even if a weapon is 100 times more powerful than what 
was used on Hiroshima, most people beyond 2 miles of 
the burst would likely survive, especially if in a building. 

- Same as above. Lying flat reduces risk. 

- People in buildings would have some 
protection against prompt effects. 
- Most people in blast shelters, such as 
those in Russia, China, and N. Korea, 
would survive, even within a 1/2 mile.  

4. Myth: “Modern weapons would catch every building on 
fire and cause firestorms throughout a city!”   
Truth:  This is not a likely effect with smaller nuclear 
weapons. Fires are more likely with larger weapons, but 
modern construction diminishes this threat somewhat. 

- Thermal pulse fires can be reduced by 
fire retardant drapes and materials 
- Fire extinguishers can help after the 
blast and before any fallout arrives. 

- Surge strips can reduce EMP fires. 

Sources:  Open, unclassified sources, like HotSpot (see later sections for specifics)               © 2013  Kevin Briggs 
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Table 4.  Myths, truths and recommended actions regarding fallout 

Nuclear weapons myths and truths about fallout Recommended protective actions 

Delayed (fallout) effects from a nuclear burst.  See section on Fallout for more information 

1. Myth: “Fallout radiation killed many Japanese at 
Hiroshima and Nagasaki after the 1945 attacks.” 

Truth:  Fallout radiation was almost non-existent in Japan 
due to the height of burst; no one died due to fallout. 

- If there is fallout, seek shelter quickly 
- Put heavy objects (books, furniture, 
soil …) and as much distance between 
you and the fallout as possible. 

2. Myth: “Fallout radiation would kill everyone in a city who 
wasn’t killed by the blast and fires, just as with Japan.” 
Truth:  Fallout occurs with surface bursts, not with air 
bursts such as were used in Japan (see block above).  

- Same as above.  

- Basements and interior rooms (with 
no windows) in large buildings usually 
provide the best fallout protection.   

3.  Myth: “You can safely avoid fallout by evacuating upwind 
from the detonation point, based on surface winds.”  
Truth: The wind direction in the upper atmosphere may 
be dramatically different than those near the ground.  

- Same as above.  

- You should seek fallout shelter quickly 
and avoid early evacuation to avoid 
fallout unless sure of fallout locations.  

4. Myth: “Fallout from a nuclear weapon ground burst will 
remain dangerous over large areas for months or years.” 
Truth:  Fallout radiation hazards diminish quickly. For 
example, over 50% of life threatening fallout exposures 
usually occur within the 1st hour after a detonation. 

- You should immediately seek shelter 
and stay there for at least 12 hours, 
unless there is a fire or other danger. 

- You will need to shelter for 2 days (or 
up to 2 weeks) if have major fallout. 

5. Myth: “Short exposures to fallout are likely to kill you, as 
with the movie, ‘The Day After’.”   
Truth:  Most of the danger with fallout occurs in the first 
few hours.  Fallout becomes about: 1/100th as dangerous 
in 2 days, and 1/1,000th as dangerous after 2 weeks. Brief 
excursions are OK, but total dose should be < 100 rad 

- People with fallout on them should 
take a shower (don’t use conditioner) 

- If shower is not available, brush off 
fallout and remove outer clothing 

- Put contaminated clothing far away 

6. Myth: “Food and water would be very dangerous for 
months to years after a nuclear detonation!”   
Truth:  Most food and water risks diminish quickly. Food 
and water that are not touched by fallout are safe.  
Food/water can be decontaminated (see the box 
immediately to the right)  
Also refer to answer in box immediately above.   

- Water can be decontaminated by 
filtering it (like through an earth filter).   
- Vegetables and fruit can be generally 
decontaminated by washing and by 
peeling off the outer layer.   

- Some supplements can help protect 
you (like Potassium Iodide, Vitamin C…) 

7. Myth: “Dangerous radiation will penetrate everything! 
There is no way to safely stop it or any way to be safe. ”   
Truth:  While gamma radiation will penetrate all 
materials, you can easily shield yourself from gammas.   

- Gamma radiation is greatly reduced 
by heavy objects, such as soil and water 

- 3.6” of earth reduces gammas by ½; 2 
feet by ~ 1/100th; 3 feet by ~ 1/1000th  

8. Myth: “Dangerous radiation will cause numerous birth 
defects and can create “Godzilla” or other monsters!”   
Truth:  (1) National Academy of Sciences’ study showed 
no statistically significant increase in birth defects due to 
Hiroshima and Nagasaki.  (2) No known monsters have 
ever been created as a result of a nuclear weapon test.   

-  Pregnant or breast-feeding women 
who are exposed to radioiodine, such 
as in plumes (inhalation) and fallout 
(through food) should take KI 
(potassium iodide) to protect their 
growing child (in or out of the womb). 

Sources:  Open, unclassified sources (see later sections for specifics)                                    © 2013  Kevin Briggs 
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Table 5 summarizes EMP related myths, truths, and actions that could save millions of people.  

Table 5.  EMP myths, truths and actions that can save millions of lives in a crisis  

EMP myths and truths  Recommended protective actions 

1. Myth: “If an EMP attack occurs, all electronics will be 
damaged and we’ll go back to a pre-electronics age!” 
Truth: EMP will damage some, but not all electronics. 
Most handheld systems or systems that are not 
connected to commercial power or metallic data lines will 
survive. Power and data cables (and antennas), are the 
most significant entry path for EMP to cause damage.  

- Critical power, communications, 
computer, and other electronics can be 
protected from EMP for a relatively low 
cost (for more info see Scenario 2: EMP 
risks to North America) 

- Everyone has a responsibility to 
protect critical systems:  governments, 
businesses, and individual citizens. 

2. Myth: “The government will protect us from an EMP 
attack, such as through missile defense systems!”   
Truth:  No government can, with high assurance, protect 
its society from the growing threat of EMP.  EMP can be 
created in less than two minutes of the launch of a missile 
from international waters.  Current and planned missile 
defenses can’t prevent EMP with high assurance.    

Same as above.   

-  Since governments can’t effectively 
protect us, we must all work to protect 
our critical systems from EMP.   
- Protection of systems can be achieved 
by Faraday cages, surge arrestors, 
filters, and equipment isolation.    

3. Myth: “The power industry has protected its 
infrastructure against the effects of EMP!”   
Truth:  The EMP Commission repeatedly stated that our 
power grids are not protected and are highly vulnerable 
to long-term outages.  They’ve said that most Americans 
would likely die if an EMP attack occurs over the USA. 

Same as above.   

- Government, businesses, and citizens 
need to have backup power and fuel 
for critical systems. 
- “Green” enduring energy is needed. 

- Local power generation is needed.   

4. Myth: “The military and other federal, state, and local 
groups will come to our rescue after an EMP attack!”   
Truth:  No government or group is currently prepared to 
protect you or effectively come to your aid after an EMP 
attack.  Businesses and industry are also not prepared.  

- Everyone needs to store critical 
supplies, like food, water, & medicine 
- Everyone should have spares to 
critical systems, such as generators, 
computers, and the engines of industry 

5. Myth: “I can’t do anything.  This is the government’s 
problem. I don’t understand this so I’m not responsible!”   
Truth:  When the power and communications networks 
go down, most adults and leaders will be responsible. 
EMP vulnerabilities can be easily mitigated at all levels. 
Inaction and “passing the buck of responsibility” makes 
you part of the problem; all can choose to be part of the 
solution, even if you don’t fully understand the problem. 

- People can mitigate the EMP problem 
by using surge strips and lightning 
protection for their homes/businesses. 
- People can store essential items to 
keep their family/neighbors alive for 
months if an EMP attack occurs. 

- Governments need to prepare now! 

6. Myth: “An EMP attack isn’t likely to occur any time soon.  
I can wait to prepare.”   
Truth:  An EMP attack could occur at any time.  Several 
nations have the capability and have expressed intent.  

- You should prepare now!   

- Many people taking small steps of 
preparedness can save millions of lives. 

7. Myth: “The effects of EMP are a myth of Hollywood!”   
Truth:  EMP’s devastating effects were demonstrated by 
both the Soviet Union and the USA in the early 1960s.   

- Warn people about EMP! 
- Stock non-perishable food / supplies 
and have key equipment spares. 

Sources:  Open, unclassified sources, like the EMP Commission (see later sections)                 © 2013  Kevin Briggs 
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Table 6 summarizes general preparedness myths, truths, and actions to help save lives.  

Table 6.  Shelter, water, and food myths, truths and actions that can save lives 

Shelter, water, and food myths and truths  Recommended protective actions 

1. Myth: “The government has shelters that we can use to 
avoid nuclear blasts and radiation risks.” 
Truth: The government generally has no shelters for the 
public for nuclear events (other than dual-use facilities, 
such as schools and stadiums, which provide little 
protection from blast/fallout). Some cities have expedient 
shelters in the form of underground subways, malls, … 

- Most people who own a house or 
other property could build a fallout 
and/or blast shelter to help protect 
themselves and their friends/neighbors 
for a low cost per person.  

- Even people who live in rental 
properties can build temporary shelters 

2. Myth: “Fallout and blast shelters are too expensive. I 
could never afford to build one to protect my family.” 
Truth: You can build a shelter (with fallout & limited blast 
protection) for as little as $1,000 in some cases (in 2014).   

- Fallout and blast shelters can be built  
in the basement or garage or in other 
above or below ground locations 

- See Appendix A – Sheltering 

3. Myth: “If I build an above-ground Safe Room to FEMA’s 
standards, I’ll be safe from blast and fallout effects.”   
Truth:  The FEMA Safe Room designs are for severe wind 
events, like tornadoes and hurricanes.  While these 
provide some protection against nuclear blast-induced 
winds, the above-ground FEMA safe room designs don’t 
provide adequate protection against radiation.  

-  Recommend homes and businesses 
have dual-use shelters that go beyond 
FEMA “Safe Room” standards to 
provide protection from radiation.  

- Swiss dual-use shelters cost about 
$10,000/home. Less expensive shelters 
can be put into homes, schools, …  

4. Myth: “Water containing fallout cannot easily be made 
safe to drink.”   
Truth:  Water that has fallout particles filtered out has 
about 98% of the risk removed.  Most of the remaining 
risks can be removed by earth filters and by giving 
potassium iodide (KI) to people under 40 years old. 

- Water that doesn’t touch fallout will 
not be contaminated, so store water in 
covered containers where possible 
- Fallout can be filtered out of water 
through earth, coffee filters, towels ...  

- KI can block residual radioiodine risks 

5. Myth: “I only need to store three days of food and water 
because that is what the government recommends.”   
Truth:  Government recommendations are not based on a 
nuclear attack.  No government is currently prepared to 
provide you with long-term, safe food and water supplies 
if a nuclear attack occurs (with any associated EMP).    

- Everyone needs to store critical 
supplies, like food, water, & medicine 
to last three months or longer 
- People should consider building 
cisterns or other water storage/supply 
systems, like rain barrels or wells 

6. Myth: “The USA has large grain reserves that can feed the 
public for over a year if a nuclear attack occurs.”   
Truth:  When the power and communications networks 
go down, there will be no effective way to get stored 
grain to those in need. Severe food shortages would 
occur in less than one week in most cities.  The USA no 
longer has grain reserves to feed public for a year.  

- You need to store long shelf-life food 
items, such as rice, wheat, & beans  

- You should learn how to properly 
store food for use in long-term crises 

- Governments need have long-term 
food storage/distribution programs 

7. Myth: “The biggest food and water problem after a 
nuclear attack will be nuclear fallout.”   
Truth:  The disruption of the food and water systems is 
the biggest problem. Water purification is the second.  

- See Appendix E – Water in nuclear 
emergencies and Appendix F – Food in 
nuclear emergencies for more info. 

Sources:  Open, unclassified sources, like “Nuclear War Survival Skills” by Cresson Kearny     © 2013  Kevin Briggs 
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I have three major recommendations to mitigate the nuclear risks we face: 

1. Build and equip shelters and stockpile food, water, and other key supplies (we should 

follow the examples of Switzerland, Sweden, Russia, China, Israel, and others).  

a. Fallout shelters are needed wherever people live, work, go to school, and spend time 

b. Blast shelters are needed in major cities and near targets, like military bases 

c. People should stockpile a minimum of 3 months of food and 1 month of water and 

other supplies, such as First Aid kits, Potassium Iodide (KI) and a radiation dosimeter. 

2. Develop key infrastructures that are resilient to EMP and nuclear effects 

a. At least 25% of the commercial power grid needs to have E1 & E3 EMP protection added 

b. All nuclear power plants need to have EMP protection and be able to handle extended 

loss of offsite power without external help.  Plants also need a Black Start capability.  

c. EMP protected generators and onsite fuel for 1 month are needed in neighborhoods 

and at key industry and with essential service providers, like hospitals, fire stations, 

police, gas stations, banking institutions, food networks, communications networks … 

d. At least 10% of our power needs should be in EMP protected renewable energy sources 

and new EMP protected local generation and distribution methods need to be deployed 

e. In addition to power, EMP protection is needed for essential services:  phone and data 

nets, banking, transportation, food and water, health, police, fire, 911 … 

f. A one-year (long-shelf-life) food supply is needed in all cities, towns, and rural areas 

g. Homes/buildings should plug in surge protectors every ~20 feet to reduce EMP fire risks     

3. Develop effective missile defenses with public alerting systems protected from EMP 

a. Missile defenses need to be deployed that handle missiles coming from any direction  

b. Missile defenses need to protect against not only Intercontinental Ballistic Missiles 

(ICBMs), but also Sea Launched Ballistic Missiles (SLBMs), Intermediate Range Ballistic 

Missiles (IRBMs), Short Range Ballistic Missiles (SRBMs), and cruise missiles 

c. Missile defenses need to be deployed that can handle launches from off of our coasts 

d. Missile defenses need to be developed that can defeat modern penetration aids and 

maneuvering vehicles and that are resilient to salvage fusing EMP 

e. Missile defenses need to protect all population centers and handle hundreds of missiles 

f. Missile defense systems should not rely only on ineffective “hit to kill” technologies 

g. Public alerting of a missile attack needs to be EMP protected for assured real time alerts 

People who believe the above recommendations cannot be done should look to the examples of 

Switzerland, Russia, and China to see that these types of capabilities can and have been developed and 

deployed by a modern nation.  In addition, if we look at the cost of just the wars in the Middle East over 

the last decade or so, we see that the USA alone can muster trillions of dollars to mitigate risks.  The cost 

of not choosing to do the above is likely to be in millions of lives lost.  Individuals, organizations, and 

State and local governments should not wait for the Federal government and industry to act.  It is 

everyone’s responsibility to prepare and mitigate the growing nuclear risks.  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

35 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Recommended personal actions to help mitigate nuclear risks 

1. Pray 

2. Personally prepare by: 

a. Having a fallout “safe room” or shelter in your home (or a combined fallout/blast 
shelter, if feasible).  I would not wait to make an “expedient” fallout shelter, because 
you are likely to receive little to no warning of an act of terrorism or war.  Pre-built 
fallout shelters are best in basements or the central part of your home or apartment.  A 
shelter doesn’t have to be concrete blocks, bricks and steel.  It doesn’t have to be 
underground.  It can be things like two layers of 5 gallon food and water storage buckets 
surrounding a table or lining a walk-in closet.  Likewise, trash bags can be partially filled 
with (non-radioactive) dirt and then put into boxes or other containers for protection 
against fallout radiation. Businesses, schools, and organizations should also have fallout 
and other disaster resistant “safe areas or rooms”. 

b. Stock your shelter with at least two weeks of food and water.  If you use water and food 
in buckets or other containers as your radiation shielding, you can protect yourself from 
radiation and have a ready food and water supply.  

c. You should stockpile a minimum of 3 months of food and 1 month of water in your 
home (in addition to what is in the shelter). If feasible, try to have supplies for 1 year. 
Garden seeds are also important if you have land.   You also will need enduring water 
supplies, like rainwater barrels, cisterns, wells, and water purification capabilities.   

d. Your shelter should also have a battery operated radio, flashlights, medical supplies, 
sanitation supplies, at least one dosimeter, potassium iodide (KI) or povidone iodine or 
betadine (to protect against I-131), and other necessities.  You should also consider 
having some silver/gold coins for trading, as paper money is likely to be worthless.   

e. You should protect your home or business against EMP by: 
i. Having spares of critical electronics (like radios, laptops, and flashlights) that are 

not connected to commercial power or wired into the Internet. 
ii. Have a backup generator (propane or diesel preferred) with a month’s supply of 

fuel.  You should not have this generator pre-wired into your home unless it also 
has protection from EMP surges (which are different than lightning protection). 
Also, an inverter that plugs into your vehicle’s cigarette lighter is helpful for 
charging cell phones and other electronics. 

iii. You should use surge strips on all electronics that are plugged in (this also 
reduces the fire risks associated with EMP).  You should try to space your surge 
arrestors (or equivalent device) every 20 feet or so. Home and business lightning 
protection is also needed.  

iv. You should backup critical data in off-line, off commercial power units.  If 
possible, these backup disks/arrays/drives should not connect to power or 
metallic data lines (such as standard Cat 5 Ethernet cables) 

3. Help others to prepare 
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Nuclear risks, policies, and capabilities 
Sounding the alarm 

This book is like a fire alarm.  Even though a fire alarm is unpleasant to hear, it can save the lives of 

those who were unaware of an immediate threat.  Through this book, I’m trying to alert you to nuclear 

dangers that you may be unaware of.  It is also a call to action.  If you choose to ignore this alarm, you 

and those you love may die. If you heed this alarm and take responsible actions, you have a much better 

chance of saving yourself and those you love.  

I hope that this book will also be like a fireman to those in a burning building.  The fireman is your friend 

and is there to help lead you to safety.   

Here are some reasons that I am sounding an alarm: 

1. The USA is likely to be attacked with nuclear weapons, and could be attacked at any time. 

2. Nuclear terrorism is a growing threat to the US and cannot be assuredly deterred or prevented.  

3. The USA and Canada may have great difficulty in determining the origin of a nuclear attack. 

4. Several countries have threatened the USA with a nuclear attack and support terrorism. 

5. As the EMP Commission warned, the USA and Canada are very vulnerable to an EMP attack. 

6. A nuclear weapon could kill from thousands to millions if burst in a city.   

7. A single nuclear weapon EMP burst over the USA could kill over 200 million within one year. 

I am not alone in these beliefs. 

Numerous reports, Commissions, and senior analysts and leaders share some or all of these judgments.  

For example, the EMP Commission has warned that up to 90% of the U.S. population (over 200 million 

people) might die within a year of an EMP attack that disrupts the power, communications, and other 

infrastructures that are essential to feed and care for our population. 2  

Some experts believe the following five countries have the capability to kill up to 90% of the U.S. public 

(and collaterally in Canada and Mexico) through an EMP attack or by attacking one or more of our cities: 

1. Russia 

2. China 

3. North Korea 

4. Iran (projected within a year or two)     5.  Pakistan (if Islamic jihadists rule or strongly influence)                   

 
2 http://www.breitbart.com/Big-Peace/2013/07/29/Pass-the-SHIELD-Act-Now-Before-It-Is-Too-Late Article titled 

“Pass the SHIELD Act Now, Before It's Too Late” dated 29 Jul 2013 by R. James Woolsey  (former CIA Director) 

and Dr. Peter Vincent Pry (who served on the EMP Commission, the House Armed Services Committee, and the 

CIA {where he served as their lead on nuclear missiles and EMP matters}, and is author of the books Electric 

Armageddon and Apocalypse Unknown) stated: “The EMP Commission warned that, given our current state of 

unpreparedness, within 12 months of a catastrophic EMP event, some two-thirds to 90 percent of the U.S. total 

population, more than 200 million Americans, would perish from starvation, disease and societal collapse.”    

http://www.breitbart.com/Big-Peace/2013/07/29/Pass-the-SHIELD-Act-Now-Before-It-Is-Too-Late
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Table 7.  Entities with capabilities (or potential) to use nuclear weapons to attack the US 

Entity Number of Nuclear Weapons Possible attack types 

Russia 
1,480 deployed strategic weapons (New  
START);  plus over 6,500 other warheads 

High Altitude EMP (HEMP) over USA and bursts on 
major cities, military bases, dams & nuclear plants 

China ~ 250 (or 1,000+?)  nuclear weapons HEMP and bursts on cities and other key targets 

North Korea 
Yes, but # of nuclear weapons unknown 
(3 tested; estimates range from 6 – 27)  

HEMP and bursts on cities and targets in South 
Korea, Guam, Hawaii, and the continental USA 

Iran (within a 
year or two) 

Yes, but # of nuclear weapons unknown 
HEMP over Israel and the USA; bursts on major 

cities and key military targets 

Jihadists Future Pakistan (?) (115+); Terrorists (?) Same as Iran above 

Sources:  ISIS, Brookings, Dep. of State, EMP Commission, FAS, Bull. Of Atomic Scientists …     © 2013 Kevin Briggs 

 

While I believe the above countries have contingency plans and capabilities to potentially destroy the 

USA and cause significant collateral damage to Canada (and to a lesser degree, Mexico), I am not saying 

that these countries desire to kill millions of people. My intent in mentioning the above is to alert North 

Americans to the nuclear dangers we face and to help empower and protect people through accurate 

information and by recommending responsible courses of action.  Responsible actions need to be taken 

at all levels.  We need to avoid pushing the problem away as just a “government” problem.   

 

  

Indeed, no Federal, State, or local government in the USA and Canada can protect you adequately today 

from a nuclear attack, nor is it likely to any time in the foreseeable future. My experience is that most 

U.S. government officials tend to vigorously downplay the likelihood of major risks they don’t 

understand and hope that the combination of diplomatic influence and offensive military might will 

deter other nations from attacking us.  There is a fatal flaw in their hope … namely that our future 

survival has been transferred out of our direct control and placed into the direct control of our potential 

adversaries and their “goodwill and good sense”.    

 

 

Unfortunately, our ability to deter nuclear attack is eroding as the number of nuclear weapons states 

grows and since many of the leaders who now control these weapons are not easily deterred by threats 

of retaliation. This is especially true for leaders with religious or materialistic belief structures who 

embrace jihad or communism or other related mindsets and who’ve made extensive preparations to 

survive any nuclear war.   

 

 

“… no Federal, State, or local government in the USA and Canada can protect you 

adequately today from a nuclear attack”  

Nuclear risks are everyone’s problem and everyone’s opportunity to help solve. 

It is hard to deter a country or jihadists from attacking you if they believe: (1) they 

will survive the attack, or (2) by initiating the attack, they’ll save more of their 

family/friends or (3) they will more assuredly achieve their political/religious goals. 
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No population defense due to “MAD” policies 

Another factor that has greatly contributed to U.S. vulnerabilities is a result of our leaders’ functionally 3 

embracing a doctrine of “mutual assured destruction” or “MAD”. 4  The MAD doctrine is simply the 

belief that it is “mad or insane” to start a nuclear war that you know you cannot win and that will 

assuredly lead to your death and to the destruction of your country. The MAD doctrine’s chief evangelist 

was Robert Strange McNamara, who served as the U.S. Secretary of Defense from 1961 to 1968.  He was 

well known for first proposing the MAD policy to then Soviet Premier Kosygin during the 1968 summit in 

Glassboro, New Jersey.  It is interesting to note Kosygin’s initial angry response to the MAD proposal:  

"Defense is moral!  Offense is immoral." 5 Kosygin was reportedly “outraged” at McNamara’s view that 

“the US should concentrate on cheap ICBMs, 6 not expensive ABMs.”  Kosygin believed that ABMs 7 “are 

not the cause of the arms race, but constitute a factor preventing the death of people”.  8 

 

The Soviets initially rejected “MAD.” The U.S. persisted with advocating this policy, and the Soviets then 

began to publicly agree with it, such as when they signed the Anti-Ballistic Missile (ABM) treaty with the 

USA in 1972.  This treaty made it illegal for either the Soviet Union or the USA to build a missile defense 

system to protect their populations from attack from long-range missiles, other than for their capital (or 

 
3 I use the term “functionally” to mean how doctrine is applied in terms of programs and policies versus what is 

espoused as “official” or “stated” doctrine.  Sometimes “functional” doctrine and policy looks far different than the 

“official” doctrine and policy. While MAD has been officially rejected as the current national policy, it is still 

“functionally” our policy, in that we have no effective protection for the public. 
4 The term Mutually Assured Destruction (MAD) was originally coined by John von Neumann (who was a well-

known physicist and mathematician who helped the USA develop its first nuclear weapons).      
5 Sources:  (1) http://www.securityaffairs.org/issues/2007/12/cooper.php , Making Missile Defense Matter by 

Ambassador Henry F. Cooper, The Journal of International Security Affairs, Spring 2007. (2)  Carlisle, Rodney P. 

"Glassboro Summit." Encyclopedia of the Atomic Age. New York: Facts On File, Inc., 2001 American History 

Online. Facts On File, Inc. 

www.fofweb.com/activelink2.asp?ItemID=WE52&iPin=atomic00207&SingleRecord=True  (9/11/13).    
6 ICBM = Intercontinental Ballistic Missile (a long range missile that can carry one or more nuclear or biological 

weapons across the globe to a different continent, with a range of more than 5,500 kilometers (3,400 miles).     
7 ABM = Anti-Ballistic Missile (any system that can counter or destroy incoming ballistic missiles) 
8 Sources:  (1)  President Lyndon Johnson and Soviet Communism, by John Dumbrell, Manchester University Press, 

2004 and (2) Carlisle, Rodney P. "Glassboro Summit." Encyclopedia of the Atomic Age. New York: Facts On File, 

Inc., 2001. American History Online. Facts On File, Inc. 

http://www.fofweb.com/History/MainPrintPage.asp?iPin=atomic00207&DataType=AmericanHistory&WinType=F

ree  (accessed September 11, 2013).  

The American public became hostages to the “MAD” doctrine, since the USA had 

neither an effective “passive” bomb shelter program to protect the public, nor an 

“active” missile defense program to protect against incoming ballistic missile attacks.   

http://www.securityaffairs.org/issues/2007/12/cooper.php
http://www.fofweb.com/activelink2.asp?ItemID=WE52&iPin=atomic00207&SingleRecord=True
http://www.fofweb.com/History/MainPrintPage.asp?iPin=atomic00207&DataType=AmericanHistory&WinType=Free
http://www.fofweb.com/History/MainPrintPage.asp?iPin=atomic00207&DataType=AmericanHistory&WinType=Free
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to protect ICBMs). 9 We thus very successfully deterred ourselves from ever considering a nuclear attack 

against another nuclear weapon capable nation in order to avoid assured destruction of the U.S. public. 

Our “MAD” Limited National Missile Defense and its ineffectiveness 

In 2002, the U.S. completed its withdrawal from the Anti-Ballistic Missile (ABM) Treaty due to the 

growing list of nations that already had, or would likely 

soon develop nuclear weapons.  At the time, President 

George W. Bush claimed that the proposed limited 

national missile defense system was designed only to 

prevent nuclear blackmail by any nation with a limited 

nuclear weapon capability.  However, the withdrawal 

was not planned to alter the MAD nuclear posture 

between Russia and the USA. Hence, the proposed 

missile defense was not planned to be effective against 

any Russian (or Chinese) missile attack. 10   

The current (2013) U.S. Ballistic Missile Defense System 

(BMDS) is summarized in the table that follows. Please 

note that only the Ground Based Interceptors (GBIs) 

are currently designed to defeat long range missiles 

from countries like North Korea and Iran. All of the 

other interceptors of the U.S. BMDS are designed to 

defeat only short, medium, and intermediate range 

ballistic missiles. See the graphic to the right for a 

picture of a GBI (photo courtesy of Department of 

Defense (DoD)).  

Figure 1.  Ground-Based Interceptor (GBI)  

  

 
9 Each country was allowed two sites at which it could base a defensive system, one for the capital and one for 

ICBM silos (Art. III). The treaty was signed during the 1972 Moscow Summit on May 26 by the President of the 

United States, Richard Nixon and the General Secretary of the Communist Party of the Soviet Union, Leonid 

Brezhnev; and ratified by the US Senate on August 3, 1972. The 1974 Protocol reduced the number of sites to one 

per party. [http://en.wikipedia.org/wiki/Anti-Ballistic_Missile_Treaty , accessed 9/11/2013] See also footnote that 

follows for additional sources.  
10 Sources:  (1) Mutual Assured Destruction, Wikipedia article and (2) The ABM Treaty, Wikipedia and (3) the 

Federation of American Scientists article on the Anti-Ballistic Missile Treaty, http://www.fas.org/nuke/control/abmt/ 

; (4) the Department of State articles on the ABM Treaty, www.state.gov/www/global/arms/treaties/abm/abm2.html  

and www.state.gov/t/avc/trty/101888.htm , and (5)  U.S. Withdraws From ABM Treaty; Global Response Muted, by 

Wade Boese,  www.armscontrol.org/act/2002_07-08/abmjul_aug02 ,  (6) President G. W. Bush’s Statement by the 

President on the ABM Treaty, from the White House press release, (7)  

http://www.mda.mil/news/history_resources.html#AfterABM  [all accessed September 2013] 

http://en.wikipedia.org/wiki/Anti-Ballistic_Missile_Treaty
http://www.fas.org/nuke/control/abmt/
http://www.state.gov/www/global/arms/treaties/abm/abm2.html
http://www.state.gov/t/avc/trty/101888.htm
http://www.armscontrol.org/act/2002_07-08/abmjul_aug02
http://www.mda.mil/news/history_resources.html#AfterABM
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Table 8.  Summary of U.S. Ballistic Missile Defense System interceptor status 

System Intercept Capabilities System Locations Additional Info 

Ground-Based 
Interceptors 
(GBIs) 

Intermediate and long-
range ballistic missiles in 
midcourse (GBI 
intercepts/destroys nuclear 
warhead in space) 

Fort Greely, Alaska  
   - 26 GBIs 
Vandenberg AFB, CA 
  -    4 GBIs 

In 2013, in response to the 
N. Korean threat, President 
Obama announced 14 more 
GBIs planned for Fort Greely 

Aegis Ballistic 
Missile Defense 
(BMD) 

- Short- to intermediate-
range, midcourse-phase, 
ballistic missile threats 
with Standard Missile-3 
(SM-3) 

- Short-range ballistic 
missiles in the terminal 
(final) phase of flight with 
the SM-2 

28 Aegis BMD ships 
(5 cruisers [CGs] and 
23 destroyers 
[DDGs]).  
Of the 28 ships, 16 
are assigned to the 
Pacific Fleet and 12 
to the Atlantic Fleet. 

- One SM-3 intercepted a 
satellite at an altitude of 
133 naut. miles (247 
kilometers) 

- By using Unmanned Aerial 
Vehicles (UAVs) and space 
assets, the engagement 
zone of SM-3s can be 
extended to the pre-
apogee phase 

Patriot Advanced 
Capability (PAC)-3 
missile 

Intercepts short-range 
ballistic missiles (SRBM) 
and cruise missiles out to 
about 65 miles. 

U.S. Army has 
received well over 
1,000 PAC-3 ground 
mobile missiles 

PAC-3 is most effective 
against missiles with a range 
of up to ~ 600 miles (unlike 
missiles that travel from N. 
Korea to Guam) 

Terminal High 
Altitude Area 
Defense (THAAD) 

Intercepts short, medium, 
and intermediate range 
ballistic missiles (IRBM) 
inside (or just outside) the 
atmosphere in their final 
(terminal) phase  

U.S. Army has 3 
THAAD batteries (4th 
planned); ~ 82 
mobile missiles that 
can track/kill missiles 
at < 150 miles 

- June 2009:  US deployed a 
THAAD unit to Hawaii 

- April 2013: Battery 
deployed to Guam to 
defend against a possible 
N. Korean IRBM 

Laser, RF, or other 
beam weapons 
and other 
technologies for 
BMD 

Lasers have potential of 
disrupting missile shell in 
boost phase; RF weapons 
disrupt electronics 

Program on 747 
aircraft cancelled; 
proposed future 
platforms with UAVs 
and Navy ships  

- Many technologies are 
being examined 

- Airborne lasers to date 
have been too weak for 
safe standoff; UAVs may 
work 

Table current as of 9/11/2013;  Sources:  see footnote 11                                     © 2013  Kevin G. Briggs 

 
11 Sources:  (1) http://en.wikipedia.org/wiki/Ground-Based_Midcourse_Defense ; (2) 

www.mda.mil/global/documents/pdf/gmdfacts.pdf ; (3) www.mda.mil/system/aegis_bmd.html , (4) 

http://en.wikipedia.org/wiki/Aegis_Ballistic_Missile_Defense_System ; (5) http://en.wikipedia.org/wiki/Anti-

ballistic_missile ; (6) www.mda.mil/global/documents/pdf/pac3.pdf ; (7) 

http://news.discovery.com/tech/robotics/can-antimissile-tech-protect-us-130411.htm ; (8) 

www.lockheedmartin.com/us/news/press-releases/2010/september/LMDelivers1000thPAC-3Miss.html ; (9) 

www.fas.org/sgp/crs/weapons/R41526.pdf; (10) http://ca.news.yahoo.com/blogs/geekquinox/u-navy-deploy-first-

ship-based-laser-weapon-164555216.html ; (11) 

www.mda.mil/global/documents/pdf/ps_syring_050913_SASC.PDF ;  (12) www.army-

technology.com/projects/patriot/     [all referenced sites accessed in September 2013] 

http://en.wikipedia.org/wiki/Ground-Based_Midcourse_Defense
http://www.mda.mil/global/documents/pdf/gmdfacts.pdf
http://www.mda.mil/system/aegis_bmd.html
http://en.wikipedia.org/wiki/Aegis_Ballistic_Missile_Defense_System
http://en.wikipedia.org/wiki/Anti-ballistic_missile
http://en.wikipedia.org/wiki/Anti-ballistic_missile
http://www.mda.mil/global/documents/pdf/pac3.pdf
http://news.discovery.com/tech/robotics/can-antimissile-tech-protect-us-130411.htm
http://www.lockheedmartin.com/us/news/press-releases/2010/september/LMDelivers1000thPAC-3Miss.html
http://ca.news.yahoo.com/blogs/geekquinox/u-navy-deploy-first-ship-based-laser-weapon-164555216.html
http://ca.news.yahoo.com/blogs/geekquinox/u-navy-deploy-first-ship-based-laser-weapon-164555216.html
http://www.mda.mil/global/documents/pdf/ps_syring_050913_SASC.PDF
http://www.army-technology.com/projects/patriot/
http://www.army-technology.com/projects/patriot/
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Figure 2.  U.S. Ballistic Missile Defense System (BMDS)  

 

 

Sources:  US Missile Defense Agency, see www.mda.mil/system/system.html  and also: 

http://www.dote.osd.mil/pub/reports/FY2011/pdf/bmds/2011bmds.pdf  

http://www.mda.mil/system/system.html
http://www.dote.osd.mil/pub/reports/FY2011/pdf/bmds/2011bmds.pdf
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Table 9.  Capability of the U.S. Ballistic Missile Defense System to protect the public 

Threat US Interceptors/Effectiveness Rationale Projected loss 

Russian long 
range ICBMs 
and SLBMs* 

Ground Based Interceptors (GBIs) in 
Alaska and California. / 
Not effective against Russian ICBM 
or SLBM threats.  The U.S. Ballistic 
Missile Defense System (BMDS) is 
not designed to counter a Russian 
ICBM or SLBM attack.   

(1) 30 GBIs can’t counter 
over 1,000 Russian warheads   
(2) Russians are likely to use 
countermeasures 
(3) Even with near optimal 
test conditions, 3 latest GBI 
intercept tests failed 

(1) Up to 90% casualties of 
U.S. public (collateral in 
Canada and Mexico) after 
1 year if use EMP to 
disrupt infrastructures  
(2) Russians can strike any 
U.S. city or target (like a 
nuclear power plant) 

Chinese long 
range ICBMs 
and SLBMs 

GBIs in Alaska and California / 
Not effective against Chinese ICBM 
and future SLBM threat.  The U.S. 
BMDS is not designed to counter a 
Chinese ICBM or SLBM attack.  Only 
designed to counter a North Korean 
or limited ballistic missile attack.   

(1) 30 GBIs can’t counter 
over 100 Chinese warheads   
(2) Chinese are likely to use 
countermeasures 
(3) Even with near optimal 
test conditions, 3 latest GBI 
intercept tests failed 

(1) Up to 90% casualties of 
U.S. public after 1 year if 
use EMP to disrupt critical 
infrastructures  
(2) Chinese can strike any 
U.S. city or target (like a 
nuclear power plant) 

N. Korean 
TD-2 (Unha-
3) and the  
KN-08 
mobile 
ICBMs  

GBIs in Alaska and California /  
Not effective as last three intercept 
tests have failed (2 tests in 2010, 1 
test in 2013) and since the system 
not designed for attacks from south 

(1) Even with near optimal 
test conditions, 3 latest GBI 
intercept tests failed 
(2) Can attack from a 
southern approach (like the 
12/12/2012 Unha-3 launch) 

Up to 90% casualties of 
U.S. public if use EMP; 
threat to all of USA 
(possible collateral 
fatalities in Canada and 
Mexico due to EMP) 

N. Korean 
SRBMs, 
MRBMs, & 
IRBMs*   

Aegis, PAC3* and THAAD / May be 
effective in terminal phase; Aegis 
may work in ascent if ship is 
appropriately positioned. 

(1) Ship launched missiles 
are hard to stop in ascent 
(2) No effective capability to 
stop midcourse EMP burst 

Up to 90% casualties of 
U.S. public if use EMP 
(possible collateral deaths 
in Canada and Mexico) 

Future 
Iranian 
SRBMs, 
MRBMs, & 
IRBMs*   

Aegis, PAC3 and THAAD / May be 
effective in terminal phase; Aegis 
may work in ascent if ship is 
appropriately positioned.  Iranian 
threat may mature in 2014 – 2015. 

(1) Ship launched missiles 
are hard to stop in ascent if 
use fast boost missiles 
(2) No effective capability to 
stop midcourse EMP burst 

Up to 90% casualties of 
U.S. public if use EMP 
(possible collateral deaths 
in Canada and Mexico) 

AQ BM* Same as above (if provided nuc.) Same rationale as above. Same as above. 

Note:  SLBM = Sea Launched Ballistic Missile; ICBM = Intercontinental Ballistic Missile; SRBM = Short 
Range Ballistic Missile; MRBM = Medium Range Ballistic Missile; IRBM = Intermediate Range Ballistic 
Missile; PAC3 = Patriot Advanced Capability-3; AQ BM = al Qaeda ship-based ballistic missile attack.                                

        Table current as of 9/13/2013;  Sources:  see footnote 12                   © 2013  Kevin G. Briggs 

 
12 Sources:  (1) http://russianforces.org/  (2) http://www.cfr.org/missile-defense/us-ballistic-missile-defense/p30607  

(Council on Foreign Relations)   (3) http://freebeacon.com/number-the-nukes/ ; (4) 

http://en.wikipedia.org/wiki/Ground-Based_Midcourse_Defense ; (5) www.mda.mil/news/10news0019.html ; (6) 

www.mda.mil/global/documents/pdf/ps_syring_050913_SASC.PDF ;  (7) www.mda.mil/news/13news0006.html ; 

(8) http://missilethreat.com/all-missiles/ ; (9) www.armscontrol.org/subject/18/date  (10) 

http://www.heritage.org/research/reports/2012/12/north-korean-missile-launch-challenges-us-foreign-policy  (11) 

http://www.mod.go.jp/e/d_act/bmd/report_20130125.html  (Japanese Ministry of Defense assessment that a TD-2 

was successfully launched by N. Korea on 12/12/12 using a Southern launch which placed a satellite into orbit with  

an inclination of approximately 97 degrees) ; (12) http://www.ncnk.org/resources/briefing-papers/all-briefing-

papers/an-overview-of-north-korea-s-ballistic-missiles;  (13)  http://www.washingtonpost.com/wp-

dyn/articles/A57774-2005Apr15.html  Senator Kyle, Unready For This Attack, on Al-Qaeda ship-based EMP.    

http://russianforces.org/
http://www.cfr.org/missile-defense/us-ballistic-missile-defense/p30607
http://freebeacon.com/number-the-nukes/
http://en.wikipedia.org/wiki/Ground-Based_Midcourse_Defense
http://www.mda.mil/news/10news0019.html
http://www.mda.mil/global/documents/pdf/ps_syring_050913_SASC.PDF
http://www.mda.mil/news/13news0006.html
http://missilethreat.com/all-missiles/
http://www.armscontrol.org/subject/18/date
http://www.heritage.org/research/reports/2012/12/north-korean-missile-launch-challenges-us-foreign-policy
http://www.mod.go.jp/e/d_act/bmd/report_20130125.html
http://www.ncnk.org/resources/briefing-papers/all-briefing-papers/an-overview-of-north-korea-s-ballistic-missiles
http://www.ncnk.org/resources/briefing-papers/all-briefing-papers/an-overview-of-north-korea-s-ballistic-missiles
http://www.washingtonpost.com/wp-dyn/articles/A57774-2005Apr15.html
http://www.washingtonpost.com/wp-dyn/articles/A57774-2005Apr15.html
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The foregoing table shows that the USA, while spending what is reported to be about $250 billion on 

missile defense programs over the last 30 years, these missile defenses cannot effectively protect North 

Americans against ballistic missiles from Russia, China, and North Korea (with Iran being added soon).  In 

addition, this table shows that even a terrorist group, like Al-Qaeda, could in the future launch an EMP 

attack against the USA or conduct a nuclear strike against one or more of our cities, by using a ship 

based ballistic missile attack (the latter could also be accomplished by a nuclear tipped cruise missile 

launched from a ship).  Former Senator Jon Kyl, who at the time served as the Chairman of the Senate 

Judiciary Subcommittee on Terrorism, Technology and Homeland Security, warned us several years ago 

about this threat when he wrote:  

“… FBI Director Robert Mueller has confirmed new intelligence that suggests al Qaeda is trying to 
acquire and use weapons of mass destruction. Iran has surprised intelligence analysts by 
describing the mid-flight detonations of missiles fired from ships on the Caspian Sea as 
"successful" tests. North Korea exports missile technology around the world; Scuds can easily be 
purchased on the open market for about $100,000 apiece.  

A terrorist organization might have trouble putting a nuclear warhead "on target" with a Scud, 
but it would be much easier to simply launch and detonate in the atmosphere. No need for the 
risk and difficulty of trying to smuggle a nuclear weapon over the border or hit a particular city. 
Just launch a cheap missile from a freighter in international waters -- al Qaeda is believed to own 

about 80 such vessels …” 13   

How we can improve our National Missile Defense 

Our National Missile Defense could be greatly improved by deploying systems like: (1) advanced Aegis 

BMDS along our coasts, (2) Unmanned Aerial Vehicles (UAVs) along the coast with a boost/ascent phase 

and cruise missile kill capability, and (3) nuclear tipped interceptors for mid-course and terminal nuc or 

bio threats from all directions (like southern polar).  It is understood that to make nuclear tipped 

interceptors politically acceptable, we would need to avoid fratricidal EMP risks by doing things like: 14 

1. Using low yield warheads at less than 30 km altitudes for terminal defenses so that they do 

not pose a significant EMP risk to either our ground or satellite infrastructures 

2. Using low yield, non-enhanced radiation warheads above 200 km for mid-course intercepts 

to reduce EMP risks at ground level (note:  there would be risks to satellites, but no more 

than with an attacking warhead with a salvage-fuse that is struck by a kinetic kill vehicle).   

 
13 http://www.washingtonpost.com/wp-dyn/articles/A57774-2005Apr15.html “Unready For This Attack”, article in 

Washington Post  by Jon Kyl, Saturday, April 16, 2005; Page A19.   
14 Sources:  (1) http://www.ifpa.org/pdf/IWGWhitePaper.pdf   Countering the EMP Threat: The Role of Missile 

Defense, 2010, The Independent Working Group (IWG) on Post-ABM Treaty Missile Defense and the Space 

Relationship and The Institute for Foreign Policy Analysis, Inc. (IFPA); (2) 

http://armscontrolcenter.org/issues/missiledefense/articles/interceptors_studied/  "Nuclear-Tipped Interceptors 

Studied", Washington Post - April 11, 2002, by Bradley Graham, Washington Post Staff Writer, (3)  (1)  High-

Impact Threats to Critical Infrastructure, Conference Proceedings of the InfraGard National EMP SIG Sessions at 

the Dupont Summit, 2012, edited by Charles L. Manto,  in an article titled: “EMP Knots Untied: Some Common 

Misconceptions about Nuclear EMP” by Dr. George Baker, page 79.  

http://www.washingtonpost.com/wp-dyn/articles/A57774-2005Apr15.html
http://www.ifpa.org/pdf/IWGWhitePaper.pdf
http://armscontrolcenter.org/issues/missiledefense/articles/interceptors_studied/
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3. Conducting intercepts over broad ocean areas or the Poles to minimize EMP risks  

4. Conducting intercepts over broad ocean areas or the Poles to minimize EMP risks  

5. Reducing the gamma output of the interceptors (to ensure any ground-level EMP is minimal) 

and limiting the X-ray output (to reduce risks to satellites) for mid-course intercepts 

6. Using weapons that produce negligible fallout, such as with modern designs (note: this in 

general was never a significant problem compared to a nuclear detonation in a city).   

See High Frontier (http://highfrontier.org/ ) for other ways to improve our missile defenses.  

It is important to note that the Russians have widely deployed nuclear tipped missiles to protect their 
population in Moscow since 1972.  In most of the years since 1989, Moscow has had both nuclear tipped 
53T6 short range interceptors (also known as the Gazelle or SH-08/ABM-3) with a range of about 80 km 
and an intercept altitude capability between 10 and 40 km and the long range 51T6 (also known as the 
Gorgon or SH-11/ABM-4). Since around 2006, the Russians withdrew the Gorgon from service and are 
relying on 68 Gazelle ABM-3s, but they have plans to add a “hit to kill” longer range interceptor (the A-

235) for intercepts out to 100 km and altitudes up to 30 km over the next few years. 15    
 

Lessons from history on Soviet/Russian and U.S. Missile Defense 

In addition to the Moscow ABM system, there is extensive evidence that the Soviets (and now Russians) 

have also deployed Anti-Ballistic Missile (ABM) interceptors throughout their country. The following 

extended quote is an important lesson from the Soviet/Russian Anti-Ballistic Missile (ABM) history and 

should be a reminder to us that the U.S. intelligence agencies sometimes dramatically miss the mark 

when it comes to understanding nuclear related programs, such as is quite possible with the North 

Korean and Iranian threats today.  The following testimony is by William T. Lee, who served as the senior 

analyst on nuclear targeting at the Defense Intelligence Agency (DIA) from 1981 to 1985. From 1985 to 

1992, Mr. Lee was the Senior Executive Service Officer at DIA charged with military production, R&D, 

and collection systems. Mr. Lee gave the following testimony to the U.S. Senate Foreign Relations 

Committee on 13 May 1999:  

Since the publication of my book, ``The ABM Treaty Charade: A Study in Elite Illusion and 
Delusion,'' in May 1997 additional evidence has confirmed the conclusions in my 1997 book: the 
Soviets violated Article 1 prohibiting national ABM defenses by deploying more than 10,000 dual 
purpose, anti-aircraft and anti-missile (SAM/ABM) missiles supported by 17 huge radars on the 
Soviet periphery. Moreover, Russia is developing yet another SAM/ABM. 

Based on what they had been told by Secretary of Defense McNamara and other senior U.S. 
officials, the Soviets most likely entered the SALT negotiations expecting: a) they could negotiate 
a Treaty banning national ABM defenses in both superpowers while continuing to develop and 
deploy their SAM/ABM systems; and b) U.S. satellites would not detect the violation. 

The battle management mode of operation was dictated by technology constraints. With the 
exception of one late model, the maximum velocities Soviet ABM missiles were a fraction of that 
of the targets. Thus an ABM interceptor with a velocity of 2 km./sec. had to be launched when an 

 
15 Current Developments in Russia’s Ballistic Missile Defense by Jana Honkova, Research Associate, George C. 

Marshall Institute, April 2013, see www.marshall.org  

http://highfrontier.org/
http://www.marshall.org/
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ICBM warhead was some 1,200 km. from its target. The big radars--on the periphery and at 
Moscow--provided the long range target tracking data so that the ABMs could launch in time. 
This applied to all Soviet ABM systems--Galosh and ABM-3 as well as to the SAM/ABMs. …  

In rare moments of candor, CIA acknowledged that there simply were too many ``intelligence 
gaps'' in the evidence from U.S. technical collection systems to resolve these issues. The CIA and 
the NIE majority simply systematically violated the rule that absence of evidence is not evidence 
of absence, e.g. if satellites did not detect the Soviet radars passing battle management target 
tracking data, therefore, only early warning data were being passed. When the U.S. identified 
nuclear warhead storage at the SA-5 complexes in the early 1970s NIE positions remained the 
same. 

 Conclusive evidence filling in the ``intelligence gaps'' began to surface publicly from U.S. and 
Russian sources only in 1992. The principal Russian sources for that evidence are: 

  -- A.N. Kosygin, former Premier and Politburo member for over three decades; 

  -- Gen. Col. Yu.V. Votintsev, Commander ABM (PRO) and Space Defense (PKO) Troops, 1967-85; 

  -- G.V. Kisun'ko, Chief Designer of the Moscow ABM system 1954-75, General Designer of the 
Soviet Empire's ABM systems from 1956 until the mid-1970s, and two of his colleagues; 

  -- two Soviet Military Attaches--one a military intelligence (GRU) general officer; and 

  -- various books and articles from the Russian press. 

The top three Russian sources--Kosygin, Votintsev, Kisun'ko—had unique access to all Soviet 
ABM programs. All the Russian sources are consistent on three critical points refuting CIA's 
position: 

  -- the SA-5 and SA-10 were designed as dual purpose SAM/ABMs from relatively low cost air 
defense components; 

  -- the Hen House and LPAR radars were designed to provide target tracking (battle 
management) data to the SAM/ABMs; and 

  -- a national ABM and space defense command-control system was installed by the mid-1970s. 

In 1991 a U.S. inspection team independently confirmed the LPAR battle management role. The 
de-classified NIEs and the Russian sources confirm the same function for the Hen House radars. 
There are no factual contradictions between the NIEs and the Russian sources. For the most part, 
the Russian sources simply fill in the intelligence gaps. …  

In sum, the evidence now is conclusive: the ABM Treaty was DOA. Russia inherited most of the 

illegal Soviet national ABM defenses and is trying to maintain and modernize them. The Russian 

military understands that the side with both strategic offensive and defensive forces has a great 

advantage over the side that relies only on offensive weapons, and that the advantage multiplies 

as offensive arsenals are reduced by START agreements. Meanwhile, Russia's national ABM 

defenses can protect them from the nuclear and missile proliferation to which they are 

contributing so much. 

To this end, over the past decade Russia has developed a new SAM/ABM, the ``S-400'', which is 

scheduled for deployment next year. Both the S-400 SAM/ABM and its predecessor, the SA-10, 

can operate with the same interceptor missiles. 
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The new long range S-400 missile can engage ballistic missiles with ranges of (at least) 3,500 

km., as compared to about 2,000 km. for the latest model SA-10 missile, even without target 

tracking data from battle management radars. The new ``super-maneuverable'' short range S-

400 missile provides two layers of ABM defense instead of one layer for previous SAM/ABMs (SA-

5 and SA-10), and has the potential for non-nuclear kill of strategic ballistic missiles. 

Given long range target tracking data from Russia's battle management radars and nuclear 
warheads, the S-400 should be highly effective against all types of strategic ballistic missiles--
medium range through ICBMs. Furthermore, production of three new radars of various ranges is 
underway.  … 

Modernizing Russian national ABM defenses with the S-400 will challenge the credibility of the 
U.S. nuclear deterrent, especially if our arsenal is reduced from the 6,000 warhead level 
permitted by SALT I to 3,500 under the SALT II Treaty that the Senate already has ratified.  

Existing Russian ABM defenses probably nullify the small British and French nuclear deterrents. …  

In sum, the 1972 ABM Treaty was neither a valid contract nor the ``cornerstone of strategic 
stability.'' Amended by these protocols the Treaty would be a monument to strategic instability 
by legalizing major improvements in Russia's ABM defenses while the U.S. and our Allies remain 
totally vulnerable. There simply is no excuse for failing to protect the U.S. population, our 
military forces, and our Allies in the name of a Treaty that never was a valid contract with a 

State that no longer exists.  16 
 

I think it is also important to note that William T. Lee (now deceased) reportedly claimed in 1999 that at 

least some of the Russian S-300 ABMs were armed with neutron warheads. The Center for Defense 

Information’s Russian Federation Nuclear Arsenal webpage apparently corroborated this report by 

saying there were 1750 nuclear warhead tipped S-300s. Mr. Lee reportedly identified these as being 

equipped with neutron warheads.17   

Why we have a generally ineffective Ballistic Missile Defense 

The lack of effectiveness of our current Ballistic Missile Defense System (BMDS) is largely a result of the 
technology choices we’ve made regarding kinetic kill warheads versus nuclear tipped interceptor 
warheads.  Achieving a successful intercept using a kinetic kill (sometimes referred to as the “bullet 
hitting a bullet” solution) is extraordinarily difficult in even simple, staged intercepts.  Moreover, 
effectively hitting a warhead in the presence of countermeasures such as balloons, missile body 
fragments, decoys, multiple warheads, maneuvering vehicles, and so forth, makes a successful intercept 

a very, very, very low probability (and in some cases, an impossible) event. 18 

 
16 http://www.fas.org/spp/starwars/congress/1999_h/s106-339-5.htm, May 13, 1999, ABM Treaty, START II, and 

Missile Defense, S. Hrg. 106-339, BALLISTIC MISSILES: THREAT AND RESPONSE,HEARINGS BEFORE 

THE COMMITTEE ON FOREIGN RELATIONS, UNITED STATES SENATE 
17 Sources (1) http://www.freerepublic.com/focus/news/660270/replies?c=28 and 

http://www.freerepublic.com/focus/fr/589793/replies?c=46   [accessed 9/24/13] and http://www.american-

partisan.com/cols/2002/pyne/qtr2/0528.htm by 2002 David T. Pyne, Esq., Bush's Offer to Jointly Develop Missile 

Defense System with Russia Unwise, May 28, 2002.  
18 Sources: (1) www.nytimes.com/2013/07/25/opinion/a-failure-to-intercept.html?_r=0 ; A Failure to Intercept, The 

New York Times,  Editorial Board, July 24, 2013, (2) www.nap.edu/catalog.php?record_id=13189 ,  Making Sense 

http://www.fas.org/spp/starwars/congress/1999_h/s106-339-5.htm
http://www.freerepublic.com/focus/news/660270/replies?c=28
http://www.freerepublic.com/focus/fr/589793/replies?c=46
http://www.american-partisan.com/cols/2002/pyne/qtr2/0528.htm
http://www.american-partisan.com/cols/2002/pyne/qtr2/0528.htm
http://www.nytimes.com/2013/07/25/opinion/a-failure-to-intercept.html?_r=0
http://www.nap.edu/catalog.php?record_id=13189
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In my discussions with Sam Cohen, the “father” of the U.S. neutron bomb and a designer of our early 

nuclear tipped interceptors, he said that all of the early missile defense analyses showed that the most 

effective way to intercept a ballistic missile armed with multiple nuclear or biological warheads was to 

use nuclear armed interceptors. This was confirmed to me by several other experts when I approached 

them as the President of the American Civil Defense Association.  The question becomes: “Why did we 

abandon known, effective missile defense technologies, such as nuclear tipped interceptors, to spend 

billions of dollars on technologically unproven, high risk, kinetic kill interceptors that we knew could 

never work effectively against modern countermeasures or multiple warhead/bomblet threats?”  

When I posed this question to a very senior official overseeing the U.S. ballistic missile defense 

programs, he asked to not be quoted, but answered something to the effect:  “I know that using a 

“bullet to hit a bullet” is not very effective and may not work.  However, I cannot get a nuclear tipped 

ballistic missile interceptor through our Congress.  We must keep promoting the technologies we can get 

through Congress and we can later switch out the ineffective kinetic kill warheads with effective nuclear 

tipped warheads.” 19 

So why has the USA spent billions of dollars on generally ineffective missile defenses, when there are 

effective alternatives available?  I think there are seven general reasons (some political, some technical).  

1. First, the U.S. has never functionally abandoned the doctrine of Mutual Assured Destruction 

(MAD) when it comes to Russia and China.  Hence, the modern U.S. BDMS was never 

intended to counter the sophisticated and massive Russian and Chinese threats 20 (other 

than perhaps a few accidental launches or a limited rogue launch scenario).21  They are only 

designed to counter a few nuclear missiles that do not use effective decoys. 

  

 
of Ballistic Missile Defense (2012), National Academies Press, (3) www.acq.osd.mil/dsb/reports/ADA552472.pdf ; 

(4) http://defense-update.com/20130322_how-effective-anti-ballistic-missile-defense-is-against-

countermeasures.html , How Effective Anti-Ballistic Missile Defense is Against Countermeasures?  Quote from 

article: ““None of the intercept tests conducted so far of the U.S. ground-based or ship-based systems has included 

realistic countermeasures that you should expect in a real-world attack from North Korea.” Wright stressed, “The 

Pentagon still doesn’t know how to solve this problem… That’s why the large difference in technical sophistication 

between the U.S. and North Korea does not automatically tip the balance in favor of the U.S. in this challenge.” 

“People frequently downplay the countermeasures issue, in part because it makes the problem so difficult. But 

unfortunately it is real.” Wright concludes, “The bottom line is that it makes no sense to add interceptors and/or an 

east-coast deployment site until the system has been shown to be effective against a real-world threat.”; (4) http://iis-

db.stanford.edu/pubs/10205/bmdmodel.pdf; http://www.ifpa.org/pdf/IWGWhitePaper.pdf  High Frontier White 

Paper on Countering the EMP Threat: The Role of Missile Defense, by Institute for Foreign Policy Analysis, 2010.  
19 Additional sources:  http://www.govexec.com/defense/2002/10/pentagon-bid-to-study-nuclear-tipped-missile-

interceptors-rejected/12754/ ; http://www.nonukesnorth.net/nuketips.html , Intercepting the Truth: Prospects for 

nuclear-tipped missile defense interceptors by Michael Roston  
20 Ballistic Missile Defense Review Report, Feb 2010, Department of Defense, pages 4 – 5.  
21 Source:  (1) Nunn Seeks Safeguard Against Accidental Launches: Proposal on Protection From A-Missiles Gains, 

Los Angeles Times, 29 April, 1988.  (2) New Defensive Missiles Protect U.S. Against Rogue Attacks, Popular 

Mechanics, by Erik Sofge, December 1, 2008   

http://www.acq.osd.mil/dsb/reports/ADA552472.pdf
http://defense-update.com/20130322_how-effective-anti-ballistic-missile-defense-is-against-countermeasures.html
http://defense-update.com/20130322_how-effective-anti-ballistic-missile-defense-is-against-countermeasures.html
http://iis-db.stanford.edu/pubs/10205/bmdmodel.pdf
http://iis-db.stanford.edu/pubs/10205/bmdmodel.pdf
http://www.ifpa.org/pdf/IWGWhitePaper.pdf
http://www.govexec.com/defense/2002/10/pentagon-bid-to-study-nuclear-tipped-missile-interceptors-rejected/12754/
http://www.govexec.com/defense/2002/10/pentagon-bid-to-study-nuclear-tipped-missile-interceptors-rejected/12754/
http://www.nonukesnorth.net/nuketips.html
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The evolving North Korean (NK) nuclear and missile threat 

2. A second reason for the delay in developing an effective BMDS is that the U.S. has 

significantly underestimated the North Korean’s capabilities to develop modern ballistic 

missiles and nuclear weapons.  This is partly due to our not fully considering the assistance 

they would receive from disenfranchised scientists from the former Soviet Union and the 

assistance they would receive from Pakistan and other countries. While U.S. policy has been 

to prevent NK from developing nuclear weapons for decades, we have failed to stop either 

their missile or nuclear weapons programs or NK’s proliferation to others.  22  

The following tables provide some details on the missile capabilities and milestones 

associated with the North Korean missile and nuclear programs. 

Table 10.  North Korean (NK) ballistic missile launchers and Space Launch Vehicle 

System Launchers  Estimated Range 

KN-02 (Toksa) New mobile 

All road-mobile 

 

Hundreds of missiles overall 

 

Could be launched from a ship off of our coast 
for a direct strike against a city or for EMP. 

75 miles 

SCUD-B, called Hwasong-5 
by NK (exported to Iran as 
Shahab-1; export to Cuba) 

185 - 200 miles 

SCUD-C; called Hwasong-6 
by NK (reported export as 
Shahab-2 to Iran; Egypt, 
Syria, Cuba, others?) 

310 – 430 miles 

SCUD- ER (DoD reported) Road mobile; could be launched off of ship 435 – 625 miles 

Nodong, Rodong (report 
export: Syria, Egypt, Libya) 

Fewer than 50  (can be launched from a ship) 800 miles 

Musudan  (like SS-N-6) Fewer than 50  (can be launched from a ship) 2,000 + miles 

Taep’o-dong 2 ICBM and 
Space Launch Vehicle (SLV) 

TD-2 (Unha-3) 

Defense Department says: “North Korea will 
continue using and improving the TD-2, which 
could reach the United States with a nuclear 
payload if developed as an ICBM.” 

3,400 + miles (12/12/12 
launch placed a satellite 
in orbit over the USA 
from the south) 

KN-08  (Road mobile) Six paraded.  Actual number unknown. Intercontinental range 

Sources:  See footnote 23  and footnote on following table for sources                  © 2013  Kevin G. Briggs                                                      

 
22 Sources: (1) http://blogs.telegraph.co.uk/news/robcrilly/100202507/aq-khan-the-godfather-of-north-koreas-bomb/, 

AQ Khan, the godfather of North Korea's bomb, Rob Crilly, Pakistan correspondent of The Daily Telegraph, Feb 

12th, 2013; (2) Nuclear Black Markets: Pakistan, A.Q. Khan and the rise of proliferation networks - A net 

assessment, ISBN: 978-0-86079-201-7, 02 May 2007, 

www.iiss.org/en/publications/strategic%20dossiers/issues/nuclear-black-markets--pakistan--a-q--khan-and-the-rise-

of-proliferation-networks---a-net-assessmen-23e1  
23 Sources: (1) Ballistic Missile and Cruise Missile Threat, NASIC, DIA Missile and Space Intelligence Center, and 

the Office of Naval Intelligence, 2013, pp. 13-17 ; (2) http://cns.miis.edu/opapers/op2/lrdes.htm ; (3) Wikipedia ; (4) 

Military and Security Developments Involving the Democratic People’s Republic of Korea, 2012,  

http://blogs.telegraph.co.uk/news/robcrilly/100202507/aq-khan-the-godfather-of-north-koreas-bomb/
http://www.telegraph.co.uk/journalists/rob-crilly/
http://www.iiss.org/en/publications/strategic%20dossiers/issues/nuclear-black-markets--pakistan--a-q--khan-and-the-rise-of-proliferation-networks---a-net-assessmen-23e1
http://www.iiss.org/en/publications/strategic%20dossiers/issues/nuclear-black-markets--pakistan--a-q--khan-and-the-rise-of-proliferation-networks---a-net-assessmen-23e1
http://cns.miis.edu/opapers/op2/lrdes.htm
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Table 11.  Major milestones of the North Korean nuclear and missile programs 

Date Events Risk to USA and North America 

1956 Soviets help N. Korean begin nuclear program Developing expertise needed for bomb 

1965 Yongbyon research reactor reaches 2 MW More fission/bomb expertise & material 

1970s North Korea (NK) begins uranium mining  Uranium can be used for nuclear bomb 

1984 NK completes a plutonium reprocessing plant Produce plutonium from Yongbyon spent fuel 

1986 NK completes a graphite-moderated reactor Produces ~7.5 kg of plutonium per year 

1998 NK fires a Taepodong-1 (TD-1) over Japan NK tests technologies needed for ICBM 

2002 NK admits to Highly Enriched Uranium (HEU) NK HEU program is for nuclear weapons 

2002 Russian scientists claim EMP info leaked to NK Scientists disclose NK is working on super-EMP 

2004 Russian generals claim NK making EMP bombs Russians say NK has Russian super-EMP design  

2005  Extract plutonium from 8,000 spent fuel rods  Plutonium used to build nuclear bombs 

2006 NK launches 7 missiles: SCUD, Nodong-2, TD-2 Advanced ballistic missile technology shown 

2006 NK conducts first underground nuclear test Explode 1st nuclear bomb of low yield (< = 1kT) 

2009 NK test Unha-2 ballistic missile over Japan Demonstrates new missile technologies 

2009 NK detonates a 2nd low-yield nuclear weapon Yield is reportedly about 2 kilotons (kT)  

2010 NK reveals a 2nd uranium enrichment plant Additional ability to produce bomb materials 

2011 
DIA Director Burgess tells Senate: NK may now 
have several plutonium based nuclear 
warheads that it can deliver by ballistic missiles 

DIA, the lead US Intelligence Agency for 
assessing foreign ballistic missile capabilities, 
says NK may have nuclear tipped missiles 

2012 12/12/12 successfully launch Unha-3 missile 220 lb. satellite passes over USA regularly 

2012 Chinese military reporter: NK has super-EMP Claims NK has super-EMP nuclear warheads 

2012 NK displays six road mobile KN-08 ICBMs Implies that they can strike USA with KN-08 

2013 NK detonate 3rd low-yield nuclear weapon Is it a super-EMP warhead?  Yield: 6-7 kT? 

2013 NK threatens the USA with nuclear strikes NK map shows missile plans to hit U.S. cities 

2013 NK parades men with “nuclear” backpacks Many believe this is just for propaganda. 

Sources: see footnote 24                                                                                                 © 2013  Kevin G. Briggs                     

 
www.defense.gov/pubs/Report_to_Congress_on_Military_and_Security_Developments_Involving_the_DPRK.pdf ; 

http://tank.nationalreview.com/post/?q=ZTFhNTI3NjVmYWQ3OTUzZjUzYzM1YmVjNTYzODg4M2U=   
24 Sources:  (1) http://en.wikipedia.org/wiki/Timeline_of_the_North_Korean_nuclear_program ; (2) 

http://www.washingtontimes.com/news/2012/dec/19/north-korea-emp-attack-could-destroy-us-now/?page=all, 

PRY: North Korea EMP attack could destroy U.S. — now, 12/19/2012; (3) 

http://38north.org/2012/05/nhansen050412/,  North Korea’s New Long-Range Missile:  Fact of Fiction? By Nick 

Hansen, 04 May 2012, 38 North; (4) http://www.policymic.com/articles/57327/north-korea-claims-to-have-nuclear-

suicide-bombers, North Korea Claims to Have Nuclear Suicide Bombers, by Pierce Williams; (5) 

http://americansecurityproject.org/ASP%20Reports/Ref%200072%20-

%20North%20Korea%E2%80%99s%20Nuclear%20Program%20.pdf, North Korea’s Nuclear 

http://www.defense.gov/pubs/Report_to_Congress_on_Military_and_Security_Developments_Involving_the_DPRK.pdf
http://tank.nationalreview.com/post/?q=ZTFhNTI3NjVmYWQ3OTUzZjUzYzM1YmVjNTYzODg4M2U
http://en.wikipedia.org/wiki/Timeline_of_the_North_Korean_nuclear_program
http://www.washingtontimes.com/news/2012/dec/19/north-korea-emp-attack-could-destroy-us-now/?page=all
http://38north.org/2012/05/nhansen050412/
http://www.policymic.com/articles/57327/north-korea-claims-to-have-nuclear-suicide-bombers
http://www.policymic.com/articles/57327/north-korea-claims-to-have-nuclear-suicide-bombers
http://americansecurityproject.org/ASP%20Reports/Ref%200072%20-%20North%20Korea%E2%80%99s%20Nuclear%20Program%20.pdf
http://americansecurityproject.org/ASP%20Reports/Ref%200072%20-%20North%20Korea%E2%80%99s%20Nuclear%20Program%20.pdf
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The Defense Department’s “Military and Security Developments Involving the Democratic People’s 

Republic of Korea, 2012” states the following regarding North Korea:  

“North Korea’s continued pursuit of nuclear technology and capabilities and 

development of long-range ballistic missile programs, as reflected in the December 

2012 Taepo Dong 2 missile launch and April 2012 display of a new road-mobile 

intercontinental ballistic missile, underscores the threat to regional stability and U.S. 

national security posed by North Korea. …  

North Korea has an ambitious ballistic missile development program and has deployed 

mobile theater ballistic missiles (TBM) capable of reaching targets throughout the 

ROK, Japan, and the Pacific theater. North Korea continues to develop the TD-2, which 

could reach parts of the United States if configured as an intercontinental ballistic 

missile (ICBM) capable of carrying a nuclear payload. Developing a SLV contributes 

heavily to North Korea’s long-range ballistic missile development, since the two 

vehicles have many shared technologies. … 

North Korea showcased its TBM force in its October 2010 military parade in honor of 

the 65th anniversary of the KWP’s founding, including two missile systems shown 

publically for the first time: an intermediate-range ballistic missile (IRBM) and a 

version of the No Dong medium-range ballistic missile (MRBM) fitted with a cone-

cylinder-flare payload. All of these systems, as well as what appeared to be a new 

road-mobile ICBM, were paraded in April 2012. … 

North Korea’s nationwide fiber optic network is available to every sector of society, 

and North Korea has invested in a modern nationwide cellular network. 

Telecommunication services and access are strictly controlled, and all networks are 

available for military use.” 25 

Of the threats posed by North Korea, three areas pose a particular concern: (1) the 
revelation by Russian scientists and two Russian generals who alerted the Congressional 
EMP Commission that “secrets had leaked to North Korea for a decisive new nuclear weapon 
— a Super-EMP warhead” and that the North Koreans were working to develop these 
weapons with the help of former Soviet nuclear experts (and also that a Chinese military 
reporter claimed NK already has super-EMP weapons), (2) the successful launch of the 
Unha-3 space launch vehicle on 12/12/12 (and the display of the new road mobile KN-08 
ICBMs), and (3) the third successful test of a nuclear weapon that had the apparent 

characteristics of a super-EMP warhead. 26
   

 
Program, 10/12, by D. Bolton, American Security Project; (6) NY Times, “In Focus:  North Korea’s Nuclear 

Threats”, 04/16/13 http://www.nytimes.com/interactive/2013/04/12/world/asia/north-korea-questions.html?_r=0 ; 

(7) www.heritage.org/research/commentary/2011/03/north-korea-may-have-nuclear-warheads.   
25 Military and Security Developments Involving the Democratic People’s Republic of Korea, 2012, pp. 1, 9, 20.  

www.defense.gov/pubs/Report_to_Congress_on_Military_and_Security_Developments_Involving_the_DPRK.pdf   
26 Sources: (1) PRY: North Korea EMP attack could destroy U.S. — now, by Dr. Pry, the Washington Times, 

December 19, 2012, www.washingtontimes.com/news/2012/dec/19/north-korea-emp-attack-could-destroy-us-

http://www.nytimes.com/interactive/2013/04/12/world/asia/north-korea-questions.html?_r=0
http://www.defense.gov/pubs/Report_to_Congress_on_Military_and_Security_Developments_Involving_the_DPRK.pdf
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While the North Koreans previously had a postulated capability to launch nuclear weapons 

from medium to intermediate range ballistic missiles from one or more ships off of our 

coasts, it now appears that they also can (or will soon be able to) directly place an EMP 

burst over the USA from either an Unha-3 Space Launch Vehicle (if they uploaded a nuclear 

EMP warhead as the payload instead of a satellite) or potentially by using the new KN-08 

road mobile ICBMs.  If the North Koreans launched the next TD 2 (Unha-3) with the same 

trajectory as its last launch (see next two Figures), then a warhead could pass over the USA 

at ~500+ kilometers altitude, with an approach from the south.  This is particularly troubling 

in that such a launch would fit the earlier practice of the Soviets in using a FOBS (Fractional 

Orbital Bombardment System) to avoid missile defense systems via southern approach. 27  

Figure 3.  Unha-3 trajectory estimated for the 12 December 2012 launch 

 

Note that the green trajectory is a hypothetical “standard” ICBM trajectory, whereas the red trajectory 

shows the more gradual ascent to place a “satellite” [or possibly future EMP warhead] into a southern 

polar orbit. [Credit: the trajectories are based on a Google Earth file made by Dr. David Wright] 28  

 
now/?page=all  (2)  R. JAMES WOOLSEY TESTIMONY BEFORE THE HOUSE,  COMMITTEE ON ENERGY 

AND COMMERCE, 5/21/13  (3)  Russian scientists earlier alerted us on DPRK EMP threat via the WOS program.   
27 See Wikipedia article on Fractional Orbital Bombardment System at:  

http://en.wikipedia.org/wiki/Fractional_Orbital_Bombardment_System [accessed 9/26/2013] 
28 See http://allthingsnuclear.org/north-koreas-launch-trajectory-in-google-earth/ [accessed 9/26/13], with the article:  

“North Korea’s Launch Trajectory in Google Earth”, by David Wright, co-director and senior scientists with the 

Union of Concerned Scientists, 7 Dec 2012.  

http://en.wikipedia.org/wiki/Fractional_Orbital_Bombardment_System
http://allthingsnuclear.org/north-koreas-launch-trajectory-in-google-earth/
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The following graphic shows that the satellite payload of the North Korean Unha-3 passes 

over the USA and Canada four to five times per day (3 times per day over the Continental 

USA). This sun-synchronous polar orbit generally works to put the satellite in orbit over the 

same spots every 24 hours using a southern polar approach, hence avoiding much of the 

current U.S. BMDS (at least for the initial orbital pass).     

Figure 4.  Unha-3 KMS 3-2 satellite orbit over the world – 14 December 2012 

Source:  This file is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported, see 

Wikipedia link at:  http://en.wikipedia.org/wiki/File:Kwangymyongsong-3-2_gt.jpg Graphic is modified 

from the original by Kevin Briggs, but retains the same licensing.  29 

It can be noted from the above graphic, that if a nuclear warhead designed to conduct an 

EMP attack is placed over the center of the continental USA at 400+ km, then most of the 

USA and much of Canada and Mexico will potentially be exposed to catastrophic damage to 

critical infrastructures, such as their power, communications and Internet services. The EMP 

Commission has stated that such an attack could result in up to 90% of the population of the 

USA perishing within a year due to famine and loss of services (like sewage, water, power, 

phones, and so forth) for months or longer due to the long-term impacts of EMP.  30 

 
29 Note:  Ground track of satellite North Korean satellite Kwangmyŏngsŏng-3 Unit 2. Made from US government 

TLE data by GPLed program gpredict which plots the ground track over a public domain map of the world which 

originates from NASA. TLE from December 2012. [This note is from: 

http://en.wikipedia.org/wiki/File:Kwangymyongsong-3-2_gt.jpg ] [Accessed 9/26/2013] 
30 PRY: North Korea EMP attack could destroy U.S. — now, by Dr. Pry, the Washington Times, December 19, 

2012, www.washingtontimes.com/news/2012/dec/19/north-korea-emp-attack-could-destroy-us-now/?page=all 

Kwangmyŏngsŏng-3 Unit 2 

(KMS 3-2) passes over the 

continental USA and Canada 

three times each day. 

http://en.wikipedia.org/wiki/en:Creative_Commons
http://creativecommons.org/licenses/by-sa/3.0/deed.en
http://en.wikipedia.org/wiki/File:Kwangymyongsong-3-2_gt.jpg
http://en.wikipedia.org/wiki/File:Kwangymyongsong-3-2_gt.jpg
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A final consideration with regard to North Korea is that despite trade sanctions, many 

companies throughout the world are willing to undermine our future security to make 

money by selling advanced missile and nuclear related technologies to the North Koreans. 31 

In summary, the USA has historically minimized the need for an effective BMDS to protect 

us from N. Korea since our leaders have trusted that: (1) we could stop NK from developing 

nuclear weapons by offering them economic incentives (or through economic sanctions), (2) 

the NKs are too poor to have significant nuclear and missile development programs, (3) the 

NKs will abide by agreements we’ve made with them.  It is a particularly dangerous course 

we take when we underestimate an avowed foe who is receiving assistance from other 

nuclear powers.  It is a sad reality that even the latest actions by our President to restart the 

program to add an additional 14 GBI interceptors in Alaska will do very little to protect the 

lives of millions of North Americans.  We need to develop capabilities to shoot down 

missiles launched from coastal waters and with southern FOBS approaches.  We need to 

counter the EMP threat by developing viable boost phase and long-distance mid-course 

intercept capabilities.  And finally, because no active defense is perfect, we need to begin an 

urgent population sheltering program, just as the Russians, Chinese, North Koreans, Swiss, 

Israelis, and many other nations have done.  A balanced active and passive defense is the 

most reliable and cost-effective way to protect the public against the growing NK threat.     

Figure 5.  Examples of North Korean and Iranian Ballistic Missiles 

(Pictures Source: Ballistic Missile Defense Review Report, 2010) 

 
31 Sources:  (1) The two faces of Rumsfeld, Guardian News and Media Limited, 9 May 2003; (2) Is There Anything 

Left To Sanction in North Korea? A guide to doing business legally with the hermit kingdom, by Brian Palmer, 

posted Wednesday, Jan. 23, 2013, at 3:38 PM, The Slate Group, a Division of the Washington Post Company (3)  

Rumsfeld Company Sold Nuclear Weapon Equipment to North Korea,  Craig Cox, Utne.com , May 2003 

www.utne.com/community/rumsfeldcompanysoldnuclearweaponequipmenttonorthkorea.aspx#ixzz2et29DJU7, (5) 

North Korea's Middle East Webs and Nuclear Wares, Claudia Rosett, 2/13/2013, Forbes. 

Above:   Iranian Shahab-3 IRBM 
Far left:   Iranian Safir Space Launch Vehicle 
Middle:   North Korean Taepo Dong 2 
Photos:  Courtesy of US Dept. of Defense 
© 2013  Kevin G. Briggs  

http://www.slate.com/authors.brian_palmer.html
http://www.utne.com/community/rumsfeldcompanysoldnuclearweaponequipmenttonorthkorea.aspx#ixzz2et29DJU7
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The evolving Iranian nuclear and missile threat 

3. A third reason for the delay in developing an effective National Missile Defense is that the 

U.S. has also significantly underestimated Iran’s capabilities to develop modern ballistic 

missiles and nuclear weapons.  Strangely enough, the Iranian’s nuclear programs began in 

the 1950s with the help of the USA as part of the Atoms for Peace program.  Since that time, 

they’ve received significant assistance from North Korea, Pakistan, and disenfranchised 

scientists from the former Soviet Union.  They have also received significant direct 

assistance from Russia and China. And just as with North Korea, many companies 

throughout the world are willing to compromise our future security to make money by 

selling advanced missile and nuclear related technologies to the Iranians. 32  

The following tables explain some of the major capabilities and milestones with the Iranian 

nuclear and missile programs.  It’s interesting to note the parallels between NK and Iran.  

Table 12.  Iranian ballistic missiles and Space Launch Vehicles  

System Launchers  Approximate Range* 

Shahab-1 (like SCUD-B) Between 200 and 300 Shahab 1 and 2 missiles.   
Sea launch test from ship (possible EMP scenario) 

186 miles 

Shahab-2 (like SCUD-C) 310 miles 

Shahab-3 (like Nodong) Could be launched from a ship off of our coast, as 
can the Sajjil; Gadhr also known as Ashura  

1,242 miles 

Ghadr-1 (Shahab-3 mod) 1,118 miles 

Sajjil-1/2/3 (solid rocket) Replaces Shahab-3. Could be used for EMP strike. 1,375 miles 

Fateh-110 A replacement for older SCUD-like systems 186 miles 

Safir Space Launch Veh. Launched first satellite into orbit in 2009 For satellite launches 

Simorgh (2010) Launch sites:  Shahrud and Semnan; EMP risk. For heavier satellites 

Qiam-1 (2011) Made in Iran; no fins, radar evasive 466 miles 

Naziat-10  Road mobile 93 miles 

CSS-8 (M-7) (1990s) Export version, Chinese HQ-2 for surface-surface 93 miles 

Sources:  See footnote 33      * Range is very dependent on payload weight        © 2013  Kevin G. Briggs                                                      

 

 
32 Sources: (1) Iran Celebrates Nuke Pursuit by Adam Kredo, April 9, 2013, Free Beacon;  (2) Iran’s nuclear 

program helped by China, Russia, Cooperation began in 1990s, by Eli Lake, The Washington Times, Tuesday, July 

5, 2011,  (3) Five Russian scientists who helped Iran with nuclear secrets were among 45 killed in plane crash, 

www.dailymail.co.uk/news/article-2007389/Five-Russian-scientists-helped-Iran-nuclear-secrets-killed-tragic-plane-

crash.html#ixzz2euDIAq67 , 19 Sep 2011; (4) KAHLILI: Rouhani’s Iranian nuclear deception 

How the ‘moderate’ new president secretly pushed the weapons program, Washington Times, 7 Aug 2013.  
33 Sources:  (1) http://www.nytimes.com/2013/08/09/world/middleeast/launching-site-in-iran-raises-missile-

worries.html?_r=0 ; (2) http://iranprimer.usip.org/resource/irans-ballistic-missile-program by Michael Elle an US 

Institute for Peace; (3) http://americansecurityproject.org/featured-items/2013/fact-sheet-iranian-ballistic-missiles/ ; 

(4) http://www.fas.org/programs/ssp/nukes/nuclearweapons/NASIC2013_050813.pdf; NASIC-1031-0985-13, 2013. 

http://www.dailymail.co.uk/news/article-2007389/Five-Russian-scientists-helped-Iran-nuclear-secrets-killed-tragic-plane-crash.html#ixzz2euDIAq67
http://www.dailymail.co.uk/news/article-2007389/Five-Russian-scientists-helped-Iran-nuclear-secrets-killed-tragic-plane-crash.html#ixzz2euDIAq67
http://www.nytimes.com/2013/08/09/world/middleeast/launching-site-in-iran-raises-missile-worries.html?_r=0
http://www.nytimes.com/2013/08/09/world/middleeast/launching-site-in-iran-raises-missile-worries.html?_r=0
http://iranprimer.usip.org/resource/irans-ballistic-missile-program
http://americansecurityproject.org/featured-items/2013/fact-sheet-iranian-ballistic-missiles/
http://www.fas.org/programs/ssp/nukes/nuclearweapons/NASIC2013_050813.pdf
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Table 13.  Major milestones of the Iranian nuclear and missile programs 

Date Events Risk to USA and North America 

1965 Tehran research reactor is built; US supports Develop nuclear expertise & material 

1974 Siemans AG begins Bushehr nuclear plant  Reprocessed spent fuel can be used for bombs 

1979 Shah of Iran overthrown in Islamic revolution Siemans stops building Bushehr (< 85% done) 

1985 Uranium mining in Iran; Iran say it needs nucs Nucs needed to counter Israel’s nuclear bombs 

1993 China provides Iran Tokamak fusion reactor More nuclear bomb expertise & material 

1995 Russia signs contract to build reactor for Iran Spent fuel to be reprocessed in Russia 

1998 Iran tested SCUD launched from ship at sea Could strike U.S. coastal cities & use for EMP 

2002 Natanz and Arak nuclear facilities exposed US says Iran is working to make nuc weapons 

2002 
Russian General Yuri Baluyevsky says Iran does 
have nuclear weapons (as Dep. Chief of Staff) 

Later became top Russian General. Said that 
Iran didn’t have ICBMs, just tactical nucs.    

2005 Iran finishes Bushehr & has 3,000 centrifuges Iran continues making materials for bombs 

2008 Iran launches first Space Launch Vehicle (SLVs) Test ICBM capabilities with SLVs 

2008 Iran tests SCUD and Shahab-3 for EMP? Tests appear to be focused on EMP attacks 

2009  Iran broke law, concealed 2nd enrichment plant  Fordow a secret plant for uranium enrichment 

2009 US Intell. said nuclear program halted in 2003 Rowhani said this was “for the uneducated” 

2010 Iran tests detonators and missile warheads Tests are needed for nuclear weapons program 

2010 Iran reports plans for 10 new enrichment sites  New sites will provide more bomb materials 

2011 May have 100s(?) of Russian tactical nucs Khalili (10/27 Wash. Times) have neutron bomb 

2012 Iran computer modeling for nuclear weapons Denied access to nuclear site at Parchin 

2012 US SecDef says Iran not trying to build weapon Panetta said Iran not working on nuc weapons 

2013 ISIS report says Iran could have bomb by 2014 Recommended military strike if Iran continues 

2013 Iran still blocking inspection of Parchin site Site used for nuclear weapons development 

2013 
Aug IAEA report: “Since 2002 … concerned 
about … a nuclear payload for a missile.”  

If the IAEA is correct, Iran may have worked for 
over a decade on nuclear missile payloads. 

2013 
Sep IAEA: Iran not cooperating; Unsure if 
nuclear material is for peaceful activities.” 

Iran may be involved in clandestine nuclear 
weapon production with undeclared activities.  

2013 
Sep:  Iran parades 30 missiles:  12 Sejil and 18 
Ghadr (an upgraded Shahab-3A) missiles 

Missiles can strike Israel and US bases.  If put 
on ships, can strike US cities and cause EMP. 

2013 Quds site exposed by Reza Khalili & Google E. Huge missile complex; nuclear weapons site?   

Sources: see footnote 34                                                                                                 © 2013  Kevin G. Briggs                     

 
34 (1) http://en.wikipedia.org/wiki/Nuclear_program_of_Iran; (2) Dr. Peter Pry, 2/26/13, 

www.familysecuritymatters.org/publications/detail/understanding-north-korea-and-iran ; (3) 

www.wnd.com/2013/03/iran-confirms-secret-nuclear-quds-site/ ; (4) http://www.ynetnews.com/articles/0,7340,L-

4432095,00.html ; (5) http://www.iaea.org/newscenter/news/2013/gc57opens.html; (6) 

http://www.washingtontimes.com/news/2011/oct/27/iran-already-has-nuclear-weapons/?page=all ; (7) 

http://www.washingtontimes.com/news/2013/aug/7/khalili-rouhanis-iranian-nuclear-deception/?page=all ; (8) 

http://www.newsmax.com/Newsfront/iran-nuclear-plan/2008/07/29/id/324724 , 29 Jul 2008, K. Timmerman, (9) 

Iranium- The Islamic Republic’s Race to Obtain Nuclear Weapons, http://www.iraniumthemovie.com/ 

http://en.wikipedia.org/wiki/Nuclear_program_of_Iran
http://www.familysecuritymatters.org/publications/detail/understanding-north-korea-and-iran
http://www.wnd.com/2013/03/iran-confirms-secret-nuclear-quds-site/
http://www.ynetnews.com/articles/0,7340,L-4432095,00.html
http://www.ynetnews.com/articles/0,7340,L-4432095,00.html
http://www.iaea.org/newscenter/news/2013/gc57opens.html
http://www.washingtontimes.com/news/2011/oct/27/iran-already-has-nuclear-weapons/?page=all
http://www.washingtontimes.com/news/2013/aug/7/khalili-rouhanis-iranian-nuclear-deception/?page=all
http://www.newsmax.com/Newsfront/iran-nuclear-plan/2008/07/29/id/324724
http://www.iraniumthemovie.com/
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Table 14.  Examples of Iran’s support for terrorism against the United States 

Date Iranian supported terrorism against USA Iranian connection / Impact to USA 

1979 – 
1981 

Iranian students and the new Islamic 
government captured and tortured the US 
diplomatic personnel, holding a mock firing 
squad, and beating many of them; they held 52 
of them hostage for 444 days  

Imam Khomeini supported the seizure and 
called it "the second revolution", and the 
embassy an "American spy den in Tehran". / 66 
initial hostages (some released); hostages 
tortured, 8 servicemen died in rescue attempt.  

1982 – 
1992 

Islamic terrorists kidnap about 30 Westerners 
over the course of 10 years 

Iranian backed Hezbollah behind many of the 
kidnapping/US citizens killed; Iran-Contra affair 

1983 
US Embassy in Beirut blown up by suicide car 
bomber connected to: Hezbollah and Islamic 
Jihad Organization 

Iran helped to fund, train, and supply the 
Hezbollah operatives / 17 U.S. citizens dead; 63 
total people killed; 120 injured.  

1983 Hezbollah bombs Marine barracks in Lebanon 
Iran funds Hezbollah / 241 U.S. Marines dead; 
Reagan pulled Marines from Lebanon; hailed as 
a jihadist victory over a weak USA. 

1983 U.S. Embassy in Kuwait bombed by “The Call” Iran backs “The Call” terrorists/6 people killed 

1984 
A truck bomb explodes at the new embassy in 
Beirut 

Iran connected to Islamic terrorists in Beirut / 2 
U.S. soldiers killed,  20 Lebanese dead 

1984  
Kuwait Airways 221 hijacked, diverted to 
Tehran; Hezbollah linked to the attack 

Iran arrested the hijackers, but then let them 
go free without a trial/ 2 U.S. citizens killed 

1985 Hezbollah hijacked TWA 847 and killed sailor Iran funds Hezbollah / 1 U.S. Navy diver dead 

1988 
Hezbollah captured, tortured, and killed 
Colonel Rich Higgins, U.S. Marines, while he 
was serving as a UN peacekeeper in Lebanon 

Iran funds and helps to direct Hezbollah / His 
hanging body was videotaped by Hezbollah, 
aired on TV.  One Marine Officer dead.  

1996 Hezbollah attack on Khobar Tower in Dharan Iran funds Hezbollah / 19 U.S. servicemen dead 

2001 

Iran provides material support for attack on 9-
11-2001 that hit the U.S. World Trade Center 
buildings, the Pentagon, and four airline flights. 
Iran provided flight training and support for 
training Al-Qaeda personnel in Lebanon.   

Judge George Daniels ruled in a federal district 
court that Iran was guilty and found that Iran 
“used front companies to obtain a Boeing 757-
767-777 flight simulator for training the 
terrorist”/ 2,977 deaths, 6,000+ injured 

2003+ Iranian IRGC-QF support Iraqi Shi’a terrorists  Killed/injured numerous U.S. military in Iraq 

2009 – 
2012 

Iran has been supporting Al-Qaeda based on 
several U.S. Treasury reports 

Iran, through its support to Al-Qaeda, is 
supporting terrorism around the world.  

Sources: see footnote 35                                                                                                 © 2013  Kevin G. Briggs                     

 
35 (1) http://www.gpo.gov/fdsys/pkg/GPO-911REPORT/pdf/GPO-911REPORT.pdf ; (2) Bowden, Guests of the 

Ayatollah, (2006) p. 93; (3) http://en.wikipedia.org/wiki/Iran_hostage_crisis ; (4) 

http://en.wikipedia.org/wiki/Iran_and_state_terrorism ; (5) 

http://en.wikipedia.org/wiki/1983_United_States_Embassy_bombing;  (6) 

http://www.pbs.org/wgbh/pages/frontline/shows/target/etc/cron.html ; (7) http://www.treasury.gov/press-

center/press-releases/Pages/hp1360.aspx  ; (8) www.treasury.gov/press-center/press-releases/Pages/tg1261.aspx , (9) 

Iranium - The Islamic Republic’s Race to Obtain Nuclear Weapons, www.iraniumthemovie.com/ ; (10) 

http://www.treasury.gov/press-center/press-releases/Pages/tg1741.aspx “Treasury Further Exposes Iran-Based Al-

Qa'ida Network” ; (11) http://www.irantracker.org/military-activities/irans-hard-power-influence-iraq#_edn11  

http://www.gpo.gov/fdsys/pkg/GPO-911REPORT/pdf/GPO-911REPORT.pdf
http://en.wikipedia.org/wiki/Iran_hostage_crisis
http://en.wikipedia.org/wiki/Iran_and_state_terrorism
http://en.wikipedia.org/wiki/1983_United_States_Embassy_bombing
http://www.pbs.org/wgbh/pages/frontline/shows/target/etc/cron.html
http://www.treasury.gov/press-center/press-releases/Pages/hp1360.aspx
http://www.treasury.gov/press-center/press-releases/Pages/hp1360.aspx
http://www.treasury.gov/press-center/press-releases/Pages/tg1261.aspx
http://www.iraniumthemovie.com/
http://www.treasury.gov/press-center/press-releases/Pages/tg1741.aspx
http://www.irantracker.org/military-activities/irans-hard-power-influence-iraq#_edn11
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Figure 6.  Bombed Beirut Embassy and President Reagan showing respect for victims  

 

 

 

 

 

 

 

 

 

Figure 7.  9-11 Attack’s Plane World Trade Center Plane Impacts and Ground Zero   

 

Left:  FEMA diagram of aircraft 

impacts at World Trade Center. 

Below:  Ground zero where World 

Trade Center buildings collapsed on 

9-11-2001.   

© 2013 Kevin Briggs (graphic collage) 

© 2013  Kevin Briggs (Photo collage of Beirut bombing) 
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Table 15.  Ten reasons why Iran is likely to have nuclear weapons 

1. The former top Russian General, Yuri Baluyevsky, said that Iran already has nuclear weapons. 36 

Russia has been helping Iran with its nuclear programs for many years. 37 

2. Iran’s nuclear weapons program has been ongoing for decades with extensive help from other 
nuclear powers.  It originally took the USA 3 years to develop nuclear weapons designs and then 
build/use them. It took N. Korea less than 10 years.  It’s unlikely that the Iranians, with many nuclear 

powers helping, don’t have the bomb after decades. 38 

3. Since Israel has reportedly had nuclear weapons for decades and because the Iranian regime 
considers Israel an arch enemy, Iran doesn’t want to have a weaker military than Israel.  Iran openly 
hopes that Israel is destroyed; nuclear weapons help to achieve this. 

4. The USA has numerous nuclear weapons.  The current Iranian regime considers the USA as the 
“Great Satan” and an enemy.  Iran wants to be able to deter the USA from protecting Israel and has 

said that it wants to destroy the USA as a nation.39 

5. Iran has many other potential enemy nations in the region.  Iran, which is principally composed of 
Shia Muslims, is acutely aware of countries controlled by Sunni Muslims.  Shia and Sunni Muslims 
have had many wars against each other.  Sunni dominated countries that could eventually get into a 
war with Iran include:  Saudi Arabia, Egypt, and a nuclear capable Pakistan. Iran’s Muslims are vastly 
outnumbered by Sunnis.  

6. Iran said (in 2014) that its “…nuclear program will remain intact. We will not close any program." 40   

7. Much of Iran’s nuclear program is underground, such as Fordow and Quds, in bunkers designed to 

withstand attacks.  This program is obviously militarily focused. 41  

8. The Iranians don’t need nuclear power to provide electricity and essential services to their people. It 
is well known they are sitting atop of a very large oil reserve.  It isn’t cost-effective for the Iranians 
to develop a nuclear program unless it is for weapons. 

9. Iran and North Korea have been working jointly on nuclear weapons and missile programs for years. 
In addition, Iran has been working with other countries and organizations to develop a nuclear 

weapons capability, such as Pakistan’s A.Q. Khan. 42 

10. Iran’s President has bragged openly about Iran’s ability to deceive and negotiate to ensure their 

weapons grade producing centrifuges expanded under his direction. 43 
  

 
36 http://en.wikipedia.org/wiki/Yuri_Baluyevsky & www.edwardjayepstein.com/2002question/Iran_fullticket.htm  
37 Ibid and http://en.wikipedia.org/wiki/Nuclear_program_of_Iran  
38 http://www.americanthinker.com/2014/02/iran_has_the_bomb.html, 20/2/14, Iran Has the Bomb, by Peter Pry. 
39 http://www.aljazeera.com/news/middleeast/2013/11/iranians-gather-anti-us-demonstrations-

201311411503434943.html , Iranians cry 'death to America' in huge rally, 4 Nov 2013.  
40 Iran says nuclear program to stay 'intact', http://www.reuters.com/article/2014/02/27/us-iran-nuclear-zarif-

idUSBREA1Q24V20140227 , NEW DELHI Thu Feb 27, 2014, Reporting by Nidhi Verma and Ratnajyoti Dutta; 

Writing by Fredrik Dahl; Editing by Mark Heinrich.  
41 www.wnd.com/2013/03/iran-confirms-secret-nuclear-quds-site/ + 

en.wikipedia.org/wiki/Nuclear_facilities_in_Iran  
42 Ibid and http://freebeacon.com/iran-north-korea-missile-cooperation-undermines-recent-geneva-nuclear-deal/, 

Iran-North Korea Missile Cooperation Undermines Recent Geneva Nuclear Deal, Iran and North Korea working on 

80-ton rocket booster, November 27, 2013, Bill Gertz.  
43 www.washingtontimes.com/news/2013/aug/7/khalili-rouhanis-iranian-nuclear-deception/?page=all , KAHLILI: 

Rouhani’s Iranian nuclear deception, How the ‘moderate’ new president secretly pushed the weapons program 

http://en.wikipedia.org/wiki/Yuri_Baluyevsky
http://www.edwardjayepstein.com/2002question/Iran_fullticket.htm
http://en.wikipedia.org/wiki/Nuclear_program_of_Iran
http://www.americanthinker.com/2014/02/iran_has_the_bomb.html
http://www.aljazeera.com/news/middleeast/2013/11/iranians-gather-anti-us-demonstrations-201311411503434943.html
http://www.aljazeera.com/news/middleeast/2013/11/iranians-gather-anti-us-demonstrations-201311411503434943.html
http://www.reuters.com/article/2014/02/27/us-iran-nuclear-zarif-idUSBREA1Q24V20140227
http://www.reuters.com/article/2014/02/27/us-iran-nuclear-zarif-idUSBREA1Q24V20140227
http://www.wnd.com/2013/03/iran-confirms-secret-nuclear-quds-site/
http://en.wikipedia.org/wiki/Nuclear_facilities_in_Iran
http://freebeacon.com/iran-north-korea-missile-cooperation-undermines-recent-geneva-nuclear-deal/
http://www.washingtontimes.com/news/2013/aug/7/khalili-rouhanis-iranian-nuclear-deception/?page=all
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Figure 8.  Iranian Salvo Launch to Practice Defeating Missile Defenses 

 

The Department of Defense stated the following about the Iranian threat: 

Although Iran has not stated an intent to develop ICBMs, it continues to pursue longer-

range ballistic missiles. Iran launched its Safir Space Launch Vehicle (SLV) in August 2008 

with what it claims was a dummy satellite. Iran used the Safir-2 SLV to place the 

domestically produced Omid satellite in orbit in February 2009, according to statements 

made to the press by Iranian officials.  Despite continued diplomatic efforts Iran also 

continues to defy its international obligations on its nuclear program, further reducing 

international confidence in the nature of its program. These factors only compound 

international concerns about the intent of its ballistic missile program. 44 

The Chairman of the U.S. EMP Commission, Dr. William Graham had the following to say 

about the potential of an EMP attack against the USA from Iran (or terrorists sponsored by 

Iran):  

A determined adversary can achieve an EMP attack capability without having a high 
level of sophistication. For example, an adversary would not have to have long-range 
ballistic missiles to conduct an EMP attack against the United States. Such an attack 
could be launched from a freighter off the U.S. coast using a short- or medium-range 
missile to loft a nuclear warhead to high-altitude. Terrorists sponsored by a rogue state 
could attempt to execute such an attack without revealing the identity of the 

 
44 Ballistic Missile Defense Review Report, 2010, Department of Defense, page 4. 

http://www.defense.gov/bmdr/docs/BMDR%20as%20of%2026JAN10%200630_for%20web.pdf  

Photo courtesy of DoD 

http://www.defense.gov/bmdr/docs/BMDR%20as%20of%2026JAN10%200630_for%20web.pdf
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perpetrators. Iran, the world’s leading sponsor of international terrorism, has practiced 
launching a mobile ballistic missile from a vessel in the Caspian Sea. Iran has also tested 
high-altitude explosions of the Shahab-III, a test mode consistent with EMP attack, and 
described the tests as successful. Iranian military writings explicitly discuss a nuclear 
EMP attack that would gravely harm the United States.  
 
Certain types of relatively low-yield nuclear weapons can be employed to generate 
potentially catastrophic EMP effects over wide geographic areas, and designs for 
variants of such weapons may have been illicitly trafficked for a quarter-century. 
Recently, as reported in the press, United Nations investigators found that the design for 
an advanced nuclear weapon, miniaturized to fit on ballistic missiles currently in the 
inventory of Iran, North Korea, and other potentially hostile states, was in the possession 

of Swiss criminals affiliated with the A.Q. Khan nuclear smuggling network.45 
 

4. The U.S. technical community has not been forthright about the limitations of “hit to kill” 

technologies.  Our leaders and the public have not been told in honest terms about the 

significant, pervasive problems of effectively countering advanced missile threats using 

kinetic kill vehicles.  We have biased our interceptor tests towards success and have 

reported overly optimistic capabilities to use kinetic kill midcourse defense technologies to 

counter the North Korean and Iranian ballistic missile threats (such as occurred with the 

very misleading 2010 “Ballistic Missile Defense Review Report” published by the 

Department of Defense).46  While I believe people in the missile defense programs are 

honestly trying to achieve effective capabilities, they know that their current capabilities are 

minimal against any modern countermeasures and tactics.  Some of this relative silence 

about the true limitations of our missile defense programs is probably also due to people 

not wanting to lose their jobs.     

5. The fifth major reason I feel the USA has pursued less effective kinetic kill (non-nuclear) 

tipped interceptors, is because of Congressional concerns over the problem of EMP.  If a 

nuclear tipped interceptor explodes above the atmosphere (as would be typical of a mid-

course intercept), there is concern that the resulting EMP and radiation would damage 

satellites and other critical infrastructures. 47  While it is beyond the scope of this current 

 
45 DR. WILLIAM R. GRAHAM, CHAIRMAN, COMMISSION TO ASSESS THE THREAT TO THE 

UNITED STATES FROM ELECTROMAGNETIC PULSE (EMP) ATTACK, STATEMENT BEFORE THE 

HOUSE ARMED SERVICES COMMITTEE, July 10, 2008 
46 Sources:  (1) Report Critiques U.S. Missile Defense, by Tom Z. Collina, Arms Control Today, October 2012,  

www.armscontrol.org/act/2012_10/Report-Critiques-US-Missile-Defense; (2) Making Sense of Ballistic Missile 

Defense: An Assessment of Concepts and Systems for U.S. Boost-Phase Missile Defense in Comparison to Other 

Alternatives, © 2012, The National Academies Press, Wash. D.C., www.nap.edu/catalog.php?record_id=13189  
47 Sources:  (1) http://www.nonukesnorth.net/nuketips.html , Intercepting the Truth: Prospects for nuclear-tipped 

missile defense interceptors by Michael Roston (Note: Michael Roston is an Analyst for the Russian American 

Nuclear Security Advisory Council in Washington, DC. The contents of this article represent his personal beliefs, 

and do not form the advocacy of his employers.)  (2) http://www.govexec.com/defense/2002/10/pentagon-bid-to-

study-nuclear-tipped-missile-interceptors-rejected/12754/ , Pentagon bid to study nuclear-tipped missile interceptors 

rejected, October 22, 2002, by David Ruppe, quote: “Rejecting Pentagon plans to study the idea, Congress has 

voted to ban military spending this fiscal year on research into using nuclear-armed interceptors in the U.S. 

http://www.armscontrol.org/act/2012_10/Report-Critiques-US-Missile-Defense
http://www.nap.edu/catalog.php?record_id=13189
http://www.nonukesnorth.net/nuketips.html
http://www.govexec.com/defense/2002/10/pentagon-bid-to-study-nuclear-tipped-missile-interceptors-rejected/12754/
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report to assess this issue in depth, it is an important consideration given the lack of EMP 

hardening in our current infrastructures.  While this is a concern, so is the concern of salvage 

fusing 48 in intercepts using kinetic kill vehicles. Hence, whether we use a nuclear warhead 

tipped interceptor or kinetic kill vehicle, a nuclear detonation may occur with any intercept 

that may damage satellites and ground infrastructures. In fact, a low yield nuclear tipped 

interceptor may be less of an EMP risk than a kinetic kill vehicle, since it is likely to damage 

sensitive electronics in the incoming warhead, causing it to be a dud. The same cannot be 

said of either a missed intercept or a kinetic intercept that triggers a near full-yield salvage 

fusing of the weapon.  In addition, while it is known that the probability of kill (Pk) against a 

modern ICBM warhead shrouded with countermeasures is very low for kinetic kill 

interceptors in the mid-course or terminal phase, the Pk is much higher if a nuclear tipped 

interceptor is used. Hence, most would argue that it is far, far better to use a nuclear tipped 

interceptor that may damage many satellites (just as would occur if a kinetic kill vehicle 

triggered a salvage fusing detonation) than to have one or more missiles leak through our 

current ineffective kinetic kill missile defenses and then have millions die as a result.    

6. The sixth reason I believe we have an ineffective Ballistic Missile Defense System (BMDS) is 

because the Soviets and other potential adversaries (and those they have influenced) have 

had very effective “disinformation” programs aimed at preventing progress on our BMDS. 

These disinformation programs have manipulated the public’s nuclear fears, so that any U.S. 

program that proposes to use a nuclear weapon, such as a nuclear tipped interceptor, is 

automatically rejected if there is a “safer” non-nuclear alternative. This is true even if that 

alternative is ineffective and exposes us to other massive nuclear risks, as is the case with 

missile defense. The second wave of this disinformation was the Soviet logic (and residual 

Russian) in support of the now defunct ABM Treaty which eventually limited our BMDS to 

one site.  Meanwhile, the Soviets proceeded to build extensive ABM systems in violation of 

the Treaty (as previously discussed in this section, such as the testimony of William T. Lee).  

The third indirect means of limiting the U.S. BMDS program has been through misleading 

our public to believe that the Soviets (and now Russians) believe that nuclear war is suicidal 

and that missile defense efforts should be redirected to nuclear disarmament.  For example, 

the Soviets supported disinformation surrounding topics like “Nuclear Winter” that claimed 

our world would be plunged into a catastrophic nuclear-induced “winter” from the smoke 

rising from the ashes of nuclear war.  What follows is an extended quote from a declassified 

 
national missile defense program. The language was included in the $355 billion fiscal 2003 defense appropriations 

bill, approved by Congress and sent last week to President George W. Bush, who is expected to approve the bill. The 

bill specifically forbids using funds "for research, development, test, evaluation, procurement or deployment of 

nuclear-armed interceptors of a missile defense system." Senate Republicans and Democrats expressed surprise 

earlier this year after The Washington Post reported six months ago that a Pentagon Defense Science Board task 

force, a panel of independent experts, planned to study this August …” 
48 A salvage-fused warhead is one designed to create a nuclear explosion the instant it is hit by a kinetic kill vehicle 

or another form of antimissile weapon, such as a beam weapon or blast and/or radiation from an interceptor 

warhead. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

62 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Central Intelligence Agency report titled: Soviet Approach to Nuclear Winter (12/1/1984) 

speaking about Soviet disinformation:  

The objective is to use these scientists to convince Western publics, and ultimately 

their political leaders, that arms reductions are necessary, that the US arsenal is 

already too large, and that new weapons are not needed. The themes usually 

emphasized at international scientific forums and widely reported in the media 

include: 

Nuclear war would have disastrous consequences for all mankind. 

There is no effective defense against nuclear attack. 

There is increasing danger of nuclear war due to the "arms race." 

US actions are the main cause of the "arms race." 

The efforts have met with some success. In certain cases, Soviet scientists gain direct 

access to political leaders in the West. For example, Vladimir Aleksandrov, the leading 

Soviet writer on Nuclear Winter, has testified before the US Congress. In other cases, 

Soviet participation in international organizations has served to keep the horrors of 

nuclear war before the public. The UN World Health Organization, for example, has 

placed the study of Nuclear Winter on its agenda. 49 

Nuclear Winter is still being used as a context to dismiss the need for improved U.S. missile 

defenses.  For example, Dr. Alan Robock, from the Department of Environmental Sciences at 

Rutgers University, in his briefing on Climatic Consequences of Nuclear Conflict, said on a 

slide titled “Policy Implications of the Use of Nuclear Weapons” that:  

“Star Wars” (Strategic Defense Initiative, now the Missile Defense Agency) is not the 

answer, since it still does not work after 20 years of work.  Even if it worked according 

to specifications, it would let in too many weapons, such as on cruise missiles. 

Only nuclear disarmament will prevent the possibility of a nuclear environmental 

catastrophe.  Continuing American and Russian reductions set an example for the 

 
49 Sources:  (1) SOVIET APPROACH TO NUCLEAR WINTER (NI IIA 84-10006), 12/1/1984, 

http://www.faqs.org/cia/docs/25/0000284025/SOVIET-APPROACH-TO-NUCLEAR-WINTER-(NI-IIA-84-

10006).html , (2) Soviet Exploitation of the 'Nuclear Winter' Hypothesis, Technical rept. 8 May 84-4 Jun 85, 

SCIENCE APPLICATIONS INTERNATIONAL CORP, MCLEAN, VA, by Leon Goure, 05 JUN 1985; (3) Soviet 

Active Measures in the 'Post-Cold War' Era, 1988-1991. Washington, DC: U.S. Information Agency, 1992; 

http://intellit.muskingum.edu/russia_folder/pcw_era/index.htm#Contents,  (4) U.S. ACCUSES SOVIET OF 

'DISINFORMATION', by BERNARD GWERTZMAN, Special to the New York Times, published: 10/10/1981, 

http://www.nytimes.com/1981/10/10/world/us-accuses-soviet-of-disinformation.html  (5) DISINFORMATION:  

How the Russians practice disinformation, 08/13/2013, article by Cliff Kincaid reviews the book, “Disinformation: 

Former Spy Chief Reveals Secret Strategies for Undermining Freedom, Attacking Religion, and Promoting 

Terrorism” by Ion Mihai Pacepa, at  www.wnd.com/2013/08/how-the-russians-practice-

disinformation/#Ferrg0dfy09QswJp.99  [note:  I am not endorsing all of the information in this book, but believe it 

provides insights into how disinformation programs have worked against us].  

http://www.faqs.org/cia/docs/25/0000284025/SOVIET-APPROACH-TO-NUCLEAR-WINTER-(NI-IIA-84-10006).html
http://www.faqs.org/cia/docs/25/0000284025/SOVIET-APPROACH-TO-NUCLEAR-WINTER-(NI-IIA-84-10006).html
http://intellit.muskingum.edu/russia_folder/pcw_era/index.htm#Contents
http://www.nytimes.com/1981/10/10/world/us-accuses-soviet-of-disinformation.html
http://www.wnd.com/2013/08/how-the-russians-practice-disinformation/#Ferrg0dfy09QswJp.99
http://www.wnd.com/2013/08/how-the-russians-practice-disinformation/#Ferrg0dfy09QswJp.99
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world, maintain the nuclear deterrence of each, and dramatically lowering the chances 

of nuclear winter. 50  [Note: bolding is in the original – K. Briggs] 

While Dr. Robock has makes many interesting (and possibly very, very significant) points 

related to Nuclear Winter and the implications of recent modeling of this effect, we also 

need to be very wary of researchers like him that dismiss the value of improved missile 

defenses in order to focus only on nuclear disarmament. While I agree with the need to 

carefully assess the latest research on Nuclear Winter, 51 I don’t agree that this issue should 

be used to deter us from protecting our population from a missile attack with an improved 

BMDS. This is true especially since a growing number of countries have (or will soon have) 

ballistic missiles armed with nuclear weapons. I am not optimistic that Iran or North Korea 

will be deterred from attacking us because of fears of Nuclear Winter, even if we eventually 

dismantled our nuclear weapons due to this fear.  It is also important to note that Dr. 

Robock may have had his “Policy Implications” influenced by the Soviets (and now Russians), 

in that on his biographical website, he states:  “I was an active participant in the US-USSR 

Agreement on Cooperation in the Field of Environmental Protection, visiting the Soviet Union 

as an Exchange Scientist 6 times from 1979 through 1985, once in 2004, and once in 2011.” 
52 

7. The last reason we I believe the USA has not developed an effective National Missile 

Defense program is that our government has not done a consistently good job in explaining 

our nuclear risks and our need for missile defense programs to counter these threats.  While 

President Reagan’s Soviet Military Power series or reports helped to honestly explain the 

threats we faced, much less has been done since that time to honestly alert the public to the 

ongoing Russian (and now Chinese and North Korean) nuclear offense and defense 

programs (to include their missile defense programs and their extensive nuclear sheltering 

programs intended to protect both their leaders and their public).  While most North 

Americans have believed the lie that nuclear war was not survivable, many other countries 

have spent a significant portion of their defense budget working on active (that is, missile 

defense) and passive defense (that is, sheltering) programs to protect their population (such 

as in Russia, China, North Korea, Israel, Switzerland, and Norway).   

Meanwhile, the North American public has been taught by the media that assured destruction is 

the only option if nuclear war happens.  Fatalistic movies like “On the Beach” (1959, and a 2000 

 
50 Climatic Consequences of Nuclear Conflict, Alan Robock, Department of Environmental Sciences 

Rutgers University, January 2012, slide 155 http://climate.envsci.rutgers.edu/nuclear/ . 
51 (1) http://climate.envsci.rutgers.edu/pdf/acp-7-1973-2007.pdf, Atmospheric effects and societal consequences of 

regional scale nuclear conflicts and acts of individual nuclear terrorism, by O. B. Toon, R. P. Turco, A. Robock, C. 

Bardeen1, L. Oman, and G. L. Stenchikov, Atmos. Chem. Phys., 7, 1973–2002, 2007, www.atmos-chem-

phys.net/7/1973/2007/ ; (2) Self-assured destruction: The climate impacts of nuclear war, Alan Robock and Owen 

Brian Toon, Bulletin of the Atomic Scientists, 68(5) 66–74, 2012 http://bos.sagepub.com/  
52 http://climate.envsci.rutgers.edu/robock/robock_bio.html [accessed on 9/25/2013]. Website states: “Prepared by 

Alan Robock (robock@envsci.rutgers.edu) - Last updated on September 15, 2012” 

http://climate.envsci.rutgers.edu/nuclear/
http://climate.envsci.rutgers.edu/pdf/acp-7-1973-2007.pdf
http://www.atmos-chem-phys.net/7/1973/2007/
http://www.atmos-chem-phys.net/7/1973/2007/
http://bos.sagepub.com/
http://climate.envsci.rutgers.edu/robock/robock_bio.html
http://www.envsci.rutgers.edu/~robock
mailto:robock@envsci.rutgers.edu?subject=bio
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TV remake), “Dr. Strangelove” (1964), “The Day After” (1983) and similar movies and TV series 

have reinforced the mindset that there is virtually no hope for us if nuclear war should occur.  It 

is interesting to note that “The Day After”, which is considered by many as the most significant 

movie to air in terms of its influence on U.S. nuclear policies and perceptions, was originally 

envisioned as a movie to promote nuclear sheltering.  Its goal was to contrast two cities:  one 

that had shelters for their citizens and one that had no shelters.  Unfortunately, in the end, this 

movie changed its goal and focused only on an unprepared city. The result is that it reinforced 

the fatalistic mindset of “assured destruction.” 53  Unfortunately, “The Day After” has had a 

resurgence of influence on modern audiences because now it can be viewed freely on YouTube.  

Over 1 million viewings have occurred since its posting. 54 And while the film overstates some 

threats (such as with all cars being shut down due to EMP and about how long radiation will be a 

major risk), it effectively shows the horrors of no nuclear blast or fallout shelters at homes or in 

a city and no effective messages about how to minimize fallout, EMP, and other risks.   

Our leaders, other than notable exceptions like Presidents Kennedy and Reagan, have also 

functionally embraced the concept of assured destruction if deterrence fails and nuclear war 

should happen with Russia or China.  The mindset of most of our leaders appears to be to 

ensure we have enough nuclear weapons to deter any “rational” nuclear-equipped adversary 

with a promise of their national destruction if they should dare to attack us.  Unfortunately, 

there is no assurance that we can deter the growing list of potential adversaries or even be able 

to identify who attacked us (as could be the case in an EMP scenario or a ship-launched attack).   

Russia, China, and North Korea, have continued to aggressively upgrade their nuclear weapons 

capabilities as well as both their active and passive population defenses. Iran is working hard to 

attain the status of a nuclear weapons capable nation. Meanwhile, North Americans have been 

generally unaware of these activities and have thus not supported any serious missile defense or 

Civil Defense sheltering programs (other than for natural or technological disasters).  

 

 

 

 
53 Quote from the Journal of Civil Defense, December 1983, page 31:  “THE DAY AFTER” WAS FIRST 

CONCEIVED as a civil defense scenario by Nancy Deale Greene, Vice President of TACDA. It was to be a film 

about two cities, one with a sheltered population and one where shelter preparations had been ignored. In 1979 at 

her civil defense seminar in Monterey, California Greene and ABC Vice President Leonard Hill initiated the 

project.  Planning was cut short, however, when Hill left ABC in 1980.  When planning resumed the concept was 

basically changed by dropping the city with civil defense.”    
54 http://www.youtube.com/watch?v=r2B7sdLPMfc&feature=related&nomobile=1  

The net result is that we have fallen far behind other countries in both our 

ability to protect our population as well as to deter any potential aggressor.  

http://www.youtube.com/watch?v=r2B7sdLPMfc&feature=related&nomobile=1
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The preceding paragraphs have provided an overview of some of our missile defense gaps (or shortfalls). 

The following paragraphs will help explain what I call the SAD and SANE policies and the great “shelter 

gap” we the currently exists between ourselves and our potential adversaries.   

The MAD, SAD and SANE policies on population defense 

The logical consequence of the USA’s Mutual Assured Destruction (MAD) policy is that we’ve focused on 

maintaining a sufficient offensive nuclear capability to “destroy” any aggressor with an assured 

retaliatory strike, while essentially foregoing any protection for our public from Russia, China, or any 

other nation with nuclear weapons and modern missiles. While this policy “worked” to deter the past 

Soviet threat, it has now left our society catastrophically vulnerable.  This is especially true since the 

Soviet Union and subsequent potential adversaries have never truly embraced our U.S. concept of MAD.   

Indeed, the Soviet Union and other subsequent potential adversaries have embraced a philosophy that 

could be more accurately described as Singular Assured Destruction (SAD) towards the USA.  I define 

SAD as the policy whereby a country or group publicly agrees to the MAD doctrine and hopes the USA 

continues this policy, but in reality privately rejects “MAD” as immoral for their own country. They 

quietly work to protect their leaders, public, and essential elements of society while also working to 

ensure the defeat and destruction of the USA in the event a nuclear war occurs.  Hence, the Soviets 

publicly agreed to MAD, but never in reality agreed to the “mutual” part.  They could honesty say “we 

agree with MAD”, but only as a doctrine to be embraced unilaterally by the USA. (The reader is referred 

back to the earlier section titled: No population defense due to “MAD” policies for some of the history.)  

The Soviet and Russian Civil Defense programs 

What is particularly distressing about this lack of “mutuality” is that many of our leaders have quietly 

known for decades that the Russians and other potential adversaries have never embraced the “MAD” 

doctrine. 55  President Reagan tried to correct this view through the U.S. Department of Defense’s Soviet 

Military Power reports and FEMA’s Soviet Civil Defense publications.  These reports provided excellent 

insights into Russia’s view of nuclear war and their passive and active efforts to survive.  For example, it 

was shown in FEMA’s Soviet Civil Defense Report (September 1982, pages 5 - 7) that Russia had:  

• Over 100,000 full time Civil Defense (CD) personnel and about 16 million civilian CD associates 

• Nuclear protected shelters, provisions, and communications for over 100,000 leaders 

• Shelter for about 25% of their “total work force at key industrial installations”  

• Constructed over 20,000 blast-resistant shelters to protect millions of people 

 
55 Sources:  (1) Central Intelligence Agency, Soviet Forces for Intercontinental Conflict Through the Mid-1980s, 

National Intelligence Estimate 11-3/8-76, December 1976, p. 18.  (2)  Douglass and Hoeber, Soviet Strategy for 

Nuclear War, pp. 10, 14-15.  (3) Richard Pipes (1977) "Why the Soviet Union thinks it can fight and win a Nuclear 

War" Commentary. (4) www.hoover.org/library-and-archives/acquisitions/28882 (Hoover Institution Archives 

Acquires the Papers of Leon Gouré … “Gouré was perhaps best–known for his analysis of Soviet civil defense 

preparations in case of a nuclear war, arguing that the Soviets at the time were much better prepared for such an 

event and that the United States needed to follow suit.”  
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Yet while many of our leaders have known that the “mutual” aspect of MAD was a myth, they kept 

advocating policies that have left the U.S. population completely vulnerable to an attack.   

The situation is actually worse than the 1982 FEMA study suggested.  For example, this 1982 study 

didn’t include the extensive additional shelter building program that was just then in development 

throughout Russia in their larger cities, such as with their subway systems.  Don Linger, a U.S. expert in 

tunnels and nuclear protected facilities, was allowed to tour the underground subways in and around 

Moscow.56  In discussions I’ve had with Don, he reported that the Russians had made extensive 

preparations to use their subways as blast shelters to protect their population.  In addition, Don 

observed special tunnels of a fortified design that he learned were for the use of Russian leaders to help 

ensure their safe evacuation to protected facilities.  The official 1982 FEMA and Intelligence community 

projection of how many Russians in large cities could eventually be protected by blast shelters and 

specially designed subway systems was over 25% of the total city population.  57  In contrast, Don was 

told by his Russian counterparts that they (the Russians) had a goal to eventually provide blast shelter 

spaces for approximately 90% of their city population (similar to the Swiss goal).  Meanwhile, the USA 

had no similar blast shelter program and hence was by default protecting 0% of our public from nuclear 

blast effects.  

 

 

 

 

Don Linger said that the plans and tours he gave the Russians clearly confirmed to them that we in the 

U.S. had no parallel nuclear protected subway system for our public.  In discussions I had with one of the 

early engineers of our Metro system in the Washington DC area, he said that the initial plans for our 

Metro included blast doors, but that these plans were abandoned due to our policy of Mutual Assured 

Destruction (MAD).  Hence, our leaders have consistently followed through with the MAD “assured 

destruction” policy for our public, even while the Russians continued to prepare to survive nuclear war.  

In my discussions with other experts on Russian sheltering, such as Ed York, 58 they’ve consistently noted 

that the Russians had extensive leadership and public sheltering programs.  For example, Ed mentioned 

that the Russians greatly surprised him while giving him a briefing in an underground “shelter” (that had 

 
56 In discussions I had with Don Linger in 2013, he told me that he was given direction by our government to 

provide the Russians with detailed plans and tours of our subway systems in the Washington DC area.  In return, he 

was granted the ability to go throughout the Moscow subway system unhindered.  
57 Soviet Civil Defense, FEMA – 52 (reprint of a September 1982 Report by the U.S. Intelligence Community), 

Federal Emergency Management Agency, Office of Civil Defense, page 7.  
58 Ed York had reportedly conducted actual nuclear blasts on shelters in our early nuclear program and had studied 

the Russian defense programs.  He had also visited Russia and personally observed some of their nuclear sheltering 

programs, as described here.  Ed passed away many years ago, but helped me design a neighborhood shelter many 

years ago.   

The Russians had a goal to eventually provide blast shelter spaces for approximately 

90% of their city population (similar to the Swiss goal).   The USA had no 

corresponding goal.  Instead, the government had essentially a 0% goal (that is, there 

was no plan to provide the U.S. public in cities with any blast shelter protection).     
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blast doors and protective filters) that was beneath an apartment complex. When Ed asked how many 

such “blast shelters” were in the city, the Russians objected and said something to the effect:  “This isn’t 

a blast shelter!”  Ed, who was rather surprised by their response, then inquired about the blast doors, 

etc., he had seen as he had entered the underground briefing area.  They responded:  “This isn’t a blast 

shelter.  It is only a protected facility.  The requirements for a blast shelter are much more stringent.”  Ed 

then asked, “How many protected facilities do you have in this city?”  The Russians reportedly 

responded something like: “Almost all of the major housing areas have nuclear protected facilities.”      

Russia’s and others’ SANE policy … one we should consider to replace MAD 

The Russians and many other countries (to include Switzerland, Israel, Norway, Sweden, Finland, China, 

and North Korea) have likewise been consistent with a policy to Survive All Nuclear Events (or SANE).  I 

call their policy, a “SANE” doctrine, in that it provides for the protection of the majority of both their 

leaders and public against many hazards, to include nuclear war.  The Russians followed through on 

their SANE policy not only during the “Cold War”, but also into the present.  For example, reports from 

several Congressional sources, the Department of Defense, and our media revealed that multi-billion 

dollar sheltering programs continued after the end of the “Cold War” to protect Russian leadership at 

facilities such as at Yamantau Mountain, Sherapovo, Checkov, Kosvinsky Mountain, and reportedly 100s 

of other sites. 59   

But what about the Russian public … since the end of the “Cold War”, have the Russians made significant 

progress towards their goal of 90% of the major city populations being protected by blast shelters?   

The answer may be “YES!” since the Russians had a 90% protection goal (as discussed earlier) in Moscow 

by the end of 2012.  For example, in 2010, the Russian RT news network stated: “Nearly 5,000 new 

emergency bomb shelters will be built in Moscow by 2012 to save people in case of potential attacks. 

Moscow authorities say the measure is urgent as the shelters currently available in the city can house no 

more than half of its population. In the last 20 years, the area of air-raid defense has been developed 

little, and the existing shelters have become outdated. Moreover, they are located mostly in the city 

center, which makes densely populated Moscow outskirts especially vulnerable in the event of a nuclear 

attack. In order to resolve the issue, the city has given architects a task to construct a typical model of an 

easy-to-build shelter that will be located all over the city 10 to 15 meters underneath apartment blocks, 

shopping centers, sport complexes and parks, as in case of attack people will need to reach the shelters 

within a minute.”  60  

 
59 Sources:  (1)  New York Times, “Despite Cold War's End, Russia Keeps Building a Secret Complex”, by 

MICHAEL R. GORDON, published: April 16, 1996; (2)  “CAN MOSCOW BE TRUSTED? Inside Russia's magic 

mountain” Congressmen: Secret nuke-proof complex bodes ill for U.S. arms-control negotiations, published: 

06/06/2000 at 1:00 AM, by Kenneth R. Timmerman, at www.wnd.com/2000/06/4137/#bRupSzMezdzCrHFR.99  

(3)  See www.viewzone.com/yamantau.html  and http://en.wikipedia.org/wiki/Mount_Yamantau for additional 

reports in the media.  
60 Source for first quote: (1) Moscow arms against nuclear attack, RT network, published: July 12, 2010, see:   

http://rt.com/news/prime-time/moscow-bomb-shelters-outskirts/  See also: (2) Russia Building 5000 Survival 

Shelters by 2012, http://www.youtube.com/watch?v=tPMAkESDh_E , Skywatch Media, uploaded 03/01/ 2011      

http://www.wnd.com/2000/06/4137/#bRupSzMezdzCrHFR.99
http://www.viewzone.com/yamantau.html
http://en.wikipedia.org/wiki/Mount_Yamantau
http://rt.com/news/prime-time/moscow-bomb-shelters-outskirts/
http://www.youtube.com/watch?v=tPMAkESDh_E
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The following 2005 article in Lenta.RU (translated from the Russian) provides some additional details 

about the Moscow bomb shelters program: 

Over the past 12 years, nearly 300 shelters in Moscow were privatized by commercial firms, 

according to "Capital News ".  So far, only 73 of these have been returned to the state.   

This was stated by Chief of the Main Directorate for Civil Defense and Emergencies of Moscow, 

Alexander Eliseev.  According to him, in the event of an emergency, these protective structures 

can only protect 55 percent of the population of the capital. 

After the civil defense and emergency management required the city shelters to be returned, city 

authorities have started to sue the merchants. The result so far is that only 73 shelters were 

returned, because the documents appear to indicate there is a 49-year long-term lease. 

The head of the press service of the Main Directorate of Civil Defense and Emergencies of 

Moscow, Yuri Videneeva, said that by law, in the event of an emergency, the tenant shall vacate 

the premises within six hours. However, according to "Capital News", many businesses need not 

less than two days to transfer assets. 61   (Note:  highlighting above/below added by K. Briggs) 

A follow-on 2010 article in Lenta.RU (roughly translated from the Russian) provides details about 

Moscow’s new bomb shelters: 

It is expected that in 2011-2012 will be developed layouts for 5,000 standard, pre-fabricated 

shelters in Moscow. According to the Moscow construction, thanks to the development of model 

project shelters, design and construction of civil defenses will be 10 - 15 % faster. 

According to the regulations on siting of Civil Defense in Moscow that Mayor Yuri Luzhkov signed 

in January 2010, the shelters should be made in the plans for the territory and placed under 

residential buildings, shopping centers, sports complexes, underground and above-ground 

garages and other facilities. … 

In 2001, it became clear that the city shelters, if necessary, will be able to accommodate slightly 

more than half of Muscovites. This was partly due to the fact that in the 1990s, hundreds of 

similar shelters were occupied by private firms for warehouses and offices. In addition, the 

existing shelters were built before 1980 and were not ready to receive people. The solution to the 

situation was proposed to require private companies to build their own shelters.  62   

 
61 http://lenta.ru/news/2005/10/25/shelter/ , The capital's shelters can save only half of Muscovites, 25 Oct 2005 
62  http://lenta.ru/news/2010/07/12/vaulttec/ (article translated from Russian), 12 July 2010 

http://lenta.ru/news/2005/10/25/shelter/
http://lenta.ru/news/2010/07/12/vaulttec/
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Imagine today if the United States said it was going to begin an “urgent” program to build 5,000 bomb 

shelters in the Washington DC area?  Our public would likely go crazy with fear and anger!   

The U.S. nuclear shelter programs (or “non-programs) for the public?! 

While the USA had no corresponding program planned to provide the U.S. public any blast shelters, 

President Kennedy proposed a plan for fallout shelters (which don’t protect against nuclear blast effects, 

but which provide protection against radioactive fallout from ground detonations). The fallout shelter 

program was the key element of a renewed Civil Defense effort that was proposed by President 

Kennedy (in the aftermath of the Berlin Crisis).  President Kennedy presented a “Special Message to 

Congress on Urgent National Needs” where he said: 63 

One major element of the national security program which this Nation has never squarely faced 

up to is civil defense.  This problem arises not from present trends, but from past inaction.  In the 

past decade we have intermittently considered a variety of programs, but we have never 

adopted a consistent policy.  Public considerations have been largely characterized by apathy, 

indifference, and skepticism; while, at the same time, many of the civil defense plans proposed 

have been so far-reaching or unrealistic that they have not gained essential support. 

This administration has been looking very hard at exactly what civil defense can and cannot do.  

It cannot be obtained cheaply. … the history of this planet is sufficient to remind us of the 

possibilities of an irrational attack, a miscalculation, or an accidental war which cannot be either 

foreseen or deterred.  The nature of modern warfare heightens these possibilities.  It is on this 

basis that civil defense can readily be justified – as insurance for the civilian population in the 

event of such miscalculation.  It is insurance which we could never forgive ourselves for foregoing 

in the event of catastrophe.      -   President Kennedy (May 25th, 1961)   

                                                                          (Note: highlighting added by Kevin Briggs)  

 
63 American Civil Defense 1945 – 1984, B. Wayne Blanchard, Ph.D., FEMA 107/July 1986, 

http://training.fema.gov/EMIweb/edu/docs/Blanchard%20-%20American%20Civil%20Defense%201945-1984.pdf , 

page 8.  

Over 90% of Moscow’s 12 million people may now have thousands of nuclear blast 

shelters that they can safely go to within a few minutes.  They have reportedly begun 

an urgent program to add 5,000 new blast shelters to protect 5 million additional 

people in the Moscow area. Likewise, they are dramatically improving their dedicated 

missile defense systems protecting Moscow.  Unfortunately, the Washington DC region 

has no such shelters or dedicated missile defenses to protect our population from a 

nuclear attack from any country or terrorist organization!   

http://training.fema.gov/EMIweb/edu/docs/Blanchard%20-%20American%20Civil%20Defense%201945-1984.pdf
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President Kennedy was the first and 

last President to strongly support 

Fallout Shelters for public protection. 

President Kennedy then established a program where fallout shelters 

were identified within existing buildings with signs (as the one to the 

right) and provisioned with food, water, and other essential supplies.  

The next year, Kennedy then proposed two new fallout shelter 

programs to: 

1. Start an incentive program that offered Federal funds 

(under specific conditions) to non-profit institutions 

engaged in health, education and welfare activities to 

help construct fallout shelters for 50 or more people; 

 

2. Place fallout shelters in Federal buildings to serve as an 

example to the individuals and businesses.  

 

Unfortunately, neither of these two Fallout Shelter programs received 

funding from Congress.   Even after the Cuban Missile crisis where the 

House supported an expanded Fallout Shelter program, the Senate 

did not support an expanded plan and even prevented funding to continue President Kennedy’s Fallout 

Shelter survey and stocking program.  President Kennedy’s response to the Congressional challenge will 

never be known as he was assassinated before the Senate’s Conference Report to cancel his programs 

were released. At the time of his death in 1963, 110 million shelter spaces had been identified and of 

these, 70 million had been approved by building owners for shelter use and 14 million had been 

provisioned.  64   

After Kennedy’s death, President Johnson let Secretary of 

Defense Robert McNamara lead the Administration’s Civil 

Defense program.  At the time, McNamara stated that 

compared to either (1) strategic offensive weapons (like 

nuclear bombs for aircraft and missiles) or (2) defense forces 

(such as anti-aircraft and anti-missile defenses):   

“… a well planned and executed nationwide civil defense 

program centered around fallout shelters could contribute 

much more, dollar for dollar, to the saving of lives in the event 

of a nuclear attack upon the United States than any further 

increases in either of the two programs.” 65  

 
64 American Civil Defense 1945 – 1984,  B. Wayne Blanchard, Ph.D., FEMA 107/July 1986, 

http://training.fema.gov/EMIweb/edu/docs/Blanchard%20-%20American%20Civil%20Defense%201945-1984.pdf , 

pages 8-9. 
65 See prepared statement of McNamara included in U.S. Congress, House Committee on Armed Services, Hearings 

on Military Posture and H.R. 9637, HASC Paper No. 36, 88th Congress, 2nd Session, 1964, pp. 7085-7806.  See also 

http://upload.wikimedia.org/wikipedia/commons/6/6e/JohnFK.png
http://training.fema.gov/EMIweb/edu/docs/Blanchard%20-%20American%20Civil%20Defense%201945-1984.pdf
http://upload.wikimedia.org/wikipedia/commons/a/ae/United_States_Fallout_Shelter_Sign.svg
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McNamara also noted the relationship between the ABM program and the fallout shelter program: 

“… the effectiveness of an active ballistic missile defense system in saving lives depends in large 

part upon the availability of adequate fallout shelters for the population. … it would be foolhardy 

to spend funds of this magnitude ($3 billion for the Nike-Zeus) without accompanying it with a 

civil defense program.  … I personally will never recommend an anti-ICBM program unless a 

fallout program does accompany it. … the very austere civil defense program recommended by 

the President should be given priority over any major additions to the active defenses.” 66 

                                                                                              (Note: highlighting added by Kevin Briggs) 

McNamara’s said the above, due in part to the fact that ABM systems could be avoided by simply 

exploding large ground-bursts upwind of cities in order to kill millions of people within cities that are 

exposed to dangerous levels of fallout downwind.  67 

Unfortunately, McNamara’s and Johnson’s support of the MAD policy quickly manifested itself in a lack 

of support for both fallout shelters and ballistic missile defense.  The fallout shelter program Kennedy 

started thus continued to rapidly decline.  

The steady decline of the federal Civil Defense fallout shelter program continued through the Nixon, 

Ford, Carter, and Reagan years and essentially stopped after the fall of the Soviet Union in 1991. 68   I 

know that during my tenure as the President of the American Civil Defense Association and then later as 

the Readiness Division Director for the Federal Emergency Management Agency (FEMA), there was 

essentially no Fallout Shelter program of any consequence at the Federal level.  Unfortunately, this has 

continued to the present, largely as a result of the public being uniformed about the threats or the cost-

effectiveness of sheltering and the dual-use applications of shelters for natural disasters.   

  

 

 

 

 

 

 

 
other references cited in:  American Civil Defense 1945 – 1984,  B. Wayne Blanchard, Ph.D., FEMA 107/July 1986, 

footnote 9. 
66 American Civil Defense 1945 – 1984,  B. Wayne Blanchard, Ph.D., FEMA 107/July 1986, pages 13 -14. See also 

other references cited in footnotes 11, 12, and 13 of the same reference.   
67 Ibid, page 13.   
68 http://en.wikipedia.org/wiki/Fallout_shelter,  Fallout shelter Wikipedia article [accessed 9/28/2013] 

The USA has no blast shelter program for civilians.  Likewise, the federal 

fallout shelter program started by President Kennedy in the 1960s was 

quickly defunded and dismantled by subsequent administrations.   Hence, 

today, roughly 0% of the U.S. public has access to any federally supported 

nuclear protective shelters, whether blast or fallout.   

The lunacy of our continuing MAD policy may soon be evident to all.   Our 

lack of preparedness is inviting and incentivizing a nuclear attack.   

                                                                                                                                           -    Kevin Briggs 

  

http://en.wikipedia.org/wiki/Fallout_shelter
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To end this subsection on the U.S. shelter programs on a more positive note, below are some pictures of 

a blast shelter that was on display at FEMA’s Emergency Management Institute in 1989.  The pictures 

show how you can take an 8’ (or larger) diameter steel tank (commonly used to store fuel underground) 

and convert these into very capable blast shelters.  Dr. Art Robinson developed this display and 

promoted shelters such as these to protect the U.S. public.  A shelter such as this one would need to 

buried to a depth of least half the diameter of the shelter (hence, an 8’ diameter steel shelter would 

need to be buried at least 4’ deep in a back yard or under a driveway or other location … with angular 

gravel or sand backfill (versus smooth pebbles) so that the gravel or sand will interlock to form a very 

strong earth-arch when a blast wave passes by.  To accomplish this, the shelter will need to deflect 

downward some to allow the earth-arching effect to be established.  Corrugated galvanized steel pipes 

and underground rated plastic water or fuel tanks or cisterns can also be used to provide similar 

protection.  See Appendix A – Sheltering for more information on shelter options and issues. 

Figure 9.  FEMA blast shelter display   

 

 

This steel tank blast shelter was 

displayed at FEMA’s Emergency 

Management Institute.  Below left 

shows the LUWA air ventilation system. 

Immediately below shows how steel 

hook-rings were welded into the ceiling 

so that hammocks could be hung.  
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The ‘Great Underground Wall’ of China (China’s sheltering and tunnel programs)  

China’s nuclear sheltering programs are considered by some to be more extensive than Russia’s.  These 

tunnels and shelters apparently were largely a result of Mao’s guidance:  “dig tunnels deep, store grain 

everywhere” 69 and due to border clashes that occurred between Russia and China in 1969 that led to 

reasonable concerns over the possibility of a nuclear conflict with Russia. 70 

These concerns were largely fueled by Russian Premier Kosygin’s reputed threat to Zhou Enlai on 11 

September 1969 that Moscow might launch a “pre-emptive nuclear strike’ to wipe out China’s nascent 

nuclear installations and research centres.” 71  The response of China to this real threat was that they 

initially began a crash civil defense program with ‘volunteers’ to build an extensive system of tunnels 

and shelters (reportedly 1-2 meters wide, 2 meters high, and 4-5 meters) to protect civilians.  72 

The following quote from Donald H. McMillen provides a good overview of the Chinese sheltering and 

civil defense mindset and activities.   

 “The Chinese, like others elsewhere, have adhered to the concept of ‘total defense’ whereby 

national defence is seen as an effort, indeed a responsibility, of the whole society rather than as 

a special activity operating outside the civil community.  In this context … civil defence has come 

to hold a position of no less importance to the Chinese than economic, psychological and military 

defence. … Every individual is seen to have a place in civil defence, and is expected to provide 

immense amounts of voluntary time and effort to it. … This ethic was underlined by Zhou Enlai 

when he insisted on a dual strategy of tough territorial defence and the preparation of 

protection for Chinese civilians … reflected in the construction of … a vast system of underground 

tunnels and shelters and the training of a people’s militia as the major components of the civil 

defence programme.  …  China’s civil defense tunnel-shelter system is impressive in terms of both 

its scope and scale, and truly deserves to be called ‘China’s underground Great Wall’. It has been 

built under most of China’s major cities, including Beijing, Shanghai, Changsha, Kunming, Tianjin, 

Dalian, Shenyang, Anshan, Hohhot, Hangzhou, Nanjing, and Guangzhou.  There are similar 

facilities located under some smaller cities and rural communes and enterprises that are deemed 

to be important in terms of strategic location or endeavor.”73 

For further insight into the Chinese mindset regarding civil defense, Don McMillen quotes Ye Jianying, 

Vice Chairman of the Communist Party of China (CPC), who (on 1 November 1979) said:  

 
69 A Glossary of Political Terms of the People's Republic of China, Chinese University Press, 1995, p. 403. 
70 Breaking with Moscow, by Arkady N. Shevchenko, 1985, published by Knopf, Inc., pp. 163-166.  See also Civil 

Defence in the People's Republic of China, by Donald H. McMillen, The Journal of Chinese Affairs, No. 8 (Jul., 

1982), p. 39.   
71 Civil Defence in the People's Republic of China, by Donald H. McMillen, The Journal of Chinese Affairs, No. 8 

(Jul., 1982), p. 39, quoting from: K. Subrahmanyam, “The Role of Weapons in International Relations”, Institute for 

Defense Studies and Analysis Journal, CXI:1 (July 1970), 19-21.   
72 Civil Defence in the People's Republic of China, by Donald H. McMillen, The Journal of Chinese Affairs, No. 8 

(Jul., 1982), p. 39.   
73 Civil Defence in the People's Republic of China, by Donald H. McMillen, The Journal of Chinese Affairs, No. 8 

(Jul., 1982), p. 36 and 39.   
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“At present many, many countries around the world are developing their civil air defence and 

digging shelters.  This is a strategic trend worthy of our full attention.  This tells us from another 

angle that the danger of war actually exists and that we must do a good job in developing 

people’s air defence and preparedness against war.  We must take precautions instead of 

digging a well only when we are thirsty.  When you are not well prepared, they get a chance to 

step in.  When you are well prepared, they dare not make a reckless move.”   74 

One great Chinese quote regarding their viewpoint on civil defense sheltering is that: 

“…only by using a ‘shield’ of underground works will we be able to deflect the ‘spear’ of nuclear 

weapons.”   75 

So how effectively did the Chinese execute the early vision on sheltering voiced by Mao and Zhou Enlai? 

To help answer this question, we can look to some relatively recent (2009 +) statements from the 

Chinese as broadcast on their TV and other media sources to see what claims they are making.  The next 

paragraph introduces a 2011 report that looked to help answer this issue.   

An important report regarding China’s underground shelter program was published by Dr. Phillip Karber 

on 11 September 2011 called the “Strategic Implications of China’s Underground Great Wall”. 76   In the 

Forward to this report, Dr. Joseph Braddock, Chair of the Defense Threat Reduction Agency (DTRA) 

Science and Technology Committee said:   

Following the May 2008 Sichuan earthquake, the Chinese media became more open about the 

PLA’s (People’s Liberation Army) decades long effort to protect their nuclear missile forces 

through tunneling.  I commissioned S&T panel member Dr. Phillip A. Karber to conduct an “open 

source” study of what the PRC (People’s Republic of China) called their “Underground Great 

Wall.” … In the middle of the Karber project – on 11 December 2009 – the People’s Liberation 

Army officially announced the “Underground Great Wall” project and publicly claimed that it 

involved 3,000 miles of tunnels for the concealment of nuclear weapons. The Georgetown team 

has assembled hundreds of pages of documentation and a 45 minute video compendium of 

tunnel coverage shown on Chinese television. … the Karber Report shows that we need to give 

China’s evolving nuclear posture more attention, that they have not only have taken an 

approach to nuclear force survivability that is quite different than our own experience, but that 

further stabilization and reduction of major nuclear power inventories will not succeed without 

bringing the PRC into a posture of negotiated constraint.”    

 
74 Civil Defence in the People's Republic of China, by Donald H. McMillen, The Journal of Chinese Affairs, No. 8 

(Jul., 1982), pp. 35 – 50, where McMillen quotes:  K. Subrahmanyam, “The Role of Weapons in International 

Relations”, Institute for Defence Studies and Analysis Journal, CXI:1 (July 1970), 19-21.     
75 Tianjin riboa [Tianjin Daily], 7 Aug 1980, in FBIS-CR, 146 (10 Dec 80), 55; from footnote 13 of Civil Defence in 

the People's Republic of China, by Donald H. McMillen, The Journal of Chinese Affairs, No. 8 (Jul., 1982), p. 49. 
76 http://www.ausairpower.net/PDF-A/Karber-PLA-UGF-2011.pdf, “Strategic Implications of China’s Underground 

Great Wall” of the Georgetown University Asian Arms Control Project, by Dr. Phillip Karber with assistance from 

Tim Brown, Wes Cross, J.M. LaGray and other students, from a briefing dated 26 September 2011 and the report 

dated 11 September 2011.   

http://www.ausairpower.net/PDF-A/Karber-PLA-UGF-2011.pdf
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In contrast to China’s policy of hiding their missiles in thousands of miles of tunnels, the U.S. has most of 

our strategic missile nuclear force located at fixed, well-known sites that are easily targetable.  Many 

analysts believe that these U.S. fixed sites invite a preemptive strike, in that no potential adversary 

would want 450 accurately targetable Minuteman III missiles, launched from fixed sites, aimed at their 

country. 77  

While the Karber report stirred up a good deal of controversy over how many nuclear weapons China 

actually has,78 it did shed some needed light on China’s historic civil defense sheltering programs and its 

continuing vast “Great Underground Wall” program to protect its strategic missile forces.  One can only 

wonder how much our U.S. government has known about China’s Great Underground Wall and civil 

defense sheltering program, but has withheld from our public in order to not cause ‘unnecessary’ 

concern.   

A declassified U.S. National Intelligence Estimate 13-76 sheds some light on how much the U.S. 

government has known about China’s sheltering and tunneling programs; it states:  “China’s shelter and 

tunnel program is one of the most extensive in the world … Since 1969, the massive effort to build more 

and better protection has resulted in the construction of a maze of shelters and tunnels under most, if 

not all, large and medium-sized cities.” 79   

And while some might believe the Chinese Civil Defense shelters are just a relic of the Cold War era, 

there is an abundance of evidence that their underground shelter programs are not just for the military, 

but continue into the present with an additional purpose of protecting a large portion of their city’s 

populations.  For example, the China Daily reported that three new large civil defense shelters would be 

completed in 2012 in Shanghai, according to reporting on Dragon TV (as subsequently reported in the 

China Daily).  The Shanghai government said there was nothing unusual about this and that additional 

shelters were planned as part of the long-term civil defense plan.  Each of these shelters reportedly will 

hold over 8,000 people. The publicized purpose of these shelters is to protect people from ‘natural 

disasters’, such as the 2008 Sichuan earthquake (but they obviously have a dual-use role in protecting 

people from the effects of a nuclear attack). 80    

There are many other examples of relatively recent news reports regarding China’s civil defense 

sheltering that show China’s sheltering program is still ongoing. For example, a SINA report from 2006-

07-29 said: 

 
77 http://www.af.mil/AboutUs/FactSheets/Display/tabid/224/Article/104466/lgm-30g-minuteman-iii.aspx, LGM-

30G Minuteman III Fact Sheet, U.S. Air Force, July 26, 2010.  
78 Sources: (1)  http://www.presstv.com/detail/2013/01/25/285419/obama-chinese-nuclear-great-wall/, Obama 

against Chinese Nuclear Great Wall, by Yusuf Fernandez, Fri Jan 25, 2013; (2)   http://thediplomat.com/flashpoints-

blog/2011/08/20/chinas-underground-great-wall/ , China’s Underground Great Wall, by James R. Holmes, August 

20, 2011, The Diplomat; (3) http://lewis.armscontrolwonk.com/archive/4799/collected-thoughts-on-phil-karber 

(note:  if you look at this last link, please read down to Phil Karber’s rebuttal deep within the comments) 
79 PRC Defense Policy and Armed Forces, National Intelligence Estimate 13-76, Wash., DC, CIA, pp. 71-72. (see 

http://www.foia.cia.gov/sites/default/files/document_conversions/89801/DOC_0001097855.pdf ) 
80 http://www.chinadaily.com.cn/china/2010-03/18/content_9606194.htm, Shelters part of long-term civil defense 

plan by Li Xinzhu (China Daily), 2010-03-18.   

http://www.af.mil/AboutUs/FactSheets/Display/tabid/224/Article/104466/lgm-30g-minuteman-iii.aspx
http://www.presstv.com/detail/2013/01/25/285419/obama-chinese-nuclear-great-wall/
http://thediplomat.com/flashpoints-blog/2011/08/20/chinas-underground-great-wall/
http://thediplomat.com/flashpoints-blog/2011/08/20/chinas-underground-great-wall/
http://lewis.armscontrolwonk.com/archive/4799/collected-thoughts-on-phil-karber
http://www.foia.cia.gov/sites/default/files/document_conversions/89801/DOC_0001097855.pdf
http://www.chinadaily.com.cn/china/2010-03/18/content_9606194.htm
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“Shanghai has completed the construction of a super underground bunker that can 
accommodate 200,000 people in emergency to evade blasts, poisonous gas emission and nuclear 
radiation, according to local reports.  

The bunker covers a total area of more than 90,000 square meters. It has 15 passages nearly 
4,000 meters in length each to link the underground space with ground buildings and facilities, 
including office towers and residence departments, the Shanghai Morning Post reported on 
Saturday.  

Once an inlet or exit is blocked, the people hiding in the underground bunker can choose any 
other one to go in or out. In addition, the bunker is connected with subways, which can help 
people flee from one district to other districts in Shanghai, the report said.  

The people in the bunker may avoid the harms brought by disasters taking place on the ground, 
such as blasts, poisonous gas emission and nuclear radiation, the Shanghai Morning Post quoted 

an official of the Civil Defense Office as saying.” 81
 

Another example comes from the Xinhua news agency which said China was opening bomb shelters in 

Chongquing so people could cool off.  Joseph Farah said it was particularly interesting in that: “The 

bomb shelters, the report said, covered an area of more than 70,000 square meters – or some 17.3 acres 

– and could accommodate tens of thousands of people. … That’s some expanse of bomb shelters. That’s 

quite a bit bigger than anything the United States has constructed to protect its civilian population. … 

And if you know anything about Chinese civil defense, this is not one of the largest or most elaborate.” 82 

North Korea’s sheltering and tunnel programs  

North Korea, like Russia and China, has one of the most extensive nuclear sheltering and tunneling 

programs in the world.  For example, the Metro system in Pyongyang is reportedly built over 100 meters 

deep, making it one of the deepest in the world. It was designed to serve as a nuclear bomb shelter 

system with stations that are fitted with large steel doors and with connections to regional military 

bases. 83 It is interesting to watch YouTube videos of people going into or out of the Pyongyang metro.  

One video in particular shows that the travel time on the escalator was about 2 minutes and 30 seconds 

long.84   

 
81 http://english.sina.com/china/1/2006/0729/84741.html [accessed 10/5/2013], Shanghai builds underground 

bunker to accomodate 200,000 people, 2006-07-29. 
82 http://www.wnd.com/2005/06/31025/ , China’s bomb shelters, by Joseph Farah, 06/29/2005.  
83 Sources:  (1) http://www.dailynk.com/english/read.php?cataId=nk00400&num=2546, Pyongyang Subway 

Submerged in Water, by Park hyun Min, 2007-08-20, DailyNK; (2) 

http://english.chosun.com/site/data/html_dir/2009/12/09/2009120900263.html,  Kim Jong-il 'Has Secret 

Underground Escape Route', Dec. 09, 2009 09:03 KST; (3) Pyongyang Metro article in Wikipedia at 

http://en.wikipedia.org/wiki/Pyongyang_Metro; (4) Springer, Chris (2003). Pyongyang: the hidden history of the 

North Korean capital. pg. 125.  
84 www.youtube.com/watch?v=AOgSUKsIsYU, [accessed 10/5/2013] “North Korean bomb shelter; the deepest 

subway in the world …”, uploaded on Nov 24, 2011.   There are many other similar videos.      

http://english.sina.com/china/1/2006/0729/84741.html
http://www.wnd.com/2005/06/31025/
http://www.dailynk.com/english/read.php?cataId=nk00400&num=2546
http://english.chosun.com/site/data/html_dir/2009/12/09/2009120900263.html
http://en.wikipedia.org/wiki/Pyongyang_Metro
http://www.youtube.com/watch?v=AOgSUKsIsYU
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Hwang Jang-Yop, a former Secretary of the North Korean Workers Party and a former President of Kim Il 

Sung University), told the Seoul-based Free North Korea Radio (run by a group of defectors), "About 300 

meters below ground in Pyongyang, there exists a second underground world which is different from the 

subway level.  The tunnels stretch for some 40 to 50 km around Pyongyang linking to Nampo and 

Sunchon … North Korea started building the tunnels right after the armistice  … Another tunnel extends 

to Yongwon near Mt. Myohyang, about 50 km from Pyongyang. … Yet another links the Mt. Cholbong 

recreation center in Samsok District in Pyongyang to the port of Nampo, which would allow leaders to 

escape to China in an emergency … They were so elaborately built that a visiting Soviet military 

delegation marveled at them” Hwang said. 85   

Shelters in Switzerland, Sweden, Israel, Finland, Norway, Austria, & Germany  

The following table provides an estimate of the percentage of the population in some selected 

countries that have shelter spaces to protect them during a nuclear attack. These countries are 

listed in the order of those with the highest percentage of the population protected.  These 

numbers are rough estimates as I could not find official estimates for these countries.  

Table 16.  Percent of population in selected countries with nuclear shelters 86 

Country 
% of population protected 

by shelters 
Shelter 
spaces 

Comments 

Switzerland ~ 114 % ~ 8.6 million 

Required for all new construction 
since 1963. Swiss reportedly have  
~ 300,000 shelters in residences, 

institutions and hospitals, as well as 
over 5,000 public shelters 

Sweden ~  81 % ~ 7.2 million  

Israel ~  70% ~ 5.7 million 
All homes, businesses since 1951 

must have shelters 

Finland ~  70 % ~ 3.4 million  

Norway ~  50 % ~ 2.5 million 
25,000 public shelter spaces for 2.5 

million; private shelters not included 

Austria ~  30 % ~ 2.5 million Most don’t have ventilation systems 

Germany ~   3 % ~ 2.5 million  

  

 
85 http://english.chosun.com/site/data/html_dir/2009/12/09/2009120900263.html, Kim Jong-il 'Has Secret 

Underground Escape Route', Dec. 09, 2009 09:03 KST, englishnews@chosun.com.  
86 Bunkers for all, by Daniele Mariani, July 3, 2009,  

www.swissinfo.ch/eng/swiss_news/Bunkers_for_all.html?cid=995134; http://www.sivilforsvaret.no/Global/DSB-

sentralmappe/Andre%20dokumenter/The%20Norwegian%20Civil%20Defence%2019%201%202010.pdf  

http://english.chosun.com/site/data/html_dir/2009/12/09/2009120900263.html
mailto:englishnews@chosun.com
http://www.swissinfo.ch/eng/swiss_news/Bunkers_for_all.html?cid=995134
http://www.sivilforsvaret.no/Global/DSB-sentralmappe/Andre%20dokumenter/The%20Norwegian%20Civil%20Defence%2019%201%202010.pdf
http://www.sivilforsvaret.no/Global/DSB-sentralmappe/Andre%20dokumenter/The%20Norwegian%20Civil%20Defence%2019%201%202010.pdf
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Figure 10.  Swiss dual-use parking garage/blast shelter pictures  

My wife is standing at the left side of the 

parking garage entrance (in 1989).  The 

entrance goes into the side of a hill in 

Zurich. While we vacationed in Zurich, we 

found that most facilities had a blast 

shelter. The Swiss people we talked with 

thought it strange that we didn’t have 

shelter in the USA. 

I am standing in the same Parking Garage 

as pictured above, but now you can see 

that this is also a Blast Shelter.  There are 

five blast walls in the picture that can be 

rolled across the car entrance to protect 

those inside the main portion of the 

garage.  

Below, my wife and I are standing next to 

smaller blast doors where people can enter 

or leave the shelter after the blast walls have 

been pulled across the tunnel.  
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The picture below is of me and a relative of mine (Kjell) in Norway.  Here Kjell is standing in 

front of a blast door within the parking garage that was for his Apartment complex. There are 

some blast valves over my right shoulder.  Kjell noted that this was not a very good shelter 

compared to ones that were closer to the center of Oslo.  Kjell also showed me his phone book 

where all of the public shelter locations were provided in downtown Oslo. In addition, the 

phone book showed locations throughout the city where people could be picked up to evacuate 

to public shelter locations outside of the city.  

Figure 11.  Norwegian dual-use parking garage/blast shelter 
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Nuclear near misses (accidents/crises that brought us to the brink) 

Most people are unaware that we’ve had many dangerous incidents over the past few decades 

that brought us to the brink of a nuclear disaster or war on North American soil.  We’ve been 

exceedingly fortunate thus far. The following table provides a very brief synopsis of some of 

these incidents. There are many more such incidents that have occurred, but they are beyond 

the scope of this current Edition of Nuclear Risks and Preparedness.   

The reason these nuclear “near misses” are important to consider is that they show that a 

nuclear disaster or detonation in North American is, in time, extremely likely to occur.  It is truly 

no so much a question of “if” but “when”.       

Figure 12.  The Cuban Missile Crisis – the closest we came to a nuclear world war?   

 

 

 

 

 

 

 

 

 

 

  

Left:    Map used to show President Kennedy the range of Soviet missiles being placed into Cuba. 

Right:  A copy of part of page 1 of President Kennedy’s letter to Soviet Premier Khrushchev  

             on the crisis.        -  Courtesy:  John F. Kennedy Presidential Library and Museum         

                                                (http://microsites.jfklibrary.org) 

http://microsites.jfklibrary.org/
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Table 17.  Selected nuclear crises that brought us close to a disaster (1961-1962) 

Year       Incident 

1961         Berlin Crisis.  Soviet Premier Khrushchev issued an ultimatum that demanded that Western powers 
(U.S., French, and British) withdraw their military from the city of West Berlin and essentially give up their right 
to unobstructed access to the city. President Kennedy responded: “We seek peace, but we shall not 
surrender.”  He then announced plans to vastly expand the U.S. military presence in Europe, triple the draft, 
and call up the reserves.  Additionally, Kennedy asked for funding to launch a fallout shelter program in case of 
a nuclear attack and to improve air raid and fallout detection systems. The Soviets and East Germans 
responded by beginning the construction of the Berlin Wall and by closing the borders crossings into West 
Germany. U.S. and Soviet tanks then faced each other within 100 meters of the border. Nuclear alert levels 
were also raised. Thankfully no explosion or shots were fired near the tanks (remember Lexington). The tanks 
were finally withdrawn after tense negotiations, war was averted, but the Wall stayed up and was 
strengthened and spread to other border areas.87   

1962         Cuban Missile Crisis. On 14 October, a U-2 plane secretly photographed nuclear missile sites being 
built by the Soviets in Cuba. President Kennedy learned about these sites on October 16th, but didn’t want the 
Soviet Union or Cuba to know he had discovered the missiles. 16 to 32 Soviet nuclear missiles were then 
discovered in photos from another U-2 flight.  Kennedy met in secret with his advisors to discuss the problem 
and decided to place a naval blockade around Cuba. The aim of this blockade was to prevent the Soviets from 
completing their missile sites, etc. He demanded the removal of the missiles already there and the destruction 
of the sites. Kennedy spoke to the nation about the crisis and said (in part): “The characteristics of these new 
missile sites indicate two distinct types of installations. Several of them include medium range ballistic missiles, 
capable of carrying a nuclear warhead for a distance of more than 1,000 nautical miles. Each of these missiles, 
in short, is capable of striking Washington, D. C. … or any other city in the southeastern part of the United 
States … Additional sites not yet completed appear to be designed for intermediate range ballistic missiles—
capable of traveling more than twice as far—and thus capable of striking most of the major cities in the 
Western Hemisphere …  In addition, jet bombers, capable of carrying nuclear weapons, are now being uncrated 
and assembled in Cuba. … The 1930's taught us a clear lesson: aggressive conduct, if allowed to go unchecked, 
ultimately leads to war…. ”  Fidel Castro was convinced that Cuba was about to be invaded and asked 
Khrushchev to “eliminate such danger forever”. Unknown to the USA, Castro also had tactical nuclear artillery 
shells and bombs. Other things that could have triggered a nuclear conflict included: (1) Cuba’s shooting down 
a U.S. U-2 plane and killing its pilot, (2) the Navy dropping depth charges against a nuclear armed Soviet sub 
(note: three Soviet officers had to agree to use its nuclear torpedoes, but one of these, Vasili Arkhipov, 
objected and “saved the world”); (3) another U-2 pilot accidently strayed over Russia and nuclear armed US 
fighters were dispatched against Soviet MiG fighters, who were told to shoot down the U-2, (4) the Soviets 
tried to run their ships past the blockade, (5) the Sputnik 22 satellite Mars probe exploded in space, reportedly 
causing a false alarm in the NORAD Command Post to the effect that an Intercontinental Ballistic Missile (ICBM) 
attack was occurring, (6) an unannounced Titan ICBM was ‘test-launched’ from Vandenberg Air Force Base 
while at DEFCON 2 {given that the Soviets probably knew our other Titan missiles had been uploaded with 
nuclear warheads, one can only imagine the dangers associated with this unannounced test}, and (7) on 28 
Oct., a false alert of two inbound missiles was given to the Command in Chief of NORAD.  It was later learned 
that the false warning resulted from a satellite and that the alert came from the new Laredo radar site, but at 
the time it was thought that the alert had come from the reliable Moorestown site. The crisis ended when the 
Soviets agreed to dismantle the sites in exchange for a pledge from the USA not to invade Cuba and due to a 
secret agreement to remove our nuclear missiles from Turkey. 88  

 
87 Sources: (1) Kempe, Frederick (2011). Berlin 1961. Penguin Group; (2) 

http://en.wikipedia.org/wiki/Berlin_Crisis_of_1961  ; (3) www.foia.cia.gov/collection/berlin-wall-collection   
88 Sources:  (1) https://www.mtholyoke.edu/acad/intrel/kencuba.htm; (2) www.jfklibrary.org/JFK/JFK-in-

History/Cuban-Missile-Crisis.aspx; (3) http://microsites.jfklibrary.org/cmc/ ;  

(4)  http://en.wikipedia.org/wiki/Cuban_missile_crisis  (5) www.wagingpeace.org/articles/1998/01/00_phillips_20-

mishaps.php ; (6) http://en.wikipedia.org/wiki/October_1962  
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Table 18.  Selected nuclear crises that brought us close to a disaster (1973 - 1979) 

Year        Incident 

1973           Arab-Israeli War False Alert.   During the 1973 Arab-Israeli war, the U.S. had intelligence warnings 
that the Soviets were planning to militarily intervene on Egypt’s side.  In response, our nuclear forces were 
placed at heightened alert, which was likely known by the Soviets. On 25 October, during repairs of the B-52 
launch Klaxon at Kinchloe Air Force Base, the Klaxon sounded what appeared to be a real attack alert.  B-52 
crews then rushed to their bombers and prepared to launch.  Thankfully, the duty officer recalled the crews 
before any launched.  If they had launched, this could have resulted in a Soviet response of nuclear “pre-
emption” or other escalatory action.  89 

1979           Three Mile Island Nuclear Plant Accident.  On 28 March 1979, Three Mile Island Unit 2 (TMI-2) 
reactor, near Middletown, Pa., partially melted down.  Due to unforeseen problems with: (1) the feedwater 
pumps, plus (2) a failed pilot-operated relief valve, plus (3) incorrect status instrumentation in the control 
room, the reactor core was uncovered and about half of the core subsequently melted.  
On the morning of Friday, March 30, a significant release of radiation from the plant's auxiliary building, 
performed to relieve pressure on the primary system and avoid curtailing the flow of coolant to the core, 
caused a great deal of concern. Governor Thornburgh, based on the recommendation of the Chairman of the 
Nuclear Regulatory Commission (NRC), announced that he was advising pregnant women and pre-school-age 
children within a 5 mile radius of the plant to evacuate due to radiation (such as radioactive Iodine (I-131)) 
concerns. Shortly thereafter, chemical reactions in the melting fuel created a large hydrogen bubble in the 
dome of the pressure vessel, the container that holds the reactor core. NRC officials worried the hydrogen 
bubble might burn or even explode and rupture the pressure vessel. In that event, the core would fall into the 
containment building and could cause a breach of containment.  Thankfully, a major explosion was prevented 

and so massive releases of radioactivity were averted. 90  The Three Mile Island accident was a shock to most 
of the public and a great embarrassment to the Atomic Energy Commission (AEC). In 1974, some officials at the 
AEC had boasted that their studies showed an astonishingly low probability of a nuclear plant core melt 
accident (that is safely contained) on the order of one accident per million years of a given reactor’s operation. 
They also boasted that a serious radiation release to the public would probably only occur once every 1 to 10 
billion reactor years of operation. To the AEC’s dismay, only 5 years after such statements (based mainly on 
what is now called the Rasmussen study that actually stated the probability of a core melt incident at around 1 
accident in 17,000 – 20,000 reactor operation years), the Three Mile Island accident showed that the “highly 

improbable” could, and did, happen.  91 

1979          Nuclear War Exercise Tape Creates False Alert/Response.  On November 9th, 1979, a nuclear war 
exercise computer tape was run to ‘simulate’ a massive Soviet attack. Unfortunately, the ‘simulated’ attack was 
somehow mislabeled so that it appeared that an actual, massive Soviet Intercontinental Ballistic Missile (ICBM) 
was under way.  In the ensuing chaos, the President’s doomsday plane, the National Emergency Airborne 
Command Post (NEACP) was launched and other actions were taken that could have been misread by the 
Soviets.  Thankfully, the North American Aerospace Defense Command (NORAD) was able to verify from direct 

contacts to our sensor sites that these were false alarms and the Soviets never responded. 92 General 
Secretary Leonid Brezhnev warned President Carter that the erroneous alert was "fraught with a 
tremendous danger."  The following year, three more false alerts were generated on the warning 

displays due to a computer “chip” failure. 93 

 

 
89 http://www.wagingpeace.org/articles/1998/01/00_phillips_20-mishaps.php  20 Mishaps that Might Have Started 

Accidental Nuclear War, by Alan F. Phillips, January 1998.  
90 http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-isle.html#summary  
91 Beyond Engineering, Robert Pool, Oxford University Press, 1997, pp. 199 – 200. 
92 http://www.wagingpeace.org/articles/1998/01/00_phillips_20-mishaps.php 
93 http://www2.gwu.edu/~nsarchiv/nukevault/ebb371/, The 3 A.M. Phone Call, posted March 1, 2012.  
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Table 19.  Selected nuclear crises that brought us close to a disaster (1980 - 1991) 

Year            Incident 

1980               Titan II Damascus Accident.  On 19 September 1980, an Air Force Titan missile repairman 
accidentally dropped a socket wrench into the silo which punctured a hole in the fuel tank.  Over 8 hours later, 
the fuel vapor exploded, killing one airman and blowing the approximately 9 Megaton W-53 warhead about 

600 feet from the silo.  Thankfully, the weapon’s fail-safe system worked. 94   

1981              Polish Solidarity Crisis. In August of 1980, a Polish group called Solidarity, led by Lech Walesa, 
formed an anti-Soviet political-social movement that opposed Communism.  At the time, Poland was part of 
the Warsaw Pact of Communist nations that was led by the Soviets. The Roman Catholic Church and the USA 
politically supported Solidarity. In response, the Soviet Foreign Minister Gromyko said that the U.S. policy was 
“full steam ahead for war” and that Western interference in Poland could be a proximate cause of conflict.  To 
squash the Polish rebellion, the Soviets planned to invade Poland on December 14, 1981, under the ruse of its 
ZAPAD-81 exercise.  On the eve of the planned invasion, martial law was instituted by the pro-Communist 
leaders in Poland against Solidarity. The Soviets decided this was a sufficient action to preclude an invasion. 
The Soviets believed that an invasion of Poland could lead to war with the USA, but it was willing to take this 
risk to preserve the Warsaw Pact, if needed.95    

1983                  Able Archer was a realistic North American Treaty Organization (NATO) exercise that started on 
November 2nd, and lasted for 10 days and simulated a nuclear war crisis with the Soviet Union.  The exercise 
occurred during a heated dispute with the Soviets over the Pershing II nuclear missile deployment to Europe.  
Apparently, the exercise’s realism and the pre-existing international tensions led many Soviet leaders to think 
the exercise was the prelude to and cover for an actual U.S. led surprise nuclear attack.  In response, the 
Soviets reportedly placed their nuclear forces on heightened alert.  Two years earlier, General Secretary 
Brezhnev and KGB Chairman Andropov announced to Soviet leaders that the U.S. was planning a surprise 
nuclear attack.  They planned to preempt this planned attack through an intelligence collection effort called 
Operation VRYAN. Two months before the exercise, the Soviets shot down a civilian airliner, KAL 007, killing all 
269 people on board, further increasing tensions.  The Soviet “finger on the nuclear trigger” ended when the 
exercise ended. 96 

1989 - 1991       Collapse of the Warsaw Pact.       After Soviet General Secretary Gorbachev announced his 
economic reforms called Perestroika and his new policy of openness to a free press called Glasnost, change 
began to occur rapidly within the Warsaw Pact.  97  By 1991, political public discontent forced the Communist 
governments of the Warsaw Pact countries from power, namely:  Hungary, Czechoslovakia, Albania, East 
Germany, Poland, Romania, and Bulgaria.  During the celebrations in the West and the liberated countries, the 
Soviet General Staff was planning military options for restoring the Warsaw Pact, even if it meant World War.  
Reports from Lothar de Maiziere, Prime Minister of East Germany and Eduard Shevardnadze, Soviet Minister of 
Foreign Affairs confirmed that the Red Army might use force to reconquer Germany, etc.  Any attempted 
reunification of Eastern Europe by military means under a reconstituted Warsaw Pact could have led to nuclear 
war. Sovetskaya Rossiya, a Communist Party newspaper, blamed Gorbachev for losing Eastern Europe and felt 
his actions had led to something equivalent to a “defeat in a third world war.” Gorbachev didn’t support any 
military intervention to preserve the Warsaw Pact, and so he became the object of a planned military coup. 98 

 

 
94 Sources:  (1)  http://www.encyclopediaofarkansas.net/encyclopedia/entry-detail.aspx?entryID=2543, The 

Encyclopedia of Arkansas History and Culture, Titan II Missile Explosion, updated 9/19/2013, (2) Command and 

Control: Nuclear Weapons, the Damascus Accident, and the Illusion of Safety by Eric Schlosser, New York: 

Penguin, 2013. 
95 Sources:  (1) War Scare, Dr. P. Pry, pp. 9 – 44; (2) http://en.wikipedia.org/wiki/Solidarity_(Polish_trade_union)   
96 Sources: (1) War Scare, by Dr. Peter Pry, © 1999, pp. 9 – 44; (2) http://en.wikipedia.org/wiki/Able_Archer_83   
97 Sources: (1) http://en.wikipedia.org/wiki/Cold_War; (2) http://en.wikipedia.org/wiki/Mikhail_Gorbachev   
98 Sources:  (1) War Scare, Dr. P. Pry, pp. 64 – 65; (2) http://en.wikipedia.org/wiki/Warsaw_Pact ; (3) 

http://en.wikipedia.org/wiki/Mikhail_Gorbachev  
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Table 20.  Selected nuclear crises that brought us close to a disaster (1991 - 1995) 

Year            Incident 

1991               Soviet coup d'état attempt.  During the attempted coup to overthrow Gorbachev, on August 19th, 
General Yazov, the Soviet Defense Minister, ordered Russia’s military, to include its Strategic Rocket Forces, to 
go to Increased Combat Readiness.  These orders were passed to military command bunkers, located hundreds 
of meters deep and designed to take multiple direct nuclear strikes if a nuclear war were to break out.  
Command complexes, such as the main General Staff bunker at Chekov, would enable the Soviets to prosecute 
any nuclear war through all of its phases and to help direct Civil Defense operations afterwards.  At the time, 
Russia controlled over 10,000 strategic nuclear warheads.   Five years after the coup, it was learned that the 
intelligence facility in Cuba had incorrectly alerted the Soviets that in response to the coup, the U.S. military 
had put its nuclear forces on the highest alert.  This could have constituted grounds for a preemptive strike, 
since the main leader of the coup, Kryuchkov, had taken the “nuclear button” away from Gorbachev as a first 
order of business and reportedly firmly believed that a surprise nuclear attack could occur at any time from the 
USA, as evidenced by his connection with the VRYAN program.  The coup leaders were still in control of the 
USSR’s nuclear forces throughout most of the coup. These leaders included Yazov and Chief of the General 
Staff Moiseyev, who reportedly personally possessed two of the three nuclear “footballs” … that is, the 
briefcases containing special equipment for launching a nuclear attack.  The third “football” had been 
confiscated from Gorbachev during the coup, so the plotters reportedly had all three of them. The chief 
designer of the Soviet nuclear “footballs”, indicated in Komsomolskaya pravda, January 28, 1992, that any of 
the footballs had sufficient technical authority to launch their nuclear forces and were designed to prevent a 
nuclear ‘decapitation’ from stopping the execution of the Soviet nuclear forces. One can only speculate on 
what the leaders of a failing coup might do with the nuclear button as a last act of desperation and how the 
nuclear forces would have reacted to such an order. Thankfully, the coup quickly failed and the false 
information about the alert status of US nuclear forces did not apparently rise above the noise of the collapsing 
coup effort.  Soviet experts like Dr. Peter Pry (who was the lead CIA analyst on Soviet strategic nuclear forces 
for many years) believe there was a Soviet disinformation campaign after the coup to cover up the gravity of 
the nuclear crisis that had just ensued (especially the trip of Gennadiy Pavlov to the USA).  In contrast, General 
Batenin, formerly a commander of an SS-18 division, said as a practical matter, the Chief of the General Staff 

(who was exposed as a coup conspirator) had the technical capability to launch the Soviet nuclear forces. 99 

1995               Black Brant       1995 Norwegian rocket launch    On January 25th, 1995, Russian President Boris 
Yeltsin had a most important decision to make.  He was brought into an emergency teleconference where he 
was apparently being told that an unknown missile was launched that could be the leading edge of a surprise 
U.S. nuclear attack.  The rocket was actually a Black Brant XII meteorological research rocket made in Canada 
and was being launched by the Norwegians to a very high altitude, one that initially had a threatening 
appearance to the Russians.  The next day, Yeltsin told a shocked audience that “I have indeed used yesterday 
for the first time my ‘little black case’ with a button that is always with me … I immediately contacted the 
Defense Ministry and all the military commanders that I require and we were following the path of this missile 
from beginning to end. … We had calculated that it would fall far from our shores.  We therefore didn’t shoot it 
down.”  Apparently, the missile had the appearance of a U.S. Trident Sea Launched Ballistic Missile (SLBM) and 
was launched from an area where these subs had operated. Many in the Russian military believed it could be a 
leading edge attack, such as an EMP attack and President Yeltsin could have pushed the nuclear button to 
authorize his military forces to use nuclear weapons in a counter-attack.  According to Dr. Peter Pry, “The crisis 

of January 25, 1995, was the single most dangerous moment of the nuclear missile age.” 100 

 
99 Sources:  (1) War Scare, Dr. P. Pry, pp. 69 - 85;  (2) http://en.wikipedia.org/wiki/Soviet_coup_attempt_of_1991  
100War Scare, Dr. P. Pry, pp. 228-230 and 235-236.  See also: http://www.nrk.no/nordland/_-aldri-vaert-naermere-

atomkrig-1.8005229 , The world has never been closer to nuclear war (translated), Feb 26, 2012;  

www.washingtonpost.com/wp-srv/inatl/longterm/coldwar/shatter031598a.htm , Cold-War Doctrines Refuse to Die 

by David Hoffman, Washington Post Foreign Service, March 15, 1998; Page A01.   
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The growing Chinese missile risk 

According to the U.S. Department of Defense (DoD), China has the most active and diverse ballistic 

missile development program in the world. They are developing and testing new offensive land and sea-

based missiles, forming new missile units, and developing methods to counter U.S. ballistic missile 

defenses. For example, China is adding the road mobile, 11,000+ km CSS-10 Mod 2 (DF-31A) to their 

Intercontinental Ballistic Missile (ICBM) force. This missile represents an assured second strike capability 

in that it can be hidden deep within the 3,000 miles of tunnels that protect their mobile ICBM force (as 

previously discussed in the subsection titled:  The ‘Great Underground Wall’ of China (China’s sheltering 

and tunnel programs)).  In addition, their future ICBMs are likely to be able to use Multiple 

Independently-targetable Reentry Vehicles (MIRVs). The number of Chinese ICBM nuclear warheads 

capable of reaching the USA could expand to well over 100 in the near future. Likewise, the new JL-2 

submarine-launched ballistic missile (SLBM) is also being deployed and represents a significant increase 

in the Chinese ability to have an assured second strike capability. 101 

In addition to what the U.S. DoD has said, a previous commander of Russia’s Strategic Rocket Forces 

(SRF), retired Colonel General Viktor Yesin reportedly stated:  “there are probably 1,600 to 1,800 

warheads in the Chinese nuclear arsenal … According to assessments, 800 to 900 warheads from this 

number may be operationally deployed, with the rest in long-term storage.”   102  Yesin also stated that 

his estimate: “shows that the nuclear capability of China is clearly underestimated. … It is substantially 

greater than assessed by the Western expert community.” 103  And while many Western experts dismiss 

Yesin’s estimates of the number of Chinese warheads, Representative Mike Turner, the Chairman of the 

House Armed Services Strategic Forces Subcommittee reportedly said “we don’t know” how many 

warheads the Chinese have. 104  He also said:  “Russia has 4,000 to 6,500 warheads, and China is 

reported to have more than 300 — though no one outside of the Chinese Communist Party knows for 

sure. Both of these countries — as well as India, Pakistan (building a stockpile expected to soon surpass 

Britain), Britain herself, France, North Korea and, perhaps soon, Iran — have active nuclear weapons 

modernization programs. Only the U.S. does not.” 105 

Whether or not China has 300 or 3,000 warheads, the bottom line is that China has enough nuclear 

warheads and delivery vehicles to kill over 200 million North Americans and is rapidly expanding its 

nuclear capabilities in terms of quantity, quality, survivability, and types of delivery platforms. 

 
 
101 NASIC-1031-0985-13, Ballistic and Cruise Missile Threat,  report was prepared by the National Air and Space 

Intelligence Center with significant contributions from the Defense Intelligence Agency Missile and Space 

Intelligence Center and the Office of Naval Intelligence, 2013, p. 3.  
102 Yesin is quoted in the article:  “Ready To Launch” by Bill Gertz, The Washington Free Beacon, August 21st, 

2012, http://freebeacon.com/ready-to-launch/  
103 Yesin is quoted in the article:  “Szechuan Surprise” by Bill Gertz, The Washington Free Beacon, June 29 th, 2012, 

http://freebeacon.com/szechuan-surprise/  
104 Ibid.  See http://lewis.armscontrolwonk.com/archive/5460/yesin-on-chinas-nukes and 

http://blogs.fas.org/security/2011/12/chinanukes/ for a countering viewpoints to Yesin’s assessments. 
105 http://turner.house.gov/news/documentprint.aspx?DocumentID=283813, A Call for Caution in Cutting Nuclear 

Arms, Michael Turner, March 8th, 2013.  
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For example, according to the DoD, China is strengthening its strategic nuclear deterrent force with the 

development and deployment of new strategic nuclear weapons. The DoD reported in 2013:   

“China retains a relatively small number of nuclear armed, liquid-propellant CSS-3 limited range 

ICBMs and CSS-4 ICBMs capable of reaching the United States. It is also modernizing its nuclear 

forces by adding more survivable, road-mobile delivery systems. Both the road-mobile, solid-

propellant CSS-10 Mod 1 and the longer range CSS-10 Mod 2 ICBMs have been deployed to units 

within the Second Artillery Corps. The CSS-10 Mod 1 is capable of reaching targets throughout 

Europe, Asia, and parts of Canada and the northwestern United States. The longer range CSS-10 

Mod 2 will allow targeting of most of the continental United States. China may also be 

developing a new road-mobile ICBM capable of carrying a MIRV payload, and the number of 

warheads on Chinese ICBMs capable of threatening the United States is expected to grow to well 

over 100 in the next 15 years.  106 … The CJ-10 (DH-10) is the first of the Chinese Changjian series 

of long-range missiles and LACMs. It made its public debut during a military parade in 2009 and 

is currently deployed with the Second Artillery Corps. 107  … China is producing technologically 

advanced ballistic missiles and has sold ballistic missile technology to other countries. China has 

an extensive theater missile program and has deployed a large force of ballistic missiles in the 

vicinity of Taiwan. China is expanding the reach of this force to attempt to prevent foreign 

powers from becoming involved in any future regional conflict. China can already target the 

United States with a relatively small force of ICBMs. Its ICBM force will grow quantitatively and 

qualitatively.108 China currently has a single XIA Type 092 Class SSBN that is intended to carry 12 

CSS-NX-3/JL-1 missiles. In addition, China will deploy the new CSS-NX-14/JL-2 SLBM on new 12-

tube JIN Class SSBNs. This missile will, for the first time, allow Chinese SSBNs to target portions of 

the United States from operating areas located near the Chinese coast.” 109   

“China’s official policy on nuclear weapons continues to focus on maintaining a nuclear force 

structure able to survive an attack and respond with sufficient strength to inflict unacceptable 

damage on an enemy. The new generation of mobile missiles, with warheads consisting of 

MIRVs and penetration aids, are intended to ensure the viability of China’s strategic deterrent … 

China has consistently asserted that it adheres to a “no first use” (NFU) policy, stating it would 

use nuclear forces only in response to a nuclear strike against China. … PLA Underground 

Facilities. China maintains a technologically advanced underground facility (UGF) program 

protecting all aspects of its military forces, including C2, logistics, missile, and naval forces. Given 

China’s NFU nuclear policy, China has assumed it may need to absorb an initial nuclear blow 

while ensuring leadership and strategic assets survive. … China determined it needed to update 

and expand its military UGF program in the mid to late 1980s. This modernization effort took on 

a renewed urgency following China’s observation of U.S. and NATO air operations in Operation 

 
106 NASIC-1031-0985-13, Ballistic and Cruise Missile Threat,  report was prepared by the National Air and Space 

Intelligence Center with significant contributions from the Defense Intelligence Agency Missile and Space 

Intelligence Center and the Office of Naval Intelligence, 2013, pp. 18-19.  
107 Ibid, p. 27.   
108 Ibid, p. 30-31. 
109 Ibid, pp. 22-22.  
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Allied Force and of U.S. military capabilities during the 1991 Gulf War. A new emphasis on 

“winning hi-tech battles” in the future precipitated research into advanced tunneling and 

construction methods. These military campaigns convinced China it needed to build more 

survivable, deeply-buried facilities, resulting in the widespread UGF construction effort detected 

throughout China for the last decade. … Land-Based Platforms. China’s nuclear arsenal currently 

consists of approximately 50-75 ICBMs, including the silo-based CSS-4 (DF-5); the solid-fueled, 

road-mobile CSS-10 Mods 1 and 2 (DF-31 and DF-31A); and the more limited range CSS-3 (DF-4). 

This force is complemented by liquid-fueled CSS-2 intermediate-range ballistic missiles and road-

mobile, solid-fueled CSS-5 (DF-21) MRBMs for regional deterrence missions. By 2015, China’s 

nuclear forces will include additional CSS-10 Mod 2 and enhanced CSS-4 ICBMs. Sea-Based 

Platforms. China continues to produce the JIN-class SSBN, with three already delivered and as 

many as two more in various stages of construction. The JIN-class SSBNs will eventually carry the 

JL-2 submarine-launched ballistic missile with an estimated range of 7,400 km. The JIN-class and 

the JL-2 will give the PLA Navy its first long-range, sea-based nuclear capability. After a round of 

successful testing in 2012, the JL-2 appears ready to reach initial operational capability in 2013. 

JIN-class SSBNs based at Hainan Island in the South China Sea would then be able to conduct 

nuclear deterrence patrols.” 110 

According to a 31 October report in the Washington Times,111 China’s state-run media outlets 

like China Central TV and the Global Times, the People’s Daily, etc., ran identical articles on 

China’s ability to strike U.S. cities using Sea Launched Ballistic Missiles (SLBMs).  These Chinese 

news reports from October 28th, 2013 included maps of the USA and showed targeted cities, 

especially on the East and West coasts, and also showed how fallout from the attack could 

stretch from the West Coast as far as Chicago. The Global Times reportedly stated:  

 “The 12 JL-12 nuclear warheads carried by one single Type 094 SSBN can kill and wound 5 

million to 12 million Americans … Because the Midwest states of the U.S. are sparsely populated, 

in order to increase the lethality, our nuclear attacks should mainly target the key cities on the 

West Coast of the United States, such as Seattle, Los Angeles, San Francisco, and San Diego … If 

we launch our DF 31A ICBMs over the North Pole, we can easily destroy a whole list of 

metropolises on the East Coast and the New England region of the U.S., including Annapolis, 

Philadelphia, New York, Boston, Portland, Baltimore and Norfolk, whose population accounts for 

about one-eighth of America’s total residents … Our JL-2 SLBMs have become the fourth type of 

Chinese nuclear missiles that threaten the continental United States, after our DF-31A, DF-5A 

and DF-5B ICBMs.” 112 

 

 
110 ANNUAL REPORT TO CONGRESS, Military and Security Developments Involving the People’s Republic of 

China 2013, Office of the Secretary of Defense, pp. 29-32. www.defense.gov/pubs/2013_china_report_final.pdf    
111 http://www.washingtontimes.com/multimedia/image/10312013_china-nuke-strike8201jpg/ and Inside China: 

Nuclear submarines capable of widespread attack on U.S., by Miles Yu, October 31st, 2013, Washington Times.  
112 Quotes from Global Times reported in:  Ibid and http://freebeacon.com/radio-silence/ Radio Silence, Bill Gertz, 4 

Nov. 2013.   

http://www.defense.gov/pubs/2013_china_report_final.pdf
http://www.washingtontimes.com/multimedia/image/10312013_china-nuke-strike8201jpg/
http://freebeacon.com/radio-silence/
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The map below is similar to one that originally appeared on China’s state-run media outlets in 

October of 2013. 113   This map shows:  (1) some cities in the USA that are reportedly targeted 

by the Chinese and (2) how just one Chinese nuclear submarine could kill or injure from 5 to 12 

million people with SLBMs and the resulting blast and fallout. The red explosions on the map 

shows some of the cities that were mentioned by the Chinese and the yellow fallout patterns 

that could arise from an attack on a few West Coast cities.  The Department of Defense and the 

Department of State declined to comment on the sobering maps, similar to the one below. 114  

Figure 13.  Map of some U.S. cities reportedly targeted by the Chinese military   

 

 

Russian and other Intercontinental Ballistic Missile (ICBM) threats 

This subsection will provide a brief overview of the current ICBM threats to North America.  As previous 

subsections have covered much of the Chinese and North Korean ICBM threats, this subsection’s text 

will focus on the Russian ICBM threat; however, the table that follows will compare all current ICBM 

threats.  

 

 
113 http://www.washingtontimes.com/multimedia/image/10312013_china-nuke-strike8201jpg/ and Inside China: 

Nuclear submarines capable of widespread attack on U.S., by Miles Yu, October 31st, 2013, Washington Times.  
114  http://freebeacon.com/radio-silence/ Radio Silence, Bill Gertz, 4 Nov. 2013. 

© 2013 Kevin Briggs 

http://www.washingtontimes.com/multimedia/image/10312013_china-nuke-strike8201jpg/
http://freebeacon.com/radio-silence/
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The Russian ICBM threat and the New Strategic Arms Reduction Treaty 

The DoD reports the following concerning the current Russian ICBM threat: 115 

Russia retains about 1,200 nuclear warheads on ICBMs. Most of these missiles are maintained on 

alert, capable of being launched within minutes of receiving a launch order. Although the size of 

the Russian ICBM force will continue to decrease because of arms control agreements, aging 

missiles, and resource constraints, Russia probably will retain the largest ICBM force outside the 

United States. Efforts to maintain and modernize the force are underway. Russia successfully 

tested a new type of mobile ICBM in 2012 according to Russian press reports. The Russian SS-27 

Mod 1 ICBM, a missile designed with countermeasures to ballistic missile defense systems, is 

now deployed in silos in six regiments. Russia began deployment of the road-mobile version of 

the SS- 27 Mod 1 in 2006. A MIRV version of the SS-27, the SS-27 Mod-2 (RS-24), was deployed in 

2010.  In addition, Russian officials claim a new class of hypersonic vehicle is being developed to 

allow Russian strategic missiles to penetrate missile defense systems, and the Russian press has 

indicated deployment of a new rail-mobile ICBM is being considered. Furthermore, Russia has 

stated that a new heavy liquid-propellant ICBM is under development to replace the aging SS-18. 

Russia’s goal is to begin its deployment in the 2018-2020 timeframe. 

In 2011, the New Strategic Arms Reduction Treaty, which limits the United States and Russia to 

no more than 1,550 warheads each (including those on ICBMs, SLBMs, and heavy bombers), 

entered into force.  

The overall ICBM threat to North America 

The following chart (from DoD/NASIC) and table provide some comparisons between threat ICBMs.   

 

 

 

 

 

 

 

 

 
115 Ballistic Missile and Cruise Missile Threat, NASIC, DIA Missile and Space Intelligence Center, and the Office 

of Naval Intelligence, NASIC-1031-0985-13, 2013, p. 18.  
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Table 21.  Selected Intercontinental Ballistic Missile (ICBM) threat characteristics 

 

Sources 116 

 
116 Sources:  (1) http://en.ria.ru/military_news/20131003/183922417/Russia-to-Test-Launch-Newest-ICBM-by-

Year-End--Industry-Official.html Russia to Test Launch Newest ICBM by Year-End – Industry Official, 3 Oct 2013, 

RIA Novosti; (2)  Ballistic Missile and Cruise Missile Threat, NASIC, DIA Missile and Space Intelligence Center, 

and the Office of Naval Intelligence, NASIC-1031-0985-13, 2013, p. 21; (3) multiple Wikipedia articles  

Missile 
NATO name  
(State name) 

Number 
of stages 

Warheads 
per missile 
(and yield) 

Propellant 
Deployment 

Mode 

Max 
Range 
(km) 

Number of 
Launchers* 

Russia 

SS-18 Mod 5 

(R-36 / P-36) 
2 + PBV 

10 (w/ penaids) 
(550–750 kT) 

Liquid Silo 10,000+ About 50 

SS-19 Mod 3 

(UR-100N) 
2 + PBV 

6 
(550 kT) 

Liquid Silo 9,000+ About 50 

SS-25 (RT-2PM 

Topol) 
3 + PBV 

1 
(800 kT) 

Solid Road mobile 11,000 
More than 

150 

SS-27 Mod 1 

(Topol M) 
3 + PBV 

1 
(800 kT) 

Solid 
Silo & road 

mobile 
11,000 About 80 

SS-29 Mod-2 

(RS-24 Yars) 
3 + PBV 

4 to 10 MIRVs 
(100 – 300 kT) 

Solid 
Silo & road 

mobile 
11,000 About 20 

New ICBM 

(Rubezh  

RS-26) 
At least 2 Undetermined Solid Road mobile 5,500+ 

Not yet 
deployed 

China 

CSS-3 

(DF-4) 
2 

1 
(3,000 kT) 

Liquid 
Transportable 
(via tunnels) 

5,500+ - 
7,000 

10 to 15 

CSS-4 Mod1 

(DF-5) 
2 

1 
(3,000 kT) 

Liquid (1 hr 
to fuel) 

Silos (initially 
in tunnels) 

12,000+ About 20 

CSS-10 Mod 1 

(DF-31) 
3 

1 (1 MT) 
3 (150 kT) 

Solid Road-mobile 7,000+ 5 to 10 

CSS-10 Mod 2 

(DF-31A) 
3 

1 (1 MT) 
3 (150 kT) 

Solid Road-mobile 11,000+ More than 15 

North Korea 

Taepo Dong-2 2 or 3 1 Liquid Fixed 5,500+ Unknown ** 

Hwasong-13 

{aka KN-08} 
Unknown Unknown Unknown Road-mobile 5,500 Unknown 

Legend     Note:  All ranges are approximate      Derived from multiple open sources. © 2013 Kevin Briggs 
*   The missile inventory may be much larger than the number of launchers; launchers can be reused to fire additional missiles. 

**  Launches of the TD-2 space vehicle have been observed from both east and west coast facilities.    

http://en.ria.ru/military_news/20131003/183922417/Russia-to-Test-Launch-Newest-ICBM-by-Year-End--Industry-Official.html
http://en.ria.ru/military_news/20131003/183922417/Russia-to-Test-Launch-Newest-ICBM-by-Year-End--Industry-Official.html
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Figure 14.  Russian SS-25 Road Mobile Intercontinental Ballistic Missile (ICBM) 

 

Graphics derived from DoD sources.  © 2013 Kevin Briggs 

 

 

Left:  Russia has over 150 SS-25 ICBMs, 

like the one pictured here, that could 

be targeted against N. America (photo 

courtesy of DoD/NASIC). 

Below:  The graphic below shows how 

a Transporter Erector Launcher (TEL) is 

in the process of preparing to launch 

the SS-25 missile (Source:  DoD) 

It is important to note that while 

Russia, China, and possibly North 

Korea have a survivable second strike 

mobile ICBM force, like the SS-25 

depicted here, the USA only has less 

survivable silo-based Minuteman-III 

ICBMs.  Our nuclear triad relies on 

submarine SLBMs for survivability.   
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Russian and other Sea Launched Ballistic Missile (SLBM) threats 

The U.S. Department of Defense reports the following concerning the Russian SLBM threat in 2013:117 

Russia maintains a substantial force of nuclear powered ballistic missile submarines (SSBNs) with 

intercontinental-range missiles. Russia is developing new and improved SLBM weapon systems 

to replace its current inventory of Cold War vintage systems. Upgraded SS-N-23s are intended to 

replace older SS-N-23s on DELTA IV Class SSBNs. The SS-NX-32/Bulava is a new solid-propellant 

SLBM that is primarily intended for deployment on new DOLGORUKIY class SSBNs. Russian 

SLBMs are capable of launch from surfaced and submerged SSBNs from a variety of launch 

locations. 

The previous section titled “The growing Chinese missile risk” on page 85 described the evolving Chinese 

SLBM threat and provided a map that depicts how Chinese SLBMs could strike the West Coast. The 

Chinese SLBM is expected to grow considerably over the next few years with the new 094 Class of SSBN 

and it JL-2 SLBMs.  The Figure below and the chart that follows provides a comparison/overview of the 

current Russian and Chinese SLBM threat systems (and is derived from DoD/NASIC + other open 

sources).  

Figure 15.  Russian and Chinese Sea Launched Ballistic Missiles (SLBMs) Compared   

 

 

  

 
117 Ballistic Missile and Cruise Missile Threat, NASIC, DIA Missile and Space Intelligence Center, and the Office 

of Naval Intelligence, NASIC-1031-0985-13, 2013, p. 22. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

93 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Table 22.  Russian and Chinese Sea Launched Ballistic Missile (SLBM) threats 

 

Sources 118 

Figure 16.  Russian Delta IV and Chinese Jin submarines 

(Left: Jin) 

(Right:  

Delta IV) 

 
118 Sources: (1) http://en.ria.ru/infographics/20130918/183554135/Timeline-of-Bulava-Missile-Launches.html , 

Timeline of Bulava Missile Launches, RIA Novosti, 10/11/2013, Editor:  Alexey Timarkov; (2) Ballistic Missile and 

Cruise Missile Threat, NASIC, DIA Missile and Space Intelligence Center, and the Office of Naval Intelligence, 

NASIC-1031-0985-13, 2013, p. 21; (3) multiple Wikipedia articles on subs and missiles and (4) the OSD website.  

Missile 
NATO name  
(State name) 

Number 
of stages 

Warheads 
per missile 
(and yield) 

Propellant 
Sub. Class 
(active #) 
# of tubes 

Max 
Range 
(km) 

Number of 
Launchers* 

Russia 

SS-N-18  

(Vysota 

R-29) 
2 + PBV 

3 (200 kT) or 7 
(100 kT) 
MIRVs  

Liquid 
Delta III  

(5 active) 
16 tubes/sub 

5,500+ 80 

SS-N-23 

(Sineva 

R-29RMU also 

RSM-54) 

3 + PBV 
4 to 10 MIRVs 

(100 kT) 
Liquid 

Delta IV 

(6 active) 
16 tubes/sub 

8,000+ 96 

SS-NX-32 

(Bulava  

RSM-56) 
3 + PBV 

6 to 10 with 
100 – 150 kT 

Solid 

Dolgorukiy 
{Borey aka 
Borie class} 
(1 active) 

16 tubes/sub 

8,000+ 16 

SS-NX-32 

(Bulava  

RSM-56) 
3 + PBV 

6 to 10 with 
100 – 150 kT 

Solid 
Typhoon 

20 tubes/sub 
8,000+ 20 

China 

CSS-NX-3 (JL-

1) 
2 

1 with 200 – 
3000 kT (alt: 

 4 – 10 MIRVs) 
Solid 

Xia  
[Type 092] 

12 tubes/sub 
1,700+ 12 

CSS-NX-14 

(JL-2) 
3 

1 at 250 kT 
(MIRV variant 

possible) 
Solid 

Jin [Type 094] 
(3 active) 

12 tubes/sub 

7,000+ 
(14,000 
alt view) 

36 

Legend     Note:  All ranges are approximate       Derived from multiple open sources.© 2013 Kevin Briggs 

http://en.ria.ru/infographics/20130918/183554135/Timeline-of-Bulava-Missile-Launches.html
http://upload.wikimedia.org/wikipedia/commons/8/83/Submarine_Delta_IV_class.jpg
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Implications of nuclear risks, policies and capabilities 

The preceding sections have shown that there are a growing set of nuclear threats against 

North America, particularly from Russia, China, North Korea and Iran.  The following table 

provides a summary of some of the nuclear risks we face and a capabilities comparison.   

Table 23.  Comparison of USA, Russian, Chinese, and North Korean nuclear defenses 

 

Evaluation criteria USA Russia China North Korea 
1. Effectively protect significant % of 

public with local blast shelters if 
timely warning of nuclear attack? 

No Yes Yes Yes 

2. Effectively protect significant % of 
public with local fallout shelters? 

No Yes Yes Yes 

3. Extensive missile defense 
program to protect nation’s 
capital and cities/public against 
superpower ICBMs/SLBMs? 

No Yes 
Not 

assessed 
Not  

assessed 

4. Extensive missile defense 
program to protect nation’s 
capital and cities/public against 
polar-orbited satellite weapons? 

No 
Not  

assessed 
Not 

assessed 
Not  

assessed 

5. Extensive missile defense 
program to protect nation’s 
cities/public against ship/sub 
coastal-launched SRBM/IRBMs? 

No Yes 
Not 

assessed 
Not  

assessed 

6. Program to protect civilian 
infrastructures against EMP? No Yes 

Not 
assessed 

Not  
assessed 

7. Assured ICBM second strike 
deterrence using mobile missiles 
with tunnels/bunkers? 

No Yes Yes Developing 

© 2013  Kevin Briggs 

 

Another important implication of the foregoing sections is that the USA is “inviting attack” by: 

1. Remaining very vulnerable to an EMP attack from either: Russia, China, North Korea, 

Iran, or Pakistan, etc.  [putting over 200 million lives at risk] 

2. Having most of our nuclear force (ICBMs and nuclear bombers) very vulnerable to a 

surprise (or preemptive) nuclear attack from Russia  

3. Being very vulnerable to a missile attack against our cities from off of the coasts, over 

the poles, or from any modern ballistic missile with missile defense countermeasures 
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In addition, it was shown that on several occasions in the past, we’ve come close to the brink of 

nuclear war with Russia. In future editions of this book, I hope to go into more details about 

some incidents that have occurred in the past two decades.  But for now, given our past, I think 

it is safe to say that North America is very likely to experience one or more of the following in 

the near future:  nuclear war, nuclear terrorism (with an improvised nuclear device or a tactical 

nuclear warhead obtained from a nuclear weapon capable state), or a major nuclear power 

plant incident (whether due to an accident, terrorism, or war).    

The remainder of this book will examine three nuclear scenarios of concern: 

1. Nearby nuclear weapon detonations (at ground level) 

2. Nuclear weapon created Electromagnetic Pulse (EMP) attacks, especially from high 

altitude EMP (HEMP) bursts 

3. Nuclear power plant disasters 

My hope is that these following sections will (1) help the reader to understand these threats 

and (2) be empowered to know how to appropriately prepare and respond to these risks.   

Finally, the preceding sections showed that one should not put their hopes on the U.S. ballistic 

missile defense program or any remnant of the old fallout shelter civil defense programs to 

protect themselves.  In general, if you want to protect your loved ones in the near-term, you 

will need to take personal action to do so.  In the future, I hope to write more about what the 

U.S. and other governments can do to effectively use tax dollars to help protect their respective 

publics (see my earlier section on How we can improve our National Missile Defense for some 

initial recommendations).  In the meantime, until our current “MAD” and “SAD” status is 

replaced with “SANE” capabilities, I believe the likelihood of a major nuclear disaster in the near 

future requires the public to take it upon themselves to:  (1) understand their risks, and (2) 

make responsible, near and long-term preparations.  
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These two pictures are from an 

actual U.S. nuclear burst 

where a “test” home (not 

occupied) was struck within 

seconds of the detonation. 

Scenario 1: A nearby nuclear 

weapon detonation   
What to do if you are near the detonation site 

o Quickly look away from the bright blast and fireball 

• Flash blindness:  this typically lasts for less than 2 minutes during the day and 
less than 35 minutes at night; rarely, it can last for hours or be permanent i 

o Seek cover:  You may only have a few seconds before the blast waves arrive  

• Avoid windows, as the glass can shatter and become sharp missiles 

o You don’t want to be standing when the blast waves arrive  

• If you are standing, you are likely to be blown/tossed violently by the blast wind 

o Lay flat and facedown (on the ground or floor) with your feet pointed toward the blast  

 

• This  action can increase your chance of survival by about 50% in some cases ii 

o Cover skin to reduce burns; heat radiates for 10 to 40+ seconds with large weapons iii 

o Brace for debris and glass to be blown over/past you (even with a low yield weapon it 
can take over 10 seconds for the blast wave to arrive that shatters windows, etc.) iv 

o Remain flat until: (1) the blast wave passes over you or (2) two minutes have passed   

• Be patient; a dangerous blast wave may take up to 100 seconds to reach you 
from the largest weapons (about 5 megatons) in today’s nuclear arsenals v     

• If close to the burst, you may experience two closely spaced waves; further out, 
the blast combines into a single wave; these waves last only a few seconds 

• If you are close to the burst, the blast can travel faster than the speed of sound 

 

Lay flat with feet toward the blast; 

cover your face with your hands or 

some other object 

 
 © 2012  Kevin Briggs 
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What to do immediately after the blast waves have passed 

Protect your lungs from dust/smoke with a mask or clothing   

o Be careful not to breathe in hazardous dust/smoke. Cover your mouth and nose with an 
mask (e.g. N95) or your shirt or tie or any other cloth while you seek adequate shelter  

• I recommend you have ready access to a flat N95 mask in your purse, glove 
compartment, back pocket, place of school or business, and shelter areas 

• A well-fitting N95 mask can help protect you in many scenarios in addition to 
nuclear fallout, such as with a fire where smoke inhalation can lead to death 

• For best results, use an N95 mask with two straps and a chin-twist to help seal 
the mask to your face.  One-strap paint or surgical masks do not work as well. A 
HEPA mask also works very well, depending on its fit, but it is more expensive, 
harder to store, and doesn’t provide significantly more protection from fallout.  
See below for pictures of a good N95 mask that can be stored in a pocket, purse, 
or glove compartment, but fits most face sizes, from a child to an adult (one of 
my daughters is showing how to put this mask on and tighten the chin twist!). 

 

 

 

 

 

 

 

 

 

Remove dangerous dust and fallout from your body 

o Remove blast or fallout dust from your body before going into your 
shelter area by: (1) changing clothes [best method] or (2) by brushing 
(with a broom, etc., as the photo shows after an actual nuclear test), 
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shaking, and/or wiping them down [less effective]; however, cover your mouth and 
nose while you do this. Be sure to remove your contaminated shoes!  If you remove just 
your outer layer of clothes, you can remove up to 90% of the dangerous dust/fallout.  If 
you change clothes, place the contaminated clothes far away from your shelter in a 
plastic bag.  If possible, pre-store a set of clothes/shoes in or near your shelter. vi  See 
the Section on Fallout for more details. 

o If you don’t have running water, but you do have “baby wipes” or an equivalent item, 
you can use these to remove additional dust and fallout from your body/clothes.     

o If you have running water still and were exposed to significant dust or fallout, it is a 
good idea to take a quick shower in a relatively safe area (note: a 
bath is not as good, but can be used too), wash your hair, and 
change clothes to avoid contaminating your shelter area. (Note: If 
you don’t have plenty of drinking water already stored, it may be 
more important to fill containers with water first).  

• Soap and shampoo will help remove decontaminants 

• Avoid using hair conditioners, as this can cause fallout to 
remain in your hair  vii 

Seek shelter from fallout and any subsequent nuclear bursts  

o Most people can survive fallout and subsequent bursts if they find adequate shelter. See 
the Section on Fallout  for more details.  

o If you are far enough away from the initial blast that windows haven’t shattered, you 
should have over 10 minutes to seek shelter before dangerous fallout begins to arrive. If 
you are in the area where windows shattered, then dangerous fallout may begin within 
a few minutes of the time of detonation. Fallout is easily seen on a clear day. viii 

o If available, a basement is usually the safest shelter area in the aftermath of a nuclear 
blast, as the earth around the basement helps to block the radiation from fallout.   

o If no basement is available, it is usually best to go as far as you can into the interior of a 
building (preferably, a tall brick or concrete building).  See the diagrams on the next 
page to help you know where the best sheltering options are.   

o You should remain sheltered inside of a building for at least 2 days if you are within the 
prime fallout zone (which can extend for over 20 miles from the blast point) ix  

• About 80% of dangerous fallout occurs during the first 24 hours x 

• Fallout gamma (γ) radiation becomes much less dangerous over time 

1. In just 7 or 8 hours, the γ radiation is about 1/10th as dangerous 

2. In about 2 days, the γ radiation is about 1/100th as dangerous 
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~40 PF if sitting in lower corner 
(if outside soil to top of wall, 
and not sit near window) 

46 - 62 PF if sitting in lower 
corner (if outside soil to top of 
wall, and not sit near window) 

2 3 2 

10 

Safest  

Places 

2 
8 

2 

22 

Protection Factors 
1 to 4 = Poor (1 = no protection) 
5 to 9 = Inadequate if significant fallout 
10 to 39 = Adequate for most fallout 
40 and above = Good fallout protection 

2 2 5 

Soil Soil Soil 

40 40 54 54 

Fallout Fallout 

Gamma radiation = γ 

γ

γ 
γ γ 

γ γ γ 
γ

γ 

γ

γ 

γ

γ 

γ 

γ 

γ 

γ 

γ 

γ 
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γ

γ 

o The effectiveness of a shelter location is measured by its Protection Factors (PF).  The 
higher the Protection Factor (PF), the better.  For example, a PF = 2, means that this 
location provides twice the γ radiation protection you would have experienced if you 
were standing outside without protection.  A PF = 10 means you would receive 1/10th 
the amount of γ radiation you would have received if you stayed outside.    

 

 

 

 

 

 

Source: Lawrence Livermore National Lab:  LLNL-TR-512111 xi  
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o Cars and trucks don’t provide adequate protection from fallout and are an unreliable 
means for getting to a shelter (typically providing a PF = 2 or less).  In addition, there is a 
fair chance that your vehicle will not function properly after a blast due the effects of 
EMP.  Even if your vehicle does 
function properly, you are likely 
to get delayed because of:  
traffic control malfunctions, 
dust and debris, accidents due 
to drivers either panicking or 
experiencing flash blindness, 
people abandoning their 
vehicles to seek shelter, 
etcetera. Hence, it is strongly 
recommended that you leave 
your vehicle and seek shelter in 
the best available nearby 
building for two days, or until 
advised that it is safe to evacuate or return to your home.  Even if fallout has begun, it is 
better to leave your vehicle and seek shelter if it is nearby, as the brief (few minutes) of 
exposure to fallout is better than a long exposure to fallout in your vehicle.    

Should you attempt to pick up your children or other loved ones from school, daycare, etc.?   

o It is best to come up with a plan before any emergency on how to care for loved ones 

o If you know your loved ones are being safely sheltered 
at school, daycare, etc., you should avoid leaving your 
shelter area to venture out into dangerous fallout  

o If you have children in a school or daycare, the school 
staff should have plans, supplies, and adequate shelter 
for them for at least one day.  However, many 
organizations are not prepared. Hence, you will want 
to understand and check up on the following seven things: 

 1.  Do they have plans/training to shelter your loved ones for at least 24 hours? 

 2.  Do they know the best shelter areas to avoid radiation hazards? 

 3.  Where exactly would your loved ones be sheltered from radiation? 

 4.  Do they have food, water, and medical supplies [like insulin, epinephrine]?  

 5.  Do they have potassium iodide (KI) pills or solution to immediately give to   

  your children or young adults to avoid radioactive iodine poisoning? 

 6.  If they must evacuate, where will they go?  Answer: __________________ 

 7.  How will they communicate with you about the status of your loved ones?  
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What to do after going into a shelter  

Take care of immediate medical needs  

o Once safely inside of your shelter, you should check everyone for any injuries, and 
provide first aid to those with the greatest needs   

• Treat those with life threatening medical needs first, such as those who have 
major bleeding or injuries like serious burns.  In addition, see Appendix D – 
Antidotes & Medical Kits for more information on the most dangerous radiation 
isotopes and how you can protect yourself from these using items readily 
available in stores.      

• Every shelter should have a first aid kit that includes supplies to treat people for 
major wounds, burns, and 
radioactive isotope poisoning.  See 
the Medical Kits section on page 
672 for a list of suggested supplies 
for use in a nuclear blast/radiation 
related emergency.   

Protecting yourself from radioactive iodine 

o After you have provided first aid to those 
injured by the detonation, you should 
consider reducing your risk to radioactive Iodine in the Fallout (see page 349 for more 
details) or post-detonation radioactive plume. The best method for reducing your risk to 
radioactive iodine is by immediately taking KI pills or liquid (or by using other radioactive 
iodine risk reduction actions described below) based on health authority guidance.   

• While there are many radiation isotopes that can cause harm in the aftermath of 
a nuclear detonation, one that is a particularly risk and that requires immediate 
protective actions is radioactive iodine (Iodine 131 or simply I-131).  I-131 is a 
radioactive gas that is a product of the nuclear weapon detonations.  I-131 can 
travel in a dangerous invisible plume cloud out beyond 100 miles (160 
kilometers) of the burst point and can either be inhaled (less likely) or 
ingested/absorbed (more likely) by people.  I-131 is a particular risk for children, 
but can also be a risk to adults, especially those under 40 years of age.   

• Radioactive iodine has been a leading cause for tens of thousands of thyroid 
cancers and long-term health problems and deaths in the aftermath of previous 
years of above-ground nuclear weapons testing and during nuclear power plant 
accidents, like Chernobyl. xii  While the main risk of I-131 is to children and 
adolescents, there is also a small risk to adults under 40 for tens of miles from a 
nuclear detonation as well as to adults over 40 within 10 miles from ground zero. 
Delayed thyroid abnormalities were found among the inhabitants of the 
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Marshall Islands whose glands were subjected to internal exposure from 
radioiodines in fallout from US nuclear weapons testing in the Pacific, but only a 
small proportion were malignant. The frequency of thyroid cancer induced by 
radiation is estimated to be roughly 10 per rem per million of exposed adults, 
but substantially more for children.  xiii 

• Potassium Iodide (KI) pills or liquids can 
protect you and your family/friends 
from radioactive iodine threats in the 
immediate aftermath of a nuclear 
weapon detonation.  See the later 
section on Radioactive nuclides risk 
and half-lives that starts on page 656 
and follow the advice of your doctor 
and health authorities, if you can reach 
them.    

• If you don’t have KI pills or liquid, there are several other ways to receive 
protection from radioactive iodine.  For example, one way involves taking KI 
powder and mixing it in water to create your own protective solution (however, 
since few people have bought KI powder and KI powder is not usually found in 
stores, this option will only apply to those who prepare in advance).  The second 
alternative (less effective in that it is slower acting, but much more available in 
stores) is to rub a Povidone Iodine solution, (such as commonly found at stores 
like Walmart and sold as “First Aid Antiseptic”), or products like Betadine®, onto 
your bare skin.  Tests have shown that this will pass protective stable Iodine 
through your skin that can then block the uptake of dangerous radioactive iodine 
into your thyroid. xiv  Both of these solutions will be discussed in more depth in 
the Radioactive nuclides risk and half-lives that starts on page 656.      
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65 mg Potassium Iodide (KI) pills 
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Limit dust and smoke inhalation 

o If dust and/or smoke have entered your shelter, cover your mouth and nose with an 
N95 mask (as previously described on page 97) or other mask or cloth material (such as 
a scarf or handkerchief) until the air clears.  

• A small HEPA air cleaner (which can be found for under 
$100 at many department stores) can help you to 
quickly reduce smoke/dust in a shelter room as long as 
you have power.  [Note: The region around the burst 
may be without power for a long time due to 
Electromagnetic Pulse (EMP) damage to the grid.] 

Monitor your shelter building and surrounding areas for fires  

o Fires are another near-term threat directly after a nuclear blast.   
Several hundred fires can start within a few miles of the blast site as a 
result of nuclear weapons effects.xv  Fires can also be started further 
away, especially with large yield weapons (in the Megaton class), 
although these are less likely.  Hence, you should monitor your 
shelter building and the adjacent buildings very carefully for 
signs of fire and have plans to evacuate if necessary.  Having a 
few large, high quality fire extinguishers may save your home 
or shelter building.  Likewise, having some battery operated 
smoke detectors may be helpful in alerting you to a fire starting 
somewhere in your home or other shelter area.   

Avoiding plumes and the dangers of carbon dioxide (C02) poisoning 

o Shut off air conditioning, heating, or other ventilation systems and close and seal doors 
and windows in your shelter area until the radiation plumes have passed (radio or TV 
announcements, such as from the Emergency Alert System (EAS) may help you know 
when this has occurred).  Afterward, unseal the doors and windows to allow for air 
circulation and to avoid the dangers associated with carbon dioxide (CO2) poisoning.  

• While CO2 is not normally considered a danger like Carbon Monoxide (CO), it can 
still be a subtle killer. Be aware that if you do not have any ventilation in your 
sealed shelter space, this room may become quite dangerous after a few hours. 
The reason is due to trapped, exhaled air and its associated carbon dioxide. You 
should never exceed a CO2 percentage in a room by 3% and should aim to keep 
the CO2 level below 1% for long-term shelter stays. As an example, if you are in a 
room with 4 people that is 10 feet long and 10 feet wide with an 8 foot ceiling, 
you could reach this 3% level due to normal air exhalation within about 6 hours. 
You could begin to experience headaches, fatigue, dizziness, and/or nausea and 
a feeling that the air was stuffy, requiring a doubling of the breathing rate.xvi 
After a couple more hours, the level of CO2 could reach the 4% level which is 
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Carbon Dioxide Safe Stay Time [SST] in hours = [length x width x height 
of room in feet] x [.03] / [number of people in room] © 2012 Kevin Briggs 

 

Source: Mikael Häggström, 2009 

considered immediately dangerous to health and life by the National Institute for 
Occupational Safety and Health (NIOSH). A 30-minute exposure at 50,000 ppm 
(5%) produces signs of intoxication (www.cdc.gov/niosh/idlh/124389.html) and 
your breathing rate may go up to 4 times the normal rate.  Higher levels (6%+ of 
CO2) can lead to unconsciousness and death. To determine how long you can 
stay in an enclosed room without ventilation, the following conservative “rule of 
thumb” formula for permissible Safe Stay Time (SST) can be used.   

 

 

 

• This SST calculation assumes that you do not have any combustion sources in the 
room, such as lighted candles, that the room is cool, and that the room 
occupants are moving around the room, but not heavily exercising during their 
stay (if exercising during your “shelter” stay, you should at least double the 
number of people in your calculation from the actual number of people in the 
room). If your room is hot and/or humid, your SST may go down considerably, 
but not due to CO2 poisoning, but rather due to other factors to be discussed in 
the next paragraph on ventilation. And remember that while this SST provides a 
safe stay time, near the end of this time, the room air may feel stuffy or 
otherwise undesirable. For longer shelter stays, you will need ventilation. 

 

 

 

 

 

 

 

 

 

 

 

 

  

http://upload.wikimedia.org/wikipedia/commons/3/35/Main_symptoms_of_carbon_dioxide_toxicity.svg
http://www.cdc.gov/niosh/
http://www.cdc.gov/niosh/
http://www.cdc.gov/niosh/idlh/124389.html
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Provide adequate shelter ventilation  

o If you have an extended stay in a shelter area, you will probably need to have a source 
of ventilation for reasons beyond handling the CO2 problem.  In shelter studies 
conducted during the Cold War era, it was found that a general “rule of thumb” for the 
minimum “fresh” air required for each adult shelter occupant during extended shelter 
stays (for days to weeks) was about 2 cubic feet per minute (cfm) under cool conditions. 
This level of fresh air was needed to carry away CO2, moisture, and odors as well as to 
maintain a comfortable feeling in the shelters.  Hence, you should have as a minimum 
about 2 cubic feet per minute (cfm) of air for each adult.   Note that while the 2 
cfm/person limit is the minimum required based on maintaining CO2 limits below 1%, 
the U.S. Federal Emergency Management Agency (FEMA) and Department of Defense 
recommended minimum “fresh air” requirements for a well-insulated shelter is 3 cfm 
per adult (to obtain 0.5% CO2 limits) if the air outside the shelter was very cool (less 
than 45°F). However, for year-around planning, where your shelter could be hot and 
humid, you may need much more air, up to about 20 – 50 cfm per adult in the worst 
cases, not for CO2 concerns but rather to maintain acceptable temperatures.  Note that 
children require about ½ the amount of fresh air as adults.  Additional information on 
how to ventilate shelters adequately when air conditioning and electricity are not 
functioning is available through the online copy of the book, Nuclear War Survival Skills, 
by Cresson H. Kearny at www.oism.org/nwss/s73p917.htm .  

Avoid the dangers of Carbon Monoxide (CO), candles, lamps, grills, ovens, and generators 

o Carbon monoxide (CO), like the previously discussed Carbon Dioxide (see page 103) can 
be a silent killer in a shelter area.  CO is an odorless, colorless, poisonous gas that can 
cause sudden illness and death if present in sufficient concentration in the air.  CO is 
created by incomplete combustion organic matter, like wood or gas.  Each year, 
thousands of people die worldwide from this silent killer. During disasters or times when 
the power has gone out, many more people die from CO poisoning since they try to heat 
their home with grills or ovens or operate generators in living spaces.  

o Recommended additional reading: http://emergency.cdc.gov/disasters/co_guidance.asp  

o Immediately after a ground detonation of a nuclear weapon, there is likely to be 
widespread power outages surrounding the burst point.  These power outages can 
extend for days, weeks, and possibly longer in a major attack due to blast and 
electromagnetic pulse (EMP) effects. Hence you need to be careful how to appropriately 
use the following items to heat or light or power your shelter: 

• Candles:  Candles pose a risk due to both the open flame and the 
production of carbon monoxide (CO) and carbon dioxide (CO2). 
You can use candles to light/heat your shelter, but only if your 
shelter is well-ventilated.  Avoid using candles in your shelter 
while people are sleeping due to the fire risks.   

http://www.oism.org/nwss/s73p917.htm
http://emergency.cdc.gov/disasters/co_guidance.asp
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• Lamps:  Similar risks exist for lighted lamps as with candles.  Using 
a “hurricane lamp” is best to help avoid accidental fires, but it still 
poses additional risk due to CO and CO2, so should only be used in 
a well-ventilated shelter space.  

• Gas range, stove, or oven: Don’t use these to heat a home or 
business 

• Vehicles and gasoline motors:  Never leave the motor running in a vehicle (or 
other gasoline motors) parked in an enclosed or partially enclosed space, such as 
a garage, or within 20 feet of an open window, door, or vent (especially if these 
are downwind of the vehicle or motor) 

• Portable gas or diesel generators, grills, camp stoves, or other gasoline, 
propane, natural gas, or charcoal-burning devices should never be used inside 
an enclosed living space, such as a shelter or basement or even outside near an 
open window or window air conditioner. 

  

 

 

 

 

 

o  

o How to recognize CO poisoning:   

• Common symptoms of CO poisoning are headache, dizziness, weakness, nausea, 
vomiting, chest pain, shortness of breath, and confusion.  People who are 
sleeping or who have been drinking alcohol can die from CO poisoning before 
ever showing symptoms   

• Be especially concerned if the above symptoms occur 
without a fever 

o Use battery operated carbon monoxide detectors to help alert 
you to any danger 

o For more info:  www.cdc.gov/Features/COpoisoning  and 
www.epa.gov/iaq/co.html  

  

  

  

http://www.cdc.gov/Features/COpoisoning
http://www.epa.gov/iaq/co.html
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Stay sheltered until: (1) authorities say it is safe to come out or (2) 48 hours have passed 

o Most of the public will survive fallout if they stay sheltered for two days.  See the 
Section on Fallout on page 349 for more details. 

• As discussed earlier on page 98, the gamma fallout radiation levels should be 
reduced to about 1/100th of the initial fallout radiation after just two days 

• If your shelter is located in a dangerous location due to a potential building 
collapse or fire that is spreading, it is best to relocate to a safe shelter 
immediately.  Some brief exposure to even heavy fallout is survivable.  

• If you have an urgent need to leave a safe shelter, for example, to seek medical 
treatment, try to wait as long as possible (even a few hours can greatly reduce 
your risk from fallout).  You can reference the later section on Fallout, starting 
on page 349, to do a more complete assessment of the relative risk associated 
with venturing forth into fallout versus seeking medical help, etc.   Seek shelter 
again as soon as possible.   

• Most schools should have plans to shelter students for at least 24 hours; hence, 
if you are in a heavy fallout area, it is better to stay sheltered for at least 1 day 
versus picking up kids during a period of heavy fallout (see page 100 for 
questions you can ask in advance to ensure you know what the local school plans 
are).  

• Authorities may be able to determine that you can safely exit your shelter prior 
to the 48 hour point.  They will try to alert you with this information through the 
Emergency Alert System (EAS) on AM/FM radio and TV and by NOAA Weather 
Radio All Hazards on its separate radio channels, and by other alerting systems (if 
available after the attack).  Note that many of the radio and TV stations nearest 
to the blast point will likely be out of service due to blast and EMP effects.  The 
disruptive effects of EMP on radio and TV stations can extend out to over 100 
miles in some cases.  Thankfully, most battery powered radios and car radios will 
still work due to their inherent resilience to EMP, so you should scan the 
frequencies to see if you can find a surviving station to get information about the 
attack.  Satellite radio is also resilient against EMP effects; hence, if you have a 
Sirius XM battery-operated radio, it is likely to work after a ground-based nuclear 
detonation.  However, satellite radios may not be able to bring you the local 
radiation hazard alerts.   For more information on public alerting systems, please 
see:  http://transition.fcc.gov/pshs/services/eas/, www.fema.gov/emergency-
alert-system-eas , www.fema.gov/integrated-public-alert-warning-system , and 
http://www.nws.noaa.gov/nwr/ . 

 

 

http://transition.fcc.gov/pshs/services/eas/
http://www.fema.gov/emergency-alert-system-eas
http://www.fema.gov/emergency-alert-system-eas
http://www.fema.gov/integrated-public-alert-warning-system
http://www.nws.noaa.gov/nwr/
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o For situational awareness, every shelter should have at least one battery operated 
AM/FM radio (with extra batteries) or some other way to power the radio (such as a 
hand crank) since the commercial power is likely to go out for an extended time.  As a 
backup to an AM/FM radio, it is good idea to also have a battery powered radio capable 
of receiving NOAA weather radio alerts on hand (see the immediately preceding 
paragraph for more information).  

• Battery powered radios that are not connected to commercial power have a 
good chance of surviving any Electromagnetic Pulse (EMP) effects.   

• See the section titled:  Scenario 2: EMP risks to North America, for more 
information on how you can protect your electronics from EMP risks. 

Stay in the area of your shelter to minimize your exposure to radiation 

o See the diagrams on page 99 to gain a better understanding of where the safest areas 
are to shelter you from harmful radiation.   

• If you are in an above-ground shelter, you should stay away from the exterior 
walls and window areas and seek shelter in the part of the building that is the 
furthest away from fallout and has other natural shielding. 

• In basement areas, you should stay away from any window well areas or walkout 
areas and stay close to walls that have earth shielding.   Sitting along the 
basement wall away from the center of the basement area in a home will also 
maximize your protection from radiation, as long as there is earth shielding on 
the other side of the wall.  Corners of the basement with earth shielding on both 
walls is likely to be the best protection area.  Please refer to the home diagram 
at the bottom of page 99.  

Try to eat food and drink that were not exposed to radioactive fallout 

o You should pre-store food and beverages in or near your 
shelter, if possible. See the Sections on 
Fallout on page 349 and Appendix E – 
Water in nuclear emergencies on page 676 
for more detailed information.  

o If you live in or near a big city or other 
likely target area, you may be unable to 
get food and water for an extended 
period, possibly months or longer. 

o Food and water stored in covered 

 

Rice 
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containers should be safe.  Avoid local fresh food or water that has been exposed to 
fallout, unless absolutely necessary, as ingested radiation can cause serious internal 
damage to your body.      

If you are advised to evacuate: 

o In general, you should not try to evacuate after a nuclear weapon detonation unless it is 
necessary for your immediate survival, such as if your building is on fire or you have 
insufficient fallout protection.  See the Section of Fallout on page 349 for more details.  

o Many government officials are not well trained in how to quickly assess a nuclear 
weapon detonation situation and hence may provide bad advice related to evacuations 

o The risks associated with evacuation are many, and include: 

• Getting stuck on the roads due to traffic and debris   

• Being exposed to greater levels and types of radiation in a vehicle, versus 
remaining indoors where the risks are typically much less 

• Having to abandon your vehicle due to a loss of fuel or EMP disruption and then 
having to walk on foot to a safer location 

o Most authorities will not know how to advise you immediately due to the inherent 
difficulties of predicting where the fallout will travel 

• Fallout cannot be accurately predicted through just observing the direction of 
surface winds.  If you travel away from the estimated “downwind” fallout plume 
cloud originating from the detonation point (based on surface winds), you may 
find that you are actually traveling right into the region of heaviest fallout.  
Upper atmospheric winds (where the fallout is initially deposited) can travel in 
directions much different than surface winds.    

• However, if you must evacuate and don’t have other authoritative guidance, you 
should try to see where the debris cloud is traveling; but if that is not clearly 
defined, you should use surface winds as your “next best” method of guessing 
where the dangerous fallout will travel.  

• The government has programs that can predict the heaviest fallout areas, but 
the results of these predictions are heavily dependent upon unknown factors 
such as weapon type, yield, and burst height, and other complex conditions such 
as surface wind patterns, that are not typically predicted quickly.  

o If you are a safe distance from the initial blast and have adequate shelter, you should 
delay evacuating so that you don’t clog the roads and hence slow down those who truly 
need to rapidly evacuate from hazards nearer to the burst point. 

o Listen to the radio or television for information about evacuation routes, temporary 
shelters, and procedures to follow.  
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o Remember your neighbors may require special assistance, especially infants, elderly 
people, and people with disabilities.  

Go Kits 

o Take a Go Kit (that you hopefully have pre-made) with disaster supplies (such as a 
flashlight and extra batteries, battery-operated radio, first aid kit and manual, 
emergency food and water, nonelectric can opener, essential medicines, cash and credit 
cards, and sturdy shoes).   For more information on Go Kits_Go_Kits, see 
http://www.redcross.org/prepare/location/home-family/get-kit .  

o See also www.ready.gov/build-a-kit for more ideas about building disaster related kits. 

Pets and animals 

o The likelihood that your pets and animals 
will survive during a nuclear disaster are 
largely a result of the planning you do in 
advance.  This section summarizes 
information on caring for pets and animals 
found at sites like: 
www.redcross.org/prepare/location/home-family/pets , 
www.mbah.state.ms.us/emergency_programs/ki_vets.htm, and 
www.ready.gov/animals.  

• Bring your animals inside immediately once it is safe to do so. 

• If you must evacuate, take your pets and animals with you, if feasible.   Owners 
should be encouraged to purchase pet/animal carriers. 

• If you are going to a Red Cross or other public shelter, it is important to 
understand that it is unlikely that your animals will be allowed inside (note:  
service animals are allowed in Red Cross shelters, like dogs to assist visually 
challenged people).  

• Plan in advance for shelter alternatives; consider loved ones or friends outside of 
your immediate area who would be willing to host you and your pets/animals in 
an emergency. 

• If you have no alternative but to leave your pets or animals at home, there are 
some precautions you should take.  

1. Quickly place your animals inside of your home or barn before fallout 
arrives, if this doesn’t endanger yourself.  You should be able to see 
fallout arriving if it is during the day.  You should also be able to see it at 
night if you have a strong flashlight.   

2. If animals were exposed to fallout, quickly decontaminate them (via 
washing, or brushing, taking care not to inhale or expose yourself to 

http://www.redcross.org/prepare/location/home-family/get-kit
http://www.ready.gov/build-a-kit
http://www.redcross.org/prepare/location/home-family/pets
http://www.mbah.state.ms.us/emergency_programs/ki_vets.htm
http://www.ready.gov/animals
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dangerous fallout).   See the decontamination guidance provided earlier.  
See also the Fallout section later in this report.  You should be monitoring 
your accumulated total dose and keep it at below 50 rads, if you have a 
safe shelter to go to prevent your total accumulated dose below 150 rads 
in the first week. xvii  

3. Don’t put them on a leash or chain outside (or inside). Don’t leave your 
animals outside to suffer the effects of any fallout radiation. 

4. Confine your pet to a safe area inside your home or barn, etc.   Place your 
animals in the basement or inner part of your home or barn.  This helps 
to minimize their radiation risks. 

5. Remove the toilet tank lid, raise the seat and brace the bathroom door 
open so they can drink.  

6. Place a notice outside in a visible area using a permanent marker or pen 
(that is, use something that will not fade or wash away), advising what 
pets are in the house and where they are located. Provide a phone 
number where you or a contact can be reached as well as the name and 
number of your vet. 

7. Consider giving young dogs, cats, etc., (with 5 or more years of remaining 
life expectancy) potassium iodide (KI) in a proportion similar to what 
would be given to a human by weight.  See the section on Radioactive 
Isotope Risk Reduction that starts on page 656 for more details.  

 

Ground-based nuclear weapons detonation - prompt effects 

Prompt effects section overview and sources 

This section describes the prompt nuclear weapons effects that occur within the first minute 

after a ground-based nuclear weapon detonation.  The information in this section is derived 

primarily from five government sources: (1) the HotSpot Health Physics Codes User’s Guide,119 

(2) The Effects of Nuclear Weapons,120  (3) Key Planning Factors: Response to an Improvised 

Nuclear Device (IND) in the National Capital Region (NCR), 121 (4) Army Field Manual 8-9, and (5) 

 
119 HotSpot Health Physics Codes User’s Guide, by Steven G. Homann, March 1, 2009, U.S. Department of Energy 

by Lawrence Livermore National Laboratory  
120 http://www.fourmilab.ch/etexts/www/effects, The Effects of Nuclear Weapons by Samuel Glasstone and Philip 

Dolan, Third Edition, prepared by US Department of Defense, 1977.  
121 Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), 

by B. R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL), etc. LLNL-TR-

512111, funded by the U.S. Department of Homeland Security, FEMA, November 2011. 

http://www.fourmilab.ch/etexts/www/effects
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Planning Guidance for Response to a Nuclear Detonation (Second Edition, June 2010). 122 

When a nuclear detonation occurs at the surface of the earth, about 85% of its total energy 

appears first as intense heat. The fission products, bomb casing, and other weapon parts are 

raised to extremely high temperatures, similar to those in the center of the sun. The maximum 

temperature attained by the fission weapon residues is several tens of million degrees.  

Because of the intense heat, some of the rock, soil, and other material in the area is vaporized 

and taken into the fireball.  Additional material is melted, either completely or on its surface, 

and the strong internal fireball winds cause large amounts of dirt, dust, and other particles to 

be sucked up as the fireball rises.  

Within less than a microsecond, the extremely hot weapon residues radiate large amounts of 

energy, mainly as invisible X-rays, which are absorbed within a few feet in the surrounding 

atmosphere. This leads to the formation of an extremely hot and highly luminous 

(incandescent) spherical mass of air and gaseous weapon residues, which is referred to as the 

nuclear fireball. The surface brightness decreases with time, but after about a millisecond, the 

fireball from a 1 megaton nuclear weapon would appear to an observer 50 miles away to be 

many times more brilliant than the sun at noon. Almost immediately, a considerable part of this 

heat is converted to blast or shock.  The remaining thermal energy moves radially outward as 

heat and visible light.  About 5% of the total energy appears immediately as invisible ‘initial’ or 

‘prompt’ nuclear radiation in the form of alpha and beta particles, gamma rays, and neutrons.   

Hence, the energy of a ground-based nuclear explosion is partitioned generally as follows:  

• 67% Blast and ground shock 

• 18% Thermal Radiation (effective partition for surface burst) 

• 15% Ionizing Radiation 

o 5% prompt ‘initial’ radiation (first minute) {more for a neutron/enhanced 

warhead} 

o 10% delayed radioactive fallout (minutes to years) {Note:  not a ‘prompt’ effect} 

 

Fireball flash and blinding effects 

A nuclear explosion produces a fireball flash that initially is many times more brilliant than the 

sun, but quickly decreases in brightness.  For a 10 kiloton weapon, the maximum diameter of 

the fireball reaches out to its maximum extent within about 1 second, to a range of about 440 

 
122 http://www.epa.gov/radiation/docs/er/planning-guidance-for-response-to-nuclear-detonation-2-edition-final.pdf , 

Planning Guidance for Response to a Nuclear Detonation (Second Edition, June 2010), developed by the National 

Security Staff Interagency Policy Coordination Subcommittee.  

http://www.epa.gov/radiation/docs/er/planning-guidance-for-response-to-nuclear-detonation-2-edition-final.pdf
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meters (or 0.27 miles).  In contrast, a 1 megaton weapon (equal to 1,000 kilotons) will produce 

a fireball radius out to about 2,800 meters (or about 1.7 miles).  After about 1 minute, the 

fireball no longer glows. The fireball’s thermal flash can ignite combustible materials as well as 

cause flash blindness for those who were looking towards the burst area or who subsequently 

look at the formative fireball.  

The eyes are at particular risk to the thermal pulse.  Your eyes are at risk of permanent retinal 

burns and flash blindness out to relatively large distances (especially at night when the 

diameter of the pupil is greatest). During the day, a 10 kiloton explosion can produce temporary 

flash blindness out to a distance of 22 km (14 miles) if you are outside looking in the general 

direction of the burst.  If you directly view the initial fireball, you could experience retinal burns 

(permanent eyesight damage) out to a distance of 23 km (14 miles) from a 10 kiloton explosion.  

If your skin is unprotected, you could receive third degree burns out to a distance of 1.4 km (0.9 

miles) from a 10 kiloton explosion. See Table 35 for more details about flash blindness for 

various nuclear weapon yields and day versus nighttime conditions.  

Flash blindness is caused by the initial brilliant flash of light produced by the nuclear 

detonation. If you happen to be looking in the direction of the burst prior to detonation, you 

will not be able to blink or close your eyes fast enough to prevent significant light energy from 

entering your eyes at the moment of detonation.  More light energy is received on the retina 

than can be tolerated, but less than is required for irreversible injury. The retina is particularity 

susceptible to visible and short wavelength infrared light, since this part of the electromagnetic 

spectrum is focused by the lens with concentration of energy at the retinal surface. The result is 

bleaching of the visual pigments and temporary blindness. 

During the daylight hours, flash blindness does not persist for more than about 2 minutes, but 

generally is of the order of seconds. At night, when the pupil is dilated for dark adaptation, flash 

blindness will affect people at greater ranges and will last for longer periods of time. Partial 

recovery, so that you can function in lighted areas, should typically occur within 3 to 10 

minutes. 

A retinal burn resulting in permanent partial blinding from scarring is also caused by the 

concentration of direct thermal energy on the retina. It will occur only when the fireball is 

actually in your direct field of vision and would be unlikely. Retinal burns, however, may be 

sustained at considerable distances from the explosion. The location of the scar will determine 

the degree of interference with vision, with a scar in the central visual field being potentially 

much more debilitating. Generally, a limited blind spot, which will be barely noticeable, is all 

that is likely to occur.  
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Thermal burn injuries and rapid mitigation actions  

Burn injuries can result from: (1) the direct absorption of thermal radiation energy by the skin 

or eyes, (2) heating or ignition of clothing, and (3) fires started by the thermal pulse, or Source 

Region Electromagnetic Pulse (SREMP), or as side effects of the blast and ground shock (that 

can knock over stoves, candles, etc.).   

Two factors determine the degree of burn injury in a given situation: (1) the amount of thermal 

energy per square centimeter and (2) the duration of the thermal pulse. The dose of thermal 

radiation to exposed skin required to cause a flash second-degree bum will vary from less than 

16.7 joules/cm2 to more than 29.3 joules/cm2 depending on the yield of the weapon.  A larger 

dose is required with larger yield weapons because of the nature of the pulse. Megaton 

weapons have much longer thermal pulses with much more gradual rates of increase. There is 

time for the skin to dissipate some of the thermal energy; and therefore, more is required to 

produce a given degree of injury. However, it must be realized that the same degree of injury 

from a megaton weapon is seen at a much greater range and over a much greater area than 

would be the case with kiloton weapons.   

In some scenarios, you can greatly limit the amount of burn injuries you experience by quickly 

turning your face and exposed skin away from the burst and lying down with your feet towards 

the detonation point (see the protective position described earlier on page 96). This will also 

protect you from the blast wave and debris that will follow shortly after the thermal pulse.  

See Table 35 for more details about thermal burns for various nuclear weapon yields.  This table 

shows thermal injury predictions based on exposed skin (that is, not covered by clothing).  

Clothing significantly reduces the effective range to produce thermal flash burns. However, at 

temperatures below those required to ignite clothing, it is possible to transfer sufficient 

thermal energy across clothing to the skin to still produce some flash burns. The amount of 

heat energy conducted across clothing is a function of the energy absorbed by and the thermal 

conducting properties of the clothing (for example, dark colors absorb more heat than do light 

colored clothing). It will also be a function of whether the 

clothing is tight fitting or loose.  Manmade fibers, such as rayon 

and polyester, will also conduct heat and melt more readily than 

natural fibers, such as cotton and wool. 

The picture to the right shows a Japanese woman who 

experienced thermal burns from the nuclear bomb dropped on 

Hiroshima on August 6, 1945. Note that the burn pattern on her 

skin occurred directly under the darker patterns on her kimono.   

http://upload.wikimedia.org/wikipedia/commons/e/e8/Gisei_Colored.jpg
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Nuclear weapon initiated fires and mitigation 

In the aftermath of the nuclear bomb detonations in Japan in 1945, fires were started from: (1) 

thermal radiation effects igniting combustibles like blackout curtains and paper/trash, and (2) 

overturned charcoal braziers.  While it was originally thought that wood had actually been 

ignited by thermal radiation, it was later shown that there was no actual ignition of solid wood. 

While a firestorm clearly developed in Hiroshima, it took an hour or more for it to fully develop, 

and hence many people were able to safely evacuate the fire zones.  No definite firestorm 

occurred in Nagasaki due to terrain/weather, although many fires existed. In modern cities, 

firestorms would likely take 10s of minutes to hours to develop, and may not occur at all. 

Nuclear weapon induced fires may be started by: (1) the initial thermal effect igniting 

flammable materials, (2) the ignition of gas from broken gas lines and ruptured fuel tanks, (3) 

overturned charcoal grills and other hot objects, such as candles and cooking oil, and (4) EMP 

induced fires (for a ground burst, this is normally called Source Region EMP (SREMP)). 

An interesting and strangely humorous video from 1954, titled: “The House in the Middle” 

shows what happens to fences and houses due to ‘atomic heat flash’.  In the final segment of 

the video, it contrasts three homes subjected to an actual nuclear blast.  The houses to the right 

and left burn down, but the house in the middle survives.  The video shows that “the well-kept 

and painted house in the middle still stands.”  The video then asks: “Which of these is your 

house?”  The point of the movie is that if you have trash and unpainted wood in and around 

your house, these are very likely to catch on fire in the event of a nuclear thermal flash.  See the 

“before and after” pictures below that shows the three houses illustrated in the film.  123  

 
123 http://archive.org/details/Houseint1954  

The pictures show what happens to a set of 

three homes that experience nuclear thermal 

and blast effects.  The house in the middle 

was painted white and was clean, without 

trash either inside or outside. The two other 

houses were not well maintained and had 

trash in/around the home. Upper left:  before 

detonation; lower left: shortly after 

detonation; below: two homes burned down. 

© 2013   Kevin Briggs 

http://archive.org/details/Houseint1954
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Another potential source of nuclear ground-burst initiated fires results from Source Region EMP 

(SREMP).  High altitude EMP (HEMP) has clearly shown to be the source of fires started during a 

nuclear test conducted by the Soviets in 1962.  This test, known as K-3 or Test 184, resulted in 

HEMP-induced fires in the region, such as the one reported at the Karaganda power plant in 

Kazakhstan. 124  Likewise, since fires were started at telegraph stations from the EMP associated 

with large geomagnetic storms in the past,125  it is quite possible that large currents induced 

onto power and communications lines from SREMP could also create a large set of 

simultaneous fires in the region surrounding a ground burst.   

Early reports from the USA’s ground-burst nuclear testing showed that SREMP caused: 

“… thousands of amps in bomb electrical cables at 800 m from ground zero, breaking 

down cable insulation, fusing multicore conductors together, and actually melting the 

protective lead sheathing surrounding “hardened” cables” … “The bomb control cables 

from the Sugar test explosion were apparently fused together by over 1000 Amperes at 

0.5 mile distance, and the electric EMP power surge in the cable caused a lot of damage 

at the control point 30 miles away, arching over porcelain cutouts, fusing the contacts of 

relays together, driving meters off-scale, and apparently escaping by cable crosstalk into 

other circuits including into the power grid and tripping distant circuit breakers in Las 

Vegas some 90 miles from the burst. As a result, all further cable-controlled tests at 

Nevada had to take the precautions of switching off mains power at the Nevada control 

point at shot time and running the telephone system and other equipment off diesel 

generators to prevent the EMP power surge escaping into cables to the national power 

grid.” 126   

Based on the above information on nuclear weapons initiated fires, the following mitigation 

actions can be considered: 

1. Limit the amount of combustible material exposed to the thermal pulse from a nuclear 

detonation.  You could do this by doing things such as: (1) using light colored, fire 

retardant curtains and drapes, (2) putting up aluminum foil in windows to reflect 

thermal energy at heightened threat levels (in windows facing known target areas), (3) 

removing trash and dry flammable materials (like leaves) from around buildings, (4) 

cleaning your gutters, and (5) installing protective shutters. 

2. Install a dual-sensor, battery operated smoke alarm on each level of your home or 

business; test monthly and change the batteries at least once each year. 
 

124 www.futurescience.com/emp/test184.html, Soviet Test 184, by Jerry Emanuelson.   
125 Sources: (1) www.solarstorms.org/SS1921.html , (2) http://en.wikipedia.org/wiki/Geomagnetic_storm  
126 Source:  http://glasstone.blogspot.com/2008/11/radiation-and-emp-chapters-from-dolans.html which quotes the 

source:  “30 April 1961, B.J. Stralser’s report Electromagnetic effects from nuclear tests, Edgerton, Germeshausen 

and Grier, Inc.”  

http://www.futurescience.com/emp/test184.html
http://www.solarstorms.org/SS1921.html
http://en.wikipedia.org/wiki/Geomagnetic_storm
http://glasstone.blogspot.com/2008/11/radiation-and-emp-chapters-from-dolans.html
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3. Keep extra fire extinguishers handy around the house. 

4. Identify and maintain an adequate outside water source such as a small pond, cistern, 

well, swimming pool, or hydrant and have a portable gasoline powered pump and long 

hose to use for fire suppression in case the power is out. 

5. Install lightning surge arrestors on the incoming power lines into your home or building 

and use 1 nanosecond capable surge protection power strips throughout your home or 

business to connect electrical devices (and suppress SREMP related sparking).  These are 

available for less than $15 in many department stores. 

6. Know how to shut off any gas lines running into your home or business from the 

outside.  Open windows and don’t use candles or matches if you smell gas.   

7. Install a fireproof, dual-use storm shelter/root cellar/blast shelter outside of your home 

and business.  This can be done for relatively low cost and has been proven effective at 

Nagasaki, Dresden, and in many shelter studies/ tests. 

Blast effects, injuries, and mitigation 

A primary effect of a nuclear explosion is the blast it generates. The blast originates from the 

rapidly expanding fireball, which creates a pressure wave front moving rapidly away from the 

point of detonation.  Blast is measured by the overpressure (that is, pressure over and above 

atmospheric pressure, and measured in pounds per square inch (psi)) and dynamic pressure 

(that is, manifested as wind, dynamic pressure is proportional to the square of wind velocity, 

and is measured in pounds per square inch) that it produces.  

Initially, near ground zero (that is, the point of detonation for a ground burst) the overpressure 

is extremely high (thousands of pounds per square inch [psi], initially expanding in all directions 

from the detonation at hundreds of miles per hour [mph]). With increasing distance from 

ground zero, the overpressure and speed of the blast wave dissipate to where they cease to be 

destructive.  Table 24 illustrates wind speed and overpressure for a 10 kiloton burst. 

Table 24.  Peak overpressure & max wind as a function of distance from a 10 kT burst 

Peak Overpressure (psi) Distance from burst  (miles)  [km] Max wind speed (mph) [km/h] 

50 0.18 [0.29] 934 [1503] 

30 0.24 [0.39] 669 [1077] 

20 0.30 [0.48] 502 [808] 

10 0.44 [0.71] 294 [473] 

5 0.6 [0.97] 163 [262] 

2 1.1 [1.8] 70 [113] 
Adapted from:  Planning Guidance for Response to a Nuclear Detonation                               © 2013   Kevin G. Briggs 
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Figure 17 illustrates the importance of where you are when the blast wave arrives.  This Figure 

shows that if you are lying down versus standing based on FEMA’s assessment, you have 

roughly a 50% greater chance of survival.  This is because it requires about eight times the blast 

wind force to move a person who is lying down compared to a standing person.  If you are lying 

down, you also make a much poorer target for broken glass and other debris propelled by the 

winds.  Note that Nagasaki’s wooden home assessment is based on actual casualties and shows 

that people survived at higher psi’s than FEMA predicts.  This Figure also shows that if you are 

in a reinforced concrete building or underground parking garage or in an underground shelter 

(or an underground basement blast shelter), you have a much better chance of surviving the 

blast effects than if you are in on the first or second floor of wood home (above ground level).  

Figure 17.  Chances of survival depending on where you are when the blast wave 
arrives 

 

 
Sources – see footnote: 127 

 
127 Derived from:  (1) Attack Environment Manual, Chapter 2, FEMA, June 1987; (2) NUCLEAR WEAPONS 

COLLATERAL DAMAGE EXAGGERATIONS: IMPLICATIONS FOR CIVIL DEFENSE, Nigel Cook, 

http://nige.files.wordpress.com/2010/12/dirkwood-report-summary6.pdf  from L. Wayne Davis, Prediction of Urban 

Casualties and the Medical Load from a High-Yield Nuclear Burst, Dirkwood Corp., DC-P-1060-1 (1968).   
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The physical impact on a home as a result of a blast winds at different overpressures is 

illustrated in the following Figure. This Figure is helpful in that it shows how staying in the 

basement can greatly increase your chance of survival.   

 

Figure 18.  Blast wave impacts on a home and on its basement area 

 

Adapted from:  Attack Environment Manual, Chapter 2, FEMA, June 1987, panel 12.   

 

Blastwave 

1 – 2 psi blast wave example 

Note that the home would 

likely remain standing and the 

basement would be intact. 

2 – 5 psi example 

See next page’s Figure to 

see an actual 5 psi blast 

wave’s impact on a home. 

Below:   Over 5 psi example 

Note that there would likely be ruble from 

adjacent buildings that would be blown into 

the basement, so a reinforced ceiling is 

important to limit casualties. See Appendix A. 

Blastwave 

Blastwave 

© 2013   Kevin G. Briggs 

© 2013   Kevin G. Briggs 
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House No. 1 (above) located 3,500 feet from 
ground zero of the March 17, 1953 Upshot-
Knothole’s Annie 16 kT explosion (below) at 
Yucca Flat. Photos (at right) show the 
destruction of this wooden test home within 
less than 1 second by the 5 psi blast wave.  
Photos courtesy of National Nuclear Security 
Administration / Nevada Site Office.   
                   Derivative © 2013  Kevin G. Briggs 

Figure 19.  5 psi blast wave impacts a home and is destroyed in the Shot Annie test  
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When a blast wave strikes the surface of a building, the reflected wave will reinforce the 

incident wave, and the face of the building will be subjected to overpressures 2 to 8 times that 

of the incident wave alone. The severity of this additional stress depends on many factors, 

including the peak overpressure of the incident blast wave, as well as the angle at which the 

wave strikes the building.  As the shock front advances, it bends or diffracts around the 

building, and the pressure on the front wall decreases rapidly. However, during the brief 

interval in which the blast wave has not yet engulfed the entire structure, a considerable 

pressure gradient exists from front to rear that places a severe stress on the building. For small 

objects, this period of so-called diffraction loading is so small that no significant stress is 

encountered.  For large buildings, however, the stress of diffraction loading will be 

considerable.  Even after the shock front has passed across the building, the structure will still 

be subjected to severe compression drag forces from the transient winds. 128 

Physical destruction of commercial and residential buildings as a result of a ground-based 

nuclear explosion at different overpressures is generally expected as follows: 129 

1. Approximately 0.1 to about 1 psi: Buildings sustain minor damage, particularly broken 

windows in most residential structures. The broken glass fragments can be propelled by 

blast winds so that they can be like small glass knives that are thrown at high velocity.   

2. Between 1 psi and 5 psi: Most buildings sustain considerable damage, particularly on 

the side(s) facing the explosion.  See the previous page’s Annie Shot for a 5 psi example.  

3. Between 5 psi and 8 psi: Buildings are severely damaged or destroyed. 

4. At higher overpressures, only heavily reinforced buildings may remain standing, but are 

significantly damaged and all other buildings are completely destroyed.  

The amount of damage to structures can be used to describe zones for use in response 

planning.  Each zone will have health and survival implications, although not as neatly as 

arbitrary zone delineations would indicate.  The purpose of establishing zones is to help plan 

response operations and prioritize actions. 130 

The U.S. Federal government uses three damage zones for response planning.  These zones are 

defined by the amounts of observable damage that are primarily a result of blast effects. The 

size of the three zones will change depending on nuclear weapon yield (measured in kilotons or 

Megatons) and the nature of the structures near the blast. The figure below shows general 

ranges of the three zones for various low yield weapons, but the demarcation between zones is 

 
128 ARMY FIELD MANUAL 8-9, NATO HANDBOOK ON THE MEDICAL ASPECTS OF NBC DEFENSIVE 

OPERATIONS, AMedP-6(B), Chapter 3, Washington, D.C., 1 February 1996.  
129 www.epa.gov/radiation/docs/er/planning-guidance-for-response-to-nuclear-detonation-2-edition-final.pdf , 

Planning Guidance for Response to a Nuclear Detonation (Second Edition, June 2010), developed by the National 

Security Staff Interagency Policy Coordination Subcommittee. 
130 Ibid. 

http://www.epa.gov/radiation/docs/er/planning-guidance-for-response-to-nuclear-detonation-2-edition-final.pdf
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intentionally left ambiguous because there is not expected to be clearly defined differences in 

visual cues. 131 

 

 

The Severe Damage Zone (SDZ) 

The Severe Damage Zone (SDZ) is the area that immediately surrounds the burst site.  In the 

SDZ, few, if any, above-ground buildings are expected to remain structurally sound or even 

standing, and few people would survive; however, some people protected within blast shelters 

and stable structures (e.g., subterranean parking garages or subway tunnels) at the time of the 

explosion could survive the initial blast.  Very high radiation levels and other hazards may 

persist in the SDZ, depending on the weapon design and burst location, likely making the zone 

gravely dangerous to survivors and responders. Thus, the SDZ should generally be considered a 

no-go zone during the early days following an explosion unless careful radiation rate meter 

monitoring assures the safety of anyone trying to aid victims. For anyone approaching ground 

zero, nearly all buildings would likely be collapsed or destroyed, and the resultant rubble in 

regions with high building density could be 10s of feet deep, making movement and timely 

response very difficult. The SDZ may have a radius on the order of a 0.5 mile (0.8 km) for a 10 KT 

detonation. Blast overpressure that characterizes the SDZ is 5–8 psi and greater.  Below is a graphic 

for the SDZ for a 10 kT ground burst in Washington, DC.  132 

 
131 Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), 

by B. R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL), etc. LLNL-TR-

512111, funded by the U.S. Department of Homeland Security, FEMA, November 2011, Appendix A. 
132 Ibid. 
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Source:  Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region  

 

The Moderate Damage Zone (MDZ) 

The Moderate Damage Zone (MDZ) is the area that is adjacent to the Severe Damage Zone 

(SDZ) and extends to a distance of about 1 mile from ground zero for a 10-kT weapon. Visual 

indicators describing the MDZ include:133 

• Significant structural damage 

• Blown-out building interiors 

• Blown-down utility poles 

• Overturned automobiles 

• Some collapsed buildings 

• Fires 

Sturdier buildings (e.g., those with reinforced concrete) will remain standing, while lighter 

commercial and multi-unit residential buildings may have fallen or be rendered structurally 

unstable.  Most single-family houses would be destroyed.  Visibility in much of the MDZ could 

be limited for an hour or more from disruptive effects of the blast wave and building damage. 

Dust generated by blast-related damage might not be radioactive; however, parts of the MDZ 

will be contaminated by fallout. As a result, some of the dust will be radioactive, and the dust 

 
133 Ibid. 
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can also contain other hazardous contaminants associated with building material, such as heavy 

metals and asbestos. 134 

Emergency response in the MDZ may be greatly impacted by rubble as well as crashed or 

overturned vehicles, which could completely block streets and require heavy equipment to 

clear.  Broken water and utility lines are also likely in cities, and fires are likely to be 

encountered.  Hence, time is of the essence to triage and save people injured or trapped within 

the MDZ.  Many people in the MDZ will survive and benefit greatly from people providing 

urgent medical care.  Responders should approach this area from areas less affected by fallout.  

First responders and people seeking to aid victims should have radiation meters to monitor the 

current dose rate and their total dose received.  When you begin observing that most buildings 

are either severely damaged or have collapsed, you are entering the Severe Damage Zone 

(SDZ). 135 

The Light Damage Zone (LDZ) 

The Light Damage Zone (LDZ) is the area that starts just outside of the Medium Damage Zone 

(MDZ) and can extend to a distance of about 3 miles away from Ground Zero for a 10-kT 

weapon.  Damage in this zone is caused by powerful shock waves, similar to those produced by 

a thunderclap or sonic boom, but with much more force.  Although some windows may be 

broken over 10 miles (16 km) away for a 10 kT weapon, injuries associated with flying glass will 

generally occur within about 3 miles (4.8 km) and are associated with overpressures greater 

than 0.5 psi.  Damage in the LDZ will be highly variable as shock waves rebound off buildings, 

the terrain, and even the atmosphere. 136 

As you move inward from outside the LDZ, windows and doors will be blown in; gutters, 

window shutters, roofs, and lightly constructed buildings will show increasing damage; litter 

and rubble will increase; and there will be increasing numbers of stalled and crashed 

automobiles that will make emergency vehicle movement difficult. 

Blast overpressures in the LDZ will be about 0.5 psi at the outer boundary and 2 to 3 psi at the 

inner boundary.  More significant structural damage to buildings will indicate that you have 

entered the MDZ. Much of the LDZ may be nonradioactive; however, you may encounter 

elevated and potentially hazardous radiation due to fallout and so you should have a radiation 

meter to monitor your radiation exposure and total dose. The injuries responders will 

encounter in the LDZ should be much less severe than in the MDZ, consisting of mostly wounds 

due to glass missile injuries and due to flash burns.  Glass and other projectile penetrations are 

 
134 Ibid. 
135 Ibid.  
136 Ibid. 
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expected to be superficial (i.e., about ¼ inch in depth) in the torso, limbs, and face. Eyes are 

particularly vulnerable. As you proceed inward toward ground zero, you will begin to observe 

an increasing frequency and severity of injuries from flying glass and debris along with crush, 

translation, and tumbling injuries. 137 

Many victims from the USA’s nuclear bombing of the city of Nagasaki in 1945 arrived at field 

hospitals with injuries due to glass breakage. There are many preventable glass injuries if 

people have adequate warning.  Without warning and instruction, people see the 

instantaneous flash of light from the detonation and then move to a window to try to 

understand what caused the flash.  It is at this point that the much slower blast wave can reach 

the home, school, or business and then shatter the window from which the unwarned person is 

looking through.  138 Much can be done to limit these types of injuries through adequate public 

training, alerting, and if feasible, through protective measures on or around the windows (such 

as boarding up windows (if there is adequate warning) and using things like: strong shutters, 

polycarbonate glass, thick curtains, and strong shades).   

Ground burst effects versus air bursts 

Ground bursts occur at or slightly above the actual ground level (such as from the top of a 

building) so that the fireball (at maximum brightness) still touches the ground.  Since they touch 

the ground, they create much more radioactive fallout than nuclear weapons burst up in the 

air, where their fireball doesn’t reach the ground.  During World War II, the USA used air burst 

detonations over the cities of Hiroshima and Nagasaki.  The reason air bursts were used (versus 

ground bursts) was: (1) to limit the amount of radioactive fallout and (2) to maximize the extent 

of the blast damage zones.  For Hiroshima, the actual height of burst of the ‘Little Boy’ 

Uranium-235 based weapon was about 1968 feet (600 meters) with a yield of about 16 kilotons 

(some older sources, like Glasstone, say 12.5 kilotons or other yields, but a study in 2002 

precisely determined the yield).  For Nagasaki, the height of burst (HOB) of the ‘Fat Man’ 

plutonium weapon was about 1,650 feet (503 meters) with a yield of about 21-22 kilotons. 139  

Neither Hiroshima nor Nagasaki caused any significant radioactive fallout, but they both had 

significant blast overpressures and initial ‘prompt’ nuclear radiation (which is the topic of the 

next section).  The following Figure shows the difference in the range of effects for a ground 

burst versus a nuclear detonation with a height of burst (HOB) 1.1 mile up in the air over a city. 

In this example, the 5 psi damage point for a ground burst is 2.2 miles from ground zero (GZ) 

versus 3.2 miles for an air burst.   

 
137 Ibid.  
138 Ibid. 
139 http://nuclearweaponarchive.org/Nwfaq/Nfaq8.html#nfaq8.1.3, by Carey Sublette, Nuclear Weapons Frequently 

Asked Questions, 3 July 2007.   

http://nuclearweaponarchive.org/Nwfaq/Nfaq8.html#nfaq8.1.3
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Blast effects on people 

If you are standing in the open at a distance of about 2 miles from the detonation of a 500 kT 

air burst (as illustrated on the previous page), the shock wave would arrive at your location 

about 8 seconds after the burst.  You would first feel the sharp "air slap" as the shock front 

strikes.  You would then be enveloped in less than 1/1,000th of a second with a 10 psi 

overpressure over your body.  As can be seen from the following chart, this pressure would be 

too low to cause death or lung damage. However, you might experience a perforated eardrum, 

yet 20 psi would be required to make this likely (although, it can occur as low as 5 psi). 

In addition to overpressure, you would experience a blast wind of about 295 miles per hour for 

about 3 seconds. Hopefully you were lying down before the blast wind arrived.  If not, this wind 

would likely blow you through the air for a considerable distance. When you landed on the 

ground or struck another object, you would sustain possibly fatal injuries.  If there were 

buildings nearby, you might also be injured by flying fragments of glass or other debris. 

Hopefully, you were able to ‘duck and cover’ and could lie flat before the blast wave arrived.  

Videos of actual nuclear weapons tests with personnel present nearby in trenches (typically 

military personnel) showed that people appeared to be surprised by how quickly the blast wave 

overtook them.  In general, you want to lie down with your feet toward the blast or in a trench.    

The chart below shows that it is the bodily displacement and missile hazard created by the blast 

wind that causes most injury and death, not the overpressure itself.  The overpressure, 

however, can break up buildings, creating the missiles that might cause injury.  Ignoring for the 

moment, the other direct effects of a nuclear weapon explosion (such as the initial nuclear 

radiation and thermal 

flash),  people outside 

in the open generally 

have about the same 

chance of surviving the 

blast wave as they 

would on the first or 

second floor of a wood 

framed home.   

Obviously, those in a 

basement or ‘safe 

room’ would have a 

much better chance of 

survival.   

(Source: Attack 

Environment 

Manual 2, FEMA, 

June, 1987) 
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Table 25.  Impacts of peak overpressure of blast on buildings and people 

                   Source:  Planning Guidance for Response to a Nuclear Detonation (Second Edition, June 2010) 

As can be seen from the previous graphic and table, injuries and death from blast effects can 

occur because: (1) the direct action of the overpressure wave on your body (that can rupture 

your eardrums and damage your lungs), (2) the impact of fast moving debris striking your body 

(such as shattered glass and other objects thrown by the blast winds), and (3) the blast wind 

throwing your whole body through the air until you strike a solid object or violently fall to the 

ground.   

A 10.0 kiloton explosion will produce 100% lethality to unsheltered people due to overpressure 

alone out to a distance of 0.27 km (0.17 miles).  In contrast, a 1 megaton weapon (equal to 

1,000 kilotons) will produce 100% lethality to unsheltered people due to overpressure alone 

out to a distance of 1.20 km (0.75 miles).   Injuries associated with shattered glass from a 10 

kiloton weapon can occur out to a distance of 4.09 km (2.54 miles). In contrast, injuries 

associated with shattered glass from a 1 megaton weapon can occur out to a distance of 18.96 

km (11.77 miles).  See Table 35 for more details about blast and overpressure effects on people 

for various nuclear weapon yields that are calculated based on the HotSpot Health Physics 

Codes (computer model) developed by Lawrence Livermore National Lab for the U.S. 

government and made publicly available at:  https://narac.llnl.gov/HotSpot/HotSpot.html . 

     

Blast risks and mitigation (protective actions to consider) 

Besides the immediate actions you can take to protect yourself (as previously described), such 

as lying flat, seeking cover in a trench, basement, or behind some other solid object (note:  be 

careful of walls as these can collapse on you), here are some other options to consider: 

https://narac.llnl.gov/HotSpot/HotSpot.html
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1. Build a safe room or blast shelter in your home and business that can withstand extreme 

winds and some overpressure.  See Appendix A for some ideas regarding Safe Rooms.   

2. If you have a basement, consider strengthening it against blast wind and overpressure 

effects. See Appendix A for more information on how to strengthen your basement. 

3. Build an underground blast shelter in your backyard and/or at your place of business 

(again, please see Appendix A for more details). The following quote from lessons 

learned in the aftermath of Nagasaki is helpful: 

  “The most instructive fact at Nagasaki was the survival, even when near ground zero, of 

the few hundred people who were properly placed in tunnel shelters.  Carefully built 

shelters, though unoccupied, stood up well in both cities.  Without question, shelters can 

protect those who get to them against anything but a direct hit.  Adequate warning will 

assure that a maximum number get to shelters. “  140 

Appendix B provides a set of maps that illustrate hypothetical blast and prompt radiation risks 

for some major cities and possible targets.  

Initial ‘prompt’ radiation risks 

Initial nuclear radiation (INR) is defined as the radiation produced within one minute after 

detonation of a nuclear weapon.  This time interval was chosen in that within one minute, the 

rising fireball and nuclear cloud from a surface burst would be too far from the earth’s surface 

to cause any significant nuclear radiation effects on the ground.  In reality, the main risks from 

INR occur within the first few seconds of the detonation.  141 

INR is also called prompt nuclear radiation and consists of neutrons, alpha and beta particles, 

and electromagnetic energy in the form of gamma and x-rays. Gamma rays are high-energy 

photons of electromagnetic radiation with frequencies higher than visible light or ultraviolet 

rays. Gamma rays and neutrons are produced from fission events.  Alpha and beta particles and 

gamma rays are produced by the radioactive decay of fission fragments.  Alpha and beta 

particles are absorbed by atoms and molecules in the air at short distances and are insignificant 

compared with other effects.  Gamma rays and neutrons travel great distances through the air 

in a general direction away from ground zero. 142 

About 5% of the energy released in a nuclear air burst is transmitted in the form of initial 

neutron and gamma radiation. The neutrons result almost exclusively from the energy 

 
140 U. S. Strategic Bombing Survey: The Effects of the Atomic Bombings of Hiroshima and Nagasaki, June 19, 

1946. President's Secretary's File, Truman Papers, p. 47.   
141 FEMA Attack Environment Manual, Chapter 5, Panel 1, June 1987.   
142 www.acq.osd.mil/ncbdp/nm/nm_book_5_11/appendix_F.htm,  The Nuclear Matters Handbook, Appendix F, 

Assistant Secretary of Defense for Nuclear, Chemical, and Biological Defense Programs.  

http://www.acq.osd.mil/ncbdp/nm/nm_book_5_11/appendix_F.htm
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producing fission and fusion reactions, while the initial gamma radiation includes that arising 

from these reactions as well as that resulting from the decay of short-lived fission products. The 

intensity of initial nuclear radiation decreases rapidly with distance from the point of burst due 

to the spread of radiation over a larger area as it travels away from the explosion, and to 

absorption, scattering, and capture by the atmosphere. The character of the radiation received 

at a given location also varies with distance from the explosion. Near the point of the explosion, 

the neutron intensity is greater than the gamma intensity, but with increasing distance the 

neutron-gamma ratio decreases.  Ultimately, the neutron component of initial radiation 

becomes negligible in comparison with the gamma component.  The range for significant levels 

of initial radiation does not increase markedly with weapon yield and, as a result, the initial 

radiation becomes less of a hazard with increasing yield.  With larger weapons, above 50 kT, 

blast and thermal effects are so much greater in importance that prompt radiation effects can 

generally be ignored. 143 

For a ground burst, the distance that prompt gamma and neutron radiation can travel is greatly 

reduced in urban settings because of absorption and scattering of the radiation by structures 

such as buildings.   

The figure to the right compares 

prompt open-field radiation exposure 

without buildings and terrain (on the 

right side) to that of the Washington, 

DC environment with buildings in blue 

(left side), thus showing that buildings 

would protect the outdoor population 

and reduce outdoor exposure by more 

than 75% compared with the predicted 

open-field exposure traditionally 

reported in models.  In this Figure, the 

radiation from a 10-kT Hiroshima type 

device is divided into three zones: (1) 

lethal (red > 800 rad-eq), (2) dangerous 

to lethal (yellow is 100 – 800 rad-eq), 

and (3) not generally dangerous (green < 100 rad-eq) other than potential nausea.  144   

 
143 Army Field Manual 8-9, NATO HANDBOOK ON THE MEDICAL ASPECTS OF NBC DEFENSIVE 

OPERATIONS AMedP-6(B), February 1996.   
144 Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), 

by B. R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL), etc. LLNL-TR-

512111, funded by the U.S. Department of Homeland Security, FEMA, November 2011, A-9.  
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Table 26 provides a more detailed explanation of what level of acute radiation exposure will 

result in death, whether it originates from initial nuclear radiation or the first day of fallout.   

This table shows that medical treatment can greatly increase your chances of survival if you 

receive over 100 rads (note:  the “rads” term, and other radiation measurement terms, will be 

explained in Appendix C  – Radiation measurement terms).  145 

Table 26. Death from acute radiation whole-body exposure for adults   

Source:  Planning Guidance for Response to a Nuclear Detonation (Second Edition, June 2010) 

A major lesson from the preceding table and graphic is that if you receive warning that there is 

an impending nuclear detonation nearby or a nuclear missile attack is underway, you should 

seek shelter immediately to avoid both blast and initial nuclear radiation threats.  The best 

expedient shelter from initial nuclear radiation is underground, such as in a parking garage or 

basement beneath a building or in an underground metro station. If those are not immediately 

available, you should seek shelter deep inside of the nearest, biggest building. 

The following set of tables provides an illustration of how various levels of prompt radiation 

exposure (or first-day fallout exposure) will affect adults.  The tables show that except for the 

highest radiation doses, radiation sickness: (1) will last for weeks and (2) is deceptive in that 

even if you’re relatively symptom-free for some time, people often get very sick after a week or 

two. These tables were developed for the military and so use terms like “Combat Ineffective”.   

 
145 Table derived from:  NCRP 2005; DOD 2003; Goans and Wasalenko 2005; IAEA 1998; ICRP 1991; Mettler and 

Upton 1995 and extracted from Planning Guidance for Response to a Nuclear Detonation (2nd Edition, 06/2010) 
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Table 27. Symptoms for 0 – 75 cGy (rad) dose for adults for first 6 weeks   

 

 

 

  

Source:  Army FM 8-9, February 1996 

See also hemopoietic syndrome  
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Table 28. Symptoms for 75 – 150 cGy (rad) dose for adults for first 6 weeks   

 

  
Source:  Army FM 8-9, February 1996 

See also hemopoietic syndrome  
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Table 29. Symptoms for 150 – 300 cGy (rad) dose for adults for first 6 weeks   

 

  
Source:  Army FM 8-9, February 1996 

See also hemopoietic syndrome  
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Table 30. Symptoms for 300 – 530 cGy (rad) dose for adults for first 6 weeks   
 

 

  

Source:  Army FM 8-9, February 1996 

See also hemopoietic syndrome  
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Table 31. Symptoms for 530 – 830 cGy (rad) dose for adults for first 6 weeks   

 

  Source:  Army FM 8-9, February 1996 

See also hemopoietic syndrome  
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Table 32. Symptoms for 830 – 1100 cGy (rad) dose for adults for first 6 weeks   
 

 

  
Source:  Army FM 8-9, February 1996 
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Table 33. Symptoms for 1100 – 1500 cGy (rad) dose for adults for first 6 weeks   
 

 

  
Source:  Army FM 8-9, February 1996 
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Table 34. Symptoms for 1500 – 30000 cGy (rad) dose for adults for first 6 weeks   
 

 

  
Source:  Army FM 8-9, February 1996 
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Summary of prompt nuclear effects for various nuclear weapon yields 

Table 35. Summary of prompt nuclear weapons effects on people  
 

Human Effects  
(if no 

shelter/shield) 

Time of 
effect 

Nuclear 
effect 

Range of effect for varying yields 

10 kT 100 kT 1 MT 

Death due to 
pressure (100%) 

Within 
hours 

75+ psi 
0.27 km  

(0.17 miles) 
0.56 km 

(0.35 miles) 
1.80 km  

(1.12 miles) 

Death due to 
pressure (50%) 

Within 
hours 

50 psi 
0.32 km  

(0.20 miles) 
0.66 km 

(0.41 miles) 
1.43 km  

(0.89 miles) 

Severe lung damage 
Within a 
minute 

20 psi 
0.48 km  

(0.30 miles) 
1.01 km 

(0.63 miles) 
2.18 km  

(1.35 miles) 

Eardrum rupture 
(50%) 

Within a 
minute 

15 psi 
0.54 km  

(0.34 miles) 
1.16 km 

(0.72 miles) 
2.50 km  

(1.55 miles) 

Death due to 
prompt radiation 

(100%) 

Within 
Days 

1,000+ 
rad-eq 

1.23 km  
(0.76 miles) 

1.74 km 
(1.08 miles) 

2.58 km  
(1.60 miles) 

Death due to 
prompt radiation 

(50%) 

Within 
Weeks 

300 
rad-eq 

1.43 km  
(0.89 miles) 

1.99 km 
(1.24 miles) 

2.88 km  
(1.79 miles) 

Death due to 
prompt radiation 

(5%) 

Within 
Years 

140 
rad-eq 

1.57 km  
(0.98 miles) 

2.15 km 
(1.34 miles) 

3.07 km  
(1.91 miles) 

3rd degree burn on 
clear day (50%) 

Immediate 
7.3    

cal/cm2 
1.38 km  

(0.86 miles) 
3.88 km 

(2.41 miles) 
10.41 km 

(6.47 miles) 

2nd degree burn on 
clear day (50%) 

Immediate 
4.7    

cal/cm2 
1.70 km  

(1.06 miles) 
4.76 km 

(2.96 miles) 
12.61 km 

(7.83 miles) 

1st degree burn on 
clear day (50%) 

Immediate 
2.4    

cal/cm2 
2.35 km  

(1.46 miles) 
6.44 km 

(4.00 miles) 
16.41 km 

(10.19 miles) 

Shattered window 
glass injury 

Within a 
minute 

0.5 psi 
4.09 km  

(2.54 miles) 
8.81 km 

(5.47 miles) 
18.96 km 

(11.77 miles) 

Temporary Flash 
Blindness - daytime 

Immediate  
22   km  

(13.7 miles) 
26   km 

(16.1 miles) 
30   km  

(18.6 miles) 

Temporary Flash 
Blindness – at night 

Immediate  
73 km 

(45.3 miles) 
79   km 

(49.1 miles) 
80   km  

(49.7 miles) 

Source:  Hotspot 2.07.2    See footnote: 146                                                         © 2013   Kevin G. Briggs 

 

 
146 Derived from the HotSpot Version 2.07.2  Nuclear Explosion code, Steven G. Homann, National Atmospheric 

Release Advisory Center, Lawrence Livermore National Laboratory  
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The preceding table is derived from the results of using the HotSpot Nuclear Effects code 

developed by Lawrence Livermore National Labs.  This code is available to the public and can be 

used to assess the risks to your local community.  It should be noted that this code doesn’t take 

into effect the shielding from prompt radiation, etc., provided by local buildings.  Hence, when 

HotSpot depicts the potential range rings of various effects around a burst point, these 

represent the reasonable worst-case.  Therefore, unless the burst occurs in a large, flat field 

with no buildings or other structures within a few miles, the tabulated or graphically depicted 

ranges of effect will be overstated by HotSpot.   

The Nuclear Explosion program estimates the effects of a surface-burst nuclear weapon. These 

include prompt effects (neutron and gamma, blast, and thermal), and fallout information. 

Fallout information includes fallout arrival time, dose rate at arrival time, and integrated dose 

contours for several time periods, for example, the first 6 hours, first day, first week, etc. Users 

can enter a specific start time and duration of exposure. The user interface screen for the 

Nuclear Explosion program is shown below: 

 

The following two figures illustrate the Google Earth based output of HotSpot.  These figures 

show the range of effect of a hypothetical 100 kT burst in Washington D.C.  Appendix B 

provides many additional examples of the prompt nuclear effects against cities and other 

potential targets in the USA and Canada using the HotSpot code.   
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Figure 20.  Washington, DC, 100 kT Blast, Prompt Radiation and Thermal Risk Zones 

 

 

Figure 21.  Washington, DC, 100 KT Blast and Prompt Radiation Risk Zones 
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Scenario 2: EMP risks to North America 
One EMP burst over North America could kill over 200 million people 

Nuclear Electromagnetic Pulse (EMP) attacks are one of the greatest risks to people living in 

North America today.  As the U.S. EMP Commission in its 2004 report stated:   

“Several potential adversaries have or can acquire the capability to attack the United 

States with a high-altitude nuclear weapon-generated electromagnetic pulse (EMP).  A 

determined adversary can achieve an EMP attack capability without having a high level 

of sophistication.  EMP is one of a small number of threats that can hold our society at 

risk of catastrophic consequences. EMP will cover the wide geographic region within 

line of sight to the nuclear weapon. It has the capability to produce significant damage 

to critical infrastructures … The current vulnerability of our critical infrastructures can 

both invite and reward attack if not corrected. ”  147 

Unfortunately, the EMP vulnerabilities cited above are still not fixed in North America.  To 

following warning puts our EMP risks in stark terms: 

“The EMP Commission warned that, given our current state of unpreparedness, within 

12 months of a catastrophic EMP event, some two-thirds to 90 percent of the U.S. total 

population, more than 200 million Americans, would perish from starvation, disease and 

societal collapse.” -  R. James Woolsey and Dr. Peter Pry 148  

What is EMP? 

An EMP is the powerful burst of electromagnetic radiation created when: (1) a nuclear weapon 

is detonated; (2) when a non-nuclear EMP weapon or other radio frequency generating device 

is used, such APE LC’s EMP Suitcase149, or (3) when natural events like lightning, electrostatic 

discharges, and solar weather induced currents occur.  While it is beyond the scope of this 

current report, naturally occurring solar weather generated EMP is potentially one of the most 

 
147 Report of the Commission to Assess the Threat to the United States from Electromagnetic Pulse (EMP) Attack, 

Volume 1: Executive Report 2004, Dr. William R. Graham (Chairman) and others, from Abstract.   
148 http://www.breitbart.com/Big-Peace/2013/07/29/Pass-the-SHIELD-Act-Now-Before-It-Is-Too-Late Article titled 

“Pass the SHIELD Act Now, Before It's Too Late” dated 29 Jul 2013 by R. James Woolsey  (former CIA Director) 

and Dr. Peter Pry (who served on the EMP Commission, the House Armed Services Committee, and the CIA).”    
149 http://www.apelc.com/system4.html  EMP Suitcase Compact 2100 Series P/N EMPSS-MG10-1C-D 

http://www.breitbart.com/Big-Peace/2013/07/29/Pass-the-SHIELD-Act-Now-Before-It-Is-Too-Late
http://www.apelc.com/system4.html
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dangerous threats our modern electronics-dependent society faces, and like nuclear EMP, 

could cause very long-term power outages over large regions of North America.  150  

The consequences of an EMP range from permanent physical damage to temporary system 

disruptions and can result in fires, electric shocks to people and equipment, and critical service 

outages.  

There are three general classes of nuclear EMP: 151 

1. High Altitude EMP (HEMP) 

The best known and most dangerous form of EMP is High-altitude EMP (HEMP).  HEMP results 

from a nuclear detonation above the atmosphere, typically occurring 15 or more miles above 

the Earth’s surface. The extent of HEMP effects depends on several factors, including the 

altitude of the detonation and the weapon’s gamma output (which is more a function of 

warhead design than yield). One HEMP burst centered over the USA at 400 kilometers altitude 

would send EMP across most of the continental United States and could cause widespread 

power outages for weeks or longer.  HEMP threat vectors can originate from a missile, such as a 

sea-launched ballistic missile; a satellite asset; or a relatively low-cost balloon-borne vehicle 

(although the latter is less likely due to the lower altitudes and resulting lower peak EMP fields). 

A concern is the growing number of nation-states that in the past have sponsored terrorism 

and are now developing capabilities that could be used in a HEMP attack. 152  Subsequent 

sections will examine the HEMP threat in much more detail.   

2. Source Region EMP (SREMP) 

A second type of nuclear EMP is Source Region EMP (SREMP). SREMP is a burst of energy 

similar to HEMP but differs in that it is created when a nuclear weapon detonates within the 

atmosphere. The most significant SREMP is generated by collisions between photons from 

gamma radiation and molecules of the atmosphere and the discontinuity of the expanding 

fireball as it intersects with the ground. These highly energetic photons eject electrons from the 

surrounding air molecules, producing ionized air molecules. This immense separation of charge 

creates an intense electric field of several 100,000 volts/meter and a large associated magnetic 

 
150 Sources:  (1)  Severe Space Weather Events—Understanding Societal and Economic Impacts Workshop Report 

Committee on the Societal and Economic Impacts of Severe Space Weather Events: A Workshop, National 

Research Council, 2008, www.nap.edu/catalog/12507.html; (2) http://www.dhs.gov/news/2012/09/12/written-

testimony-nppd-house-homeland-security-subcommittee-cybersecurity, Brandon Wales, September 12, 2012; (3) 

Meta-R-319, Geomagnetic Storms and Their Impacts on the U.S. Power Grid, by John Kappenman, Metatech 

Corporation, January 2010, prepared for Oak Ridge National Laboratory.  
151 http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-

cybersecurity, Brandon Wales, September 12, 2012 
152 Ibid. 

http://www.nap.edu/catalog/12507.html
http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-cybersecurity
http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-cybersecurity
http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-cybersecurity
http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-cybersecurity
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field strength of 500 ampere-turns/meter. Ninety percent of its energy is contained in the 100 

Hz to 10 kHz range. See Figure 22 for an example of the SREMP waveform. 153 

Figure 22. General Source Region EMP (SREMP) waveform 

Source:  Test Operations Procedure (TOP) 01-2-620  

The most significant form of SREMP occurs when a nuclear detonation occurs on or near the 

ground, as would likely be the case in a nuclear terrorism attack.  SREMP’s electromagnetic field 

is much more limited in range than that from HEMP; it would mainly affect an area of less than 

100 miles from the burst point. SREMP can induce very high currents on power and 

communications lines, potentially causing fires where these lines meet other infrastructures. In 

addition, the SREMP travels through the air and can damage or disrupt equipment connected to 

Ethernet cables, telephone lines, and power cords out to 70 miles or more. Electronic systems 

not connected to power cords or communications lines, such as a cell phone, are generally 

resistant to SREMP but become useless if the infrastructure that supports them is non-

functional. While SREMP is not the primary reason a terrorist would detonate a nuclear 

weapon, it is important to note that all ground -based detonations create SREMP of sufficient 

magnitude to cause infrastructure disruptions, including an improvised nuclear device, a crude 

nuclear device that could be built from the components of a stolen weapon or from using 

nuclear materials. Given the possible impacts of SREMP, such as secondary fires and the 

disruptions of power, communications, and other critical infrastructures, it is an important 

 
153 Test Operations Procedure (TOP) 01-2-620 High-Altitude Electromagnetic Pulse (HEMP) Testing, 10-11-2011, 

Survivability, Vulnerability & Assessment Directorate, US Army White Sands Missile Range, p. A-2.  
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consideration in the U.S. government’s planning to mitigate and respond to this type of attack. 
154 Figure 23 that follows provides a close-in view of SREMP as it is formed from a surface burst 

of a nuclear weapon.  While the “source region” is technically the area in and near the fireball, 

the EMP that travels out from the source region can damage or upset electronic equipment and 

networks (typically those connected to long power or data cables) out to over 100 kilometers. 
155 

 

Figure 23. Source Region EMP (SREMP) from a ground burst 156 

 

 

 

 

  

 
154 http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-

cybersecurity, Brandon Wales, September 12, 2012.  
155 The Effects of Nuclear Weapons, compiled & edited by Samuel Glasstone & Philip J. Dolan, DoD, 1977, p. 518. 
156 The Effects of Nuclear Weapons, compiled & edited by Samuel Glasstone & Philip J. Dolan, DoD, 1977, p. 518. 

http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-cybersecurity
http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-cybersecurity
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3. System Generated EMP (SGEMP) 

Unlike HEMP and SREMP, which primarily disrupt earth-based infrastructures, the third type of 

nuclear EMP, namely System Generated EMP (SGEMP), is a threat to space-based assets, such 

as satellites or a space station. SGEMPs originate from a nuclear weapon detonation above the 

atmosphere that sends out damaging X, neutron, ultraviolet, and gamma rays that strike space 

systems. SGEMP and HEMP are similar, in that they both originate from a high-altitude 

exoatmospheric nuclear burst. The main concern with SGEMP is that satellites or other space 

systems that support critical communications and navigation services, as well as essential 

intelligence functions, can be immediately disrupted. SGEMP and other related effects could 

also harm systems supporting any astronaut in space. Longer term effects, such as those 

resulting from nuclear-enhanced radiation belts can greatly reduce the life expectancy of 

satellites, but this isn’t due to SGEMP. 157 

There are about 1,000 active satellites in orbit from countries and organizations across the 

globe providing a wide variety of services. Approximately 330 satellites in geosynchronous 

(GEO) orbit (at 35,786 km {22,236 miles} altitude over the earth's equator) provide critical 

communications, intelligence, and weather observation services. Because GEO satellites remain 

‘stationary’ over a particular region of the earth, they are always available for service to that 

region. Nearly all international TV broadcasts and data exchange activities (like banking 

transactions) go through GEO satellites.   

The next level of satellites operate in the Medium Earth Orbit (or MEO), such as navigational 

satellites like the Global Positioning System (GPS).  There are over 30 GPS satellites in orbit at 

around 20,200 km {12,552 miles} altitude and 55° inclination, and provide critical navigation 

services to both the international community (airline and ship navigation) and the U.S. military 

and civilian population. GPS is used extensively to guide people and systems to their 

destinations, whether on foot, in vehicles, or in the air.  

Satellites in Low Earth Orbit (LEO), typically with an altitude between 160 kilometers (99 miles), 

with a period of about 88 minutes, and 2,000 kilometers (1,200 miles), are the ones that would 

be most likely disrupted by SGEMP. GEO and GPS satellites are less likely to be severely 

damaged by SGEMP, except in the case of multi-megaton nuclear weapon yields.158   

Figure 24 provides pictures of various U.S. high-altitude nuclear tests that produced X-ray fluxes 

and trapped energetic electron radiation in space. These types of bursts can seriously damage 

 
157 Sources:  (1) Dr. George W. Ullrich, Deputy Director, Defense Special Weapons Agency, 1997 Congressional 

Hearings,  www.fas.org/spp/starwars/congress/1997_h/h970716u.htm, and hwww.dhs.gov/news/2012/09/12/written-

testimony-nppd-house-homeland-security-subcommittee-cybersecurity, Brandon Wales, September 12, 2012 
158 Collateral Damage to Satellites from an EMP Attack, by Edward E. Conrad and others, Defense Threat 

Reduction Agency, 8/2010, p. 5. 

http://www.fas.org/spp/starwars/congress/1997_h/h970716u.htm
http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-cybersecurity
http://www.dhs.gov/news/2012/09/12/written-testimony-nppd-house-homeland-security-subcommittee-cybersecurity
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satellites. For example, when the United States detonated the 1.4-megaton (MT) Starfish Prime 

device on July 9, 1962, at 400 km altitude, a total of 21 satellites were in orbit or were launched 

in the weeks following. Eight suffered radiation damage that compromised or terminated their 

missions.159 Information concerning the fate of the remaining 13 satellites is not publicly 

available. 160 

According to the U.S. EMP Commission, “satellite electronics of the 1960s were relatively 

robust against nuclear effects. Their bulk and comparatively low-speed operation tended to 

make electronics of the era substantially less vulnerable to radiation upset and damage than 

modern electronics at comparable exposure levels. The discussion to follow highlights salient 

points of satellite vulnerabilities to nuclear explosions in the upper atmosphere or space. These 

vulnerabilities are considerable and incontrovertible — each worldwide fleet of satellites is at 

risk …”161 

Figure 24. High altitude bursts that generated X-ray fluxes and trapped radiation  162 

 

 

From left to right:  ORANGE, TEAK, KINGFISH, CHECKMATE, and STARFISH Prime bursts 

For detonations up to a few hundred kilometers altitude, the combined flux of energetic 

photons (X-ray, gamma, and UV) and neutrons irradiates a vast region of space.  The actual size 

of the hazard zone depends on weapon yield, detonation altitude, and the degree of satellite 

hardening against disruption or harm. Damage to satellite structures and to coatings on solar 

panels and sensor optics occurs when X-ray and UV fluxes exceed critical thresholds. Electronics 

damage similarly ensues when X-ray and gamma pulses induce destructive electric currents in 

 
159 Brown, W.L., W.N. Hess, and J.A. Van Allen, “Collected Papers on the Artificial Radiation Belt From the July 9, 

1962, Nuclear Detonation,” Journal of Geophysical Research 68, 605, 1963. 
160 Report of the Commission to Assess the Threat to the United States from Electromagnetic Pulse (EMP) Attack, 

Critical National Infrastructures, April 2008, Dr. William R. Graham (Chairman), p. 158. 
161 Ibid, p. 159.  
162 Ibid.  
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circuit elements and when energetic neutrons penetrate solid-state circuitry. These electric 

currents are called SGEMP.  163 

Potential EMP attack vectors and their range of effect 

An EMP attack can originate from many different nuclear weapon systems, such as: 

1. A burst from a nuclear weapon lofted to high altitudes by a missile. 

2. A burst from a nuclear weapon lofted to high altitudes by a balloon. 

3. A burst from a nuclear weapon on or near the ground.    

Of the many possible nuclear weapon systems, one of the greatest risks is posed by a ballistic 

missile-based EMP attack.  A ballistic missile can quickly loft a warhead to high altitudes which 

in turn will enable the weapon to cover a much broader area with destructive EMP. The 

following graphic shows the potential rings of electronic destruction from various burst 

altitudes associated with an EMP attack (note: the center point of each ring corresponds 

roughly to the point on the earth beneath the burst; an EMP burst could be centered over any 

point in North America).  164 

A burst at 30 kilometers altitude covers more than one state with destructive EMP and could 

either be accomplished using a balloon or a missile armed with a nuclear weapon. For those 

who may not have heard of the balloon-borne EMP threat, it is helpful to consider that in 2012, 

the highest balloon “jump” occurred at about 39 kilometers (km) altitude, when Felix 

Baumgartner jumped out of the “Red Bull Stratos” gondola, which weighed reportedly 2900 

pounds.  In 1960 and 19661, manned balloons reached heights of over 31 km and 34 km, 

respectively, and the world balloon altitude record is 53 km (2002). 165    

According to NASA, their scientific balloons are only 0.0008 inches thick and when filled with 

Helium, can carry up to about 8,000 pounds and reach an altitude of about 26 miles and can 

stay aloft for very long periods of time (weeks).  See http://www.csbf.nasa.gov/balloons.html 

for more information. 

 

  

 
163 Ibid, p. 160.  
164 Meta-R-320, The Early-Time (E1) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on the U.S. 

Power Grid, by Edward Savage, James Gilbert, and William Radasky, Metatech Corporation, January 2010, 

prepared for Oak Ridge National Laboratory, p. 2-15. 
165 Sources: (1) www.redbullstratos.com/science/aeronautical-records/ , Exit (jump) Altitude: 38,969.4 meters 

(equivalent to 127,852.4 feet) above mean sea level; (2) www.futurescience.com/emp/EMP-balloon.html , EMP 

Attack by Balloon, by Jerry Emanuelson, B.S.E.E., Futurescience, LLC. 

http://www.csbf.nasa.gov/balloons.html
http://www.redbullstratos.com/science/aeronautical-records/
http://www.futurescience.com/emp/EMP-balloon.html
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Figure 25. Regions at risk from HEMP from various nuclear weapon burst heights  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Balloon borne nuclear weapons and EMP are extensively described in many government 

reports, starting as early as the late 1950s.166  For example, the picture below is of the balloon 

launch vehicle that was used in 1958 to conduct the Yucca high altitude nuclear test. 167 

  

 
166 Example Sources:  (1) Operation Hardtack, Preliminary Report, Defense Atomic Support Agency, ITR-

1660(SAN) (Re-designated ADA369152)  23 September 1959;   (2) Operation of Balloon Carrier for Very-High-

Altitude Nuclear Detonation, Armed Forces Special Weapons Project,  Report ITR-1655 (Re-designated 

ADA322231)  25 July 1958; (3) Operation Hardtack, Defense Nuclear Agency, Report DNA 6038F, 1958; (4) Did 

High-Altitude EMP Cause the Hawaiian Streetlight Incident?, Vittitoe, Charles N.,  Sandia National Laboratories, 

June 1989; (5) "Fifty Odd Years of EMP" by Longmire, Conrad L.,  NBC Report, Fall/Winter, 2004. pp. 47-51. U.S. 

Army Nuclear and Chemical Agency; (6) Dyal, P., Air Force Weapons Laboratory. Report ADA995428. Operation 

Dominic. Fish Bowl Series, Debris Expansion Experiment, 10 December 1965, and (7)  Effects of Nuclear Weapons, 

3rd ed. by Glasstone and Dolan, 1977, Department of Defense. 
167 Operation of Balloon Carrier for Very-High-Altitude Nuclear Detonation, Armed Forces Special Weapons 

Project.  Report ITR-1655 (Re-designated ADA322231), 25 July 1958, page 12  (see www.dtic.mil/cgi-

bin/GetTRDoc?AD=ADA322231&Location=U2&doc=GetTRDoc.pdf)  

Ring of ground EMP coverage from a 30 

kilometers altitude burst (for example, 

where a balloon can loft a nuclear 

weapon; note: balloons can go to 50 km 

or higher with modern lighter weapons).   

A medium to 

intermediate range 

ballistic missile 

launched from a ship off 

of the coast, or a long 

range missile from 

another country could 

place an EMP burst over 

the center of the USA 

(that could also impact 

Canada and Mexico)  

(Source:  EMP Commission with additions from K. Briggs © 2013) 

 

http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA087568&Location=U2&doc=GetTRDoc.pdf
http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA087568&Location=U2&doc=GetTRDoc.pdf
http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA322231&Location=U2&doc=GetTRDoc.pdf
http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA322231&Location=U2&doc=GetTRDoc.pdf
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Figure 26. Operation Hardtack/Yucca high altitude balloon borne nuclear equipment  

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

High-altitude EMP (HEMP) threat introduction 

High-altitude EMP results from the detonation of a nuclear warhead optimally at altitudes 30+ 

kilometers above the Earth’s surface.  However, HEMP is generated for lower altitude bursts, 

but with lower field strengths. HEMP can catastrophically disrupt and damage electronics, 

communications, and power infrastructures.  It can also have indirect effects on people due to 

electrical shocks and EMP induced fires.  Subsequent sections will discuss some of the history, 

physics, and country by country threat aspects of EMP. 168 

 

 
168 The Early-Time (E1) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on the U.S. Power Grid, by E. 

Savage, J. Gilbert, and W. Radasky, 1/ 2010, Metatech Corp., for Oak Ridge National Laboratory.   

Picture at right and at 

bottom is from a 

government video about 

the Yucca test. See 

www.youtube.com/watc

h?v=ygQgWKtNFhg&list=

PL83109035579831D1  

© 2013 Kevin Briggs 

http://www.youtube.com/watch?v=ygQgWKtNFhg&list=PL83109035579831D1
http://www.youtube.com/watch?v=ygQgWKtNFhg&list=PL83109035579831D1
http://www.youtube.com/watch?v=ygQgWKtNFhg&list=PL83109035579831D1
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July 1962  -  Starfish Prime high-altitude nuclear test 

For example, the U.S. burst a 1.45 megaton warhead at 400 kilometers altitude (on July 8th, 

1962, at 11 PM, Honolulu time) over Johnston Island in the Pacific. This test, called Starfish 

Prime, was seen nearly 900 miles away in Hawaii.  Eyewitnesses said the whole Pacific Ocean 

went from deep darkness to a silent flash that momentarily made it look like noon.  The 

electrons released in the burst then interact with oxygen and nitrogen in the atmosphere to 

create a rainbow of colors, generally akin to aurora colors, as described in the table below: 169 

Table 36. How auroras (and HEMP) would look in the night sky 
 

Altitude Color / Excited element that returns to ground state emits a photon 

Above 150 miles Brownish Red                  / Oxygen + low energy electron excites 

Below 150 miles Green                               / Oxygen + high energy electron excites  

~ 56 - 75 miles Blue and Deep Red    [Purple/Violet]  / Nitrogen + electron excites  

© 2013   Kevin Briggs     

 

According to a news report at the time, “Witnesses in 

Honolulu said the sky lighted up in a marine green color 

from horizon to horizon when the megaton blast 

occurred at 11 p.m. … After the initial green flash the 

sky glowed red, gradually fading to a sunset pink, which 

remained for about seven minutes after the blast.  

The stars were obliterated by the flash and the moon 

was eerily centered amidst the changing color 

patterns in the sky.”170  See Starfish Prime 

as viewed from Honolulu.    

Some additional pictures of the Starfish Prime event show a pitch black facility that a moment 

later looks like midday (and then quickly darkens within a few seconds). The last picture shows 

the multi-color aurora effect at a long range from the burst point (in some cases, this lasted 

over 7 minutes).    

 
169 http://pwg.gsfc.nasa.gov/polar/EPO/northern_lights/aurora_broch.pdf, http://odin.gi.alaska.edu/FAQ/; 

http://pwg.gsfc.nasa.gov/polar/EPO/auroral_poster/aurora_all.pdf ; 

www.exploratorium.edu/learning_studio/auroras/difcolors.html ; http://science.howstuffworks.com/nature/climate-

weather/atmospheric/question471.htm  
170 The Bend Bulletin, Oregon, Monday, July 9th, 1962, U.S. touches off high-altitude nuclear test, UPI.  

Yellow 

http://pwg.gsfc.nasa.gov/polar/EPO/northern_lights/aurora_broch.pdf
http://odin.gi.alaska.edu/FAQ/
http://pwg.gsfc.nasa.gov/polar/EPO/auroral_poster/aurora_all.pdf
http://www.exploratorium.edu/learning_studio/auroras/difcolors.html
http://science.howstuffworks.com/nature/climate-weather/atmospheric/question471.htm
http://science.howstuffworks.com/nature/climate-weather/atmospheric/question471.htm
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Figure 27. Starfish Prime:  before and after the burst 

 

 

  

Left:  Picture of a ground facility 

moments before the Starfish Prime 

detonation of a 1.4 megaton weapon 

at 400 kilometers altitude over 

Johnston Island late at night.  Source: 

“High Altitude Nuclear Weapons 

Effects, Part 1, Phenomenology” by 

Stanford Research Institute for the 

Defense Nuclear Agency (view at:  

http://glasstone.blogspot.com/2006/03/

emp-radiation-from-nuclear-space.html ) 

© 2013  Kevin G. Briggs 

Left:  Picture of the same facility as 

above, one second later, just after the 

Starfish Prime detonation.  Note how 

the picture now appears to have been 

taken during the day. The orange 

lines show where some night lights 

and tower structures are in both 

picture (same source as above). 

Left:  Picture far from Johnston Island 

that shows part of the aurora formed 

as a result of the Starfish Prime burst. 

Note the blue color resulting from 

nitrogen atoms returning to a stable 

state after being excited by electrons 

released by the explosion (same 

source as above).   

http://glasstone.blogspot.com/2006/03/emp-radiation-from-nuclear-space.html
http://glasstone.blogspot.com/2006/03/emp-radiation-from-nuclear-space.html


Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

155 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 28. Starfish Prime geometries to Hawaii 

“A Department of Defense report documented some of the results of Starfish Prime: 171 

"At Kwajalein, 1,400 [nautical] miles [2,600 km; 1,600 mi] to the west, a dense overcast 

extended the length of the eastern horizon to a height of 5 or 8 degrees. At 0900 GMT a 

brilliant white flash burned through the clouds rapidly changing to an expanding green 

ball of irradiance extending into the clear sky above the overcast. From its surface 

extruded great white fingers, resembling cirro-stratus clouds, which rose to 40 degrees 

above the horizon in sweeping arcs turning downward toward the poles and 

disappearing in seconds to be replaced by spectacular concentric cirrus like rings moving 

out from the blast at tremendous initial velocity, finally stopping when the outermost 

ring was 50 degrees overhead. They did not disappear but persisted in a state of frozen 

stillness. All this occurred, I would judge, within 45 seconds. As the greenish light turned 

to purple and began to fade at the point of burst, a bright red glow began to develop on 

the horizon at a direction 50 degrees north of east and simultaneously 50 degrees south 

of east expanding inward and upward until the whole eastern sky was a dull burning red 

semicircle 100 degrees north to south and halfway to the zenith obliterating some of the 

lesser stars. This condition, interspersed with tremendous white rainbows, persisted no 

less than seven minutes. … Strong electromagnetic signals were observed from the burst, 

as were significant magnetic field disturbances and earth currents.” 

 
171 “A 'Quick Look' at the Technical Results of Starfish Prime”, August 1962, U.S. Department of Defense Report 

ADA955411, pp. 19-21.   

Starfish Prime burst at 400 km altitude centered over 

a location 30 km SW of Johnston Island and 1,445 km 

from Honolulu. Graphic from Meta-R-320 shows the 

HEMP source region at 30 – 50 km.   © 2013 Kevin Briggs 
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The Starfish Prime detonation caused many unexpected critical infrastructure impacts nearly 

900 miles away in Hawaii.  Based on analyses and eyewitness accounts, what follows is a list of 

some reported disruptions in Hawaii caused by the weak “edge” of this HEMP event: 172   

• About 300 street lights went out in Oahu 

• Telephone service to and from Kauai was disrupted by a damaged microwave link 

• Shut down some radio stations and damaged some communications receivers 

• Hundreds of burglar alarms went off in Honolulu as well as some air raid sirens  

• Some people reported problems with their cars stopping 

• Some street lights were disabled 

• A High Frequency (HF) transmitter was damaged 

• Some power line circuit breakers were tripped 

• Some automatic garage doors opened or closed due to the pulse 

• At least eight satellites were seriously damaged 173 

• Blew out some electric transformers in Hawaii 174 

Soviet K-3 High-altitude nuclear burst test 

On 22 October 1962, during the Cuban Missile Crisis, the Soviets tested a 300 kiloton nuclear 

weapon launched from Kapustin Yar in Russia and burst over the central part of Kazakhstan at 

an altitude of about 290 kilometers (180 miles).  Just as with the earlier Starfish Prime test 

conducted by the USA over the Pacific Ocean about 900 miles from Hawaii, the Russians 

experienced significant HEMP effects on their power and communications infrastructures.  The 

main difference between this test and the earlier U.S. Starfish Prime test was that the K-3 event 

occurred directly over a continental land area with cities and connecting infrastructures and 

 
172 Sources:  (1)  www.fas.org/sgp/othergov/doe/lanl/docs1/00322994.pdf UNITED STATES HIGH-ALTITUDE 

TEST EXPERIENCES, A Review Emphasizing the Impact on the Environment, A LASL MONOGRAPH by 

Herman Hoerlin, Issued: October 1976, p. 31; (2)  http://glasstone.blogspot.com/2006/03/emp-radiation-from-

nuclear-space.html; (3)  http://commdocs.house.gov/committees/security/has280010.000/has280010_0.HTM  (1999, 

[H.A.S.C. No. 106–31] ELECTROMAGNETIC PULSE THREATS TO U.S. MILITARY AND CIVILIAN 

INFRASTRUCTURE, Testimony of Lowell Wood and others, p. 31, etc.); (4) National Public Radio – All Things 

Considered, “Listen To The Bomb Watchers”, Nov. 15, 2012, Krulwich Wonders 

http://nige.files.wordpress.com/2009/02/em1-ch-7-ada955391.pdf Philip J. Dolan's Capabilities of Nuclear 

Weapons, DNA-EM-1 Chapter 7; (5) Charles Vittitoe, "Did High-Altitude EMP Cause the Hawaiian Streetlight 

Incident?" Sandia National Laboratories, 06/1989, and (6) The Early-Time (E1) High-Altitude Electromagnetic 

Pulse (HEMP) and Its Impact on the U.S. Power Grid, Meta-R-320, by Edward Savage 

James Gilbert, and William Radasky, Metatech Corporation for Oak Ridge National Lab, January 2010, p. 3-4.    
173 Collateral Damage to Satellites from an EMP Attack, by Edward E. Conrad and others, Defense Threat 

Reduction Agency, 8/2010, p. 13.  
174 National Public Radio – All Things Considered, “Listen To The Bomb Watchers”, Nov. 15, 2012, Krulwich 

Wonders; see also www.npr.org/blogs/krulwich/2010/07/01/128170775/a-very-scary-light-show-exploding-h-

bombs-in-space for a video by Jessica Goldstein and Maggie Starbard and Robert Krulwich as the Correspondent. 

http://www.fas.org/sgp/othergov/doe/lanl/docs1/00322994.pdf
http://glasstone.blogspot.com/2006/03/emp-radiation-from-nuclear-space.html
http://glasstone.blogspot.com/2006/03/emp-radiation-from-nuclear-space.html
http://commdocs.house.gov/committees/security/has280010.000/has280010_0.HTM
http://nige.files.wordpress.com/2009/02/em1-ch-7-ada955391.pdf
http://www.ece.unm.edu/summa/notes/SDAN/0031.pdf
http://www.ece.unm.edu/summa/notes/SDAN/0031.pdf
http://www.npr.org/blogs/krulwich/2010/07/01/128170775/a-very-scary-light-show-exploding-h-bombs-in-space
http://www.npr.org/blogs/krulwich/2010/07/01/128170775/a-very-scary-light-show-exploding-h-bombs-in-space
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hence experienced much more severe damage to the power and communications 

infrastructures.  The following two figures provide an overview of the K-3 Test.  175 

Figure 29. Adapted version of Major General Loborev’s graphic of the K-3 test 

 

The above graphic from Major General Loborev shows some of the damage that occurred in 

Kazakhstan in 1962 as a result of their K-3 test.  He reported there was extensive damage on: 176 

1. a 570 kilometer long aerial communications line, with steel and copper wires 

2. a 1,000 kilometer shallow buried power cable between Astana and Almaty 

3. Diesel backup generators, various antennas, and the Karaganda Power Plant 

(where a fire was induced by HEMP at the plant).  See the following Figure to 

see where Karaganda is in relation to where the burst occurred.  

 

 
175 Sources:  (1)  www.futurescience.com/emp/test184.html, Soviet Test 184, by Jerry Emanuelson, Futurescience, 

LLC, ; (2) Response of Long Lines to Nuclear High-Altitude Electromagnetic Pulse (HEMP), Vasily Greetsai, 

Andrey Kozlovsky, Vadim Kuvshinnikov, Vladimir Loborev, Yuri Parfenov, Oleg Tarasov, and Leonid Zdoukhov, 

IEEE Transactions on Electromagnetic Compatibility, Volume 40, Number 4, November 1998, (3) 

http://en.wikipedia.org/wiki/The_K_Project , The K Project, Wikipedia; (4) Howard Sequine’s notes provided to the 

EMP Commission, dated 11/30/99, from a meeting with Maj. General Loborev and Dr. Kondrat’ev  in 1995 at 

LLNL; (4) The Early-Time (E1) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on the U.S. Power 

Grid, by E. Savage, J. Gilbert, and W. Radasky, 1/ 2010, Metatech Corp., for Oak Ridge National Laboratory.      
176 Ibid; and Report of the Commission to Assess the Threat to the United States from Electromagnetic Pulse (EMP) 

Attack, Volume 1: Executive Report, 2004, Dr. William R. Graham (Chairman), p. 4.  

http://www.futurescience.com/emp/test184.html
http://en.wikipedia.org/wiki/The_K_Project
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 Figure 30.  K-3 test of high-altitude nuclear weapon map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is significant to note that at every repeater point along the 570 km aerial communications line 

(notionally depicted above) the R-350 gas-filled surge arrestors fired and the SN-1 fuses blew 

out, causing a complete failure of communications along this line.  The surge arrestors fired 

because of the high frequency component of HEMP, also called E1.  The fuses blew due to the 

E3 component of HEMP, called E3 as will be explained in the next section.  Another Soviet EMP 

expert, Dr. Kondrat’ev, replied the following to a question from U.S. EMP experts regarding 

whether additional communications lines were affected during the K-3 test:  “The only ones 

K-3 Test Legend: 

            Red dashed line = missile flight path 

            Yellow dotted line = aerial communications line 

            Purple dotted line = buried power line 

             (Note:  all line paths are notional between points) 

                                                         © 2013   Kevin G. Briggs 

 

Kapustin Yar 
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monitored were the ones discussed.  We presume others were damaged, but not reported.” He 

also noted that in other nuclear tests at lower altitudes: “Lower altitudes gave similar results.” 

177   

Other power related HEMP problems:  It was found that for 35-kV power lines (and below), 

“line isolation sparkover occurs under the action of surges with amplitudes on the order of 100 

kV” (from IEEE article).  A Metatech report (Meta-R-320) for Oak Ridge National Labs stated: 

“Power line insulators were damaged, resulting in a short circuit on the line and some lines 

detaching from the poles and falling to the ground.” The IEEE article noted that the “porcelain 

insulator’s glaze failed and fused.”  In addition, the E3 EMP penetrated the ground and caused 

shallow buried power lines to fail due to geomagnetically induced currents and several fires 

from EMP (such as burning fuses at the Karaganda Power Plant) were experienced according to 

notes from a meeting with Major General Loborev and Dr. Kondrat’ev.  In this meeting, they 

stated: “The 1,000 km long Aqmola-Almaty power line was a lead-shielded cable … and buried 

at a depth of 90 cm in ground … It survived for 10 seconds, because the ground attenuated the 

high frequency field … However, it succumbed completely to the low frequency EMP at 10-90 

seconds after the test, since the low frequencies penetrated through 90 cm of earth, inducing an 

almost direct current in the cable, that overheated and set the power supply on fire at 

Karaganda, destroying it. … This overheated the transformers, which are vulnerable to short-

circuit by DC.” Finally, the diesel backup power generators that were damaged reportedly failed 

as a result of the E1 (early) component of HEMP, which will be explained in the next section.  178 

It is also very important to note that the when the Soviet EMP experts (Loborev and Kondrat’ev) 

were asked whether the problems identified in the K-3 test were fixed, Kondrat’ev reportedly 

answered:  “All trunk lines are now underground, which was a Ministry of Communications 

initiative to protect civilian communications.” 179  The bottom line here is that the Soviets 

(Russians) identified EMP as a severe problem through their early testing and reportedly 

developed extensive programs to fix the problems they identified.   

 
177 Howard Sequine’s notes provided to the U.S. EMP Commission, sent 11/30/99, from a meeting with Major 

General Loborev and Dr. Kondrat’ev in 1995 at LLNL.    
178 Sources:  (1) Response of Long Lines to Nuclear High-Altitude Electromagnetic Pulse (HEMP), Vasily Greetsai, 

Andrey Kozlovsky, Vadim Kuvshinnikov, Vladimir Loborev, Yuri Parfenov, Oleg Tarasov, and Leonid Zdoukhov, 

IEEE Transactions on Electromagnetic Compatibility, Volume 40, Number 4, November 1998;  (2)  The Early-Time 

(E1) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on the U.S. Power Grid, by E. Savage, J. Gilbert, 

and W. Radasky, 1/ 2010, Metatech Corp., for Oak Ridge National Laboratory;  (3) 

www.futurescience.com/emp/test184.html, Soviet Test 184, by Jerry Emanuelson, Futurescience, LLC, ; (4) 

http://en.wikipedia.org/wiki/The_K_Project , The K Project, Wikipedia; and (5) Howard Sequine’s notes provided 

to the EMP Commission, dated 11/30/99, from a meeting with Maj. General Loborev and Dr. Kondrat’ev  in 1995 at 

LLNL.    
179 Howard Sequine’s notes provided to the U.S. EMP Commission, sent 11/30/99, from a meeting with Major 

General Loborev and Dr. Kondrat’ev in 1995 at LLNL.    

http://www.futurescience.com/emp/test184.html
http://en.wikipedia.org/wiki/The_K_Project
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E1, E2, and E3 HEMP timing explained 

There are three major time-phased components of High-altitude EMP (HEMP), termed E1, E2, 

and E3, as shown in Figure 31.  The first component, E1, is created by prompt gamma rays from 

a high altitude burst interacting with the upper atmosphere to create a high frequency EMP, 

which occurs within less than a microsecond (one millionth of a second) after the burst. The 

rise-time of the E1 pulse is measured in the range of a fraction of a billionth to a few billionths 

of a second (nanoseconds).  The E1 pulse is a primary cause for damage to electronic systems, 

such as the power grid and communications and computer networks and can cover large 

continental regions in an instant.  The second time-phase component of HEMP is E2, which 

occurs between 1 microsecond and one second after the burst due to delayed gamma rays.  E2 

covers roughly the same geographic area as E1 and is similar to lightning in its frequency range, 

but is far more geographically widespread and is much lower in amplitude than lightning.  E2 is 

not as big a risk for most electronic systems in that these systems are typically protected 

against occasional lightning strikes. However, because the E2 component follows a small 

fraction of a second after the E1 pulse, the E1 pulse may disable lightning protection circuits 

and hence “open the door” for E2 induced damage or disruption.  The last time-phase 

component of HEMP is the E3, or Magneto-hydrodynamic (MHD), EMP signal.  E3 is created by 

the hydrodynamic motion of the weapon debris and the ionized atmosphere across the 

geomagnetic field lines. E3 lasts from a second to minutes and is similar in many respects to the 

time scale of solar weather geomagnetic storm threats.  E3 can produce system malfunction 

and damage through different mechanisms than the E1 and E2 phases, such as penetrating the 

ground or seawater and inducing large currents on power lines.180 

  

 
180 Sources:  (1) The Early-Time (E1) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on the U.S. 

Power Grid, Meta-R-320, by E. Savage, J. Gilbert, and W. Radasky, 1/ 2010, Metatech Corp., for Oak Ridge 

National Laboratory; (2) The Late-Time (E3) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on the 

U.S. Power Grid (Meta-R-321), by J. Gilbert, J. Kappenman, W. Radasky, and E. Savage, 1/ 2010, Metatech Corp., 

for Oak Ridge National Laboratory; (3) 2004 EMP Commission Report, and (4) EM-1, Chapter 7 (DoD).    
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Figure 31.  Three general types of High-altitude EMP (HEMP) 

 

 

 

 

 

 

 

 

 

 

 

E1 HEMP further explained 

E1 EMP results from the prompt gamma rays generated from nuclear burst fission and/or 

fusion reactions.  The fraction of the weapon’s energy that is contained in the prompt gammas 

will vary from about 0.1% for high yield weapons (for example, a 1 megaton thermonuclear 

warhead) to about 0.5% for low yield weapons (such as a 10 kiloton fission weapon), depending 

on weapon design.  Special designs, such as a neutron warhead, can reportedly increase the 

prompt gamma output to levels of about 2.6%. 181   

The gamma rays (which are like x-rays, but with higher energy, in the MeV range) travel in an 

expanding spherical shell, a few meters thick, moving at the speed of light. Those gamma rays 

that travel to lower altitudes have significant collisions with air molecules in the 40-20 km 

altitude range which is also called the “source region” for the E1 HEMP. These collisions 

produce what are known as ‘Compton recoil electrons.’   Compton scattering occurs when 

gamma rays strike electrons in air atoms. This knocks electrons free, with about half the 

initiating gamma ray’s energy, and the exiting gamma ray goes off with about half of the 

 
181 Ibid and http://glasstone.blogspot.com/2006/03/emp-radiation-from-nuclear-space.html. 

http://glasstone.blogspot.com/2006/03/emp-radiation-from-nuclear-space.html
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remaining energy.  This Compton scattering process is illustrated for an individual air atom in 

Figure 32 below.  182 

 

Figure 32.  Compton scattering of electrons that produces HEMP (from Meta-R-320) 

 

 

Exoatmospheric nuclear burst induced gamma rays gradually diminish as they transverse more 

and more air, especially with the increase in air density with lower altitude. The generated 

Compton electrons moving in the earth’s geomagnetic field are turned coherently to curve 

away from their initial forward path, as shown in Figure 33. The turned part of the electron’s 

path generates a radiated electromagnetic field, similar to the electric current driven by the 

transmitter on an AM radio station’s broadcast antenna. This radiated EMP travels outward, 

away from the burst point at the speed of light. At some altitude the gamma beam is essentially 

gone and the EM pulse isn’t built up any more, and so the EMP radiates toward the Earth’s 

surface apart from the gamma rays. 183 

  

 
182 The Early-Time (E1) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on the U.S. Power Grid, 

Meta-R-320, by E. Savage, J. Gilbert, & W. Radasky, 1/ 2010, Metatech Corp., for Oak Ridge National Labs, p. 4-1. 
183 Ibid (Meta-R-320), p. 4-2. 
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Figure 33.  Build-up of E1 HEMP 

 

The electric field strength of E1 HEMP is usually measured in kilovolts/meter (or kV/m) and is 

not a function of weapon yield, as is commonly believed.  Instead, the E1 field strength, as 

measured at a point on or above the earth, is a function of the time evolution of prompt 

gamma rays and high-energy x-rays as well as the burst and observer positions.   184 

 

 

. 

 

 
 

 

 

 

 

 

The symbols used in the figure above are explained as follows:  the electromagnetic (EM) wave 

has an electric field part “E”, and a corresponding magnetic field part “H”. For an E1 HEMP, 

these two terms are perpendicular to each other, and also to the direction of travel (the ray 

from the burst point to the observer on the earth). The ray also represents the direction of the 

“Poynting” vector – giving power (and energy) flow (named after John H. Poynting, but also 

conveniently “pointing” in the direction of power flow). As shown in the figure, all three vectors 

are at right angles, and the “right-hand rule” applies: using the right hand, curve fingers in the 

direction from E to H, and then the thumb points in the direction of P. The Earth’s magnetic 

field is traditionally identified by a “B” instead of an “H”. The symbol B is used for the magnetic 

flux density, and H is used for magnetic field intensity – these two are related by a material’s 

permeability (which is often about the same as the value for vacuum). 185 

 

Note that below about 50,000 feet (or about 15 km or 9 miles) there is no dangerous radiation 

present from the burst of an exoatmospheric nuclear weapon , such as high levels of gammas 

or x rays, neutrons, or betas (high energy electrons).  All that propagates downward through 

 
184 Ibid (Meta-R-320), p. 2-11. 
185 Ibid (Meta-R-320), p. 2-3. 

  ~ 40 km  

    altitude 

  ~ 20 km 

   altitude 

  Adapted from Meta-R-320; © 2013 Kevin Briggs 
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the atmosphere is the HEMP wave, similar to a high powered electromagnetic wave from a 

nearby radio or TV station, or as is produced if next to a cell phone.  186 

 
As discussed earlier, the E1 HEMP signal coverage reaches out to the Earth’s horizon as seen 

from the burst point. However, for a given weapon and burst location, the E1 HEMP field 

strength, typically measured in kV/m, varies significantly based on where you are on the earth 

beneath the burst.  Figure 34 shows the peak of the E field at locations on the earth (as a 

fraction of the highest peak seen for all locations) under a burst at 75 kilometers altitude.  For 

obvious reasons, the contour plots of peak E1 HEMP are often called “smile diagrams” (note the 

red smiling “lips” with the choice of contour colors used in this example that is slightly south of 

the “Ground Zero” (the point directly below the burst)).  The area that corresponds to the 

“nose” is a low field strength point north of Ground Zero. HEMP is governed by the earth’s 

magnetic field (geomagnetic field), and so the peak and null points are actually geomagnetically 

south and north from Ground Zero in the Northern Hemisphere. 187  Figure 35 shows a similar 

“smile diagram”, but this time actually shows some possible kV/m field strengths based on a 

400 km altitude nuclear burst (hence the greater ground area covered). And while this Figure 

postulates a peak field of 50 kV/m, the field strength could be significantly more or less based 

on weapon design (and the resulting gamma and high energy X-ray output).  

Figure 36 shows the general variations in peak electric fields for locations on the earth's surface 

for burst altitudes between 60 and 320 miles and for ground zero between 300 and 600 north 

latitude for weapons with yields of a 200+ kilotons. 188 

  

 
186 Ibid, p. 2-4. 
187 Ibid.  
188 The Effects of Nuclear Weapons, compiled & edited by Samuel Glasstone & Philip J. Dolan, DoD, 1977, p. 538. 
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Figure 34.  E1 HEMP field strengths as % of E peak from a weapon at 75 km altitude 

 

Adapted from Meta-R-320   © 2013  Kevin Briggs 
 
Figure 35.  HEMP field strengths from high yield burst at about 400 km altitude 

Graphic source: 189 

 
189 TOP 01-2-620 HEMP Testing, US Army Test and Evaluation Command, 10-11-2011, p. A-7.  

Peak E1 field strength in the “smile” area on 

the ground under a 75 km altitude burst. 

The light green “nose” shows a relatively 

low E field (5 kV/m) versus the peak in 

the smile (50 kV/m). The red “smile” area 

shows the peak electric field on the 

ground from a 400 km altitude burst.                   

                                     © 2013 Kevin Briggs 

5 kV/m 
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Figure 36.  Variations in peak EMP fields for locations on earth’s surface for a burst 
between 60 & 120 miles altitudes and for a ground zero between 30° & 60°N 190 

 

 

 
Table 37 shows a typical distribution of the energy for a high altitude exoatmospheric nuclear 

detonation.  An air burst (within the atmosphere) would have a much different energy 

distribution.  We can see that the gamma rays, which help determine the EMP field strength, 

are actually a very small fraction of the energy emitted.  On the other hand, X-rays represent 

most of the energy from the burst, but don’t contribute to the EMP field strength (at least not 

in a positive way). X rays can play a part in E1 HEMP, but usually only as a limiting effect by 

producing air conductivity and thus decreasing the field levels.  This only applies to the small 

part of the x-ray output that is comprised of high-energy photons.  The vast majority of the x-

 
190 The Effects of Nuclear Weapons, compiled & edited by Samuel Glasstone & Philip J. Dolan, DoD, 1977, p. 538. 
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ray energy from a high altitude burst is in the part of the spectrum with photons of much lower 

energy that don’t significantly affect HEMP levels.191 

 

Table 37. Energy distribution in a high altitude nuclear burst 

 

 
Table source 192  Metatech report, Meta-R-320. 

There are several other electromagnetic (EM) effects that are similar to E1 HEMP, such as those 

shown in Figure 37. For example, drawing “a.” in Figure 37 shows a radio transmitter where 

current flows up and down the vertical antenna, generating an outward-going EM wave that 

the radio receiver demodulates into the transmitted music. In drawing “b.” there is a lightning 

cloud-to-ground strike, with its vertical currents, which also sends out EM waves – possibly 

heard as crackling in the radio receiver. If the lightning strike was a direct hit (or nearby),  the 

radio would most likely be damaged, unless there was a very good lightning arrestor attached. 

In drawing “c.” we see that E1 HEMP is also an EM wave – picked up by the radio, it might make 

a crackle or pop, or silence the radio by causing damage. The last EM example, drawing “d.”, 

shows IEMI (Intentional Electromagnetic Interference). Here someone, such as a terrorist using 

a Radio Frequency (RF) weapon, sends out a strong EM signal, trying to disrupt or destroy some 

electronic system. Another example of “d” would occur if a criminal uses an RF weapon to 

disrupt or destroy electronic equipment, such as security devices in a robbery attempt or vital 

equipment in an extortion scheme.
193

 

  

 
191 Ibid (Meta-R-320), p. 2-5. 

 192 Ibid. 
193 Extracted and quoted from: Ibid, p. 2-6. 
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Figure 37.  Similar electromagnetic situations to E1 HEMP 

 
Source:  Meta-R-320 

Figure 38 shows an approximate spectral representation of various electromagnetic 

environments, including lightning, E1 HEMP, and wideband and narrowband signals from RF 

weapons. We see that E1 HEMP dominates in the middle, from about one megahertz to several 

hundred megahertz. Normal EM noise (“EMI environments”) and radio stations are shown 

below at the bottom of the chart.  (Source: Meta-R-320, page 2-7) 
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Figure 38.  Approximate electromagnetic spectrum for various disturbances 

 

 

 

 

 

 

 

 

 

 

 

To gain further insight into the potential HEMP E1 impacts, the following table provides some 

different weapon yields and projected EMP levels estimated from a graph by Dr. George Baker, 

the former head of the Defense Nuclear Agency’s EMP program, based on a generic weapon 

design (versus a “super-EMP weapon).  194  Note that the table’s red cells show that damage to 

the electric grid and our communications and computer networks is likely in those areas that 

experience over 7 kV/meter EMP.  Electronic upset can typically occur in areas with EMP field 

strengths over 1 kV/meter.  Electronic upset can result in impacts like:  (1) computers freezing 

up and needing to be turned off and restarted to operate properly, (2) cars stopping and 

needing to be restarted or by disconnecting and reconnecting the battery, and (3) phones and 

Internet service being disrupted where switches/routers need to cycled off and back on.  

  

 
194 Sources: (1)  High-Impact Threats to Critical Infrastructure, Conference Proceedings of the InfraGard National 

EMP SIG Sessions at the Dupont Summit, 2012, edited by Charles L. Manto,  in an article titled: “EMP Knots 

Untied:  Some Common  Misconceptions about Nuclear EMP” by Dr. George Baker, Professor Emeritus, James 

Madison University, page 79.  (2) Meta-R-324, High-Frequency Protection Concepts for the Electric Power Grid, by 

Dr. William Radasky and Dr. Edward Savage, Metatech Corporation, January 2010, prepared for Oak Ridge 

National Laboratory (see http://web.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Meta-R-324.pdf) 
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Table 38. Generic warhead yields, burst altitudes, estimated peak EMP levels at ground 

 

 Burst              Weapon 
 Altitude (km) 

3 Kiloton (kT)  
Generic Nuclear Warhead  

30 kT 300 kT 3,000 kT 
(3 Megaton) 

25 8 kiloVolts/meter (kV/m) 12 kV/m 17 kV/m 21 kV/m 

50 15 kV/m 25 kV/m 30 kV/m 40 kV/m 

100 6 kV/m 25 kV/m 40 kV/m 50 kV/m 

200 1.5 kV/m 10 kV/m 30 kV/m 55 kV/m 

300 0.7 kV/m 6 kV/m 22 kV/m 50 kV/m 

400 0.29 kV/m 3.2 kV/m 18 kV/m 45 kV/m 

Legend:  Peak kV/m at ground level and the likely impact to the power grid. © 2013 Kevin Briggs 

Upset possible = 1 to 3 kV/m    Upset/damage possible = 3 to 7 kV/m      Damage likely = 7+ kV/m   

 

Note that the above table represents the results for a “generic” unclassified nuclear warhead 

design.  If an enhanced EMP warhead was used, significantly different results could be 

obtained, especially for low yield weapons.  To calculate the actual E1 levels, the time evolution 

of the weapon’s (1) gamma emissions and (2) high-energy x-rays emissions are needed.  In 

addition, the weapon’s burst location and the observer’s location (in latitude, longitude, and 

altitude) are both needed.  The yield of a nuclear weapon of unknown design cannot be used to 

calculate/predict the E1 HEMP field strengths.  195 

 
To better understand just how extensive EMP disruptions can be, Figure 39 shows EMP field 

strengths at the ground level.  This figure shows that if a peak EMP of 50 kV/m is experienced at 

the relative center of the USA that is caused by a burst at 480 kilometers above Omaha, 

Nebraska, then the EMP field strengths are still on average about 20 kV/m in the dark blue 

outer ring that goes up into Canada, down into Mexico, and along the coastal USA regions.  

Hence, from the preceding table, it can be seen that such an EMP could cause significant 

damage to much of the power and communications and computer infrastructures throughout 

the entire continental USA, southern Canada, and northern Mexico.  A burst like this could be 

obtained from a high yield weapon, such as is in the Russian and Chinese weapons inventories.   

  

 
195 FERC, Meta-R-320, pages 2-11 and 2-12.  
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Figure 39. HEMP E1 field strengths at ground level from a notional high yield weapon  

Source:  Metatech as cited in presentation by Bron Cikotas: 196   © 2013 Kevin Briggs (graphic additions) 

 

Dr. Bill Radasky had the following to say about the E1 EMP waveform:  “… the early-time HEMP 

(first microsecond of the HEMP field) is produced by the prompt gamma rays that are emitted 

by the nuclear device in the first 100 nanoseconds after the detonation.  These gamma rays 

have energies in the MeV range with an average energy of 1 to 2 MeV.  The gamma ray pulse 

leaves the nuclear device with a rise time on the order of 10 ns and a pulse width on the order of 

100 ns.  The energy contained in this pulse is only on the order of 0.1 to 0.3 percent of the 

nuclear energy produced during the explosion.  …If we consider the gamma rays that are 

directed downward toward the earth's atmosphere from a burst well above 40 km, the gamma 

rays will travel with little attenuation (other than the inverse square spatial loss) until they reach 

an altitude of about 40 km.  At this altitude the gamma rays produce relativistic electrons 

through the Compton effect.  These electrons are also in the MeV range and are mostly forward 

 
196 NUCLEAR ELECTROMAGNETIC PULSE AND POST EMP COMMISSION ISSUES presented by Bronius 

Cikotas at the 24th Annual Doctors for Disaster Preparedness Meeting, 6 August 2006.   
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directed along the original path of the gamma ray that produced it.  Given the relativistic 

velocity of the electrons and the fact that the earth's magnetic field exerts a force on each 

moving electron, this causes the electrons to be deflected from their original radial paths in a 

coherent fashion. … Note that the transverse electrons turn farther at higher altitudes due to 

the lesser air density, and that transverse electric fields are created along a line of sight in the 

same manner as a phased linear antenna.  It has been shown through both theoretical 

approaches (Karzas, Latter and Longmire) and through 2-D calculations (Radasky, Knight) that 

the HEMP is dependent on current contributions close to each radial line of sight.  This is due 

primarily to the creation of a rapidly increasing (in time) air conductivity that severely limits the 

contributions of currents at other non-line-of-sight locations in the HEMP source region. … As in 

the case of the Starfish test, a burst may occur at hundreds of kilometers altitude, and the 

gamma rays that are directed downward toward the earth's atmosphere propagate with no air 

attenuation until they reach 40 km or so.  This allows for a very large area coverage of the early-

time HEMP field, which propagates along downward radial lines of sight, as does the initially 

emitted gamma ray flux from the nuclear device.  A simple formula to compute the radius of the 

earth's tangent as measured from the point on the earth's surface directly below the burst is:  

Surface exposure radius = 110 x square root of height of burst (HOB), where both the radius 

and the HOB are in kilometers.  Therefore for a 400 km HOB, the radius to the earth's tangent is 

2200 km.  It should be noted that while many published HEMP standard waveforms indicate a 

peak early-time electric field of 50 kV/m, typically the HEMP fields decrease with range and are 

usually no larger than 0.5 times the maximum value at the earth's tangent.”197   

  

 
197 Radasky, W. A., “High-altitude EMP (HEMP) Environments and Effects,” NBC Report, U.S. Army Nuclear and 

Chemical Agency, Spring/Summer 2002.   
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E2 HEMP further explained 

E2 results from the scattered gamma signal and is much lower in amplitude (field strength) than 

the E1 signal (as illustrated in Figure 31).  E2 HEMP arises from the gamma rays which have 

been previously Compton scattered.  For most nuclear weapons burst at high altitude, the EMP 

fields at the ground are largest for bursts between 50 and 100 km altitude. The latter neutron 

gamma signal is caused by the inelastic scattering in air of high energy neutrons generated in 

thermonuclear reactions, and the fields at the ground are greatest for low altitude bursts 

between 20 and 50 km. For this time scale, the ground reflections are of great importance, and 

the field shown back in Figure 31 is the vertical electric field; the horizontal electric fields that 

couple to conductors are substantially less. 198 

 

Dr. Bill Radasky had the following to say about the E2 EMP waveform: “The intermediate HEMP 

fields (1 microsecond to 1 second) are created both by the scattered gamma rays (a by-product 

of the Compton process) and the fast neutrons that are emitted by the nuclear device.  … The 

process is initiated by the fast neutrons leaving the device, which travel at about 1/6 the speed 

of light and arrive at an altitude of 30 km with some delay behind the gamma rays.  When the 

neutrons collide with the air, they produce gamma rays through an inelastic process.  The 

gamma rays that scatter downward will produce a vertical Compton electron distribution that 

produces a charge separation at the lower portion of the source region (around 15 km altitude). 

… the intermediate-time HEMP fields are only on the order of 10-100 V/m for the vertical field at 

the earth's surface.  The horizontal electric fields are smaller yet, usually on the order of 1 - 10 

V/km, depending on the earth's conductivity.  Also unlike the early-time HEMP fields, the peak 

intermediate-time electric fields will decrease much more rapidly with range, often exhibiting a 

decrease of more than a factor of 10 from the maximum to the minimum peak field levels near 

the earth's tangent.”199 

 

As explained earlier (in the text associated with Figure 31), E2 EMP should not be a problem to 

most electronics that have lightning protection that has survived the preceding E1 pulse.  E2 

could pose a problem for High Frequency (HF) radios, particularly those with long antennas.  

  

 
198 The Late-Time (E3) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on the U.S. Power Grid (Meta-

R-321), by J. Gilbert, J. Kappenman, W. Radasky, and E. Savage, 1/ 2010, Metatech Corp., for Oak Ridge National 

Laboratory, p. 1-1.  
199 Radasky, W. A., “High-altitude EMP (HEMP) Environments and Effects,” NBC Report, U.S. Army Nuclear and 

Chemical Agency, Spring/Summer 2002.  
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E3 HEMP further explained 

The low frequency component of High Altitude EMP, E3, is also called Magneto-hydrodynamic 

or MHD EMP since it is generated from the motion of the ionized bomb debris and atmosphere 

relative to the geomagnetic field. E3 EMP was first noticed in 1958 during the Teak and Orange 

exoatmospheric nuclear weapons tests in the Pacific and Operation Argus in the Atlantic the 

same year, and additional information was obtained in the later exoatmospheric tests of the 

Fishbowl series, especially the Starfish Prime test in 1962 over Johnston Atol. 

These tests showed that E3 EMP is produced by two different physical mechanisms, which both 

produce significant threats to electrical systems. 200 

1. The 1-10 second time period is known as the “Blast Wave” 

2. The 10-300 second time period is known as the “Heave”  

The first mechanism is designated E3A or “Blast Wave” and results from the expansion of the 

fireball, expelling the geomagnetic field and creating a magnetic bubble. The second results 

when the debris in the bubble flows along geomagnetic field lines and heats and ionizes the 

upper atmosphere, causing it to expand buoyantly and rise. The rising, conducting patch 

crosses the geomagnetic field lines, causing currents to flow in the patch and producing 

magnetic fields on the surface of the earth beneath the patch. This is designated E3B or Heave. 

The two processes occur in different time regimes and have different geographical distributions 

of the electrical field at the surface of the earth. 201 

A standard for E3 HEMP was developed by the International Electrotechnical Commission (IEC) 

and is available for unclassified use. This specification provides a composite waveform instead 

of separating the individual Blast Wave and Heave components, and does not provide guidance 

on the spatial extent of the field or the orientation. The specified horizontal electric field is 

shown in the Figure that follows, assuming a uniform ground conductivity of 10 -4 S/m.202 

 

 

 

 

  

 
200 Derived and quoted from: The Late-Time (E3) High-Altitude Electromagnetic Pulse (HEMP) and Its Impact on 

the U.S. Power Grid (Meta-R-321), by J. Gilbert, J. Kappenman, W. Radasky, and E. Savage, 1/ 2010, Metatech 

Corp., for Oak Ridge National Laboratory, p. 2-1. 
201 Ibid. 
202 Ibid, p. 2-21.  
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Figure 40. HEMP E3 horizontal electric field strengths  

 

When Oak Ridge National Laboratory modeled the potential effects of the Blast Wave EMP in 

2010, the footprint of the intense disturbance region was specified to be located over a number 

of critical locations throughout the U.S., such as over New York or Chicago.  In the case when 

the peak E3 field was centered over Chicago, this location also spread a large footprint of the 

disturbance over much of the USA.  Specifically, every major state from the East Coast to the 

west coast states of Washington, Oregon and California, and from Maine to Florida and Texas, 

accumulated sufficient disturbance energy from this scenario to threaten collapse of the entire 

U.S. Power Grid. Oak Ridge’s modeling showed that the E3 EMP also generated very high levels 

of induced currents from Chicago to New Jersey and neighboring regions. These levels could be 

large enough to exceed the normal AC current loads, and, as a result, could lead to permanent 

damage to circuit breakers and other apparatus on the high voltage networks in these regions. 

Possible widespread failures of this type could lead to significant delays in power system 

restoration in these regions (possibly months or years long). The figure that follows shows 

where large E3 induced currents are entering the neutrals of Extra High Voltage transformers 

across the USA, possibly damaging a significant portion of these transformers. Oak Ridge 

predicted that the entire U.S. power grid would collapse in this (and similar) scenarios. 203 

 
203 Ibid, p. 3-16.  
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Figure 41. HEMP E3 causes large, damaging induced currents in EHV transformers  

 

In the above modeled scenario, approximately 480 power lines had geomagnetically-induced 
currents (GICs) flows exceeding AC currents, putting these lines at risk of failure. When these 
sets of at risk lines are extrapolated to include circuit breakers on the 345kV and higher 
transmission infrastructure, Oak Ridge found that up to about 2,000 circuit breakers were at-
risk, a level that is approximately 1/3rd of the entire U.S. population of circuit breakers. The 
figure that follows shows the locations of these potentially damaged circuit breakers.204 
 

Figure 42. HEMP E3 damaged circuit breakers from Oak Ridge assessment  

 

 

 
204 Ibid, p. 4-15.  
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Protecting electronics from EMP 

Lightning versus HEMP 

Much attention has been given to protecting electronics from local lightning strikes.  Lightning 

has a relatively slow electrical pulse “rise time” of 10s of microseconds compared to E1 HEMP’s 

quick rise times measured in a few nanoseconds.   While some lightning protection devices can 

also handle EMP, many cannot due to this quick pulse rise time. 

From UNCLASSIFIED sources in the USA, E1 HEMP can create field strengths up to 50 kV/m 

horizontally and 20 kV/m vertically, with a pulse rise time to peak in a few nanoseconds, and a 

pulse width of roughly 1 microsecond (note that a lightning strike has a peak rise time of about 

2 microseconds and a pulse width of 1 millisecond). 205 The Russians have claimed that they can 

generate up to 200 kV/m with an E1 HEMP weapon (as reported by Congressman Roscoe 

Bartlett at a Congressional hearing I attended a few years ago).   

A major difference between lightning and HEMP is that while lightning typically affects 

electronics within a few hundred feet of the strike, HEMP can impact electronics over hundreds 

to thousands of miles.  Any metallic power or data cables or conductive device will act as an 

antenna to pick up HEMP energy, if the equipment or cables aren’t electrically shielded and lie 

within the HEMP coverage area.  

The E1 HEMP energy is spread over about 10 kHz to 100 MHz (which fall within the HF – VHF 

frequency ranges).  The E1 field strength is the highest (and generally level) from about 10 kHz 

to 1 MHz, but then gradually decreases by a factor of 100 by the time it reaches 100 MHz. 206  

EMP coupling into wires, antennas, and electronics 

There are three primary ways HEMP energy can couple into a metallic object at ground level:  

(1) electric induction, (2) magnetic coupling, and (3) resistive coupling.   Electric induction 

occurs when a current is created (induced) in a metallic object by the electric field component 

that is generally in the same direction as the conductor’s length. Magnetic induction occurs in 

conductors that form a closed loop, as the magnetic field moves perpendicular to the loop 

plane.  Resistive coupling occurs when a current is flowing through a medium and a conductor 

provides an alternative path and shares the current with the medium.  Note too that 

equipment doesn’t have to be directly connected to a wire or antenna to be upset or damaged 

 
205 Electromagnetic Pulse and the Radio Amateur, Part 1, by Dennis Bodson, QST, August 1986, pp. 15 – 20, 36 
206 Ibid. 
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by EMP.  For example, an EMP induced spark can jump for one conductor to another nearby 

conductor. 207   

The following Table provides an idea of typical EMP induced surges on various conductors.  

Table 39. HEMP induced surge currents on power and telephone cables & antennas 208 

Type of cables or 
antennas  

Peak Current 
(Amps) 

Peak Voltage  
(Volts) 

EMP Rise Time 
(microseconds) 

Shielded cable 0.1 to 50 1 to 100 1 to 100 

UHF antennas 10 to 100 100 to 10,000 0.001 to 0.01 

VHF antennas 100 to 1,000 1,000 to 100,000 0.001 to 0.01 

HF antennas 500 to 100,000 10,000 to 1,000,000 0.01 to 0.1 

AC power lines at wall 
outlet 

10 to 100 1,000 to 50,000 0.1 to 10 

Unshielded phone 
lines at wall outlet 

1 to 100 100 to 10,000 0.01 to 1 

Long, aerial, 
unshielded power 
lines 

1,000 to 10,000 100,000 to 5,000,000 0.01 to 0.1 

© 2014 Kevin Briggs 

 

Physical effects on equipment and how to protect homes and businesses from fires 

The most common path for HEMP energy to couple to electronics is through the power and/or 

data cables connected to the equipment, or through any connected antennas.  Hence, typical 

points of failure with systems include the Cat V Ethernet connector, the power adaptor, the 

antenna coupler, etc.   HF radios are particularly vulnerable to the effects of HEMP, since HF 

antennas efficiently pick up HEMP energy. In addition, HF transceivers can experience EMP 

damage or upset where data or power lines enter the equipment, such as at the antenna 

matching network, the power supply, and where any microphone, external speaker, or phone 

patch connection occurs.  Likewise, long power lines are extremely vulnerable to E1 HEMP, and 

can experience peak voltages between 100,000 and 5 million volts and peak currents between 

1,000 and 10,000 amps.  And while household and business circuit breakers are not typically 

designed to react quickly enough to stop EMP energy from entering the local circuits, internal 

 
207 Electromagnetic Pulse and the Radio Amateur, Part 1, by Dennis Bodson, QST, August 1986, pp. 15 – 20, 36 
208 Ibid. 
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arcing in the breaker box may limit the peak pulse to around 6 kV.  Likewise, tests have shown 

that household electrical wiring limits the maximum transient currents to about 120 amps. 209   

EMP induced sparks/arcing can cause fires in homes and businesses, as observed with EMP 

tests conducted by the military and in the case of the Soviet’s test over Kazakhstan that was 

previously discussed.210  It is recommended that homes and businesses plug in surge arrestors 

(that are 1 nanosecond response capable) throughout their premises (every 20 feet or so), so 

that EMP induced arcing is dampened and the risk of fires is greatly diminished.  More than one 

surge arrestor is needed because E1 EMP can potentially build up enough current to cause 

sparks/arcing with a 20 foot long power cord or telephone/data line.   These surge arrestors are 

inexpensive and commonly found at stores like Walmart.  In addition, lightning surge arrestors 

are recommended for homes and businesses to help direct EMP energy safely away from the 

home or business as it is coming into the home from commercial power lines.  Bronius Cikotas, 

an EMP protection expert, recommends that Metal-Oxide Varistor (MOV) lightning/EMP surge 

protection be placed on each incoming phase of your home or business’ power. 211   

Other ways of protecting equipment is simply to unplug the equipment and to remove all 

metallic lines (power and data) into the equipment that collect and focus EMP energy.  Hence, 

to protect your desktop computer, you would unplug it from the commercial power and Cat V 

Ethernet cable (if you have a wired Internet connection).  If you have a keyboard and/or mouse 

connected by a wire into your computer (versus a wireless mouse and keyboard), these should 

also be unplugged.  Likewise, if you have a telephone line connecting a modem or DSL device, 

these should be unplugged.  Once your equipment (like computers, routers, modems, TVs, 

radios, stereos, etc.) are unplugged from all power and data and control lines, you generally will 

not have to put equipment into a Faraday cage (metal cage) to protect it.  However, if you have 

very important equipment you want to protect, then you can put this equipment into an 

unplugged microwave oven (which acts like a Faraday cage) or you can put it into a metal trash 

can with a lid.  A metal trash can doesn’t block out all of the EMP, but will reduce it significantly.  

If you want to have a very good, relatively large expedient Faraday cage for protecting 

equipment, I recommend you put steel wool completely around the upper ridge of the metal 

can, so that it forms a radio frequency shield between the metal lid and the body of the metal 

trash can.  You can also wrap equipment in aluminum foil if you want extra protection. 

 
209 Electromagnetic Pulse and the Radio Amateur, Part 1, by Dennis Bodson, QST, August 1986, pp. 15 – 20, 36;  

 and Electromagnetic Pulse and the Radio Amateur - Part 4, QST November 1986, pp. 30-34 and NCS TIB 85-10.    
210 See a brief explanation of the K-3 test at http://en.wikipedia.org/wiki/Soviet_Project_K_nuclear_tests  that 

reportedly destroyed the Karaganda power plant with an EMP induced fire. 
211 These recommendations are based on the expert opinion of Bron Cikotas, who used to head up the Defense 

Nuclear Agency’s EMP program and who has extensively tested equipment under likely EMP conditions.  Bron now 

extensively lectures on these subjects and provides consulting services to the government and private sectors. 

Additional information on how MOV and spark gap lightning protection works can be found at:  

http://ws9.iee.usp.br/sipdax/papersix/sessao10/10.3.pdf  

http://en.wikipedia.org/wiki/Soviet_Project_K_nuclear_tests
http://ws9.iee.usp.br/sipdax/papersix/sessao10/10.3.pdf
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If you must leave equipment connected, then you can minimize your risks by using fiber optic 

cables for your data lines (as long as they don’t have a metal shield or strengthening member) 

and you can put surge arrestors on your data, phone, power, and control lines.   

For HAM/radio equipment, you should put surge arrestors at (1) the base of the antenna and 

(2) next to the transceiver to filter the EMP that is coupled into your antenna and the coax 

cables leading to your radio equipment.  The table below provides some information on current 

(2014) manufacturers of surge protectors for these lines and associated equipment.  

Table 40. EMP surge protection devices for HAM/radio equipment 

Product name 
Warranty 
Approximate $ 

Frequency 
range 

Response 
time 

RF Power 
Protected side 
(Equipment) 
connector 

Surge side 
(Antenna) 
connector 

PolyPhaser  
IS-NEMP-C0 

10 year 
~ $103 

1.5 – 700 
MHz 

Uses a GDT 
+ MOV +  
SAD: 1.5 ns 
for 2 kV/ns 

1.5 - 50 MHz:     500 W 
50 - 220 MHz:     200W 
220 – 700 MHz: 100 W 

N Female N Female 

IS-NEMP-C0-MA 
10 year/ ~ $103 

1.5 – 400 
MHz 

1.5 ns for 2 
kV/ns 

1.5 - 50 MHz:     500 W 
50 - 220 MHz:    200W 
220 – 400 MHz:  100 W 

N Female N Male 

IS-NEMP-C1-ME 
10 year/ ~ $103 

50 – 700 
MHz 

1.5 ns for 2 
kV/ns 

50 - 220 MHz:     200W 
220 – 700 MHz:  100 W 

N Male N Female 

IS-NEMP-C2 
10 year 
~ $103 

125 MHz– 1 
GHz 

1.5 ns for 2 
kV/ns 

125 – 220 MHz:      200 W 
220 – 700 MHz:      100 W 
700 – 1000 MHz       50 W 

N Female N Female 

IS-NEMP-C2-MA 
10 year 
~ $103 

125 MHz– 1 
GHz 

1.5 ns for 2 
kV/ns 

125 – 220 MHz:      200 W 
220 – 700 MHz:      100 W 
700 – 1000 MHz       50 W 

N Female N Male 

IS-NEMP-C2-ME 
10 year 
~ $103 

125 MHz– 1 
GHz 

1.5 ns for 2 
kV/ns 

125 – 220 MHz:      200 W 
220 – 700 MHz:      100 W 
700 – 1000 MHz       50 W 

N Male N Female 

Huber + Suhner 
Type 3401.17A + 

9071.99.0552  
~ $150 

Up to 1 GHz 
2 ns for 1 
kV/ns 

Marginally up to 1 KW 
RF CW power ≤ 150 W 

N Female N Female 

Fischer Custom 
Communications 
FCC-250B, FCC-
350B, and FCC-

450B series; 550 
series combine 

the above series 

HF, VHF, and 
UHF 

About 2 ns 
for 1 kV/ns 

Use 250B and 350B at 
antenna base; use 450B 
next to transceiver. 250B 
rated at 10K Amps, 350B 
at 20K Amps. 450B used 
for up to 100W 
transceivers.  

Many 
connectors 
available, 
including RJ-45 

Many 
connectors 
available, 
including RJ-
45 

Alpha Delta 
Transi-Trap LT and 

HP 
< $ 50  

HF and ? (To 
be 
determined 
{TBD}) 

~ 80 ns (too 

slow, need to 
add a low pass 
filter near HF 
equipment)  

Up to ~ 200 W for LT and 
up to ~ 2kW for HP 

TBD TBD 

Other manufacturers to consider include:  Littelfuse www.littelfuse.com and Fil-Coil www.fil-coil.com   

Sources:  Manufacturer sites like http://www.fischercc.com/protectiondevices.aspx  

http://www.littelfuse.com/
http://www.fil-coil.com/
http://www.fischercc.com/protectiondevices.aspx
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The Fischer Custom Communications website provides the following recommendations: 

Transmitter protection is recommended as follows 

• For transmitters up to 100 watts output, a hybrid combination of a FCC-250B series be placed 

at or near the antenna, and a FCC-450B series be placed at the transmitter.  

• For transmitters of 100 watts or greater a FCC -350B series unit placed near the antenna is 

recommended. 

The FCC-550 family of TPD's are custom designed to meet specific customer requirements and typically 

combine the FCC-250B or FCC-350B with the FCC-450B series into one package. The FCC-550-5-RJ45 is 

an example of a very low capacitance TPD that is used to protect electronic instruments and IT systems 

that are connected via telecom cables having single, two and four pair for 10, 100 and 1000 base T 

communications. TPD's for RS 232, RS 422, GPS and other communication and control protocols are 

available. (See http://www.fischercc.com/protectiondevices.aspx for additional information) 

The power connectors to all of your electronics equipment should be protected with 1 

nanosecond rated surge strips (which are inexpensive and commonly available in stores) or 

Uninterruptible Power Supplies (UPSs, which are somewhat expensive, but are also commonly 

available).  If you are not using your equipment, it is best to unplug the power cords, as these 

cords are a major vulnerability to your equipment from both lightning and EMP.  

For equipment connected by Ethernet, you should consider a surge arrestor such as an ITX Linx 

protector, which is then connected into your common grounding bus for all of your equipment. 

Long Ethernet cable runs are great antennas for picking up and focusing destructive EMP 

energy into your equipment and so should have a surge protector near the equipment on any 

metallic Ethernet cable.  

Good grounding is also very important to protect your equipment.  For homes and small 

businesses, this often takes the form of a copper bar or Single Point Ground Panel (SPGP).  I 

recommend you read the excellent set of articles freely available from the American Radio 

Relay League (ARRL) on EMP and lightning protection at: www.arrl.org/lightning-protection to 

learn more about how to properly ground your electronics and protect them from EMP.       

Some concluding thoughts related to EMP 

If I had had more time for this First Edition, I would have written considerably more about the 

topic of EMP and how to protect our infrastructures from this threat.  I believe EMP is one of 

the most misunderstood and critical asymmetric threats we face.  I agree with the U.S. EMP 

Commission findings (in general), and think we as a society need to make it a top priority to 

mitigate all EMP risks, whether from solar storms, nuclear weapons, or radio frequency 

weapons.   

http://www.fischercc.com/protectiondevices.aspx
http://www.arrl.org/lightning-protection
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Until such time as we have had hardened our infrastructures against EMP, I strongly 

recommend you store food, water, and other key supplies in case a natural or manmade EMP 

event catastrophically disrupts our critical food, water, banking, communications, 

transportation, power and other infrastructures.  

Here is one thought related to EMP that should deeply sober all readers of this book.  I have a 

friend who has no clearances, but traveled to Russia to try to help our government hire Russia 

scientists after the fall of the Soviet Union, to keep them from being hired by other countries.  

He served in this role from the mid-90s to 2003.  When he tried to see if Russian scientists who 

had an expertise in EMP could be given work, he was told that he was too late in many cases.  

The Russians told him that many of their EMP weapons experts had already been hired by Iran 

and North Korea and some had moved to these countries. If either of these countries has EMP 

weapons, our country may be at great risk.   

I strongly caution the reader from relying on outdated, inaccurate conclusions from earlier 

government publications that minimize the EMP threat to North America.  For example, I 

regularly hear people say that the EMP threat is overstated, because FEMA and other 

government groups have said things like: 

“… we must emphasize that while many types of electrical/electronic equipment could be 

affected or even knocked out by the EMP from high-altitude bursts, a rather small 

percentage overall is likely to be damaged. There are so many scientific uncertainties that 

remain in this area of technology that no one can state with any degree of certainty just 

how much damage could be expected. Certainly, some automobile ignition systems could 

fail, as could some portions of telephone and radio communications and airline 

communications, navigational aids, and electrical/electronic equipment. However, the 

concept of total oblivion for all electronic equipment and data stored on magnetic media 

(disc or tape) in all North America is a fantasy without scientific validity.” [Panel 6, Attack 

Environment Manual, Chapter 4, FEMA, June 1987] 

In contrast to what FEMA had said earlier (as quoted above), while I was the Readiness Division Director 

at FEMA (almost two decades later), my team of EMP experts came to the conclusion that it was highly 

likely that the power grid would be significantly damaged or disrupted for months or longer throughout 

much of North America in the event of an EMP attack or a 100 year level solar superstorm.  While the 

above quoted material says “no one can state with any degree of certainty just how much damage could 

be expected “, our team agreed with the EMP Commission that it was a near certainty that long-term 

power outages would occur.  In addition, we found that transportation networks, control systems, and 

computer/data centers were very likely to experience severe, long-term disruptions.  Much of the 

rationale for these findings were that our team generally agreed with the U.S. EMP Commission findings 

and our modeling efforts showed that long-term outages were likely due to metallic data cables (like 

Ethernet Cat V cables) and power cables collecting and coupling EMP spikes to equipment during an 
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EMP attack. Likewise, the 100 year solar superstorm was modeled and shown to be very likely to cause 

months to years of power grid outages due to damage to EHV transformers and other critical 

equipment.  While we did agree with the statement that “the concept of total oblivion for all electronic 

equipment and data stored on magnetic media (disc or tape) in all North America is a fantasy without 

scientific validity”, we felt like this was a misleading and unnecessary point.  A total “effective collapse” 

of the power grid and other interdependent sector infrastructures doesn’t require anything close to 

complete damage to all electronic equipment in the interdependent networks.  The bottom line for this 

book’s readers is that there is valid science and testing that shows that our infrastructures are very 

vulnerable to EMP.  In the event of an attack (or a 100 year level solar superstorm), there will likely be a 

catastrophic loss of infrastructure services and life (particularly for HEMP scenarios).  As a result, I went 

to Congress, explained these issues in open meetings, and obtained millions of additional dollars to EMP 

harden some systems that were maintained by FEMA.    

In addition to the above disagreements with earlier FEMA findings, our FEMA team of EMP experts had 

some significant disagreements with the EMP Commission’s presentation of results for the 

Telecommunications chapter, such as:  

• We disagreed with the following finding: “The Commission’s expectation is that the impact of 
a low E1 EMP level exposure would be dominated by the inability to handle the spike in call 
traffic on landline networks, because the direct impacts on equipment are expected to be 
largely transient and short term in nature (minutes to hours) with minimal manual 
restoration.” [April 2008 EMP Commission Report, page 68].  In contrast, our team at FEMA 
believed that due to power interdependencies, these telecommunications networks would 
likely collapse immediately, or within a few hours, even with a low E1 EMP level exposure.  
This is particularly true for the many end-use devices that have little to no backup power.  
Likewise, in subsequent testing, it was found that some end user devices fail at relatively low 
levels of EMP insult.  

• We also disagreed with the following graphic from page 77:  
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We disagreed with the previous graphic in that it implied to readers that a significant number of 

calls could be completed immediately after an EMP attack and that the wireline 

telecommunications sector would be restored to about 28% call completion within 4 hours, 

40% within 1 day, and 100% within 10 days.  In actuality, due to dependencies on power and 

the likely damage and disruption of much of the user equipment as well as the core and outside 

plant equipment within the networks, we believed it was unlikely that the vast majority of the 

government and public would be able to complete phone calls immediately after the HEMP 

attack and that this low percentage would actually drop steadily over the next few minutes to 

days to weeks, etc., because of our telecommunications dependence on backup power.  We did 

not feel that the backup power associated with most telephones and other wireline services 

would provide a significant long-term communications capability due to most phones, etc., 

needing power to operate and most PBX and End Office equipment needing ongoing heating 

and ventilation and refueled generators to continue to operate beyond a few minutes to days.      

Overall, we should listen carefully to the many voices of those who have tried to warn us about 

the risk of EMP, especially: (1) the U.S. EMP Commission, (2) the Russian scientists who have 

warned us that some of their latest EMP weapons designs and expertise has leaked to North 

Korea and Iran, and (3) North Korean and Iranian claims about how they plan to destroy the 

USA.  If you want to learn more about EMP, I recommend readers begin by reading the two U.S. 

EMP Commission Reports: one published in 2004 and the other in 2008. In addition, any work 

by Dr. Radasky, Dr. Gilbert, or Dr. Baker are excellent. These can be found online at:  

• http://www.empcommission.org/reports.php  

• http://web.ornl.gov/sci/ees/etsd/pes/ferc_emp_gic.shtml  

• http://works.bepress.com/george_h_baker/subject_areas.html  

There are also some excellent articles from the IEEE that provide great information regarding 

EMP.  Some of these reports are referenced elsewhere in this section. The recent article in IEEE 

titled: Numerical Simulation of the HEMP Environment by Cui Meng (with Dr. Radasky’s help), 

was particularly interesting (see IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY, 

VOL. 55, NO. 3, JUNE 2013). 

 In addition, the following several pages are very instructive and are an extract from a Letter to 

President Obama with the subject: Government Emergency Actions on Electromagnetic Pulse 

Threats, from the Foundation for Resilient Societies (see www.resilientsocieties.org). This letter 

does an excellent job explaining the current EMP “State of the Union” (note: the full letter with 

attachments can be found at: http://pbadupws.nrc.gov/docs/ML1318/ML13183A027.pdf ).    

Begin quote from Foundation for Resilient Societies:  

http://www.empcommission.org/reports.php
http://web.ornl.gov/sci/ees/etsd/pes/ferc_emp_gic.shtml
http://works.bepress.com/george_h_baker/subject_areas.html
http://www.resilientsocieties.org/
http://pbadupws.nrc.gov/docs/ML1318/ML13183A027.pdf
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Foundation for Resilient Societies  

    52 Technology Way  

Nashua NH 03060  

www.resilientsocieties.org  

  

June 26, 2013  

  

President Barack Obama  

The White House  

1600 Pennsylvania Avenue NW  

Washington, DC 20500  

  

Subject: Government Emergency Actions on Electromagnetic Pulse Threats  

Dear Mr. President:  

We are writing to urge protection of the United States against both man-made and naturally- 

occurring electromagnetic pulse (EMP). The recent actions of Iran and North Korea—including 

ongoing nuclear weapons development and missile tests—increase the chance that these nations 

will threaten and perhaps even execute a high altitude nuclear EMP attack against the continental 

United States. However, if Presidential initiatives were to protect even a modest proportion of 

the U.S. electric power grid against EMP, nuclear deterrence could be strengthened and benefits 

to nuclear proliferators diminished.  

The Commission to Assess the Threat to the United States from Electromagnetic Pulse Attack 

was authorized by the U.S. Congress and worked from 2001 to 2008 to conduct the most 

comprehensive study to date on EMP protection for civilian infrastructure. We ask the current 

Administration to revisit and implement selected findings of the EMP Commission. A summary 

of the EMP Commission findings on protection of electric power infrastructure is included as 

Appendix 1 to this letter. (Dr. William Graham, chairman of the EMP Commission, is both a 

director of our Foundation and a signatory to this letter.) Other government bodies also 

recommending EMP protection include the National Academy of Sciences and the National 

Intelligence Council.  

We commend the Administration for supporting bipartisan efforts to protect against naturally 

occurring EMP—also called “solar storms” or “geomagnetic disturbance”—and appreciate the 

recent White House report, “Space Weather Observing Systems: Current Capabilities and 

Requirements For The Next Decade.” We also appreciate the positive ruling of the Nuclear 

Regulatory Commission (NRC) on Petition for Rulemaking PRM-50-96, a petition submitted by 

our Foundation which would require unattended backup power systems at nuclear power plants 

vulnerable to solar storm EMP. (See 77 Fed. Reg. 74788-74798; Dec 18, 2012 and Appendix 7 

of this letter.) As the events at Fukushima amply showed, nuclear power plants without grid 

Note: This page is quoted from Foundation for 

Resilient Societies’ letter to President Obama. 

http://www.resilientsocieties.org/
http://www.resilientsocieties.org/
http://www.gpo.gov/fdsys/pkg/FR-2012-12-18/pdf/2012-30452.pdf
http://www.gpo.gov/fdsys/pkg/FR-2012-12-18/pdf/2012-30452.pdf
http://www.gpo.gov/fdsys/pkg/FR-2012-12-18/pdf/2012-30452.pdf
http://www.gpo.gov/fdsys/pkg/FR-2012-12-18/pdf/2012-30452.pdf
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power—and without reliable and protected control and backup systems—can pose a catastrophic 

danger to surrounding populations. Without power to control and cool reactor cores and spent 

fuel pools, thousands of square miles surrounding scores of nuclear power plants in this country 

could be uninhabitable for centuries in the wake of a national-level EMP event. Additional 

reports of the EMP Commission are available to authorized persons through the Congress and 

the Department of Defense.  

A high altitude nuclear EMP attack from North Korea is an imminent threat to the United States, 

and an EMP attack from Iran could shortly become an imminent threat. We propose three 

protective actions against rogue nations with nuclear EMP capability. In the short term, we 

propose emergency deployment of cost-effective missile defense systems, including Aegis 

systems that can defend against southern approaches to the continental United States; this 

proposal is more fully explained in Appendix 2. In the medium term, we propose E1 (fast pulse) 

protection of electric grid control rooms at regional balancing authorities, as well as E1 and E3 

(magnetohydrodynamic pulse) protection of critical Extra High Voltage (EHV) transformers. 

This protection, while incomplete, would increase the uncertainty of a successful nuclear EMP 

attack and could have substantial deterrent effect upon rogue state adversaries. In the long-term, 

we propose that all high-priority critical infrastructures when upgraded or replaced should be 

subject to nuclear EMP protection standards; for example, all of the Bulk Power System under 

jurisdiction of FERC should eventually have both E1 and E3 protection.  

Engineering practices for EMP protection are well developed and have been successfully 

implemented by the Department of Defense (DoD) for its strategic systems. The American 

public deserves protection for critical civilian infrastructure as well. It is particularly important 

for DoD to make its expertise available to the Department of Homeland Security, the Department 

of Energy, NRC, FERC, and the electric power industry. A summary of DoD expertise that could 

be used to provide EMP protection for the U.S. electric power grid is provided in Appendix 3.  

While FERC has a standard for solar storm EMP protection in development, the timeline for 

installation of protective hardware will be in year 2015 at the earliest. In the meantime, and 

during the peak and active backside of the 11-year solar cycle, the United States will be 

unprotected, absent a government emergency plan to de-energize the electric grid upon warning 

of a severe solar storm. De-energizing transformers with long replacement times could reduce 

grid recovery time and save millions of lives.  

Our legal analysis indicates that the President has existing authority to de-energize substantial 

portions of the three U.S. regional grid interconnections, including all nuclear, gas-fired, and oil-

fired generation facilities. We understand from the NOAA Space Weather Prediction Center that 

a final 10 to 20-minute warning from the ACE satellite, as well as preliminary two-day warnings 

from space satellites closer to the sun, could be part of a feasible plan to de-energize vulnerable 

equipment within the electric grid. While the final warning time would be short, de-energizing 

the most vulnerable portions of the U.S. electric grid could still be accomplished if an emergency 

plan had previously been developed and all necessary processes and procedures were in place. 

Note: This page is quoted from Foundation for 

Resilient Societies’ letter to President Obama. 
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Significantly, Presidential authority to de-energize critical generation facilities is non-delegable, 

except for nuclear power plants where the NRC has direct authority. More background on an 

emergency plan to de-energize generation facilities is explained in Appendix 4 of this letter; a 

review of Presidential legal authority is presented in Appendix 5.  

In the fall of 2012 our Foundation conducted a pilot qualitative survey of national security and 

foreign policy experts regarding awareness of EMP threats. To our surprise, we found that EMP 

threats are poorly understood and often discounted among these experts, despite nuclear EMP 

protection being required for U.S. strategic defense systems and continuity of government for 

more than 40 years. Some in Washington view EMP as a problem without a ready solution and 

therefore politically infeasible to address. In actuality, Idaho National Laboratory has already 

tested a neutral blocking device to protect transformers against both nuclear E3 and severe solar 

storms. This blocking device is commercially available for a cost of $250,000 per substation. 

Furthermore, at least one electric utility (Centerpoint Energy in Houston, Texas) has installed on 

its own initiative a nuclear E1 hardened control room at a cost of $8.75 million dollars. Nations 

such as Israel are already implementing cost-effective EMP protection for their electric grids.  

Focused EMP protection of the most critical infrastructure would be both practical and cost-

effective. But lack of timely EMP protection could result in the death of over one hundred 

million Americans and threaten the existence of the United States as a functioning country.  

There is increasing public awareness and concern over EMP threats. This legitimate public 

concern, if not addressed, could have a destabilizing effect on our society. Already there is a 

“prepper” movement, where individual citizens store food and water and sometimes take more 

extreme measures. But no amount of personal preparation can supplant the constitutional duty of 

the federal government to provide for a common defense. We urge the Administration to take 

concrete steps for EMP protection before the next major solar storm and before the Islamic 

Republic of Iran conducts a successful nuclear test. Actions for EMP protection must be made 

public—secret plans will not reassure the populace, nor will secret EMP defenses deter rogue 

nations.  

Given the importance and immediacy of EMP threats to the United States and its population, we 

ask for the courtesy of a reply from the Administration. Thank you for consideration of our 

concerns.  

  

Sincerely,   

  
Dr. William R. Graham, Chair of Congressional EMP Commission and former Assistant to the 

President for Science and Technology  

  
Ambassador Henry F. Cooper, former Director of the Strategic Defense Initiative Organization  

Note: This page is quoted from Foundation for 
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Dr. George H. Baker, Professor Emeritus, James Madison University  

    

  
William R. Harris, International Lawyer & Secretary, Foundation for Resilient Societies  

  
Stephen L. Mott, Nuclear Engineer; 30 years’ experience in the nuclear power industry    

  
Thomas S. Popik, Chairman, Foundation for Resilient Societies  

  

Attachments:  

Appendix 1: Extracts from Executive Report of Commission to Assess the Threat to the United  

States from Electromagnetic Pulse Attack  

Appendix 2: An Immediate Plan to Defend U.S. against Nuclear EMP Attack  

Appendix 3: EMP/GMD Protection of the U.S. Electric Power Grid  

Appendix 4: Presidential Plan to Protect from Long-Term Electric Grid Outage Due to GMD 

Appendix 5: Legal Authority for the President of the United States to Order Interruption of U.S. 

Electric Generation and Related Electric Grid Protections during a Severe Solar Geomagnetic 

Storm  

Appendix 6: Recognizing Electromagnetic Pulse Attack  

Appendix 7: Vulnerability of Nuclear Power Plants to Electromagnetic Pulse  

cc:  

The White House  

Sylvia Mathews Burwell, Director, Office of Management and Budget  

John P. Holdren, Director, Office of Science and Technology Policy  

Lisa O. Monaco, Assistant to the President for Homeland Security and Counterterrorism Susan 

E. Rice, Assistant to the President for National Security Affairs  

  

Departments  

Charles T. Hagel, Secretary of Defense  

John F. Kerry, Secretary of State  

Ernest J. Moniz, Secretary of Energy  

Janet Napolitano, Secretary of Homeland Security  

  

Agencies  
Note: This page is quoted from Foundation for 
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James R. Clapper, Director of National Intelligence  

Allison M. Macfarlane, Chairman, Nuclear Regulatory Commission  

Kathryn Sullivan, Acting NOAA Administrator  

Jon Wellinghoff, Chairman, Federal Energy Regulatory Commission  

  

Note: This page is quoted from Foundation for 
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Appendix 1  

Extracts from Executive Report of Commission to Assess the Threat 

to the United States from Electromagnetic Pulse Attack  
  
Full report available at http://www.empcommission.org/docs/empc_exec_rpt.pdf.  

ABSTRACT  
  

Several potential adversaries have or can acquire the capability to attack the United States 

with a high-altitude nuclear weapon-generated electromagnetic pulse (EMP). A determined 

adversary can achieve an EMP attack capability without having a high level of sophistication.  

EMP is one of a small number of threats that can hold our society at risk of catastrophic 

consequences. EMP will cover the wide geographic region within line of sight to the nuclear 

weapon. It has the capability to produce significant damage to critical infrastructures and thus to 

the very fabric of US society, as well as to the ability of the US and Western nations to project 

influence and military power.   

The common element that can produce such an impact from EMP is primarily electronics, 

so pervasive in all aspects of our society and military, coupled through critical infrastructures. 

Our vulnerability is increasing daily as our use of and dependence on electronics continues to 

grow. The impact of EMP is asymmetric in relation to potential protagonists who are not as 

dependent on modern electronics.   

The current vulnerability of our critical infrastructures can both invite and reward attack 

if not corrected. Correction is feasible and well within the Nation's means and resources to 

accomplish.   

    

  

ELECTRIC POWER INFRASTRUCTURE  
  
NATURE OF THE PROBLEM  

Electric power is integral to the functioning of electronic components. For highly reliable 

systems such as commercial and military telecommunications, electric power usually comes from 

batteries (in the short term), local emergency power supplies (generally over time-intervals of 

less than 72 hours), and electricity delivered through the local electrical utility (“power” lines in 

the home, office and factory). Local emergency power supplies are limited by supplies of stored 

fuel. Increasingly, locally-stored fuel in buildings and cities is being reduced for fire safety and 

Note: This page is quoted from Foundation for 

Resilient Societies’ letter to President Obama. 
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environmental pollution reasons, so that the emergency generation availability without refueling 

is limited.   

Geomagnetic storms, a natural phenomenon driven by the solar wind, may, by a different 

physical mechanism, produce ground-induced currents (GIC) that can affect the electrical system 

in a manner similar to the E3 component of EMP. Disruptions caused by geomagnetic storms, 

such as the collapse of Quebec Hydro grid during the geomagnetic storm of 1989, have occurred 

many times in the past (Figure 5).   

  

Geomagnetic  

field  
disturbance 

conditions, dB/dt 

(nT/min) over 

North America at 

time 7:45 UT on 

March 13, 1989   

  

 

Source: Metatech Corporation, Applied Power Solutions  

Figure 5. Extent of 1989 Geomagnetic Storm  

 

Depending on the explosive yield of the nuclear weapon used, EMP-induced GIC may be 

several times larger than that produced by the average geomagnetic storm, and may even be 

comparable to those expected to arise in the largest geomagnetic storm ever observed. It may 

also occur over an area not normally affected by historic geomagnetic storms.  

The North American economy and the functioning of the society as a whole are critically 

dependent on the availability of electricity, as needed, where and when needed. The electric 

power system in the US and interconnected areas of Canada and Mexico is outstanding in terms 

of its ability to meet load demands with high quality and reliable electricity at reasonable cost. 

However, over the last decade or two, there has been relatively little large-capacity electric 

transmission constructed and the generation additions that have been made, while barely 

adequate, have been increasingly located considerable distances from load for environmental, 

political, and economic reasons. As a result, the existing National electrical system not 

Note: This page is quoted from Foundation for 
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infrequently operates at or very near local limits on its physical capacity to move power from 

generation to load. Therefore, the slightest insult or upset to the system can cause functional 

collapse affecting significant numbers of people, businesses, and manufacturing. It is not 

surprising that a single EMP attack may well encompass and degrade at least 70% of the 

Nation’s electrical service, all in one instant.  

The impact of such EMP is different and far more catastrophic than that affected by 

historic blackouts, in three primary respects:  

  

1. The EMP impact is virtually instantaneous and occurs simultaneously over a 

much larger geographic area. Generally, there are no precursors nor warning, and no 

opportunity for human-initiated protective action. The early-time EMP component is 

the “electromagnetic shock” that disrupts or damages electronics-based control 

systems and sensors, communication systems, protective systems, and control 

computers; all of which are used to control and bring electricity from generation sites to 

customer loads in the quantity and quality needed. The E1 pulse also causes some 

insulator flashovers in the lower-voltage electricity distribution systems (those found in 

suburban neighborhoods, in rural areas and inside cities), resulting in immediate broad-

scale loss of-load. Functional collapse of the power system is almost definite over the 

entire affected region, and may cascade into adjacent geographic areas.  

2. The middle-time EMP component is similar to lightning in its time-dependence, but is 

far more widespread in its character although of lower amplitude—essentially a great 

many lightning-type insults over a large geographic area which might obviate 

protection. The late-time EMP component couples very efficiently to long electrical 

transmission lines and forces large direct electrical currents to flow in them, although 

they’re designed to carry only alternating currents. The energy levels thereby 

concentrated at the ends of these long lines can become large enough to damage major 

electrical power system components. The most significant risk is synergistic, because 

the middle and late time pulses follow after the early time, which can impair or destroy 

protective and control features of the power grid. Then the energies associated with 

the middle and late time EMP thus may pass into major system components and 

damage them. It may also pass electrical surges or fault currents into the loads 

connected to the system, creating damage in national assets that are not normally 

considered part of the infrastructure per se. Net result is recovery times of months to 

years, instead of days to weeks.  

3. Proper functioning of the electrical power system requires communication systems, 

financial systems, transportation systems and, for much of the generation, continuous 

or nearly continuous supply of various fuels. However, the fuel-supply, 

Note: This page is quoted from Foundation for 
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communications, transportation, and financial infrastructures would be simultaneously 

disabled or degraded in an EMP attack and are dependent upon electricity for proper 

functioning. For electrical system recovery and restoration of service, the availability of 

these other infrastructures is essential. The longer the outage, the more problematic, 

and uncertainty-fraught the recovery will be.   

The recent cascading outage of August 14, 2003, is an example of a single failure 

compounded by system weaknesses and human mistakes. It also provided an example of the 

effectiveness of protective equipment. However, with EMP there are multiple insults coupled 

with the disabling of protective devices simultaneously over an extremely broad region—damage 

to the system is likely and recovery slow.  

  

RECOMMENDED MITIGATION AND RESPONSIBILITY  

The electrical system is designed to break into “islands” of roughly matching generation 

and load when a portion of the system receives a severe electrical insult. This serves both to 

protect electricity supply in the non-impacted regions and to allow for the stable island-systems 

to be used to “restart” the island(s) that have lost functionality. With EMP, the magnitude, speed, 

and multi-faceted nature of the insult, its broad geographic reach, along with the number of 

simultaneous insults, and the adverse synergies all are likely to result in a situation where the 

islanding scheme will fail to perform as effectively as intended, if at all. Since the impacted 

geographic area is large, restoring the system from the still-functioning perimeter regions would 

take a great deal of time, possibly weeks to months at best. Indeed, the only practical way to 

restart much of the impacted electrical system may be with generation that can be started without 

an external power source. This is called “black start” generation and primarily includes 

hydroelectric (including pumped storage), geothermal, and independent diesel generators of 

modest capacity.   

The recommended actions will substantially improve service and recovery during ‘normal’ large-

scale blackouts, as well as critically enabling recovery under EMP circumstances.  

  

PROTECTION  

It is impractical to protect the entire electrical power system from damage by an EMP 

attack. There are too many components of too many different types, manufacturers, designs and 

vulnerabilities within too many jurisdictional entities, and the cost to retrofit is too great. 

Widespread functional collapse of the electrical 

power system in the area affected by EMP is 

likely in the face of a geographically broad EMP 

attack, with even a relatively few unprotected 

components in place. However, it is practical to 

reduce to low levels the probability of 

Widespread functional collapse of the electric 
power system in the area affected by EMP is 
likely.  

Note: This page is quoted from Foundation for 

Resilient Societies’ letter to President Obama. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

194 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

widespread damage to major power system components that require long times to replace. This 

will enable significantly improved recovery times, since it avoids the loss of long lead-time and 

critical components. It is important to protect the ability of the system to fragment gracefully into 

islands, to the extent practical in the particular EMP circumstance. This approach is cost-

efficient, and can leverage efforts to improve reliability of bulk electricity supply and enhance its 

security against the broader range of threats.   

  

RESTORATION  

The key to minimizing adverse effects from loss of electrical power is the speed of 

restoration. Restoration involves matching generation capacity to a load of equivalent size over a 

transmission network that is initially isolated from the broader system. The larger system is then 

functionally rebuilt by bringing that mini system or ‘island’ to the standard operating frequency 

and thereupon by adding on more blocks of generation and load to this core- in amounts that 

allow the growing subsystem to absorb. This is a demanding and time-consuming process in the 

best of circumstances. In the singular circumstance of an EMP attack with multiple damaged 

components, related infrastructure failures, and particularly severe challenges in communications 

and transportation, the time required to restore electrical power is expected to be considerably 

longer than we have experienced in recent history.  

However, by protecting key system components needed for restoration, by structuring the 

network to fail gracefully, and by creating a comprehensive prioritized recovery plan for the 

most critical power needs, the risk of an EMP attack having a catastrophic effect on the Nation 

can be greatly reduced. DHS must ensure that the mitigation plan is jointly developed by the 

Federal government and the electric power industry, implemented fully, instilled into systems 

operations and tested and practiced regularly to maintain a capability to respond effectively in 

emergencies. The North American Reliability Council and the Electric Power Research Institute 

are aptly positioned to provide much of what’s needed to support DHS in carrying out its 

responsibilities. The US Energy Association is well-suited to coordinating activities between and 

among the various energy sectors that together affect the electric power system and its vitality.  

  

ESSENTIAL COMPONENT PROTECTION  

  

1. Assure protection of high-value long-lead-time transmission assets.   

2. Assure protection of high-value generation assets. System-level protection assurance is 

more complex due to the need for multiple systems to function in proper sequence.   

3. Assure Key Generation Capability. Not all plants can or should be protected. However, 

regional evaluation of key generating resources necessary for recovery should be 

selected and protected.   
Note: This page is quoted from Foundation for 
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a. Coal-fired generation plants make up nearly half the Nation’s generation and are 

generally the most robust overall to EMP, with many electromechanical controls 

still in operation. Such coal plants also normally have at least a few days to a 

month of on-site fuel storage.   

b. Natural gas-fired combustion turbines and associated steam secondary systems 

represent the newest and a significant contributor to meeting loads. These have 

modern electronics-based control and thus are more vulnerable. Natural gas is 

not stored on-site and likely will be interrupted in an EMP attack. However, 

provision can be made to have gas-fired plants also operate on fuel oil; many do 

already.   

c. Nuclear plants produce roughly 20% of the Nation’s generation and have many 

redundant fail-safe systems that tend to remove them from service whenever 

any system upset is sensed. Their safe shut down should be assured, but they 

will be unavailable until near the end of restoration.   

d. Hydroelectric power is generally quite robust to EMP, and constitutes a 

substantial fraction of total national generation capacity, albeit unevenly 

distributed geographically.   

e. In general, the various distributed and renewable fueled generators are not 

significant enough at this time to warrant special protection.  

f. “Black start” generation of all types is critical will need to be protected from 

EMP upset or damage.   

4. Assure functional integrity of critical communications channels. The most critical 

communications channels in the power grid are the ones that enable recovery from 

collapse, such as ones that enable manual operation and coordination-supporting 

contacts between distant system operators and those that support system diagnostics.  

Generation, switching, and load dispatch communications support is next in importance.   

5. Assure availability of emergency power at critical facilities needed for restoration. 

Transmission substations need uninterruptible power to support rapid restoration of 

grid connectivity and operability, and thereby to more quickly restore service. Most 

have short-life battery backup systems, but relatively few have longer-duration 

emergency generators; much more emphasis on the latter is needed.   

6. Assure protection of fuel production and its delivery for generation. Fuel supply 

adequate to maintain critical electrical service and to restore expanded service is 

critical. See Fuel/Energy Infrastructure, page 34) for details.   
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7. Expand and assure intelligent islanding capability. The ability of the larger electrical 

power system to break into relatively small subsystem ‘islands’ is important to mitigate 

overall EMP impacts and provide faster restoration.  

8. Develop and deploy system test standards and equipment. Device-level robustness 

standards and test equipment exist, but protection at the system level is the 

overarching goal. System level robustness improvements such as isolators, line 

protection, and grounding improvements will be the most practical and least expensive 

in most cases relative to replacement with more robust individual component devices. 

Periodic testing of system response is necessary.  

  

SYSTEM RESTORATION  

1. Develop and enable a restoration plan. This plan must prioritize the rapid restoration of 

power to government-identified critical service. Sufficient “black start” generation 

capacity must be provided where it’s needed in the associated subsystem islands, along 

with transmission system paths that can be isolated and connected to matching loads. 

The plan must address outages with wide geographic coverage, multiple major 

component failures, poor communication capabilities, and widespread failure of 

islanding schemes within the EMP-affected area. Government and industry 

responsibilities must be unequivocally and completely assigned. All necessary legal and 

financial arrangements, e.g., for indemnification, must be put into place to allow 

industry to implement specified government priorities with respect to service 

restoration, as well as to deal with potential environmental and technical hazards in 

order to assure rapid recovery.   

2. Simulate, train, exercise, and test the plan. Simulators must be developed for use in 

training and developing procedures similar to those in the airline industry; a handful 

should suffice for the entire country. Along with simulation and field exercises, Red 

Team discipline should be employed to surface weaknesses and prioritize their 

rectification.   

3. Assure sufficient numbers of adequately trained recovery personnel.   

4. Assure availability of replacement equipment. R&D is under way—and should be 

vigorously pursued—into the production of emergency “universal” replacements. The 

emergency nature of such devices would trade efficiency and service-life for 

modularity, transportability, and affordability.   

5. Implement redundant backup diagnostics and communication. Assure that 

system operators can reliably identify and locate damaged components.    
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Appendix 2  

An Immediate Plan to Defend the U.S. against Nuclear EMP Attack  

Considered below are: the nature of the electromagnetic pulse (EMP) threat posed by several ballistic 

missile attack scenarios; near term ways to defend against such scenarios; and a possible diplomatic 

adjunct to assure the effectiveness of some of these defenses.  

Nature of the New Nuclear EMP Threat  

During the Cold War, U.S. strategic planners assumed that any attack by the Soviet Union on the United 

States would begin with a high-altitude nuclear detonation to generate EMP and disrupt or destroy 

strategic mission critical communications and other electronic systems. Former Soviet planners have 

confirmed this attack scenario since the fall of the Berlin Wall and subsequent dissolution of the Soviet 

Union. In accordance with U.S. defense doctrine, Department of Defense policy required EMP-hardening 

of our strategic forces and supporting command, control and communication systems to assure that 

these systems could survive a massive Soviet attack and permit the National Command Authority to 

authorize a devastating retaliatory strike.  

While our current strategic force planning still includes “nuclear deterrence” plans, the range of 

international adversaries and threat scenarios has expanded since the end of the Cold War. In addition 

to states with large nuclear arsenals such as Russia and China, the United States is now threatened by 

rogue states such as North Korea and Iran, as well as terrorist organizations that may obtain nuclear 

weapons on the black market or from proliferators. U.S. strategic force planning needs to adjust to these 

new nuclear threat scenarios.  

During the Cold War, EMP was a highly classified topic. A reduced threat environment at end of the Cold 

War brought extensive disclosure on Soviet atmospheric tests of EMP phenomena, as well as additional 

disclosure of United States EMP tests. Rogue nations, nuclear proliferators, and terrorist organizations 

are now well aware of the devastating nature of the EMP attack vector.  

Increasing societal reliance on electric power and sophisticated electronic devices has also increased 

vulnerability to EMP attack. Because of the fragility of the electric power grid and ubiquitous use of 

integrated circuits, an EMP attack by a single nuclear device could pose an existential threat to the 

United States and its population. But we as a nation have not yet developed the conceptual framework 

or practical means to cope with today’s EMP threat, even as rogue nations such as Iran threaten EMP 

attack in their rhetoric and military literature.  

Some national security experts now recognize the EMP threat and consider it a subset of threats that 

target highly industrialized "information societies." For example, on May 23, 2013, former CIA Director 

R. James Woolsey testified to the House Energy and Commerce Committee that our cyber and 

information warfare doctrines are dangerously blind to an all-out information warfare campaign 

designed to cripple U.S. critical infrastructures. Because EMP would destroy both the electric power grid 

and integrated circuits essential to computers, EMP could be a key component of an information 

warfare attack.   
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Mr. Woolsey noted that his assessment reflected the 2001-2008 work of the Congressional EMP  

Commission, the subsequent Congressional Strategic Posture Commission, and several other major U.S. 

Government studies—collectively representing a non-partisan scientific and strategic consensus that 

such an attack upon the United States is an existential threat. The foundation for identifying the 

existential nature of the information warfare and EMP threats was laid by the unanimous conclusions 

(based on all-source intelligence) of the 1998 Commission to Assess the Ballistic Missile Threat to the 

United States. In the intervening 15 years since this Commission, subsequent Commissions have met, 

but little has been done to adjust U.S. strategic planning.  

Mr. Woolsey, who was a member of the above mentioned Commissions, testified that Russia, China, 

North Korea, and Iran all include in their strategic doctrine and plans a wide spectrum of information 

warfare threats, including cyber-attack, sabotage and kinetic attacks on key system nodes, and wide-

area EMP attack. The EMP component of an information warfare attack could be executed by a long-

range ballistic missile launched from the homeland of these states. However, a more simple—and 

perhaps less defensible—EMP attack could be executed by a short-range ballistic missile launched from 

a ship near the U.S. coast. Even unsophisticated and under-resourced terrorists could threaten EMP 

attack by mating a small nuclear device to a SCUD missile—or other missile of simple design—and 

mounting the missile and payload to a small freighter.  

Perhaps the most troubling of these potential threats comes from North Korea and Iran, both of which 

have benefited from nuclear and ballistic missile technology obtained from Russia and China. 

Furthermore, Russia and China have an excellent understanding of EMP effects, and their scientists, 

whether officially authorized or not, have proliferated this information to North Korea and Iran.   

Both North Korea and Iran have launched ballistic missiles in large numbers as part of military exercises; 

both have demonstrated intercontinental ballistic missile (ICBM) range capability; and both have placed 

satellites in orbit. Notably, North Korea and Iran have launched satellites over the South Polar Region to 

approach the United States from the south in their maiden orbit at a few hundred miles altitude—just 

right for casting EMP effects over the entire continental United States. Unfortunately, our primary 

missile defenses are arrayed against ICBMs that approach the United States from trajectories near to the 

North Pole, a fact that is surely known to North Korean and Iranian war planners.  

North Korea has conducted three underground nuclear tests, including the most recent test in February 

2013. Open source reports indicate that Iranian scientists have been present at North Korean nuclear 

tests—and it is not implausible to suggest that when North Korea is satisfied with a given nuclear design, 

Iran may be also.   

Some reports have characterized North Korean tests as "failures" because of their low explosive yield. 

However, North Korea may be testing light-weight, low-yield advanced nuclear weapon designs 

obtained from Russia or China. These specialized devices may be designed to produce a low explosive 

yield, but a significantly higher output of gamma rays. In operational use, the gamma rays produced by 

such weapon designs would interact with the earth's magnetic field to produce enhanced EMP effects. 

Low-yield entry-level weapons—even those without EMP enhancements—if detonated at an altitude of 

60-70 kilometers will produce EMP fields sufficient to cause permanent damage to integrated circuits.   
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Because of technical interchange between North Korea and Iran, there should be great concern that Iran 

will be following North Korea’s lead in short order—perhaps even concurrently—to mate EMP-enhanced 

weapons to ballistic missiles or to include light-weight EMP weapons as satellite payloads.   

Iran clearly understands how to leverage EMP effects created by nuclear weapons in its strategic and 

tactical planning. Mr. Woolsey testified that Iranian doctrinal writings include assertions such as:   

• “Nuclear weapons . . . can be used to determine the outcome of a war, without inflicting serious 

human damage [by neutralizing] strategic and information networks;”   

• “Terrorist information warfare [includes] the technology of directed energy (DEW) or 

electromagnetic pulse (EMP);” and   

• “. . . [W]hen you disable a country’s military’s high command through disruption of 

communications you will, in effect, disrupt all the affairs of that country. . . . If the world’s 

industrial countries fail to devise effective ways to defend themselves against dangerous 

electronic assaults, then they will disintegrate within a few years."  

Finally, Iran first launched a ballistic missile from a vessel in the Caspian Sea over a decade ago and, as 

Mr. Woolsey testified, has several times demonstrated the capability to detonate a warhead at the high 

altitudes necessary for an EMP attack on the entire United States. Thus, these tests are signatures of 

Iranian planning for an EMP attack that could be launched from a vessel off the U.S. coast.   

In summary, there are multiple indicators that rogue nations and terrorist organizations are aware of the 

destructive potential of EMP attack, have included EMP attack in their war plans, and could soon have 

an ability to execute such an attack. Time is short for the United States to develop EMP defenses.  

Gaps in Our Defenses against EMP Attacks  

Our strategic defenses should be designed to deter and defeat the war-fighting doctrines of nations with 

substantial nuclear arsenals, rogue states with just a few nuclear weapons, and terrorist organizations 

that obtain nuclear weapons on the black market or from proliferators. But, regrettably, our current 

defenses are focused on intercontinental missile attack via northern trajectories, and therefore leave 

the United States vulnerable to an EMP attack in at least three major ways:  

• Nuclear-armed ballistic missiles launched from ships off our coasts and detonated a hundred 

miles or so over the United States;  

• Nuclear-armed ballistic missiles launched from an aircraft and detonated over the United 

States; and  

• Detonation of a nuclear weapon carried on a low earth orbit satellite as it passes over the 

United States.  

None of these attack modes offer significant technological challenges to nation states with a modicum of 

nuclear weapon and ballistic missile technology. Indeed, in the 1960s, the United States launched 

Minutemen intercontinental ballistic missiles (ICBMs) both from a ship and a cargo aircraft. The Soviet 

Union deployed a Fractional Orbital Bombardment System (FOBS) designed to carry a nuclear weapon 
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over the South Pole and to be de-orbited to attack anyplace on earth. Their dedicated FOBS site, 

operational between November 1968 and January 1983, was dismantled following June 1982 diplomatic 

commitments relating to the unratified SALT II Treaty.1 The bilateral START I Treaty also prohibited 

production, testing, or deployment of fractional orbital weapons of mass destruction until expiration of 

that treaty in December 2009.2 There is now no international agreement that prohibits maintaining a 

ready-to-launch FOBS to detonate a nuclear weapon in outer space.3  

The Outer Space Treaty of 1967 prohibits placing nuclear weapons in space orbit. This agreement can be 

circumvented simply by preparing a ready-to-launch vehicle with a nuclear weapon and placing the 

launch vehicle in reserve. Upon launch during international crisis, the satellite and nuclear weapon 

payload could be placed in a longitudinally progressive polar orbit that would eventually be above any 

point on earth. When above the location of choice, and upon command, the nuclear weapon could then 

be detonated to produce an EMP attack. Not only Russia and China, but also North Korea and Iran have 

demonstrated an inherent capability to execute such an attack.  

While satellite tracking systems could pinpoint the responsible nation for a satellite-based EMP attack, 

there is no similar assurance for an attack from a ship or aircraft. And without the National Command 

Authority knowing the origin of an EMP attack, the doctrine of deterrence based on massive nuclear 

retaliation fails. Retaliatory doctrines also fail in the case of terrorists prepared to commit suicide to kill 

several hundred million Americans. While terrorists might find it difficult to carry out an aircraft or 

satellite-based EMP attack, short range ballistic missiles and their mobile launchers can be easily 

purchased and carried covertly on any of the numerous vessels daily traversing near U.S. national 

waters. Thus, deploying defenses to counter the ship-based EMP attack scenario deserves top priority in 

rectifying the nation’s current vulnerability to an EMP attack. Fortunately, there are operational 

capabilities that can be quickly adapted to provide such an EMP defense.  

                                                           
1 See "The Soviet Fractional Orbital Bombardment System Program," Technical Report APA-TR-2010-0101 by 

Miroslav Gyűrösi, January 2010 (updated April 2012), available at http://www.ausairpower.net/APA-Sov-

FOBShttp://www.ausairpower.net/APA-Sov-FOBS-Program.htmlProgram.html, last accessed June 23, 2013.  
2 Article V(18)(c) of the START I Treaty restricted only the USSR and successor states, and the United States.  

Between its signing on July 31, 1991 and expiration on December 5, 2009, START I prohibited production, testing, 

or deployment of “systems, including missiles, for placing nuclear weapons or any other kind of weapons of mass 

destruction into Earth orbit or a fraction of an Earth orbit.”   
3 However, the employment of a space-based nuclear EMP weapon, whether launched by a FOBS system or 

otherwise, would constitute a “material breach” of the U.N. Convention on Environmental Modification, the 

ENMOD Treaty of 1977.  This Convention entered into force on October 5, 1978; for the U.S. on January 17, 1980.   

It prohibits environmental modifications with “widespread, long-lasting or severe effects” as the means of  
“destruction, damage, or injury to any other State Party.” North Korea ratified the ENMOD Convention on 

November 8, 1984.  Iran became a treaty signatory on May 18, 1977, but did not ratify.  Iran has a continuing duty 

not to act so as to defeat the “object and purpose” of the Convention.    
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Near-Term Defenses against EMP Threats from Ships off our Coasts  

The nearest term defense against ship-based EMP attack can be provided by the U.S. Navy’s Aegis 

Ballistic Missile Defense (BMD) system. In its impressive test record—26 successful intercepts out of 32 

attempts, all executed by operational crews—the Aegis BMD system has already demonstrated it can 

shoot down short, medium and intermediate range ballistic missiles, in both their ascent (post-burnout) 

and midcourse phases of flight. Today, there are 27 Aegis BMD Cruisers and Destroyers at sea around 

the world—currently funded plans will grow this number to 35 by 2017 and more of the approximately 

80 Aegis ships could be given BMD capability for less than $50 million per ship.  The marginal cost of the 

current SM-3 interceptor is less than $10 million per interceptor.  

For Aegis BMD ships to protect the United States from an EMP attack, there are two prerequisites. First, 

Aegis crews must be operationally trained to intercept missiles in their ascent and midcourse phases of 

flight—as they are. Second, Aegis ships must be in the vicinity of the ship from which a potential attack 

is launched.  Normally, a few Aegis BMD ships are near our east and west coasts or in a coastal port— 

where they can maintain a BMD operational status if desired and so ordered. Furthermore, if these 

coastal ships were to be periodically tested against short and medium range ballistic missiles near our 

east and west coasts, such tests could contribute to deterring a terrorist EMP attack.  

However, defending against an EMP attack from the Gulf of Mexico is not so easily and quickly 

addressed, because our Aegis BMD ships do not normally traverse the Gulf—and these ships are needed 

overseas by our global combatant commanders. Thus, except for an urgent requirement, perhaps on the 

basis of confirmed strategic warning, the United States will remain vulnerable to an EMP attack from the 

Gulf (or from the south, e.g., Venezuela) until a dedicated defense against this contingency is provided.  

A near-term dedicated defense against short and medium range missiles launched from the south would 

be to deploy Aegis Ashore sites on several military bases proximate to the Gulf of Mexico. Development 

of the Aegis Ashore concept is approved and funds are being appropriated for deployment in Romania 

(2015) and Poland (2018). No additional development costs would be required to deploy the same 

system concept at key locations proximate to the Gulf of Mexico. Associated site selection and 

environmental impact studies would be required, of course. Given the approved plans for an initial Aegis 

Ashore site in Romania by 2015, it should be possible to deploy the first Gulf of Mexico site by that same 

date, or possibly sooner.  

Considerations for land-based Aegis missile defense should be included in the anticipated study 

envisioned by the evolving National Defense Authorization Act, the Senate version of which includes a 

provision directing the Secretary of Defense to “evaluate at least three possible future missile defense 

interceptor deployment locations in the United States (at least two of which would be on the East 

Coast), and to prepare an environmental impact statement for the locations evaluated.” The Act also 

requires the Director of the Missile Defense Agency to prepare a contingency plan for deployment of an 

additional interceptor site in case the President decides to proceed with such a deployment.  
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Near-Term Defenses against EMP Attacks from Over the South Pole  

Concepts for Aegis-based ballistic missile defense (i.e., both the currently deployed ships and future  

Aegis Ashore sites) should be integrated into the global missile defense architecture. Furthermore, the 

Aegis SPY-1 radar provides important tracking and warning information to this global system—and 

provides an important complement to the nation’s BMD warning, attack assessment and tracking 

capability which historically has focused on detecting and countering ballistic missile attack over via 

trajectories close to the North Pole.  

In addition to the U.S. space sensors and other limited surface sensor capabilities, SPY-1 radars on all the  

Aegis ships deployed worldwide, whether BMD capable or not, can be internetted to help provide 

warning and tracking information to the BMD global command and control system. And this global 

system can provide critical information on attacks that come from either north or south.  

In particular, a global tracking capability would help counter ballistic missile attacks that might come 

over the South Pole from North Korea or Iran—both nations have already launched satellites in such 

South Polar orbits that pass over the U.S.  With such warning and track information on attacks over the 

South Pole, our ground-based interceptors, particularly those based in California, may be capable of 

intercepting an attacking satellite before it orbits over the United States.  

If such a potential satellite-based attack is detected in time and tracked by our forward-based Aegis 

ships and other integrated sensors, other “downstream” Aegis BMD ships would also have a chance to 

shoot down the satellite before it overflies U.S. territory — even earlier than the longer range ground-

based interceptors in California.  (In 2008, the currently deployed Aegis BMD system shot down a dying 

satellite over the Pacific Ocean to protect cities from the toxic fuel it carried.)   

In summary, a “South Pole” EMP attack via an orbiting satellite is within the near-term capabilities of 

rogue nations such as North Korea and Iran. Deploying a single-layer defense using ship-based or land-

based AEGIS systems should be immediately feasible and could provide substantial deterrent effect. 

Deploying a multi-layered defense against such “Attacks from the South” should be feasible within three 

years and could provide both deterrent effect and high-certainty defense.  
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An Associated Arms Control Challenge for Prevention of Satellite-Based EMP Attack  

A key problem in defending against a FOBS is determining within a very few minutes after a satellite is 

launched to the south from North Korea or Iran (indeed from anywhere) that it carries a threatening 

nuclear weapon. Therein is a challenge for arms control and/or other diplomatic constraints.    

Effective verification of arms control agreements banning potential satellite-based EMP attack would be 

very difficult but not impossible.  More effective would be a multilateral agreement to inspect by 

appropriate means all space launch payloads to be launched to the south once on the launch pad but 

shortly before launch, with the agreed understanding that all noncomplying launched payloads will be 

shot down. As previously explained, the Outer Space Treaty of 1967 already prohibits placing weapons 

of mass destruction in space orbit, but cooperative verification measures are lacking.4   

Developing acceptably-intrusive and mission effective sensors to assure compliance should be a high 

priority program to accompany negotiations to achieve such an international agreement. Given the 

practical difficulty of effectively shielding radiation emitted from a low-weight nuclear device to be 

placed on a satellite, cooperative verification of payload signatures may be useful. Nonetheless, it will be 

a significant challenge to assure detection of a nuclear weapon while at the same time not betraying 

other national security secrets. Any verification procedure must apply to all parties and in particular 

must not compromise U.S. national security interests.  

Concluding Comments  

EMP attack is an imminent threat and potential adversaries—including North Korea, Iran, and 

terrorists—well understand how to execute this kind of attack.  Especially Iran, once it achieves a 

nuclear weapon that can be mated to essentially any of its many ballistic missile systems, poses an 

imminent existential threat to the United States. Iran might deliver such an attack directly (e.g., by 

launching a nuclear weapon on a satellite over the South Pole and detonating it in its first orbit over the 

United States) or it might engage surrogate terrorists to launch a high-altitude EMP attack from a vessel 

near our coasts. 

 

                                                             
4  Article IV of the Outer Space Treaty provides that “State Parties… undertake not to place in orbit around the 

Earth any objects carrying nuclear weapons or any other kinds of weapons of mass destruction.”  Both Iran and 

North Korea are signatory states, but without treaty ratification are not “state parties.”  With at least 102 State  

Parties, this treaty may constitute a peremptory norm of international law binding not only “state parties” but also 

“non-state parties.”    
    Complicating verification requirements for the Outer Space Treaty is the need to distinguish pre-launch 

nuclear power sources for space missions from pre-launch nuclear weapons payloads. United National General 

Assembly Resolution 47/68 of December 24, 1992 sets forth “Principles Relevant to the Use of Nuclear Power 

Sources in Outer Space.” Highly enriched uranium 235 is a mandatory fuel source. When nuclear power sources 

are to be used for space missions, prior public reporting and prior notification to the United Nations are 

established U.N. procedures.  See “Safety Framework for Nuclear Power Source Applications in Outer Space.” UN 

A/AC.105/934. /  
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Our current homeland missile defense systems are deployed primarily to defend against ICBMs that 

approach the United States from the north—over the North Pole.  Urgently needed are defenses against 

EMP attacks that might be launched from vessels off our coasts—particularly off the coast of the Gulf of 

Mexico. Near term and relatively inexpensive defenses are feasible using existing Aegis ballistic missile 

defense systems, both ship-based and land-based.  

We also need defenses and a companion diplomatic strategy to counter the possible threat posed by a 

nuclear weapon carried by a satellite in a south polar orbit, which might be detonated in its maiden orbit 

before currently deployed defenses can counter it. Confident warning and attack assessment 

information is needed to defend against this EMP attack scenario—which may be aided by an 

appropriate diplomatic strategy employing pre-launch payload inspections and related confidence 

building measures.  
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Scenario 3: Nuclear power plant disaster 
Overview of risks with North American nuclear power plants 

The third general scenario we will now examine is that of a major nuclear power plant disaster.  

With disasters like Chernobyl and Fukushima in people’s minds, there is much reasonable 

concern over whether or not we in North America could have similar melt-down catastrophes.   

While the safety records of U.S. and Canadian nuclear power plants is generally quite good, 

there are some scenarios, particularly with the U.S. plant designs, that could cause the nuclear 

plants to release significant amounts of nuclear materials in radioactive plumes (for example, if 

there is a loss of coolant and subsequent breach of containment) or in the form of fallout (if a 

nuclear plant is directly attacked by a nuclear weapon).  Some scenarios that could lead to a 

large release of radioactive plumes or fallout clouds include: 

1. Major natural disasters that are beyond the design basis of one or more nuclear power 

plants.  Such natural disasters could include:   

a. A 100 year level solar storm’s EMP resulting in loss of power for an extended 

period over large portions of North America, including nuclear power plants.212 

b. A flood event (whether due to a tsunami or hurricane surge or seiche wave or 

earthquake bursting a dam or levee, a landslide, volcanic activity, etc.) 213 

c. An earthquake that exceeds historical levels214 

2. Major technological disasters that are unexpected or beyond the design basis of one or 

more nuclear power plants.  Such technical disasters could include:   

a. A dam bursting above the nuclear power plant.  For example, the U.S. Nuclear 

Regulatory Commission (NRC) estimated that the likelihood of a dam failure 

upstream of the Oconee Nuclear Station was 1 in 180 over a 20 year period. 

There are 34 U.S. nuclear power plants that are downstream from over 50 dams 

and have been identified as at higher risk by the NRC.215   

 
212 Geomagnetic Storms and Their Impacts on the U.S. Power Grid, Meta-R-319, John Kappenman, January 2010, 

prepared for Oak Ridge National Laboratory. 
213 Sources: (1) Tsunami Hazard Assessment at Nuclear Power Plant Sites in the United States of America, 

NUREG/CR-6966, US NRC, R. Prasad, March 2009; (2)  www.ucsusa.org/nuclear_power/making-nuclear-power-

safer/preventing-nuclear-accidents/flood-risk-at-nuclear-power-plants.html, (3) http://www.nrc.gov/japan/faqs-

related-to-japan.pdf  
214 http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/fs-seismic-issues.html ; 

http://www.nbcnews.com/id/42103936/ns/world_news-asia_pacific/t/what-are-odds-us-nuke-plants-ranked-quake-

risk/#.UrxIRfRDuSo  
215 www.ucsusa.org/nuclear_power/making-nuclear-power-safer/preventing-nuclear-accidents/flood-risk-at-nuclear-

power-plants.html 
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http://www.ucsusa.org/nuclear_power/making-nuclear-power-safer/preventing-nuclear-accidents/flood-risk-at-nuclear-power-plants.html
http://www.ucsusa.org/nuclear_power/making-nuclear-power-safer/preventing-nuclear-accidents/flood-risk-at-nuclear-power-plants.html
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b. A series of mechanical, control system, and/or human accidents or errors that 

could lead to a core melt incident, such as occurred at Three Mile Island in 1979.  

While this particular incident destroyed a reactor, it didn’t lead to any major 

release of nuclear materials or plumes to the public. 216 While very unlikely, it is 

possible that a series of unanticipated events could lead to a radiation release.  

3. An attack against a nuclear power plant 

a. A terrorist group’s attack on a plant 217 that is beyond the design basis attack.  

b. A nuclear attack, such as if a nation state or future terrorist group used an 

improvised nuclear device (IND) or an advanced nuclear weapon targeted 

against a nuclear power plant. 218   

c. A High Altitude EMP (HEMP) attack against North America that would cause 

numerous power plants to fail219 or a ground burst detonation in a nearby city 

that causes Source Region EMP (SREMP) that could disrupt a nearby nuclear 

plant’s safety and control systems.     

General plans and maps for nuclear power plant emergencies 220 

Government officials in the United States and Canada, at all levels, work together to develop 

detailed site-specific emergency response plans for nuclear power plant accidents. These plans 

are tested through exercises that include protective actions for schools and nursing homes. The 

plans also delineate evacuation routes, reception centers for those seeking radiological 

monitoring and location of congregate care centers for temporary lodging.  

In the USA, State and local governments, with support from the Federal government and 

utilities, develop plans that include a Plume Exposure Pathway Emergency Planning Zone (EPZ) 

with a radius of about 10 miles from the plant, and an Ingestion Exposure EPZ with a radius of 

 
216 http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-isle.html  
217 Sources: (1) www.ucsusa.org/nuclear_power/nuclear_power_risk/sabotage_and_attacks_on_reactors/impacts-of-

a-terrorist-attack.html; (2)  www.nrc.gov/about-nrc/emerg-preparedness/respond-to-emerg/response-terrorism.html ; 

http://blogs.utexas.edu/nppp/files/2013/08/NPPP-working-paper-1-2013-Aug-15.pdf  Protecting U.S. Nuclear 

Facilities from Terrorist Attack: Re-assessing the Current “Design Basis Threat” Approach by Lara Kirkham, with 

Alan J. Kuperman, Ph.D. LBJ School of Public Affairs, University of Texas at Austin, August 15, 2013; 

http://www.newsmax.com/Newsfront/Nuclear-Power-Terrorist-Attacks/2013/08/15/id/520701 , Univ. of Texas: US 

Nuclear Power Plants Vulnerable to Terrorist Attacks, 15 Aug 2013, Newsmax; 

http://en.wikipedia.org/wiki/Vulnerability_of_nuclear_plants_to_attack  
218 The Bridge, A Nuclear Explosion in a City or an Attack on a Nuclear Reactor, Richard L. Garwin, Volume 40, 

Number 2 • Summer 2010; http://en.wikipedia.org/wiki/Vulnerability_of_nuclear_plants_to_attack  
219 www.empcommission.org/docs/A2473-EMP_Commission.pdf  Report of the Commission to Assess the Threat 

to the United States from Electromagnetic Pulse (EMP) Attack, 2008; http://www.nrc.gov/reading-rm/doc-

collections/congress-docs/correspondence/2011/bartlett-09-29-2011.pdf ; http://www.nrc.gov/reading-rm/doc-

collections/nuregs/staff/sr0933/sec3/020r1.html  
220 Some of this section is derived from the FEMA Factsheet on Nuclear Power Plant Emergencies, however, much 

information and many additional recommendations have been added.   

http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-isle.html
http://www.ucsusa.org/nuclear_power/nuclear_power_risk/sabotage_and_attacks_on_reactors/impacts-of-a-terrorist-attack.html
http://www.ucsusa.org/nuclear_power/nuclear_power_risk/sabotage_and_attacks_on_reactors/impacts-of-a-terrorist-attack.html
http://www.nrc.gov/about-nrc/emerg-preparedness/respond-to-emerg/response-terrorism.html
http://blogs.utexas.edu/nppp/files/2013/08/NPPP-working-paper-1-2013-Aug-15.pdf
http://www.newsmax.com/Newsfront/Nuclear-Power-Terrorist-Attacks/2013/08/15/id/520701
http://en.wikipedia.org/wiki/Vulnerability_of_nuclear_plants_to_attack
http://en.wikipedia.org/wiki/Vulnerability_of_nuclear_plants_to_attack
http://www.empcommission.org/docs/A2473-EMP_Commission.pdf
http://www.nrc.gov/reading-rm/doc-collections/congress-docs/correspondence/2011/bartlett-09-29-2011.pdf
http://www.nrc.gov/reading-rm/doc-collections/congress-docs/correspondence/2011/bartlett-09-29-2011.pdf
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/sec3/020r1.html
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/sec3/020r1.html
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about 50 miles from the plant. 221 However, these hazard planning zones can be misleading in 

that actual plume hazard zones and an ingestion hazard planning zones could extend well 

beyond the 10 and 50 mile EPZs.   

Figure 43 depicts typical 10-mile plume exposure pathway EPZ maps. The map centers are 

where the nuclear plant reactor building are located. Concentric circles of 2, 5, and 10 miles 

have been drawn.  In the map on the left, the map is further divided into triangular sectors 

identified by letters from A through R and municipalities have been assigned numbers from 1 to 

24. The triangular sectors provide a method of identifying what municipalities are affected by 

the radioactive plume as it travels.222 The map to the right shows an actual plume EPZ map.  

Figure 43. Notional and actual 10-mile plume exposure pathway EPZ maps   

 

Canada also has some emergency 

planning areas around their nuclear 

plants as well.  For example, they 

maintain a siren system within 3 

kilometers around the plants,223 and 

Potassium Iodide (KI) pills are available 

free to those living within a 3 to 10 km 

radius of the nuclear generating 

stations, to reduce the risks associated 

 
221 http://www.nrc.gov/about-nrc/emerg-preparedness/about-emerg-preparedness/planning-zones.html  
222 http://www.nrc.gov/about-nrc/emerg-preparedness/about-emerg-preparedness/planning-zones/10-mile-plume-

exposure.html  
223 http://en.wikipedia.org/wiki/Bruce_Nuclear_Generating_Station  

http://www.nrc.gov/about-nrc/emerg-preparedness/about-emerg-preparedness/planning-zones.html
http://www.nrc.gov/about-nrc/emerg-preparedness/about-emerg-preparedness/planning-zones/10-mile-plume-exposure.html
http://www.nrc.gov/about-nrc/emerg-preparedness/about-emerg-preparedness/planning-zones/10-mile-plume-exposure.html
http://en.wikipedia.org/wiki/Bruce_Nuclear_Generating_Station
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with a radioactive iodine release in a major accident224 (since KI blocks the uptake of 

radioiodine in the thyroid gland, which is the most vulnerable part of the body).  U.S. and 

Canadian nuclear power plant hazard zones 

There are 100 licensed nuclear power plants operating in the United States (as of December 

2013) with their associated EPZs as shown in Figure 44.  In addition, there are 19 operating 

nuclear power reactors in Canada, as shown in the combined US/Canadian nuclear power plant 

map in Figure 45 that follows.  There are numerous other non-power related nuclear reactors in 

the U.S. and Canada along with nuclear processing and storage facilities.   

Figure 44. 10, 50, & 300 mile emergency planning zones around U.S. nuclear plants 

 

Map created using ArcMap 10.1                                                                                © 2013 Kevin Briggs 

 

 
224 http://www.durham.ca/departments/demo/nuclearbrochure.pdf  

http://www.durham.ca/departments/demo/nuclearbrochure.pdf
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The map below only shows the locations of the U.S. and Canadian commercial nuclear power 

plants. The merged circles show the outer 320-mile boundary where, if there was ever a severe 

accident at one of the plants, there could be a radioactive iodine risk (downwind of the plant, 

based on risks determined by the World Health Organization after the near worst case 

Chernobyl disaster). Non-operational nuclear power plants can still pose a risk, although 

reduced compared to an active/operational plant, if they still store nuclear fuel in a spent fuel 

pool or in dry storage containers. The 320-mile hazard regions would be centered on whatever 

plant had a severe accident. Appendix B – State/City nuclear risk maps provides more detailed 

risk maps for each of the U.S. and Canadian nuclear power plants.  Many other parts of the USA 

are exposed to nuclear radioactive risks than from what is shown below due to additional non-

power reactors and nuclear materials processing and storage sites.  

Figure 45.  U.S. and Canadian nuclear power plants  
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The merged circles show the 320 mile radius hazard zones where a 

radioactive iodine hazard may exist if there was a Chernobyl-like disaster 

at a nuclear power plant.  People within roughly 320 miles of a 

nuclear reactor might require emergency doses of non-radioactive 

iodine (like Potassium Iodide/Iodate tablets) to prevent damage to their 

thyroid and poss ible cancer. 
Cop yrigh t (C) 200 0 b y Ke vin  G. B rig gs   

In 2013, the San Onofre 

nuclear power plant 

ceased operations.  

In 2013, Duke Energy 

announced the Crystal 

River nuclear power 

plant would be 

permanently shut down.  

In 2013, Dominion shut down the 

Kewaunee Power Station permanently 
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Nuclear power plant hazards 

What would you do in the event of a nuclear plant disaster? 

What is your plan?  How would you respond if you heard that a nuclear power plant near you 

has had some unspecified problem and that you may need to evacuate?  For millions of people 

in North America, this is a real possibility. What 

about the case of a plant disaster in a 

neighboring state or province – what would you 

do then? Finally, consider what you would do if 

you hear that a disaster has occurred overseas – 

what would be prudent actions on your part?  

Later in this nuclear power plant section, I will 

give you some specific suggestions for your 

practical protection during a nuclear power 

plant emergency.  

Preliminary observations about nuclear power plant issues 

I believe that the risks associated with nuclear power plant accidents are far less than those 

associated with nuclear terrorism or war.  However, a nuclear attack may trigger many nuclear 

power plant disasters, due to direct targeting or due to EMP disabling control systems. Yet 

without an attack, there are still technical risks with using nuclear power that will be considered 

in the pages to follow. Let me state up front that I am not against nuclear power. However, I do 

believe that there are risks with the current generation of nuclear power reactors. I do not 

think there is a major risk from a nuclear power plant on a day-to-day basis. An accident on the 

scale of Chernobyl or Fukushima here in North America is exceedingly unlikely with our better 

reactor designs (versus Chernobyl’s) and our improved training and oversight programs. 

However, a nuclear power plant risk still exists, as overviewed earlier in this section.    

Background on U.S. nuclear power plant design and safety 

To set the stage for later discussions about nuclear power plant risks, a few basics about 

nuclear power plant design and safety are necessary to ensure the reader understands the 

terminology presented later. This section will briefly describe how U.S. nuclear power plants 

work as well as providing a brief explanation of the various types of commercial nuclear power 

plants used in the United States. The section will then discuss the “defense in depth” 

techniques used to prevent major accidents at U.S. nuclear power plants.  

 

Do you know 
what to do 
when the alert 
siren sounds?  

The warning siren is a 
3-minute steady tone 
to alert of such things 
as a nuclear power 
plant emergency. 
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How U.S. nuclear power plants work 225 

Nuclear power plants convert heat into electricity. Other types of U.S. power plants burn coal, 

oil, or gas for a heat source. Unlike these fossil-fueled plants, the nuclear plant's energy does 

not come from the combustion of fuel, but from the fission (splitting) of fuel atoms. The heat, 

whatever the source, is normally used to convert water into steam. This steam is then carried 

by pipes to a turbine that has a series of fan blades on a shaft. The force of the steam pushes 

against the blades, turning the turbine. The turbine is connected to a generator. As the turbine 

shaft spins, the generator turns and produces electricity.  

In a nuclear power plant, many of the components are similar to those in a fossil-fueled plant, 

except that the steam boiler is replaced by a Nuclear Steam Supply System (NSSS). The NSSS 

consists of a nuclear reactor and all of the components necessary to produce high-pressure 

steam, which will be used to turn the turbine for the electrical generator. 

Figure 46.  Typical U.S. Nuclear Reactor 

Figure 46 illustrates this 

energy conversion process for 

a typical commercial 

pressurized light-water 

reactor. This figure shows 

how (1) the reactor’s 

radioactive core creates heat, 

(2) pressurized water in the 

primary coolant loop carries 

the heat to the steam 

generator, and (3) the steam 

generator vaporizes the 

water in a secondary loop to 

drive the turbine, which 

produces electricity. The 

reactor’s core is cooled by 

water, which is force-

circulated by electrically 

powered pumps. Emergency cooling water is applied by other pumps, which can be powered by 

onsite diesel generators. Other safety systems, such as the containment building air coolers, 

also need electric power.  

 
225 Extracted/derived from the NRC website at www.nrc.gov. 
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The nuclear fuel gives off energy as certain types of atoms split into pieces. This energy is in the 

form of fast-moving particles and invisible radiation. As the particles and radiation move 

through the fuel and surrounding water, the energy is converted into heat. The heat is the 

useful energy resulting from the splitting of atoms. The radiation energy itself can be hazardous 

and requires special precautions to protect people and the environment. 

Power reactors in the United States use uranium as fuel. The naturally occurring isotopes of 

uranium are shown in the following graphic. About 99.3% of all uranium atoms are the isotope 

U-238, and the remaining 0.7% are U-235. Trace amounts (far less than 1%) of U-234 can be 

found. Another isotope, U-233, does not exist naturally, but it can be manufactured and used to 

fuel some types of reactors. 

Table 41. Generic uranium fuel and the fission process in nuclear power plants 226 

   

92 Protons 92 Protons 92 Protons 

142 Neutrons 143 Neutrons 146 Neutrons 

 

To make fuel for reactors, the uranium ore is purified and then processed to increase the 

percentage of uranium-235 to 2 to 4 percent (typically 3.5%) of the uranium. This percentage is 

enough for a continuous splitting of uranium atoms, but much less than the percentage 

necessary for a nuclear weapon.  “Weapons grade” uranium is typically 85% U-235 and 

“weapons usable” uranium can consist of 20% (or even lower), but is much less efficient.227   

The low percentage of uranium-235 in reactor fuel is one of the reasons a nuclear plant can 

never explode in the same way as a nuclear bomb. 

Uranium fuel is formed into small cylindrical pellets, each about the size of a fingertip. These 

pellets are then loaded into metal tubes about 12 feet long. These tubes, called fuel rods, are 

sealed and grouped into bundles or assemblies. The fuel assemblies are produced at several 

commercial facilities for shipment to the nuclear plants to be loaded into the reactor. 

When a uranium-235 atom splits or 'fissions,' to use the technical term, it gives off energy in the 

form of radiation and also fast-moving pieces of the original atom. One of these pieces, which is 

called a neutron, can collide with another uranium-235 atom and cause it to split, too. A 

continuing series of these atomic splits, each triggering another one, is called a chain reaction. 

 
226 Extracted/derived from the NRC website at www.nrc.gov. 
227 http://en.wikipedia.org/wiki/Uranium-235  
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Uranium-235 will split, or fission, spontaneously, but these spontaneous atomic splits aren't 

frequent or reliable enough to use as an energy source. The pieces fly away too quickly and 

don't cause the fission of another atom. The pieces need to be slowed down so that they can 

collide with another uranium-235 atom and continue the chain reaction. 

Several types of materials can be used to slow down the atomic particles, but most commercial 

nuclear power plants (including all of those now operating in the United States) use water as 

the "moderator,” the material that slows down the particles to allow the chain reaction to 

continue. Therefore, the water circulating through the reactor (called the reactor coolant 

system) has two important functions. First, the water carries the heat from the reactor core to 

produce the steam used in the turbine. This prevents the fuel from becoming too hot, which 

could lead to fuel damage. Second, the water is used to control the fission process by slowing 

the neutrons down and by acting as a reflector to bounce back any high-energy neutrons that 

try to escape. This conserves the neutrons so that even more fissions may occur. The ''slowing 

down'' process is called ''thermalization'' or ''moderation.'' 

Figure 47. Nuclear fission (splitting of atom) 

Every fission releases a tiny amount 

of heat. Trillions of fissions per 

second are necessary to produce the 

high temperature, high-pressure 

steam for the production of 

electrical power. The rate at which 

the uranium atoms are fissioned 

determines the rate at which heat 

(and power) are produced. 

Since neutrons are necessary to 

cause the fission event, and since 

each fission releases neutrons, there 

is the potential to set up a self-sustaining chain reaction. For this to occur, there must be 

sufficient material capable of fissioning, and the material must be arranged such that the 

neutrons will reach other fuel atoms before escaping. 

If the conditions in the core allow, the chain reaction will reach a state of being self-sustaining. 

At this point, for every fission event that occurs, a second event occurs. This point of 

equilibrium is known as ''criticality.'' This just means that the number of neutrons produced by 

the fission events is equal to the number of neutrons that cause fission plus the number of 
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neutrons that do not cause fission. Therefore, the reactor has reached a state of equilibrium. 

That is, the amount of power, and therefore heat, being produced is constant with time. 

Because all neutrons that are produced by the fission process do not end up causing 

subsequent fissions, enough neutrons must be produced to overcome the losses and to 

maintain the ''critical'' balance needed for a constant power level. The neutrons that are lost to 

the fission process either ''leak out'' of the fuel area (escape) or are absorbed by materials that 

do not fission. These neutron absorbers are called ''neutron poisons.'' 

All the neutrons that remain in the core area will be absorbed by the materials from which the 

various core components are constructed (U-235, U-238, steel, control rods, etc.). Any material 

that absorbs neutrons and does not fission is a ''poison'' to the fission process. The reactor 

vessel, structural components, and the reactor coolant all absorb neutrons. Several fission 

products (the elements that are formed from the splitting of the large U-235 nucleus) absorb 

neutrons (for example, xenon-135 and samarium-149). Uranium-238 will sometimes fission 

after absorbing a fast neutron. When it does not, it acts as a neutron poison. Reactor operators 

can manipulate the total amount of poisons in the reactor by adjusting the position of the 

control rods. Also, in a pressurized water reactor, the operator can adjust the amount of boron 

that is dissolved in the reactor coolant. 

Control rods are concentrated neutron absorbers (poisons) that can be moved in or out of the 

core to change the rate of fissioning in the reactor. Rod insertion adds neutron poisons to the 

core area, which makes fewer neutrons available to cause fission. This causes the fission rate to 

decrease, which results in a reduction in heat production and power. 

Pulling the control rods out of the core removes poisons from the core area allowing more 

neutrons to cause fissions and increasing reactor power and heat production. 

Control Rod Position Effect 

IN    ====>   Fewer Neutrons   Power   ====>   Down 

OUT ====>   More Neutrons   Power   ====>   Up 

Water has a limited capacity to absorb neutrons, thus acting as a neutron poison. But an even 

greater effect is the changing of the moderator temperature. If the reactor coolant 

temperature increases, the water becomes less dense. This means that the water becomes less 

effective at slowing the neutrons down and more will leak out of the core. Conversely, if the 

coolant temperature decreases, the water becomes a better moderator, and the number of 

neutrons available for fission will increase. If the only action to occur was a change in the 
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temperature of the moderator, power would also change. This moderator temperature effect is 

a major factor in the control of the fission process and heat production of the reactor. 

Because of the unique properties of the nuclear fuel, there are some byproducts of the heat 

producing process. ''Fission products'' are the smaller atoms produced when the larger uranium 

atoms are split during the fission process. Some of these fission products are neutron poisons, 

and therefore, must be compensated for by removing some of the controllable poisons (such as 

the control rods for boiling water reactors or control rods or boron for pressurized water 

reactors) as they are produced. The fission products are usually very highly radioactive. They 

emit a large amount of radiation, and therefore, must be contained within the plant. A system 

of ''barriers'' has been developed to prevent these atoms from escaping into the environment. 

These barriers are the fuel pellet and cladding, the reactor coolant system pressure boundary, 

and the containment. 

Another problem with the fission products is the generation of decay heat. When an atom 

decays, it gives off energy or particles to become more stable. The energy or particles then 

interact with the surroundings to generate heat. This heat will be collected inside the fuel pellet 

area. If this heat (decay heat) is not removed, it could possibly cause damage to the fuel pellets 

or other parts of the ''barrier'' system. Therefore, we have systems designed to remove this 

heat after the plant is shut down (residual heat removal system, for example).  

When a reactor is operating at full power, the average fuel pellet temperature under normal 

operating conditions is about 1400oF. The melting temperature of the ceramic fuel is 

approximately 5200oF. The fuel cladding can be damaged by temperatures in excess of 1800oF. 

Significant fuel damage can be expected at sustained temperatures above 2200oF. The plant 

systems, both normal operating and emergency, must be designed to maintain the fuel 

temperature low enough to prevent fuel damage. For example, if conditions approach an 

operating limit, the reactor protection system will rapidly insert the control rods to shut down 

the fission chain, which removes a major heat production source. This rapid insertion of rods 

into the core is called a reactor trip or scram. 

A reactor ''scram'' (or ''trip'') is the rapid (two to four seconds) insertion of the control rods into 

the core to stop the fission chain reaction. Even though all of the fissioning in the core is not 

stopped, the chain reaction is broken down, which causes a significant decrease in reactor 

power in just a few seconds. When the reactor is shut down (all rods inserted), the amount of 

heat being generated due to the fissions which are not stopped and the decay heat is much less 

than that which can be removed by the plant cooling systems (if they have electricity and are 

working properly). Therefore, the fuel can be protected from an over-temperature condition. 
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Types of U.S. commercial nuclear power plants 228 

The United States has about 80 unique designs for its 100 licensed commercial nuclear power 

plants. And while each of these 100 power plants are in many respects unique, their design falls 

into two broad categories: the (1) Pressurized Water Reactor (PWR) and the Boiling Water 

Reactor (BWR).  

Figure 48. General design of U.S. Pressurized Water Reactors (PWRs) 

 

Pressurized Water Reactors (PWRs)  

About two-thirds of the reactors in the U.S. are PWRs and the remaining one-third are Boiling 

Water Reactors (BWRs). On an historical note, Three Mile Island Unit 2 (the location of the 1979 

accident) was a PWR reactor. Figure 48 illustrates the basic concept of operations for a typical 

U.S. PWR.    

The PWR is a two-stage system (with three coolant systems shown above) that keeps the 

Reactor Coolant System water (shown inside the containment structure) under high pressure so 

that it does not boil. This Reactor Coolant System is the only one that will be radioactive under 

normal operations. The piping carries this heated water to large cylinders called steam 

generators. The heated reactor water flows through thousands of tubes in the steam generator. 

The tubes are surrounded by a Secondary Cooling System water supply that boils and produces 

steam, which is carried away by pipes to spin the turbine generator. The reactor cooling water 

 
228Extracted/derived from the NRC website at www.nrc.gov.   
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then returns to the reactor to be reheated and circulated back to the steam generator, again in 

a continuous loop. Finally, the Condenser Cooling Water is circulated through the condenser to 

convert the steam back into water in the Secondary Cooling System.  

Figure 49. Cutaway View of PWR Reactor Vessel 

The water used for the 

Condenser Cooling Water can 

be supplied by a river, lake, 

ocean, etc., and often has a 

cooling tower associated with 

it to help reduce the water 

temperature back to ranges 

that will not impact the 

environment (such as fish in a 

river or lake). The condenser 

cooling water does not actually 

pass through the reactor, but 

only through the condenser 

tubes to cool the steam after it 

goes through the turbine. 

There is no contact between 

the condenser cooling water 

and the reactor cooling water 

or the reactor components 

themselves. With cooling 

towers the water, once cooled, 

is usually pumped back into the 

condenser to be used again to 

carry off heat. Only a small portion of the water is returned to the natural water source. 

The PWR reactor core, and all associated support and alignment devices, are housed within the 

reactor vessel. The major components are the reactor vessel, the core barrel, the reactor core, 

and the upper internals package.  

The reactor vessel is a cylindrical vessel with a hemispherical bottom head and a removable 

hemispherical top head. The top head is removable to allow for the refueling of the reactor. 

There will be one inlet (or cold leg) nozzle and one outlet (or hot leg) nozzle for each reactor 

coolant system loop. The reactor vessel is constructed of manganese molybdenum steel, and all 

From NRC 
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surfaces that come into contact with reactor coolant are clad with stainless steel to increase 

corrosion resistance. 

The core barrel slides down inside of the reactor vessel and houses the fuel. Toward the bottom 

of the core barrel, there is a lower core support plate on which the fuel assemblies sit. The core 

barrel and all of the lower internals actually hang inside the reactor vessel from the internals 

support ledge. On the outside of the core barrel will be irradiation specimen holders in which 

samples of the material used to manufacture the vessel will be placed. At periodic time 

intervals, some of these samples will be removed and tested to see how the radiation from the 

fuel has affected the strength of the material. 

The upper internals package sits on top of the fuel. It contains the guide columns to guide the 

control rods when they are pulled from the fuel. The upper internals package prevents the core 

from trying to move up during operation due to the force from the coolant flowing through the 

assemblies. 

The flow path for the reactor coolant through the reactor vessel would be:    

• The coolant enters the reactor vessel at the inlet nozzle and hits against the core barrel.  
• The core barrel forces the water to flow downward in the space between the reactor 

vessel wall and the core barrel.  
• After reaching the bottom of the reactor vessel, the flow is turned upward to pass 

through the fuel assemblies.  
• The coolant flows all around and through the fuel assemblies, removing the heat 

produced by the fission process.  
• The now hotter water enters the upper internals region, where it is routed out the 

outlet nozzle and goes on to the steam generator.  

The pressurizer is the component in the reactor coolant system that provides a means of 

controlling the system pressure. Pressure is controlled by the use of electrical heaters, 

pressurizer spray, pilot-operated relief valves (PORVs), and safety valves. 

The pressurizer operates with a mixture of steam and water in equilibrium. If pressure starts to 

deviate from the desired value, the various components will actuate to bring pressure back to 

the normal operating point. The cause of the pressure deviation is normally associated with a 

change in the temperature of the reactor coolant system. If reactor coolant system 

temperature starts to increase, the density of the reactor coolant will decrease, and the water 

will take up more space. Since the pressurizer is connected to the reactor coolant system via 

the surge line, the water will expand up into the pressurizer. This will cause the steam in the 

top of the pressurizer to be compressed, and therefore, the pressure to increase. 
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The opposite effect will occur if the reactor coolant system temperature decreases. The water 

will become denser, and will occupy less space. The level in the pressurizer will decrease, which 

will cause a pressure decrease. For a pressure increase or decrease, the pressurizer will operate 

to bring pressure back to normal. 

For example, if pressure starts to increase above the desired setpoint, the spray line will allow 

relatively cold water from the discharge of the reactor coolant pump to be sprayed into the 

steam space. The cold water will condense the steam into water, which will reduce pressure 

(due to the fact that steam takes up about six times more space than the same mass of water). 

If pressure continues to increase, the pressurizer relief valves will open and dump steam to the 

pressurizer relief tank. If this does not relieve pressure, the safety valves will lift, also 

discharging to the pressurizer relief tank. 

If pressure starts to decrease, the electrical heaters will be energized to boil more water into 

steam, and therefore increase pressure. If pressure continues to decrease, and reaches a 

predetermined setpoint, the reactor protection system will trip the reactor. 

The pressurizer relief tank is a large tank containing water with a nitrogen atmosphere. The 

water is there to condense any steam discharged by the safety or relief valves. Since the reactor 

coolant system contains hydrogen, the nitrogen atmosphere is used to prevent the hydrogen 

from existing in a potentially explosive environment. 

Boiling Water Reactors 229 

The Boiling Water Reactors (BWRs) currently used in the U.S. were designed by General Electric.  

It is significant to note that the Fukushima nuclear reactors that experienced a major crisis in 

2011 are a U.S. BWR design.   BWRs use a single-stage system that allow the water in the 

reactor to boil and produce steam, which is then piped directly to the turbine generator. Hence, 

in a BWR design as opposed to the PWR design, radioactive water leaves the containment 

building to drive the generators and then passes through the condenser before returning to the 

containment structure. Figure 50 on the next page provides a very general overview of the BWR 

design.   

Inside the BWR vessel, a steam water mixture is produced when very pure water (reactor 

coolant) moves upward through the core absorbing heat. Another major difference in the 

operation of a BWR system from PWR systems is the steam void formation in the core. The 

steam-water mixture leaves the top of the core and enters the two stages of moisture 

separation, where water droplets are removed before the steam is allowed to enter the steam 

line. The steam line, in turn, directs the steam to the main turbine causing it to turn the turbine 

 
229 Extracted/derived from the NRC website at www.nrc.gov. 
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and the attached electrical generator. The unused steam is exhausted to the condenser where 

it is condensed into water. The resulting water is pumped out of the condenser with a series of 

pumps and back to the reactor vessel. The recirculation pumps and jet pumps allow the 

operator to vary coolant flow through the core and change reactor power. 

Figure 50. General design of U.S. Boiling Water Reactors (BWRs) 230 

 

The reactor vessel assembly consists of the reactor vessel and its internal components, 

including the core support structures, core shroud, moisture removal equipment, and jet pump 

assemblies. The purposes of the reactor vessel assembly are to: 

• House the reactor core,  
• Serve as part of the reactor coolant pressure boundary,  
• Support and align the fuel and control rods,  
• Provide a flow path for circulation of coolant past the fuel,  
• Remove moisture from the steam exiting the core, and  
• Provide a refloodable volume for a loss of coolant accident.  

The reactor vessel is vertically mounted within the drywell and consists of a cylindrical shell 

with an integral rounded bottom head. The top head is also rounded in shape but is removable 

via the stud and nut arrangement to facilitate refueling operations. The vessel assembly is 

supported by the vessel support skirt that is mounted to the reactor vessel support pedestal. 

 
230 Extracted/derived from the NRC website at www.nrc.gov. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

221 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

The emergency core cooling systems and the reactor vessel designs are compatible to ensure 

that the core can be adequately cooled following a loss of reactor coolant. The worst-case loss 

of coolant accident, with respect to core cooling, is a recirculation line break. In this event, 

reactor water level decreases rapidly, uncovering the core. However, several emergency core 

cooling systems automatically provide makeup water to the nuclear core within the shroud, 

providing core cooling. 

Figure 51. General design of the BWR containment and turbine buildings 231  

 

The control cell assembly consists of a control rod and four fuel assemblies that surround it. 

Unlike the pressurized water reactor fuel assemblies, the boiling water reactor fuel bundle is 

enclosed in a fuel channel to direct coolant up through the fuel assembly and act as a bearing 

surface for the control rod. In addition, the fuel channel protects the fuel during refueling 

operations.  

Movement of bottom entry control rods regulates the power of the core. This is a significant 

difference from the PWR reactors that use top entry control rods. The BWR’s bottom entry 

control rods need to use a high pressure hydraulically operated system to insert the rods rather 

 
231 Extracted/derived from the NRC website at www.nrc.gov. 
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than the PWR’s options of either mechanical or gravity insertion. However, according to one 

senior BWR plant operator I talked with, the BWR’s control rods would automatically insert 

themselves into the core if there ever were an on-site power outage (he stated that it was an 

automatic process requiring no operator intervention).  

Reactor radioactive byproducts in normal operations 232 

Since fission reactions within nuclear power plants produces hazardous radioactive materials, 

nuclear power plants are equipped with multiple layers of safety systems to protect workers, 

the public, and the environment. 

Radioactive materials require careful handling because they can damage human cells and, 

depending on the amount and duration of the exposure, can at high levels cause death and at 

lower levels can cause cancer after long period of time. A person can be exposed to radiation in 

two ways. Internal exposures occur if a radioactive material is inhaled or ingested and remains 

deposited in the body. External exposures can result from a person being close to a radioactive 

material without adequate shielding. 

In the reactor, most of these hazardous radioactive substances, called fission byproducts, are 

trapped in the fuel pellets themselves or in the sealed metal tubes holding the fuel. Small 

amounts of these radioactive fission byproducts, principally gases, however, become mixed 

with the water passing through the reactor. Other impurities in the water are also made 

radioactive as they pass through the reactor. The water is processed and filtered to remove 

these radioactive impurities and then returned to the reactor cooling system. Small quantities 

of radioactive gases and liquids are ultimately released to the environment under controlled 

and monitored conditions. 

Radioactive materials lose their radioactive properties over time. Some are short-lived and 

become nonradioactive forms in seconds or minutes. Other radioactive elements take much 

longer to lose their radioactivity. This process is called radioactive decay. 

The Nuclear Regulatory Commission (NRC) has established limits for the release of radioactivity 

during routine operations. These limits are based on guidelines set by the Environmental 

Protection Agency and by national and international standard-setting groups. Although the 

effects of very low levels of radiation are difficult to detect, the NRC limits are based on the 

conservative assumption that radiation exposures to members of the public should only be a 

small fraction of what they receive from natural environmental radiation. 

 
232 Extracted/derived from the NRC website at www.nrc.gov. 
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Experience has shown that nuclear plants typically release only a small portion of the NRC limits 

during normal operations. A person spending a full year at a nuclear plant boundary would 

receive an additional radiation exposure of less than 1 percent of the radiation exposure 

everyone receives from naturally occurring radiation. (Natural environmental radiation 

exposures average 300 millirems per year.) Year-round exposure at the plant boundary is an 

additional 1 to 2 millirems or less. 

The NRC also sets limits for radiation exposure to individuals working at nuclear plants and 

other facilities using radioactive materials. Because these individuals receive the radiation 

exposure as part of their employment and because they receive special training on radiation 

protection, the occupational limits are higher than those permitted for the general public. 

Radiation workers must wear devices to measure the radiation to which they are exposed. 

The environmental impact of routine operations at a nuclear plant is very small. But because of 

the vast amounts of radioactive materials remaining in the core, the plant must have effective 

safety systems to prevent an accident that would lead to a large amount of that radioactivity 

being released from the plant. The likelihood of such an accident is remote, but the possibility 

that one could occur leads to special care in design, construction, and operation of nuclear 

power plants. 

U.S. reactor safety systems 233 

U.S. nuclear power plants234 are equipped with four major types of safety systems to prevent 

accidents and reduce their effects if one should occur: 

1. A system to quickly shut down a reactor and stop the fission chain reaction. 
2. Numerous systems to control reactor pressure and to continue cooling the reactor fuel -

- that is, to carry away the heat that continues to be generated even after the reactor is 
shut down. 

3. Electrical, control, and instrument systems for safety systems and for monitoring reactor 
conditions. 

4. System of barriers to contain radioactivity if it should escape from the reactor fuel in an 
accident. 

 

 

 
233 Extracted/derived from the NRC website at www.nrc.gov. 
234 Some overseas nuclear power plants, particularly those of the same design as used at Chernobyl, called RBMK 

reactors, do not have a robust containment system as used in U.S. reactors.  
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U.S. reactor shutdown systems 235 

Each reactor has a system to insert the control rods into the reactor core within seconds to stop 

the fission reaction. This immediate shutdown; called a reactor scram or reactor trip can be 

triggered by a reactor operator or by automatic controls that protect the reactor from any 

unusual conditions in the plant. 

U.S. reactor cooling and pressure control systems 236 

When a reactor is operating, the heat energy from the fission reaction is carried off in the 

cooling water. That energy is used as steam to spin the turbine generator, making electricity. A 

reactor shutdown stops the fission reaction, but heat is still generated by the radioactive fission 

byproducts, which have built up in the reactor fuel. Much less heat is created than when the 

reactor is operating, but the heat is still sufficient to damage the fuel if it is not cooled. As time 

passes after the reactor shutdown, the amount of heat produced in the fuel in the reactor core 

decreases. Continued cooling of the fuel remains necessary, however. Both normal cooling 

systems and emergency cooling systems are available. Each system has at least two parallel 

parts so that if one fails, the other part would still be available to continue to cool the reactor. 

The emergency core cooling system (ECCS) consists of pumps and valves and pipes that are 

independent of the normal cooling system. The ECCS includes equipment that can pump at high 

pressure to inject water into the reactor when the pressure inside is at the high levels 

maintained during operation. In addition, low pressure systems pump water at lower pressures, 

such as those that might occur if a cooling water pipe broke and allowed pressure inside the 

reactor to drop. 

The reactor systems also include valves that can be opened to reduce pressure by releasing 

steam. These relief valves open automatically if pressure gets too high in the reactor system. 

Some of the valves can be opened using controls in the reactor control room. These pressure-

reduction systems can also reduce reactor pressure so that the low pressure cooling systems 

can function. 

 

 

 

 
235 Extracted/derived from the NRC website at www.nrc.gov. 
236 Extracted/derived from the NRC website at www.nrc.gov.  
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U.S. reactor safety system power 237 

Most of the safety systems are powered by electricity, although some pumps do use steam to 

drive them in order to have an alternative source of power. Because of this reliance on 

electrical power, nuclear plants are required to have multiple sources of electricity. 

A nuclear plant uses a portion of the power it generates to run plant equipment. A plant also 

must have at least two connections to the utility's electrical distribution system so that it can 

immediately shift to offsite power sources if a shutdown occurs. Should there be a failure in the 

offsite power connections, each plant has emergency diesel generators with sufficient capacity 

to supply electricity to the critical safety systems. One site I visited also had additional 

generators as backups to the diesels should the backup diesels fail.  

The control and instrument systems normally use direct current (DC) electricity, the kind of 

power found in batteries. For these systems, large banks of batteries provide DC power if there 

is an interruption in the normal sources of electricity. 

Lessons from historical nuclear power plant accidents 

The 1979 Three Mile Island (TMI) accident sequence 

The Three Mile Island accident began on March 28, 1979 and continued for several days before 

the potential crisis was declared to be over. The sequence of events that follows is instructive 

on the complexities and the problems that can occur during a plant emergency. And while 

today, most of the operator training and equipment problems that occurred during the Three 

Mile Island accident have reportedly been corrected at U.S. nuclear power plants, much insight 

can be gained on how a future accident could progress. Each day of the accident will be 

described in some detail in the paragraphs to follow.  

The TMI Accident: Wednesday, March 28 238 

In the parlance of the electric power industry, a “trip” means a piece of machinery stops 

operating. A series of feedwater system pumps supplying water to TMI-2’s steam generators 

tripped on the morning of March 28, 1979. The first pump trip occurred at 36 seconds after 

4:00 a.m. When the pumps stopped, the flow of water to the steam generators stopped. With 

no feedwater being added, there soon would be no steam, so the plant’s safety system 

automatically shut down the steam turbine and the electric generator it powered. The incident 

at Three Mile Island was 2 seconds old. 

 
237 Extracted/derived from the NRC website at www.nrc.gov. 
238 Extracted or derived from the Report of the President’s Commission on the Accident at Three Mile Island (also 

known as the Kemeny Report).  
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The production of steam is a critical function of a nuclear reactor. Not only does steam run the 

generator to produce electricity but also, as steam is produced, it removes some of the intense 

heat that the reactor water carries. 

When the feedwater flow stopped, the temperature of the reactor coolant increased. The 

rapidly heating water expanded. The pressurizer level (the level of the water inside the 

pressurizer tank) rose and the steam in the top of the tank compressed. Pressure inside the 

pressurizer built to 2,255 pounds per square inch, 100 psi more than normal. Then a valve atop 

the pressurizer, called a pilot-operated relief valve, or PORV, opened -- as it was designed to do 

-- and steam and water began flowing out of the reactor coolant system through a drainpipe to 

a tank on the floor of the containment building. Pressure continued to rise, however, and 8 

seconds after the first pump tripped, TMI-2’s reactor -- as it was designed to do -- scrammed: its 

control rods automatically dropped down into the reactor core to halt its nuclear fission. 

Less than a second later, the heat generated by fission was essentially zero. But, as in any 

nuclear reactor, the decaying radioactive materials left from the fission process continued to 

heat the reactor’s coolant water. This heat was a small fraction --just 6 percent -- of that 

released during fission, but it was still substantial and had to be removed to keep the core from 

overheating. When the pumps that normally supply the steam generator with water shut down, 

three emergency feedwater pumps automatically started. Fourteen seconds into the accident, 

an operator in TMI-2’s control room noted the emergency feed pumps were running. He did 

not notice two lights that told him a valve was closed on each of the two emergency feedwater 

lines and thus no water could reach the steam generators. One light was covered by a yellow 

maintenance tag. No one knows why the second light was missed. 

With the reactor scrammed and the PORV open, pressure in the reactor coolant system fell. Up 

to this point, the reactor system was responding normally to a turbine trip. The PORV should 

have closed 13 seconds into the accident, when pressure dropped to 2,205 psi. It did not. A 

light on the control room panel indicated that the electric power that opened the PORV had 

gone off, leading the operators to assume the valve had shut. But the PORV was stuck open, 

and would remain open for 2 hours and 22 minutes, draining needed coolant water -- a LOCA 

was in progress. In the first 100 minutes of the accident, some 32,000 gallons --over one-third 

of the entire capacity of the reactor coolant system -- would escape through the PORV and out 

the reactor’s let-down system. Had the valve closed as it was designed to do, or if the control 

room operators had realized that the valve was stuck open and closed a backup valve to stem 

the flow of coolant water, or if they had simply left on the plant’s high pressure injection 

pumps, the accident at Three Mile Island would have remained little more than a minor 

inconvenience for Met Ed. 
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The burden of dealing with the early, crucial stages of the accident at Three Mile Island fell to 

four men -- William Zewe, shift supervisor in charge of both TMI-l and TMI-2; Fred Scheimann, 

shift foreman for TMI-2; and two control room operators, Edward Frederick and Craig Faust. 

Each had been trained for his job by Met Ed and Babcock & Wilcox, the company that supplied 

TMI-2’s reactor and nuclear steam system; each was licensed by the Nuclear Regulatory 

Commission; each was a product of his training -- training that did not adequately prepare them 

to cope with the accident at TMI-2. Indeed, their training was partly responsible for escalating 

what should have been a minor event into a potentially devastating accident. 

Frederick and Faust were in the control room when the first alarm sounded, followed by a 

cascade of alarms that numbered 100 within minutes. The operators reacted quickly as trained 

to counter the turbine trip and reactor scram. Later Faust would recall for the Commission his 

reaction to the incessant alarms: “I would have liked to have thrown away the alarm panel. It 

wasn’t giving us any useful information.” Zewe, working in a small, glass-enclosed office behind 

the operators, alerted the TMI-l control room of the TMI-2 scram and called his shift foreman 

back to the control room. 

Scheimann had been overseeing maintenance on the plant’s Number 7 polisher -- one of the 

machines that remove dissolved minerals from the feedwater system. His crew was using a 

mixture of air and water to break up resin that had clogged a resin transfer line. Later 

investigation would reveal that a faulty valve in one of the polishers allowed some water to leak 

into the air-controlled system that opens and closes the polishers’ valves and may have been a 

factor in their sudden closure just before the accident began. This malfunction probably 

triggered the initial pump trip that led to the accident. The same problem of water leaking into 

the polishers’ valve control system had occurred at least twice before at TMI-2. Had Met Ed 

corrected the earlier polisher problem, the March 28 sequence of events may never have 

begun. 

With the PORV stuck open and heat being removed by the steam generators, the pressure and 

temperature of the reactor coolant system dropped. The water level also fell in the pressurizer. 

Thirteen seconds into the accident, the operators turned on a pump to add water to the 

system. This was done because the water in the system was shrinking as it cooled. Thus more 

water was needed to fill the system. Forty-eight seconds into the incident, while pressure 

continued falling, the water level in the pressurizer began to rise again. The reason, at this 

point, was that the amount of water being pumped into the system was greater than that being 

lost through the PORV. 
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About a minute and 45 seconds into the incident, because their emergency water lines were 

blocked, the steam generators boiled dry. After the steam generators boiled dry, the reactor 

coolant heated up again, expanded, and this helped send the pressurizer level up further. 

Two minutes into the incident, with the pressurizer level still rising, pressure in the reactor 

coolant system dropped sharply. Automatically, two large pumps began pouring about 1,000 

gallons a minute into the system. The pumps, called high pressure injection (HPI) pumps, are 

part of the reactor’s emergency core cooling system. The level of water in the pressurizer 

continued to rise, and the operators, conditioned to maintain a certain level in the pressurizer, 

took this to mean that the system had plenty of water in it. However, the pressure of reactor 

coolant system water was falling, and its temperature became constant. 

About 2-½ minutes after the HPI pumps began working, Frederick shut one down and reduced 

the flow of the second to less than 100 gallons per minute. The falling pressure, coupled with a 

constant reactor coolant temperature after HPI came on, should have clearly alerted the 

operators that TMI-2 had suffered a LOCA, and safety required they maintain high pressure 

injection. “The rapidly increasing pressurizer level at the onset of the accident led me to believe 

that the high pressure injection was excessive, and that we were soon going to have a solid 

system,” Frederick later told the Commission.  

A solid system is one in which the entire reactor and its cooling system, including the 

pressurizer, are filled with water. The operators had been taught to keep the system from 

“going solid” -- a condition that would make controlling the pressure within the reactor coolant 

system more difficult and that might damage the system. The operators followed this line of 

reasoning, oblivious for over 4 hours to a far greater threat -- that the loss of water from the 

system could result in uncovering the core. 

The saturation point was reached 5 ½ minutes into the accident. Steam bubbles began forming 

in the reactor coolant system, displacing the coolant water in the reactor itself. The displaced 

water moved into the pressurizer, sending its level still higher. This continued to suggest to the 

operators that there was plenty of water in the system. They did not realize that water was 

actually flashing into steam in the reactor, and with more water leaving the system than being 

added, the core was on its way to being uncovered. And so the operators began draining off the 

reactor’s cooling water through piping called the let-down system. 

Eight minutes into the accident, someone -- just who is a matter of dispute -- discovered that 

no emergency feedwater was reaching the steam generators. Operator Faust scanned the lights 

on the control panel that indicate whether the emergency feedwater valves are open or closed. 

He first checked a set of emergency feedwater valves designed to open after the pumps reach 

full speed; they were open. Next he checked a second pair of emergency feedwater valves, 
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called the “twelve-valves,” which are always supposed to be open, except during a specific test 

of the emergency feedwater pumps. The two “twelve-valves” were closed. Faust opened them 

and water rushed into the steam generators. 

The two “twelve-valves” were known to have been closed 2 days earlier, on March 26, as part 

of a routine test of the emergency feedwater pumps. A Commission investigation has not 

identified a specific reason as to why the valves were closed at 8 minutes into the accident. The 

most likely explanations are: the valves were never reopened after the March 26 test; or the 

valves were reopened and the control room operators mistakenly closed the valves during the 

very first part of the accident; or the valves were closed mistakenly from control points outside 

the control room after the test. The loss of emergency feedwater for 8 minutes had no 

significant effect on the outcome of the accident. But it did add to the confusion that distracted 

the operators as they sought to understand the cause of their primary problem. 

Throughout the first 2 hours of the accident, the operators ignored or failed to recognize the 

significance of several things that should have warned them that they had an open PORV and a 

loss-of-coolant accident. One was the high temperatures at the drainpipe that led from the 

PORV to the reactor coolant drain tank. One emergency procedure states that a pipe 

temperature of 2000F indicates an open PORV. Another states that when the drainpipe 

temperature reaches 1300F, the block valve beneath it should be closed. But the operators 

testified that the pipe temperature normally registered high because either the PORV or some 

other valve was leaking slightly. “I have seen, in reviewing logs since the accident, 

approximately 198 degrees,” Zewe told the Commission. “But I can remember instances before 

. . . just over 200 degrees.” So Zewe and his crew dismissed the significance of the temperature 

readings, which Zewe recalled as being in the 2300F range. Recorded data show the range 

reached 2850F. Zewe told the Commission that he regarded the high temperatures on the 

drainpipe as residual heat. 

At 4:11 a.m., an alarm signaled high water in the containment building’s sump, a clear 

indication of a leak or break in the system. The water, mixed with steam, had come from the 

open PORV, first falling to the drain tank on the containment building floor and finally filling the 

tank and flowing into the sump. At 4:15 a.m., a rupture disc on the drain tank burst as pressure 

in the tank rose. This sent more slightly radioactive water onto the floor and into the sump. 

From the sump it was pumped to a tank in the nearby auxiliary building. 

Five minutes later, at 4:20 a.m., instruments measuring the neutrons inside the core showed a 

count higher than normal, another indication -- unrecognized by the operators -- that steam 

bubbles were present in the core and forcing cooling water away from the fuel rods. During this 

time, the temperature and pressure inside the containment building rose rapidly from the heat 
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and steam escaping via the PORV and drain tank. The operators turned on the cooling 

equipment and fans inside the containment building. The fact that they failed to realize that 

these conditions resulted from a LOCA indicates a severe deficiency in their training to identify 

the symptoms of such an accident. 

About this time, Edward Frederick took a call from the auxiliary building. He was told an 

instrument there indicated more than 6 feet of water in the containment building sump. 

Frederick queried the control room computer and got the same answer. Frederick 

recommended shutting off the two sump pumps in the containment building. He did not know 

where the water was coming from and did not want to pump water of unknown origin, which 

might be radioactive, outside the containment building. Both sump pumps were stopped about 

4:39 a.m. Before they were, however, as much as 8,000 gallons of slightly radioactive water 

may have been pumped into the auxiliary building. Only 39 minutes had passed since the start 

of the accident. 

George Kunder, superintendent of technical support at TMI-2, arrived at the Island about 4:45 

a.m., summoned by telephone. Kunder was duty officer that day, and he had been told TMI-2 

had had a turbine trip and reactor scram. What he found upon his arrival was not what he 

expected. “I felt we were experiencing a very unusual situation, because I had never seen 

pressurizer level go high and peg in the high range, and at the same time, pressure being low,” 

he told the Commission. “They have always performed consistently.” Kunder’s view was shared 

by the control room crew. They later described the accident as a combination of events they 

had never experienced, either in operating the plant or in their training simulations. 

Shortly after 5:00 a.m., TMI-2’s four reactor coolant pumps began vibrating severely. This 

resulted from pumping steam as well as water, and it was another indication that went 

unrecognized that the reactor’s water was boiling into steam. The operators feared the violent 

shaking might damage the pumps -- which force water to circulate through the core -- or the 

coolant piping. 

Zewe and his operators followed their training. At 5:14 a.m., two of the pumps were shut down. 

Twenty-seven minutes later, operators turned off the two remaining pumps, stopping the 

forced flow of cooling water through the core. 

There was already evidence by approximately 6:00 a.m. that at least a few of the reactor’s fuel 

rod claddings had ruptured from high gas pressures inside them, allowing some of the 

radioactive gases within the rods to escape into the coolant water. The early warning came 

from radiation alarms inside the containment building. With coolant continuing to stream out 

the open PORV and little water being added, the top of the core became uncovered and heated 

to the point where the zirconium alloy of the fuel rod cladding reacted with steam to produce 
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hydrogen. Some of this hydrogen escaped into the containment building through the open 

PORV and drain tank; some of it remained within the reactor. This hydrogen, and possibly 

hydrogen produced later in the day, caused the explosion in the containment building on 

Wednesday afternoon and formed the gas bubble that produced such great concern a few days 

later. 

Other TMI officials now were arriving in the TMI-2 control room. They included Richard Dubiel, 

a health physicist who served as supervisor of radiation protection and chemistry; Joseph 

Logan, superintendent of TMI-2; and Michael Ross, supervisor of operations for TMI-l. 

Shortly after 6:00 a .m., George Kunder participated in a telephone conference call with John 

Herbein, Met Ed’s vice president for generation; Gary Miller, TMI station manager and Met Ed’s 

senior executive stationed at the nuclear facility; and Leland Rogers, the Babcock & Wilcox site 

representative at TMI. The four men discussed the situation at the plant. In his deposition, 

Rogers recalled a significant question he posed during that call: He asked if the block valve 

between the pressurizer and the PORV, a backup valve that could be closed if the PORV stuck 

open, had been shut. 

QUESTION: What was the response? 

ROGERS: George’s immediate response was, “I don’t know!” and he had someone 

standing next to the shift supervisor over back of the control room and sent the guy to 

find out if the valve block was shut. 

QUESTION: You heard him give these instructions? 

ROGERS: Yes, and very shortly I heard the answer come back from the other person to 

George, and he said, ‘Yes, the block valve was shut.” 

The operators shut the block valve at 6:22 a.m., 2 hours and 22 minutes after the PORV had 

opened. 

It remains, however, an open question whether Rogers or someone else was responsible for 

the valve being closed. Edward Frederick testified that the valve was closed at the suggestion of 

a shift supervisor coming onto the next shift; but Frederick has also testified that the valve was 

closed because he and his fellow operators could think of nothing else to do to bring the 

reactor back under control. 

In any event, the loss of coolant was stopped, and pressure began to rise, but the damage 

continued. Evidence now indicates the water in the reactor was below the top of the core at 

6:15 a.m. Yet for some unexplained reason, high pressure injection to replace the water lost 
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through the PORV and let-down system was not initiated for almost another hour. Before that 

occurred, Kunder, Dubiel, and their colleagues would realize they faced a serious emergency at 

TMI-2. 

In the 2 hours after the turbine trip, periodic alarms warned of low-level radiation within the 

unoccupied containment building. After 6:00 a.m., the radiation readings markedly increased. 

About 6:30 a.m., a radiation technician began surveying the TMI-2 auxiliary building, using a 

portable detector -- a task that took about 20 minutes. He reported rapidly increasing levels of 

radiation, up to one rem per hour. During this period, monitors in the containment and 

auxiliary buildings showed rising radiation levels. By 6:48 a.m., high radiation levels existed in 

several areas of the plant, and evidence indicates as much as two-thirds of the 12-foot high 

core stood uncovered at this time. Analyses and calculations made after the accident indicate 

temperatures as high as 3,500 to 4,000 0F or more in parts of the core existed during its 

maximum uncovery.  At 6:54 a.m., the operators turned on one of the reactor coolant pumps, 

but shut it down 19 minutes later because of high vibrations. More radiation alarms went off. 

Shortly before 7:00 a.m., Kunder and Zewe declared a site emergency, required by TMI’s 

emergency plan whenever some event threatens “an uncontrolled release of radioactivity to 

the immediate environment.” 

TMI personnel were already following the emergency plan, telephoning state authorities about 

the site emergency. The Pennsylvania Emergency Management Agency (PEMA) was asked to 

notify the Bureau of Radiation Protection (BRP), part of Pennsylvania’s Department of 

Environmental Resources. The bureau in turn telephoned Kevin Molloy, director of the Dauphin 

County Office of Emergency Preparedness. Dauphin County includes Harrisburg and Three Mile 

Island. Other nearby counties and the State Police were alerted. 

Met Ed alerted the U.S. Department of Energy’s Radiological Assistance Plan office at 

Brookhaven National Laboratory. But notifying the Nuclear Regulatory Commission’s Region I 

office in King of Prussia, Pennsylvania, took longer. The initial phone call reached an answering 

service, which tried to telephone the NRC duty officer and the region’s deputy director at their 

homes. Both were en route to work. 

By the time the NRC learned of the accident -- when its Region I office opened at 7:45 a.m. -- 

Miller had escalated the site emergency at Three Mile Island to a general emergency. Shortly 

after 7:15 a.m., emergency workers had to evacuate the TMI-2 auxiliary building. William 

Dornsife, a nuclear engineer with the Pennsylvania Bureau of Radiation Protection, was on the 

telephone to the TMI-2 control room at the time. He heard the evacuation ordered over the 

plant’s paging system. ‘And I said to myself, ‘This is the biggie,’” Dornsife recalled in his 

deposition. 
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At 7:20 a.m., an alarm indicated that the radiation dome monitor high in the containment 

building was reading 8 rems per hour. The monitor is shielded by lead. This shielding is designed 

to cut the radioactivity reaching the monitor by 100 times. Thus, those in the control room 

interpreted the monitor’s alarm as meaning that the radiation present in the containment 

building at the time was about 800 rems per hour. Almost simultaneously, the operators finally 

turned on the high pressure injection pumps, once again dumping water into the reactor, but 

this intense flow was kept on for only 18 minutes. Other radiation alarms sounded in the 

control room. Gary Miller declared a general emergency at 7:24 a.m. By definition, at Three 

Mile Island, a general emergency is an “incident which has the potential for serious radiological 

consequences to the health and safety of the general public.” 

Nearly 4 hours after the accident began, the containment building automatically isolated. 

Isolation is intended to help prevent radioactive material released by an accident from escaping 

into the environment. The building is not totally closed off. Pipes carrying coolant run between 

the containment and auxiliary buildings. These pipes close off when the containment building 

isolates, but the operators can open them. This occurred at TMI-2 and radioactive water flowed 

through these pipes even during isolation. Some of this piping leaked radioactive material into 

the auxiliary building, some of which escaped from there into the atmosphere outside. 

In September 1975, the NRC instituted its Standard Review Plan, which included new criteria for 

isolation. The plan listed three conditions -- increased pressure, rising radiation levels, and 

emergency core cooling system activation -- and required that containment buildings isolate on 

any two of the three. However, the plan was not applied to nuclear plants that had already 

received their construction permits. TMI-2 had, so it was “grandfathered” and not required to 

meet the Standard Review Plan, although the plant had yet to receive its operating license. 

In the TMI-2 design, isolation occurred only when increasing pressure in the containment 

building reached a certain point, nominally 4 pounds per square inch. Radiation releases alone, 

no matter how intense, would not initiate isolation, nor would ECCS activation. 

Although large amounts of steam entered the containment building early in the TMI-2 accident 

through the open PORV, the operators had kept pressure there low by using the building’s 

cooling and ventilation system. But the failure to isolate early made little difference in the TMI-

2 accident. Some of the radioactivity ultimately released into the atmosphere occurred after 

isolation from leaks in the let-down system that continued to carry radioactive water out of the 

containment building into the auxiliary building. 

At 8:26 a.m., the operators once again turned on the ECCS’s high pressure injection pumps and 

maintained a relatively high rate of flow. The core was still uncovered at this time and evidence 

indicates it took until about 10:30 a.m. for the HPI pumps to fully cover the core again. 
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By 7:50 a.m., NRC Region I officials had established direct telephone contact with the TMI-2 

control room. Ten minutes later, Region I activated its Incident Response Center at King of 

Prussia, opened a direct telephone line to the Emergency Control Station in the TMI-l control 

room, and notified NRC staff headquarters in Bethesda, Maryland. Region I officials gathered 

what information they could and relayed it to NRC headquarters, which had activated its own 

Incident Response Center. Region I dispatched two teams of inspectors to Three Mile Island; 

the first left at about 8:45 a.m., the second a few minutes later. 

Around 8:00 a.m., it was clear to Gary Miller that the TMI-2 reactor had suffered some fuel 

damage. The radiation levels told him that. Yet Miller would testify to the Commission: “. . . I 

don’t believe in my mind I really believed the core had been totally uncovered, or uncovered to 

a substantial degree at that time.” 

Off the Island, radiation readings continued to be encouragingly low. Survey team Charlie 

reported no detectable radiation in Goldsboro. Miller and several aides concluded about 8:30 

a.m. that the emergency plan was being properly implemented. 

WKBO, a Harrisburg “Top 40” music station, broke the story of TMI-2 on its 8:25 a.m. newscast. 

The station’s traffic reporter, known as Captain Dave, uses an automobile equipped with a CB 

radio to gather his information. About 8:00 a.m. he heard police and fire fighters were 

mobilizing in Middletown and relayed this to his station. Mike Pintek, WKBO’s news director, 

called Three Mile Island and asked for a public relations official. He was connected instead with 

the control room to a man who told him: “I can’t talk now, we’ve got a problem.” The man 

denied that “there are any fire engines,” and told Pintek to telephone Met Ed’s headquarters in 

Reading, Pennsylvania. 

Pintek did, and finally reached Blame Fabian, the company’s manager of communications 

services. In an interview with the Commission staff, Pintek told what happened next: 

Fabian came on and said there was a general emergency. What the hell is that? He said that 

general emergency was a “red-tape” type of thing required by the NRC when certain 

conditions exist. What conditions? “There was a problem with a feedwater pump. The plant 

is shut down. We’re working on it. There’s no danger off-site. No danger to the general 

public.” And that is the story we went with at 8:25. I tried to tone it down so people 

wouldn’t be alarmed. 

In the days to follow, the NRC would dominate the public’s perception of the events at Three 

Mile Island. But the initial NRC team consisted of only five Region I inspectors, headed by 

Charles Gallina. The five were briefed in the TMI-l control room on the status of 1111-2. Then 

Gallina sent two inspectors into the ThI-2 control room and two more out to take radiation 
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measurements; he himself remained in the P11-1 control room to coordinate their reports and 

relay information to both Region I and NRC headquarters. 

While the NRC team received its briefing, monitors indicated that radiation levels in the TMI-2 

control room had risen above the levels considered acceptable in NRC regulations. Workers put 

on protective face masks with filters to screen out any airborne radioactive particles. This made 

communications among those managing the accident difficult. At 11:00 a.m., all nonessential 

personnel were ordered off the Island. At the same hour, both Pennsylvania’s Bureau of 

Radiation Protection and the NRC requested the Department of Energy to send a team from 

Brookhaven National Laboratory to assist in monitoring environmental radiation. 

About this time, Mayor Robert Reid of Middletown telephoned Met Ed’s home office in 

Reading. He was assured, he later told the Commission, that no radioactive particles had 

escaped and no one was injured. 

I felt relieved and relaxed; I said, “There’s no problem.” Twenty seconds later I walked out 

of my office and got in my car and turned the radio on and the announcer told me, over the 

radio, that there were radioactive particles released. Now, I said, “Gee whiz, what’s going 

on here?” At 4:00 in the afternoon the same day the same man called me at home and said, 

“Mayor Reid, I want to update our conversation that we had at 11:00 a.m.” I said, “Are you 

going to tell me that [radioactive] particles were released?” He said, “Yes.” I said, “I knew 

that 20 seconds after I spoke to you on the phone. “ 

Throughout much of the morning, Pennsylvania’s Lieutenant Governor William Scranton, III, 

focused his attention on Three Mile Island. Scranton was charged, among other things, with 

overseeing the state’s emergency preparedness functions. He had planned a morning press 

conference on energy conservation, but when he finally faced reporters in Harrisburg, the 

subject was TMI-2. In a brief opening statement, Scranton said: 

The Metropolitan Edison Company has informed us that there has been an incident at Three 

Mile Island, Unit-2. Everything is under control. There is and was no danger to public health 

and safety. . . . There was a small release of radiation to the environment. All safety 

equipment functioned properly. Metropolitan Edison has been monitoring the air in the 

vicinity of the plant constantly since the incident. No increase in normal radiation levels has 

been detected. 

Shortly after the press conference, a reporter told Scranton that Met Ed in Reading denied any 

off-site radiation. While some company executives were acknowledging radiation readings off 

the Island, low-level public relations officials at Met Ed’s headquarters continued until noon to 

deny any off-site releases. It was an error in communications within Met Ed, one of several that 

would reduce the utility’s credibility with public officials and the press. “This was the first 
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contradictory bit of information that we received and it caused some disturbance,” Scranton 

told the Commission in his testimony. 

At Three Mile Island, the control room was crowded with operators and supervisors trying to 

bring the plant under control. They had failed in efforts to establish natural circulation cooling. 

This essentially means setting up a flow of water, without mechanical assistance, by heating 

water in the core and cooling it in the steam generators. This effort failed because the reactor 

coolant system was not filled with water and a gas bubble forming in the top of the reactor 

blocked this flow of water. At 11:38 a.m., operators began to decrease pressure in the reactor 

system. The pressurizer block valve was opened and high pressure injection cut sharply. This 

resulted again in a loss of coolant and an uncovering of the core. The depressurization attempt 

ended at 3:08 p.m. The amount and duration of core uncovery during this period remains 

unknown. 

About noon, three employees entered the auxiliary building and found radiation levels ranging 

from 50 millirems to 1,000 rems (one million millirems) an hour. Each of the three workers 

received an 800-millirem dose during the entry. At 12:45 p.m., the Pennsylvania State Police 

closed Route 441 to traffic near Three Mile Island at the request of the state’s Bureau of 

Radiation Protection. An hour later, the U.S. Department of Energy team began its first 

helicopter flight to monitor radiation levels. And at 1:50 p.m., a noise penetrated the TMI-2 

control room; “a thud,” as Gary Miller later characterized it. 

That thud was the sound of a hydrogen explosion inside the containment building. It was heard 

in the control room; its force of 28 pounds per square inch was recorded on a computer strip 

chart there, which Met Ed’s Michael Ross examined within a minute or two. Yet Ross and 

others failed to realize the significance of the event. Not until late Thursday was that sudden 

and brief rise in pressure recognized as an explosion of hydrogen gas released from the reactor. 

The noise, said B&W’s Leland Rogers in his deposition, was dismissed at the time as the 

slamming of a ventilation damper.  And the pressure spike on the strip chart, Ross explained to 

the Commission, “we kind of wrote it off . . . [as] possibly instrument malfunction. . . . “  

Scranton had discussed the TMI situation with his own people and listened to Met Ed officials. 

“I wouldn’t say that they [Met Ed] were exactly helpful, but they were not obstructive,” he later 

testified. “I think they were defensive.” Scranton was disturbed by, among other things, 

Herbein’s comment during their 2:30 p.m. meeting that Herbein had not told reporters about 

some radiation releases during an earlier Met Ed press conference because “it didn’t come up.”  

So Scranton was less assured about conditions at Three Mile Island when he issued his 

afternoon statement to the press: 
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This situation is more complex than the company first led us to believe. We are taking more 

tests. And at this point, we believe there is still no danger to public health. Metropolitan 

Edison has given you and us conflicting information. We just concluded a meeting with 

company officials and hope this briefing will clear up most of your questions. There has 

been a release of radioactivity into the environment. The magnitude of the release is still 

being determined, but there is no evidence yet that it has resulted in the presence of 

dangerous levels. The company has informed us that from 11:00 a.m. until about 1:30 p.m., 

Three Mile Island discharged into the air, steam that contained detectable amounts of 

radiation.  

Scranton’s statement inappropriately focused public attention on the steam emissions as a 

source of radiation. In fact, they were not, since the water that flows inside the towers is in a 

closed loop and cannot mix with water containing radioactive materials unless there is a leak in 

the system. 

Scranton went on to discuss potential health effects of the radiation releases: 

The levels that were detected were below any existing or proposed emergency action 

levels. But we are concerned because any increased exposure carries with it some increased 

health risks. The full impact on public health is being evaluated as environmental samples 

are analyzed. We are concerned most about radioactive iodine, which can accumulate in 

the thyroid, either through breathing or through drinking milk. Fortunately, we don’t 

believe the risk is significant because most dairy cows are on stored feed at this time of 

year. 

Many Americans learned about the accident at Three Mile Island from the evening newscasts of 

the television networks. Millions, for example, watched as Walter Cronkite led off the CBS 

Evening News: 

It was the first step in a nuclear nightmare; as far as we know at this hour, no worse than 

that. But a government official said that a breakdown in an atomic power plant in 

Pennsylvania today is probably the worst nuclear accident to date. 

At 7:30 p.m., Mayor Ken Myers of Goldsboro met with the borough council to discuss the 

accident and the borough’s evacuation plan. Then Myers suggested he and the council 

members go door-to-door to talk with residents of the small community. 

Everyone listened to what we had to say. We mainly told them of what we had heard 

through the radio, TV, and even our own public relations and communications department 

in the basement of the York County court house. . . . Then we told them also of our 

evacuation plans in case the Governor would declare an emergency and that we would all 

have to leave. Of course, right away they gave us questions: “Well, what should we do? Do 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

238 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

you think it’s safe that we should stay or do you think we should go?” The ones that I talked 

to, I told them: “Use your own judgment. We dare not tell you to leave your homes.”  

Table 42. Summary of Key Events at Three Mile Island on March 28th, 1979  

Time Event 

4:00:36 
(h:m:s) 
AM 

Accident begins with a problem in the secondary (non-radioactive) cooling 
system when pumps supplying water to TMI-2’s steam generators tripped. 
Pressure immediately began to rise and the pressurizer PORV valve opens.     

4:00:44 The reactor scrammed (inserts all control rods) as it was designed to do.  

4:00:49 PORV valve malfunctions and remains open – loss of coolant continues. 

4:00:49 
– 5:40 

32,000 gallons (over 1/3rd of the reactor coolant system) escapes out the 
PORV valve. Contaminated water enters the sump system and Auxiliary 
Building.  

5:40 – 
6:54 

Core is uncovered (due to loss of coolant and operator error). Fuel rod 
claddings rupture and fuel melt begins.  

6:54 – 
7:20 

Operators turn on one of the reactor coolant pumps. The surge of cold water 
into the degraded core causes fuel rod fragmentation and other damage. 

7:20 – 
9:00 

Operators turned on the high pressure injection pumps for 18 minutes. At 
7:24 a “General Emergency” was declared. At 7:44 – 7:46, roughly 20 tons of 
melted and molten (at ~5000 º F) fuel sinks to the lower plenum of the 
reactor vessel leaving a 5 foot void in the fuel assembly. 239 

8:26 – 
10:30 

Operators turn on the high pressure injection pumps at 8:26. Core was 
uncovered until roughly 10:30. The reactor’s pressure vessel, though 
cracked, holds the melted fuel and prevents a more serious accident. 240 

1:50 PM A thud was heard in the control room that later was determined to be the 
sound of a 28 psi hydrogen explosion in the containment vessel.  

The TMI Accident: Thursday, March 29 241 

In retrospect, Thursday seemed a day of calm. A sense of betterment, if not well-being, was the 

spirit for much of the day. Radiation levels remained high at points within the auxiliary building, 

but off-site readings indicated no problems.  

Radiation monitoring continued. Midmorning readings showed 5 to 10 millirems an hour on-

site and 1 to 3 millirems per hour across the Susquehanna River to the west. No radioactive 

iodine was detected in the air. The U.S. Food and Drug Administration began monitoring food, 

milk, and water in the area for radiation contamination. 

 
239 Light Water Reactor Safety, J.N. Lillington, Elsevier Science B.V., 1995, pgs. 283 – 296. 
240 Nuclear Power, Harry Henderson, ABC-CLIO, Inc., 2000, pg 14.   
241 Extracted or derived from the Report of the President’s Commission on the Accident at Three Mile Island (also 

known as the Kemeny Report). 
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Thursday was a day of disquieting discussions and discoveries. Thursday afternoon, a telephone 

conversation took place between two old acquaintances, Gordon MacLeod, Pennsylvania’s 

Secretary of Health, and Anthony Robbins, director of the National Institute for Occupational 

Safety and Health. One important point of that conversation remains in dispute. MacLeod 

recalls that Robbins urged him to recommend an evacuation of people living around Three Mile 

Island. Robbins denies discussing or suggesting such an evacuation. 

Up to this point, MacLeod -- who had taken office only 12 days before the accident -- had 

offered no recommendations since his department had no direct responsibility for radiological 

health matters. Now, however, he arranged a conference telephone call with Oran Henderson, 

director of the Pennsylvania Emergency Management Agency; Thomas Gerusky, director of the 

Bureau of Radiation Protection; and John Pierce, an aide to Lieutenant Governor Scranton. 

MacLeod told them Robbins had strongly recommended evacuation. The others rejected the 

idea, although they agreed it should be reconsidered if conditions proved worse than they 

appeared at TMI-2. MacLeod then asked if it might be wise to have pregnant women and 

children under age 2 leave the area around the nuclear plant. This, too, was rejected Thursday 

afternoon. 

At 2:10 p.m., a helicopter over TMI-2 detected a brief burst of radiation that measured 3,000 

millirems per hour 15 feet above the plant’s vent. This information was relayed to NRC 

headquarters, where it created no great concern. 

But another release that afternoon, one within NRC limits for radiation releases, did cause 

considerable consternation. Soon after the accident began Wednesday, Met Ed stopped 

discharging wastewater from such sources as toilets, showers, laundry facilities, and leakage in 

the turbine and control and service buildings into the Susquehanna River. Normally, this water 

contains little or no radioactivity, but as a result of the accident, some radioactive gases had 

contaminated it. The radiation levels, however, were within the limits set by the NRC. By 

Thursday afternoon, nearly 400,000 gallons of this slightly radioactive water had accumulated 

and the tanks were now close to overflowing. Two NRC officials --Charles Gallina on-site and 

George Smith at the Region I office told Met Ed they had no objections to releasing the water 

so long as it was within NRC specifications. Met Ed notified the Bureau of Radiation Protection 

and began dumping the wastewater. No communities downstream from the plant were 

informed, nor was the press. 

When NRC Chairman Hendrie learned of the release, he ordered it stopped. Hendrie did not 

know the water’s source, and he was concerned about the impact on the public of the release 

of any radiation, no matter how slight. Some 40,000 gallons had entered the river when the 

dumping ceased around 6:00 p.m. Both NRC officials on-site and the Governor’s aides realized 
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that authorizing release of the wastewater would be unpopular, and neither was eager to do 

so. Yet the tanks still were close to overflowing. After hours of discussion, agreement was 

reached on the wording of a press release that the state’s Department of Environmental 

Resources issued, which said DER “reluctantly agrees that the action must be taken.” Release of 

the wastewater resumed shortly after midnight. 

Late Thursday afternoon, Governor Thornburgh had held a press conference. At it, the NRC’s 

Charles Gallina told reporters the danger was over for people off the Island. Thornburgh 

distrusted the statement at the time, and events soon confirmed his suspicion. At 6:30 p.m., 

Gallina and James Higgins, an NRC reactor inspector, received the results of an analysis of the 

reactor’s coolant water. It showed that core damage was far more substantial than either had 

anticipated. At 10:00 p.m., Higgins telephoned the Governor’s office with the new information 

and indicated that a greater possibility of radiation releases existed. Nothing had changed 

inside the plant, only NRC’s awareness of the seriousness of the damage. Yet Higgins’ call 

foretold events only hours away. 

The TMI Accident: Friday, March 30 242 

The TMI-2 reactor has a means of removing water from the reactor coolant system, called the 

let-down system, and one for adding water, called the make-up system. Piping from both runs 

through the TMI-2 auxiliary building, and NRC officials suspected that leaks in these two 

systems explained the sporadic, uncontrolled releases of radioactivity. They were also 

concerned about levels in the make-up tank and the two waste gas decay tanks inside the 

auxiliary building. Water from the let-down system flows into the make-up tank. In that tank, 

gases dissolved in the reactor’s cooling water at high pressure are released because the tank’s 

pressure is lower, much as the gas bubbles in a pressurized carbonated beverage appear when 

the bottle is opened. These gases, under normal circumstances, are compressed and stored in 

the waste gas decay tanks. NRC officials worried that if the waste gas decay tanks filled to 

capacity, relief valves would open, allowing a continuing escape of radiation into the 

environment. That concern and what Commission Chairman Kemeny would later call a “horrible 

coincidence” resulted in a morning of confusion, contradictory evacuation recommendations, 

and eventually an evacuation advisory from Governor Richard Thornburgh. 

About halfway through his midnight-to-noon shift on Friday, James Floyd, TMI-2’s supervisor of 

operations, decided to transfer radioactive gases from the make-up tank to a waste gas decay 

tank. Floyd knew this would release radiation because of leaks in the system, but he considered 

the transfer necessary. The pressure in the make-up tank was so high that water that normally 

flowed into it for transfer to the reactor coolant system could not enter the tank. Floyd, without 

 
242 Extracted or derived from the Report of the President’s Commission on the Accident at Three Mile Island (also 

known as the Kemeny Report).   
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checking with other TMI and Met Ed officials, ordered the transfer to begin at 7:10 a.m. to 

reduce the tank’s pressure. This controlled release allowed radioactive material to escape into 

the auxiliary building and then into the air outside. Thirty-four minutes later, Floyd requested a 

helicopter be sent to take radiation measurements. The chopper reported readings of 1,000 

millirems per hour at 7:56 a.m. and 1,200 millirems per hour at 8:01 a.m., 130 feet above the 

TMI-2 vent stack. This release is illustrated in Figure 52 that follows. 

Figure 52. Major radiation release point at Three Mile Island (TMI) 

 

Figure courtesy of the Nuclear Regulatory Commission 

At NRC headquarters, Lake Barrett, a section leader in the environmental evaluation branch, 

was concerned about the waste gas decay tank level. The previous evening, he had helped 

calculate “a hypothetical release rate” for the radiation that would escape if the tank’s relief 

valves opened. Shortly before 9:00 a.m., Barrett was told of a report from Three Mile Island 

that the waste gas decay tanks had filled. He was asked to brief senior NRC staff officials on the 

significance of this. The group included Lee Gossick, executive director for operations; John 

Davis, then acting director of Inspection and Enforcement; Harold Denton, director of Nuclear 

Reactor Regulation; Victor Stello, Jr., then director of the Office of Operating Reactors; and 

Harold Collins, assistant director for emergency preparedness in the Office of State Programs. 

During the briefing, Barrett was asked what the release rate would mean in terms of an off-site 
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dose. He did a quick calculation and came up with a figure: 1,200 millirems per hour at ground 

level. Almost at that moment, someone in the room reported a reading of 1,200 millirems per 

hour had been detected at Three Mile Island. By coincidence, the reading from TMI was 

identical to the number calculated by Barrett. “It was the exact same number, and it was within 

maybe 10 or 15 seconds from my first 1,200 millirems per hour prediction,” Barrett told the 

Commission. 

The result was instant concern among the NRC officials; “an atmosphere of significant 

apprehension,” as Collins described it in his testimony. Communications between the NRC 

headquarters and Three Mile Island had been less than satisfactory from the beginning. “I think 

there was uncertainty in the operations center as to precisely what was going on at the facility 

and the question was being raised in the minds of many as to whether or not those people up 

there would do the right thing at the right time, if it had to be done,” Collins testified. NRC 

officials proceeded without confirming the reading and without knowing whether the 1,200 

millirem per hour reading was on- or off-site, whether it was taken at ground level or from a 

helicopter, or what its source was. They would later learn that the radiation released did not 

come from the waste gas decay tanks. The report that these tanks had filled was in error. 

After some discussion, Harold Denton directed Collins to notify Pennsylvania authorities that 

senior NRC officials recommended the Governor order an evacuation. Collins telephoned Oran 

Henderson, director of the Pennsylvania Emergency Management Agency, and, apparently 

selecting the distance on his own, recommended an evacuation of people as far as 10 miles 

downwind from Three Mile Island. Henderson telephoned Lieutenant Governor Scranton, who 

promised to call the Governor. A Henderson aide also notified Thomas Gerusky, director of the 

Bureau of Radiation Protection, of the evacuation recommendation. Gerusky knew of the 1,200 

millirem reading. A telephone call to an NRC official at the plant reinforced Gerusky’s belief that 

an evacuation was unnecessary. He tried to telephone Governor Thornburgh, found the lines 

busy, and went to the Governor’s office to argue personally against an evacuation. 

Kevin Molloy, director of emergency preparedness for Dauphin County, had received a call from 

Met Ed’s James Floyd at 8:34 a.m., alerting him to the radiation release. Twenty minutes later, 

the Pennsylvania Emergency Management Agency notified Molloy of an on-site emergency and 

an increase in radiation, but Molloy was told that no evacuation was needed. Then at 9:25 a.m., 

Henderson called Molloy and told him to expect an official evacuation order in 5 minutes; the 

emergency preparedness offices in York and Lancaster counties received similar alerts. Molloy 

began his preparations. He notified all fire departments within 10 miles of the stricken plant, 

and broadcast a warning over radio station WHP that an evacuation might be called. 
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At Three Mile Island, NRC’s Charles Gallina was confronted by a visibly upset Met Ed employee 

shortly after Molloy’s broadcast. “As the best I can remember, he said, ‘What the hell are you 

fellows doing? My wife just heard the NRC recommended evacuation,’” Gallina told the 

Commission. Gallina checked radiation readings on- and off-site and talked with an NRC reactor 

inspector, who said “things were getting better.” Then Gallina telephoned NRC officials at 

Region I and at Bethesda headquarters in an attempt “to call back that evacuation notice.” 

Shortly after 10:00 a.m., Governor Thornburgh talked by telephone with Joseph Hendrie. The 

NRC chairman assured the Governor that no evacuation was needed. Still, Hendrie had a 

suggestion: that Thornburgh urge everyone within 5 miles downwind of the plant to stay 

indoors for the next half-hour. The Governor agreed and later that morning issued an advisory 

that all persons within 10 miles of the plant stay inside. During this conversation, Thornburgh 

asked Hendrie to send a single expert to Three Mile Island upon whom the Governor could rely 

for technical information and advice. 

About an hour later, Thornburgh received a telephone call from President Carter, who had just 

talked with Hendrie. The President said that he would send the expert the Governor wanted. 

That expert would be Harold Denton. The President also promised that a special 

communications system would be set up to link Three Mile Island, the Governor’s office, the 

White House, and the NRC. 

Thornburgh convened a meeting of key aides to discuss conditions at Three Mile Island. During 

this meeting, at about 11:40 a.m., Hendrie again called the Governor. As Gerusky recalls the 

conversation that took place over a speakerphone, the NRC chairman apologized for the NRC 

staff error in recommending evacuation. Just before the call, Emmett Welch, an aide to Gordon 

MacLeod, had renewed the Secretary of Health’s recommendation that pregnant women and 

children under age 2 be evacuated. Thornburgh told Hendrie of this. Gerusky recalls this 

response from Hendrie: “If my wife were pregnant and I had small children in the area, I would 

get them out because we don’t know what is going to happen.” After the call, Thornburgh 

decided to recommend that pregnant women and preschool children leave the region within a 

5-mile radius of Three Mile Island and to close all schools within that area. He issued his 

advisory shortly after 12:30 p.m. 

Thornburgh was conscious throughout the accident that an evacuation might be necessary, and 

this weighed upon him. He later shared some of his concerns in testimony before the 

Commission: 

There are known risks, I was told, in an evacuation. The movement of elderly persons, 

people in intensive care units, babies in incubators, the simple traffic on the highways that 

results from even the best of an orderly evacuation, are going to exert a toll in lives and 
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injuries. Moreover, this type of evacuation had never been carried out before on the face of 

this earth, and it is an evacuation that was quite different in kind and quality than one 

undertaken in time of flood or hurricane or tornado. . . . When you talk about evacuating 

people within a 5-mile radius of the site of a nuclear reactor, you must recognize that that 

will have 10-mile consequences, 20-mile consequences, 100-mile consequences, as we 

heard during the course of this event. This is to say, it is an event that people are not able to 

see, to hear, to taste, to smell. . . . 

Relations between reporters and Met Ed officials had deteriorated over several days. Many 

reporters suspected the company of providing them with erroneous information at best, or of 

outright lying. When John Herbein arrived at 11:00 a.m. Friday to brief reporters gathered at 

the American Legion Hall in Middletown, the situation worsened. The press corps knew that the 

radioactivity released earlier had been reported at 1,200 millirems per hour; Herbein did not. 

He opened his remarks by stating that the release had been measured at around 300 to 350 

millirems per hour by an aircraft flying over the Island. The question-and-answer period that 

followed focused on the radiation reading -- “I hadn’t heard the number 1,200,” Herbein 

protested during the news conference -- whether the release was controlled or uncontrolled, 

and the previous dumping of radioactive wastewater. At one point Herbein said, “1 don’t know 

why we need to tell you each and every thing that we do specifically. . . . “ It was that remark 

that essentially eliminated any credibility Herbein and Met Ed had left with the press.  

The next day, Jack Watson, a senior White House aide, would telephone Herman Dieckamp, 

president of Met Ed’s parent company, to express his concern that the many conflicting 

statements about TMI-2 reported by the news media were increasing public anxiety. Watson 

would suggest that Denton alone brief reporters on the technical aspects of the accident and 

Dieckamp would agree. 

The radiation release, Molloy’s announcement of a probable evacuation, and finally the 

Governor’s advisory brought concern and even fear to many residents. Some people had 

already left, quietly evacuating on their own; others now departed. “On March 29 of this year, 

my wife and I joyously brought home our second daughter from the hospital; she was just 6 

days old,” V.T. Smith told the Commission. 

“On the morning of the 30th, all hell broke loose and we left for Delaware to stay with 

relatives.” By Saturday evening, a Goldsboro councilman estimated 90 percent of his 

community’s residents had left. 

Schools closed after the Governor’s advisory. Pennsylvania State University called off classes for 

a week at its Middletown campus. Friday afternoon, “… still having heard nothing from Three 

Mile Island,” Harrisburg Mayor Paul Doutrich drove with his deputy public works director to the 
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TMI Observation Center overlooking the nuclear facility. There they talked for an hour with Met 

Ed President Creitz and Vice President Herbein. “Oddly enough, one of the things that 

impressed me the most and gave me the most feeling of confidence that things were all right 

was that everybody in that area, all the employees, the president and so forth, were walking 

around in their shirt sleeves, bare-headed,” Doutrich told the Commission. “I saw not one 

indication of nuclear protection.” 

Friday, Saturday, and Sunday were hectic days in the emergency preparedness offices of the 

counties close to Three Mile Island. Officials labored first to prepare 10-mile evacuation plans 

and then ones covering areas out to 20 miles from the plant. The Pennsylvania Emergency 

Management Agency recommended Friday morning that 10-mile plans be readied. The three 

counties closest to the nuclear plant already had plans to evacuate their residents -- a total of 

about 25,000 living within 5 miles of the Island. A 10-mile evacuation had ‘never been 

contemplated. For Kevin Molloy in Dauphin County, extending the evacuation zone meant the 

involvement of several hospitals -- something he had not confronted earlier. There were no 

hospitals within 5 miles. Late Friday night, PEMA told county officials to develop 20-mile plans. 

Suddenly, six counties were involved in planning for the evacuation of 650,000 people, 13 

hospitals, and a prison. 

Friday was also the day the nuclear industry became deeply involved in the accident. After the 

radiation release that morning, GPU President Dieckamp set about assembling an industry team 

to advise him in managing the emergency. Dieckamp and an aide talked with industry leaders 

around the country, outlining the skills and knowledge needed at TMI-2. By late Saturday 

afternoon, the first members of the Industry Advisory Group had arrived. They met with 

Dieckamp, identified the tasks that needed immediate attention, and decided who would work 

on each. 

Harold Denton arrived on site about 2:00 p.m. Friday, bringing with him a cadre of a dozen or so 

experts from NRC headquarters. Earlier in the day, NRC had learned of the hydrogen burn or 

explosion that flashed through the containment building Wednesday afternoon. The NRC staff 

already knew that some form of gas bubble existed within the reactor system. Now it became 

obvious that the bubble, an estimated 1,000 cubic feet of gases, contained hydrogen. And as 

Denton would later recall in his deposition, the question arose whether there was a potential 

for a hydrogen explosion. Throughout Friday, Denton operated on estimates provided him 

before he left Bethesda, which indicated that the bubble could not self-ignite for 5 to 8 days. 

Denton focused his immediate attention on finding ways to eliminate the bubble. 

At about 8:30 p.m. Friday, Denton briefed Governor Thornburgh in person for the first time. 

Fuel damage was extensive; the bubble posed a problem in cooling the core; no immediate 
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evacuation was necessary, Denton said. Then the two men held their first joint press 

conference. The Governor reiterated that no evacuation was needed, lifted his advisory that 

people living within 10 miles of Three Mile Island stay indoors, but continued his 

recommendation that pregnant women and preschool children remain more than 5 miles from 

the plant.  

Shortly after 4:00 p.m., Jack Watson, President Carter’s assistant for intergovernmental affairs, 

called Jay Waldman, Governor Thornburgh’s executive assistant. The two disagree about the 

substance of that call. In an interview with the Commission staff, Waldman said Watson asked 

that the Governor not request President Carter to declare a state of emergency or disaster: 

He said that it was their belief that that would generate unnecessary panic, that the mere 

statement that the President has declared this area an emergency and disaster area would 

trigger a substantial panic; and he assured me that we were getting every type and level of 

federal assistance that we would get if there had been a declaration. I told him that I would 

have to have his word on that, an absolute assurance, and that if that were true, I would go 

to the Governor with his request that we not formally ask for a declaration. 

Watson and his assistant, Eugene Eidenberg, both said in their Commission depositions that the 

White House never asked Governor Thornburgh not to request such a declaration.  Whatever 

was said in that Friday conversation, the Governor made no request to the President for an 

emergency declaration. State officials later expressed satisfaction with the assistance provided 

by the federal government during the accident and immediately after. They were less satisfied, 

however, in August with the degree of assistance and cooperation they were receiving from 

federal agencies.  

Officials of the U.S. Department of Health, Education, and Welfare (HEW) had become 

concerned about the possible release of radioactive iodine at Three Mile Island and began 

Friday to search for potassium iodide -- a drug capable of preventing radioactive iodine from 

lodging in the thyroid. The thyroid absorbs potassium iodide to a level where the gland can hold 

no more. Thus, if a person is exposed to radioactive iodine after receiving a sufficient quantity 

of potassium iodide, the thyroid is saturated and cannot absorb the additional iodine with its 

potentially damaging radiation. At the time of the TMI-2 accident, however, no pharmaceutical 

or chemical company was marketing medical-grade potassium iodide in the quantities needed. 

Saturday morning, shortly after 3:00 a.m., the Mallinckrodt Chemical Company agreed to 

provide HEW with approximately a quarter million one-ounce bottles of the drug. Mallinckrodt 

in St. Louis, working with Parke-Davis in Detroit and a bottle-dropper manufacturer in New 

Jersey, began an around-the-clock effort. The first shipment of potassium iodide reached 
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Harrisburg about 1:30 a.m. Sunday. By the time the last shipment arrived on Wednesday, April 

4, the supply totaled 237,013 bottles. 

The TMI Accident: Saturday, March 31243 

The great concern about a potential hydrogen explosion inside the TMI-2 reactor came with the 

weekend. That it was a groundless fear, an unfortunate error, never penetrated the public 

consciousness afterward, partly because the NRC made no effort to inform the public it had 

erred. 

Around 9:30 p.m. Friday night, the NRC chairman asked Roger Mattson to explore the rate at 

which oxygen was being generated inside the TMI-2 reactor system and the risk of a hydrogen 

explosion. “He said he had done calculations,” Mattson said in his deposition. “He was 

concerned with the answers.” Mattson is director of the Division of Systems Safety within the 

Office of Nuclear Reactor Regulation (NRR), which is headed by Denton, and had spent part of 

Thursday and Friday working on how to remove a gas bubble from the reactor. Following 

Denton’s departure for ThI, Mattson served variously as NRR’s representative or deputy 

representative at the Incident Response Center. 

Hydrogen had been produced in the reactor as a result of a high-temperature reaction that 

occurred between hot steam and the zirconium cladding of the fuel rods. For this hydrogen to 

explode or burn -- a less dangerous possibility -- enough oxygen would have to enter the system 

to form an explosive mixture. There were fears this would happen as the result of radiolysis. In 

this process, radiation breaks apart water molecules, which contain hydrogen and oxygen. 

Two NRC teams worked throughout the weekend on the problem, and both sought help from 

laboratories and scientists outside the NRC. One group addressed the rate at which radiolysis 

would generate oxygen at TMI-2. The second analyzed the potential for hydrogen combustion. 

Robert Budnitz of the NRC also asked experts about possible chemicals that might remove the 

hydrogen. 

At noon, Hendrie talked by telephone with Denton and expressed his concern that oxygen freed 

by radiolysis was building up in the reactor. Earlier, Hendrie had told Victor Stello, Jr., Denton’s 

second-in-command at TMI, the same thing. The NRC chairman told Denton that Governor 

Thornburgh should be made aware of the potential danger. Denton promised to speak with 

Thornburgh. 

 
243 Most of the information in this section is extracted/derived from the Report of the President’s Commission on the 

Accident at Three Mile Island (also known as the Kemeny Report).  
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Shortly after 1:00 p.m., Mattson got some preliminary answers regarding the potential for a 

hydrogen explosion. An hour later, Mattson got more replies. “I had an estimate there was 

oxygen being generated, from four independent sources, all with known credentials in this 

field,” he said in his deposition. “The estimate of how much oxygen varied, but all estimates 

said there was considerable time, a matter of several days, before there was a potential 

combustible mixture in the reactor coolant system.” 

At a Commission hearing, Mattson later admitted in response to questions from Commissioner 

Pigford that the NRC could have determined from the information available at that time that no 

excess oxygen was being generated and there was no real danger of explosion.l09/ But when 

Mattson met with the NRC commissioners at 3:27 p.m. on Saturday, “the bottom line of that 

conversation . . . was there were several days required to reach the flammability limit, although 

there was oxygen being generated,” Mattson recalled in his deposition. “And I expressed 

confidence that we were not underestimating the reactor coolant system explosion potential; 

that is, the estimate of 2 to 3 days before reaching the flammability limit was a conservative 

estimate.” By Saturday night, however, Mattson would be told by his consultants that their 

calculations indicated that the oxygen percentage of the bubble was on the threshold of the 

flammability limit. 

Around 6:45 p.m., Mattson talked with Vincent Noonan, the man within NRC most 

knowledgeable about what might result from an explosion inside a reactor. One NRC consultant 

had predicted that a hydrogen blast would produce pressures of 20,000 pounds per square inch 

within the TMI-2 reactor. B&W, designer of the reactor, however, had considered the 

dampening effects of water vapor on an explosion and those of an enriched hydrogen 

environment and calculated a total pressure of 3,000 to 4,000 psi. That was encouraging. 

Previous analyses indicated the reactor coolant system of a TMI-2 reactor could withstand blast 

pressures of that magnitude. 

Late Saturday evening, James Taylor of B&W reiterated another B&W engineer’s conclusion 

first relayed to the NRC Thursday night -- that no excess oxygen was being generated. That 

information, Mattson stated in his deposition, never reached him. 

Saturday at 2:45 p.m., Hendrie met with reporters in Bethesda. He said then that a 

precautionary evacuation out to 10 or 20 miles from the Island might be necessary if engineers 

attempted to force the bubble out of the reactor. NRC had concluded such an attempt might 

cause further damage to the core, Rendrie said, and it might touch off an explosion of the 

bubble. 

Stan Benjamin, a reporter with the Washington bureau of the Associated Press, followed up 

Hendrie’s press conference by interviewing two NRC officials: Edson Case, Denton’s deputy in 
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the Office of Nuclear Reactor Regulation, and Frank Ingram, a public information spokesman. 

From them, and an NRC source he refused to name, Benjamin learned of the concern within the 

Incident Response Center that the bubble could become a potentially explosive mixture within 

a matter of days, perhaps as few as two. Benjamin checked his story with Case and Ingram, 

reading much of it to them word by word, before releasing the article. Case and Ingram agreed 

it was accurate. The report -- first transmitted as an editor’s note at 8:23 p.m. -- was the first 

notice to the public that some NRC officials feared the bubble might possibly explode 

spontaneously. 

Denton had been briefed throughout Saturday afternoon and evening by Hendrie and NRC 

officials in Bethesda on the oxygen estimates and the potential for a burn or explosion. But he 

learned of the AP story only a short time before he joined Governor Thornburgh and Lieutenant 

Governor Scranton for a late evening press conference in Harrisburg. The Governor assured 

reporters that “there is no imminent catastrophic event foreseeable at the Three Mile Island 

facility.” Denton, too, said: “There is not a combustible mixture in the containment or in the 

reactor vessel. And there is no near-term danger at all.” Denton also tried to deflate the 

impression, voiced by several reporters, that contradictions existed between himself and his 

colleagues at NRC headquarters. “No, there is no disagreement. I guess it is the way things get 

presented,” he said. 

But there was disagreement, and Denton wanted it resolved. President Carter had announced 

earlier in the evening he would visit TMI the following day. Denton told Stello to explore the 

oxygen-hydrogen issue further with outside experts. Stello realized the concern in Washington. 

He had received a telephone call shortly after 9:00 p.m. from Eugene Eidenberg, a Presidential 

aide, inquiring about the AP story. Stello told the White House that he did not share the 

concern felt at NRC headquarters. 

Saturday, as the NRC wrestled with managing the accident and the envisioned danger of the 

hydrogen bubble, officials of the Department of Health, Education, and Welfare struggled with 

their own concerns. That morning, senior HEW health officials gathered and continued the 

previous day’s discussion of the possibility of an evacuation; for the first time, they debated 

how large an area should be evacuated. But the discussions led ultimately to a 

recommendation to consider immediate evacuation if the NEC could not provide assurances 

that the reactor was cooling safely. Joseph Califano, HEW Secretary, summarized the group’s 

views in a memorandum to Jack Watson of the President’s staff. 

Later in the day, HEW health officials attended an interagency meeting at the White House, 

convened by Watson, and repeated the HEW recommendation to consider evacuation. Richard 

Cotton, a key Califano aide, raised another Califano recommendation that NRC officials consult 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

250 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

with HEW and Environmental Protection Agency experts regarding the potential health effects 

of the efforts to control TMI-2’s reactor. Cotton persisted after the meeting, and on Sunday and 

Tuesday HEW officials were briefed by the NRC. These briefings, however, were always 

informational; there was no NRC effort to seek HEW’s advice. 

The TMI Accident: Sunday, April 1 244 

Throughout Saturday night and the early hours of Sunday, county emergency preparedness 

offices were deluged with telephone calls from citizens concerned by the conflicting reports 

about the hydrogen bubble. But the flow of useful information from the state to the local level 

had essentially ceased after Denton’s arrival. The Governor’s office focused attention on the 

federal effort -- Denton and officials from several U.S. emergency agencies. Oran Henderson, 

director of the Pennsylvania Emergency Management Agency, was no longer invited to the 

Governor’s briefings and press conferences, and he did not attend after Friday night. Thus 

PEMA -- although it continued to receive status reports from the Bureau of Radiation Protection 

-- was isolated from information wanted at the local level. 

In Dauphin County, frustration ran high. Shortly before midnight on Saturday, State Sen. George 

Gekas called the Governor in an attempt to obtain accurate information. Gekas was told the 

Governor was too busy to talk. Then Gekas called Scranton, and got the same response. At that 

point, Gekas told a Scranton aide that unless more cooperation and information were 

forthcoming, Dauphin County would order an evacuation at 9:00 a.m. Sunday. Scranton called 

the county’s emergency center at 2:00 a.m. and agreed to meet officials there later in the 

morning. The Lieutenant Governor arrived at 10:00 a.m., preceded by Henderson, who 

complained of his own inability to obtain information. Scranton listened to Molloy and his 

colleagues. “I think he was just totally shocked by what was transpiring at our level; how busy 

we were; how much work we were doing; how complicated it was,” Molloy said in his 

deposition. 

Sunday, Mattson and several other NRC staffers met with NRC Commissioners Hendrie, Victor 

Gilinsky, and Richard Kennedy. Their purpose was to reach a judgment, based on the estimates 

and information available, about the true potential for a hydrogen explosion inside the reactor. 

According to Mattson’s deposition, the group agreed: 

5 percent oxygen was a realistic flammability limit, 11 percent oxygen was a realistic 

detonation limit, that there could be no spontaneous combustion below 9000F, that the 

oxygen production rate was approximately one percent per day, and that the present 

oxygen concentration in the bubble was 5 percent. 

 
244 Most of the information in this section is extracted/derived from the Report of the President’s Commission on the 

Accident at Three Mile Island (also known as the Kemeny Report).  
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After the meeting, Hendrie and Mattson drove to TMI to meet with Denton. 

Stello talked with Denton Sunday morning and outlined his arguments against any danger of a 

hydrogen explosion inside the reactor. Pressurized water reactors, the type used at TMI-2, 

normally operate with some free hydrogen in the reactor coolant. This hydrogen joins with the 

oxygen freed by radiolysis to form another water molecule, which prevents the build-up of 

oxygen to a quantity that would allow an explosion to take place. Stello told Denton that the 

process was the same now, and there was no danger of explosion. 

Hendrie and Mattson met with Denton and Stello in a hangar at Harrisburg International 

Airport minutes before President Carter’s 1:00 p.m. arrival. Mattson and Stello had not talked 

to each other since Friday morning. Mattson outlined the conclusions reached at NRC 

headquarters about the bubble and the reasoning behind them. In an interview with the 

Commission staff, Mattson described what happened next: 

And Stello tells me I am crazy, that he doesn’t believe it, that he thinks we’ve made an error 

in the rate of calculation. Stello says we’re nuts and poor Harold is there, he’s got to meet 

with the President in 5 minutes and tell it like it is. And here he is. His two experts are not 

together. One comes armed to the teeth with all these national laboratories and Navy 

reactor people and highfalutin PhDs around the country, saying this is what it is and this is 

his best summary. And his other [the operating reactors division director, saying, “I don’t 

believe it. I can’t prove it yet, but I don’t believe it. I think it’s wrong.” 

Upon the President’s arrival, Denton briefed the Chief Executive on the status of the plant and 

the uncertainty regarding its infamous bubble. 

The President was driven to TMI, put on protective yellow plastic shoe covers, and toured the 

facility with Mrs. Carter, Governor Thornburgh, and Denton. Stello, Hendrie, and Mattson went 

to the temporary NRC offices. During the afternoon, experts -- including those at Westinghouse 

and General Electric -- were canvassed by phone. “By three o’clock, we’re convinced we’ve got 

it,” Mattson said in his interview. “It’s not going to go boom.” 

NRC scientists in Bethesda eventually reached the same conclusion, but later in the day. Shortly 

before 4:00 p.m., NRC Commissioners Richard Kennedy, Peter Bradford, and John Ahearne met. 

They expressed concern over the differing estimates presented by the NRC staff and decided 

there might be a need to consider evacuation. 

Kennedy telephoned Hendrie at TMI and told him the three NRC Commissioners thought 

Governor Thornburgh should advise a precautionary evacuation within 2 miles of the plant, 

unless experts on-site had better technical information than that available in Bethesda. Hendrie 
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assured Kennedy that the free hydrogen inside the reactor would capture any oxygen 

generated and that no problem existed. 

In midafternoon, new measurements showed the large bubble in the reactor was diminishing. 

The gases still existed, but they were distributed throughout the system in smaller bubbles that 

made eliminating the predominantly hydrogen mixture easier. Why this occurred, no one 

knows. But it was not because of any intentional manipulation by Met Ed or NRC engineers. 

By late Sunday afternoon, NRC -- which was responsible for the concern that the bubble might 

explode -- knew there was no danger of a blast and that the bubble appeared to be diminishing. 

It was good news, but good news unshared with the public. Throughout Sunday, the NRC made 

no announcement that it had erred in its calculations or that no threat of an explosion existed. 

Governor Thornburgh was not told of the NRC miscalculation either. Nor did the NRC reveal the 

bubble was disappearing that day, partly because the NRC experts themselves were not 

absolutely certain. 

The TMI Accident: Monday, April 2 245 

Monday morning Denton and Mattson met the press. George Troffer, a Met Ed official, had 

already told a reporter the bubble was essentially gone. Denton acknowledged a “dramatic 

decrease in bubble size,” but cautioned that more sophisticated analyses were needed “to be 

sure that the equations that are used to calculate bubble size properly include all effects.” As to 

the bubble’s potential for explosion, Denton told reporters “the oxygen generation rate that I 

was assuming yesterday when I was reporting on the potential detonation inside the vessel is, it 

now appears, to have been too conservative.” Throughout the press conference, Denton 

continued to refer to NRC’s estimates as too conservative; he never stated outright that NRC 

had erred in its conclusion that the bubble was near the dangerous point. 

According to Mattson, the tone of the press conference -- its vagueness and imprecision -- was 

decided upon at a meeting of NRC officials Monday morning. 

We wanted to go slow on saying it was good news. We wanted to say it is good news, do 

not panic, we think we have got it under control, things look better, but we did not want to 

firmly and finally conclude that there was no problem. We had to save some wiggle room in 

order to preserve credibility. That was our judgment.” 

 
245 Most of the information in this section is extracted/derived from the Report of the President’s Commission on the 

Accident at Three Mile Island (also known as the Kemeny Report).  
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The TMI Accident: Final Events  246 

The accident at Three Mile Island did not end with the breaking up of the bubble, nor did the 

threat to the health and safety of the workers and the community suddenly disappear. A small 

bubble remained, gases still existed within TMI-2’s cooling water, and the reactor itself was 

badly damaged. Periodic releases of low-level radiation continued, and some feared a major 

release of radioactive iodine-131 might yet occur. Schools remained closed. The Governor’s 

recommendation that pregnant women and preschool children stay more than 5 miles from the 

plant continued. 

Tuesday, April 3, General Public Utilities, Met Ed’s parent company, established its TMI-2 

recovery organization to oversee and direct the long process of cleaning up TMI-2. Robert 

Arnold, a vice president of another subsidiary, the GPU Service Corporation, was named to 

head the recovery operation.  

Wednesday, April 4, schools outside the 5-mile area surrounding TMI reopened. All curfews 

were lifted. But schools within 5 miles of the Island remained closed and the Governor’s 

advisory remained in effect for pregnant women and preschool children. 

Some sense of normalcy was gradually returning to the TMI area. Governor Thornburgh asked 

Denton repeatedly if the advisory could be lifted, allowing pregnant women and preschool 

children to return home. But the NRC wanted some specific event as a symbol to announce the 

crisis had ended. At first, the NRC looked to reaching “cold shutdown” -- the point at which the 

temperature of TMI-2’s reactor coolant fell below the boiling point of water. When it became 

obvious that cold shutdown was days away, agreement was reached between Pennsylvania’s 

Bureau of Radiation Protection and the NRC on ending the advisory. On Saturday, April 7, Kevin 

Molloy, at the request of the Governor’s office, read a press release announcing the closing of 

the evacuation shelter at the Hershey Park Arena. Not until 2 days later, however, did Governor 

Thornburgh officially withdraw the advisory. 

The accident at TMI did not end with cold shutdown. More than a million gallons of radioactive 

water remained inside the containment building or stored in auxiliary building tanks. The 

containment building also held radioactive gases and the badly damaged and highly radioactive 

reactor core. Radioactive elements contaminate the walls, floors, and equipment of several 

buildings.  

The initial cleanup began in April of 1979. Using a system called EPICOR-I, Met Ed began 

decontaminating pre-accident water stored in the TMI-2 auxiliary building, which contained low 

 
246 Most of the information in this section is extracted/derived from the Report of the President’s Commission on the 

Accident at Three Mile Island (also known as the Kemeny Report).  
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levels of radioactivity (less than one microcurie per milliliter). Efforts to decontaminate the TMI-

2 diesel generation building began in April and work on the auxiliary and fuel handling buildings 

got under way in May of 1979. This involved mostly dry and wet vacuuming, mopping, and 

wiping of radioactive areas to remove the contamination - - a task that requires special clothing 

and respirators to protect workers. 

Much of the contaminated water left from the accident -- some 600,000 gallons pooled in the 

containment building and about 90,000 gallons in the reactor coolant system -- contained high 

levels of radioactivity (in excess of 100 microcuries per milliliter). Met Ed had stored 380,000 

gallons of water containing intermediate levels of radioactivity (1 to 100 microcuries per 

milliliter) in several TMI-2 auxiliary building tanks. Over the summer, the utility installed a 

system called EPICOR-II to treat this water. NRC approved its use, provided that the resins used 

to remove radioactive materials from the water were solidified before shipment from the Island 

to a disposal site. Met Ed began decontaminating the intermediate water in mid-October. 

The NRC eventually discovered that the core melting during the accident was much worse than 

originally thought. Television cameras, lowered into the reactor core, indicated a large void 

area where the top half of the core should be. In addition, a bed of rubble (fuel pellets, fuel rod 

debris, etc.) was found on the top of the lower half of the core. The exact condition of the lower 

portion of the core was not determined for several more years. Disassembly of the reactor core 

revealed a significant amount of fuel melt. A portion of the molten core had flowed laterally 

after melting through the stainless steel core support assembly. That material then flowed 

down to the lower portion of the reactor vessel, where it cooled and became a solid material 

again. Roughly 20 tons of molten core had sunk 5 or more feet into the lower regions of the 

vessel. 247  

Other impacts from the TMI accident included over 2,000 lawsuits, several hundred of which 

have been settled for a total cost of well over $10 million. In addition, TMI Unit 1 was shut 

down for six years while more than 100 plant safety modifications were made at a cost of about 

$95 million that also included improvements to operator training facilities and programs. 248 

  

 
247 NRC website: www.nrc.org 
248 Failed Technology, F. L. Freiman and Neil Schlager, Gale Research International, 1995, pgs 290 – 291.  
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Lessons from the Three Mile Island Nuclear Accident 

“Improbable” redefined … but the 

containment worked 

The Three Mile Island nuclear power plant 

accident of 1979 was a shock to most of the public 

and a great embarrassment to the Atomic Energy 

Commission (AEC). In 1974, some officials at the 

AEC had boasted that their studies showed an 

astonishingly low probability of a nuclear plant 

core melt accident (that is safely contained) on the 

order of one accident per million years of a given 

reactor’s operation. They also boasted that a 

serious radiation release to the public would 

probably only occur once every 1 to 10 billion reactor years of operation. To the AEC’s dismay, 

only 5 years after such statements (based mainly on what is now called the Rasmussen study 

that actually stated the probability of a core melt incident at around 1 accident in 17,000 – 

20,000 reactor operation years), the Three Mile Island accident showed that the “highly 

improbable” could, and did, happen. 249  

Besides teaching us that the government can be inaccurate about the likelihood of accidents, 

the Three Mile Island incident exposed problems within the nuclear power industry and also 

showed how unprepared government and industry were to protect the public and manage this 

“low probability” situation. Thankfully, many problems with the industry and government have 

been reduced as a result of this accident. Unfortunately, many other problems have not been 

fully resolved, as subsequent sections will show. However, before discussing remaining issues, it 

is important to note that some key, positive lessons from this accident were that the 

containment system generally worked, little radiation was released, and a major disaster was 

averted.  

Inadequate KI anti-radiation drug supplies and distribution 

As shown in the preceding “TMI Accident Sequence” Section, government and TMI officials did 

not understand for days the full extent of the risks to the public and that the government went 

into emergency production of Potassium Iodide (abbreviated "KI") solution to help protect the 

public? The following quote from the book “Nuclear War Survival Skills” clearly illustrates this: 

 
249 Beyond Engineering, Robert Pool, Oxford University Press, 1997, pgs 199 – 200.  

Three Mile Island Plant 1 Today  
photo courtesy of the NRC 
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“When the Three Mile Island nuclear reactor accident was worsening and it appeared that 

the reactor's containment structure might rupture and release dangerous amounts of 

radioactive iodines and other radioactive material into the atmosphere, the Government 

rushed preparation of small bottles of a saturated solution of potassium iodide. The 

reactor's containment structure did not rupture. The 237,013 bottles of saturated KI 

solution that were delivered to Harrisburg, Pennsylvania – mostly too late to have been 

effective if the Three Mile Island accident had become an uncontained meltdown – were 

stored in secret in a warehouse, and were never used.” 250 

In the official “Report of the President's Commission on The Accident at Three Mile Island” the 

following was said about the lack of Potassium Iodide (KI) needed to protect the public:  

“Officials of the U.S. Department of Health, Education, and Welfare (HEW) had become 

concerned about the possible release of radioactive iodine at Three Mile Island and began 

Friday to search for potassium iodide -- a drug capable of preventing radioactive iodine 

from lodging in the thyroid. The thyroid absorbs potassium iodide to a level where the gland 

can hold no more. Thus, if a person is exposed to radioactive iodine after receiving a 

sufficient quantity of potassium iodide, the thyroid is saturated and cannot absorb the 

additional iodine with its potentially damaging radiation. At the time of the TMI-2 accident, 

however, no pharmaceutical or chemical company was marketing medical-grade potassium 

iodide in the quantities needed. … Saturday morning, shortly after 3:00 a.m., the 

Mallinckrodt Chemical Company agreed to provide HEW with approximately a quarter 

million one-ounce bottles of the drug. Mallinckrodt in St. Louis, working with Parke-Davis in 

Detroit and a bottle-dropper manufacturer in New Jersey, began an around-the-clock effort. 

The first shipment of potassium iodide reached Harrisburg about 1:30 a.m. Sunday {K. 

Briggs comment: over 3 days later than needed if the containment vessel had actually 

burst within the first day}. By the time the last shipment arrived on Wednesday, April 4, the 

supply totaled 237,013 bottles.” 251 

Medical protection withheld 

After the government finally received a sizeable supply of anti-radiation KI, government leaders 

decided to withhold distribution of this medication based on a variety of factors. Unfortunately, 

most of the public was unaware of the debates going on in the government about whether or 

not to distribute KI.  Right or wrong, one lesson that can be gleaned from this is that the 

government may withhold information and resources that could “protect the public” if those in 

key political offices feel there is in not a “significant enough risk”. The government knew there 

was a continuing risk at TMI-2. The White House recommended that Potassium Iodide be 

 
250 Nuclear War Survival Skills, Cresson Kearny, Oregon Institute of Science and Medicine, p. 111.  
251 Report of the President's Commission on The Accident at Three Mile Island, pgs. 144 - 145.   



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

257 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

distributed to reduce the risk of radiation exposure and long-term chance of contracting cancer. 

However, the Pennsylvania government did not agree. Instead of empowering people to make 

their own informed decision about whether or not to have Potassium Iodide that was now 

available, the Pennsylvania government locked and secured it in a secret warehouse.  In the 

epilogue of this same Presidential Commission report, the following quote is quite telling in 

how the government works to decide what is “best” for the population and industry workers.  

“During the weekend, Thomas Gerusky, director of the Bureau of Radiation Protection, 

requested that his people at TMI be issued potassium iodide; Gerusky wanted BRP 

personnel to have the thyroid-blocking agent available should a release of radioactive 

iodine occur. MacLeod refused. He argued that if the public learned that any of the drug 

had been issued, a demand for its public distribution would result. … MacLeod had the 

backing of the Governor’s office and Harold Denton in his decision not to issue the 

potassium iodide. The decision did not find agreement in Washington, however. On 

Monday, Jack Watson asked HEW to prepare recommendations for the drug’s distribution 

and use. These were developed by a group headed by Donald Frederickson, director of the 

National Institutes of Health. The recommendation included: administering potassium 

iodide immediately to all workers on the Island; providing the drug to all people who would 

have less than 30 minutes’ warning of a radioactive iodine release (roughly those within 10 

miles of the plant); and that local authorities assess these recommendations in light of their 

first-hand knowledge of the situation. … Governor Thornburgh received the 

recommendations in a White House letter on Tuesday, although some Pennsylvania officials 

had learned of them Monday. MacLeod strongly opposed distributing the drug to the 

public. Among his reasons: radioiodine levels were far below what was indicated for 

protective action, and the likelihood of a high-level release from TMI-2 was diminishing; 

distributing the drug would increase public anxiety and people might take it without being 

told to do so; and the possibility of adverse side-effects presented a potential public health 

problem in itself. MacLeod chose not to accept the federal recommendations. The 

potassium iodide remained in a warehouse under armed guard throughout the emergency. 

In midsummer, the FDA moved the drug to Little Rock, Arkansas, for storage.” 252 

 

It is sad that the government did not allow the distribution of KI for the workers at TMI who 

were at greatest risk because (in part) of fears that the public might learn of this reasonable 

precaution and demand the same protection. This is a clear case of the government deciding 

what was “best” for the public, without the public being given a chance to actively participate in 

the process.     

 
252 Report of the President's Commission on The Accident at Three Mile Island, pgs. 157 – 158.  
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Delayed alerting   

Another illustration of the lack of adequate response for this accident was the delay in officials 

explaining to the public the dangers of a possible major radiation release at the plant and their 

reluctance to immediately warn the public that in-home sheltering or that an evacuation might 

be needed. These delays were symptomatic of the serious root problem of (1) key government 

officials not understanding the extreme complexity of nuclear reactors and the possible risk to 

the public and (2) industry (in this case Metropolitan Edison) being overly optimistic about their 

ability to sufficiently understand and handle an extraordinarily complex and dangerous 

situation. Key governmental decision-makers did not fully appreciate the serious health risks 

associated with the potential for a major breach of containment at TMI. While this worst-case 

scenario did not happen, it could have if operators at the plant had not discovered an open 

valve that had led to a serious loss of reactor coolant (something that the initial shift of workers 

at TMI had missed) and if the emergency core cooling systems had not been turned back on. 

The reactor core had uncovered as much as two-thirds prior to them correcting this situation, 

which allowed temperatures in the core to go as high as 5,000+F.  A second core uncovering 

occurred later in the day due to some improper operator procedures that led to a moderate but 

contained hydrogen explosion. If operators had not eventually corrected the core-uncovering 

problem, a more serious hydrogen or steam explosion could have occurred that could have 

released large amounts of dangerous radioactive materials. Such a release could have resulted 

in significant loss of life and numerous people with long-term health problems, like thyroid 

cancer.  Due to much confusion, it was not until the third day of the accident that the governor 

finally recommended that pregnant women and preschool children evacuate the region within 

a 5-mile radius of TMI and to close all schools within that area, including the Pennsylvania State 

University campus at Middletown.253 

Inadequate evacuation planning 

Another lesson learned from this accident was that existing emergency management plans for 

evacuation around the plant were inadequate and in some cases, non-existent. Emergency 

Management has traditionally been under-funded and restricted to planning for the “most 

likely” scenarios. The President’s commission reported: 

“Friday, Saturday, and Sunday were hectic days in the emergency preparedness offices of 

the counties close to Three Mile Island. Officials labored first to prepare 10-mile evacuation 

plans and then ones covering areas out to 20 miles from the plant. {K. Briggs comment: The 

government and utilities currently develop plans that include a "plume inhalation 

emergency planning zone" with a radius of only 10 miles from each nuclear power plant. 
 

253 Report of the President's Commission on The Accident at Three Mile Island, pgs. 110 – 143.  
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However, government officials recognize that in a catastrophic incident, a 20-mile radius 

may be needed.} The Pennsylvania Emergency Management Agency recommended Friday 

morning that 10-mile plans be readied. … Late Friday night, PEMA told county officials to 

develop 20-mile plans. Suddenly, six counties were involved in planning for the evacuation 

of 650,000 people, 13 hospitals, and a prison.”254  

One final quote from the excellent Presidential Commission’s findings concerning evacuation 

(that follows this paragraph) is very instructive about planning for evacuation. The bottom line 

was that woefully inadequate requirements for planning were in effect. Today, the same could 

be said. The U.S. still only generally conducts detailed planning for 10-mile evacuation zones as 

this is much more easily accomplished than planning for a 20 mile zone. In Arizona, for 

example, a 10-mile planning zone encompasses only a few thousand people whereas a 20-mile 

zone involves over a million people.  Obviously, the effort required to plan an evacuation for a 

few thousand people is orders of magnitude less difficult than figuring out how to effectively 

evacuate over a million people. Things have gotten better since TMI as far as evacuation 

planning, but we are still only half-way (distance wise) to where we need to be as far as 

evacuation planning. The Presidential findings read: 

“The reality of possible evacuation was quite different from the theoretical planning 

requirements imposed by the NRC and Pennsylvania before the accident. The 5-mile 

emergency plans were developed according to a Pennsylvania requirement for emergency 

planning within a 5-mile radius of nuclear power plants. The Pennsylvania requirement was 

stricter than that prescribed by NRC, which only required TMI to have a plan for a radius to 

2 miles. It is known that the consequences of a postulated major release to the atmosphere 

from a reactor accident could lead to significant doses of radiation being received many 

tens of miles from the site of the accident. At TMI-2, although the radiation releases were 

significantly lower than the design-basis accident, evacuation was being considered for 

distances much greater than 2 miles. During the TMI accident, NRC believed that the 

consequences of the accident might extend far beyond the 2- or 5-mile radius. As a result, 

evacuation plans were hurriedly developed for distances of 10 and 20 miles from the 

plant.”255 

Positive changes resulting from the TMI accident  

Many positive changes were made to prevent or reduce the hazards associated with operating 

nuclear power plants since TMI. Some of these good changes are that: (1) power plants must 

have warning sirens around the plant to alert the public in the immediate vicinity of a radiation 

 
254 Report of the President's Commission on The Accident at Three Mile Island, p. 143.  
255 Report of the President's Commission on The Accident at Three Mile Island, pgs 39 – 40.  
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emergency, (2) four emergency levels have been created to help define and manage hazardous 

incidents (see Table that follows), (3) NRC and FEMA oversight of the industry in now stricter, 

(4) more drills and training are required for site personnel, and (5) emergency response centers 

are now required both on and off site.  
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Table 43. Definition of four emergency levels at U.S. nuclear power plants 256 

Emergency Levels 

1. Notification of Unusual Event (NUE): Event poses no threat to you or to plant 

employees, but emergency officials are notified. No action by the public is 

necessary. This alert is typically associated with things like degradations to safety 

systems.  

2. Alert: Declared when an event has occurred that could reduce the plant's level of 

safety, but backup plant systems still work. Emergency agencies are notified and 

kept informed, but no action by the public is necessary. This level is typically called 

when one of three safety barriers has been breached.  

3. Site Area Emergency: Declared when an event involving major problems with the 

plant's safety systems has progressed to the point that a release of some 

radioactivity into the air or water is possible, but is not expected to exceed 

Environmental Protection Agency Protective Action Guidelines (PAGs) beyond the 

site boundary. No public action required. The Three Mile Island 2 accident of 1979 

would be classified today as Site Area Emergency along with just a few other 

incidents throughout the history of U.S. nuclear power.  

4. General Emergency: Declared when an event at the plant has caused a loss of 

safety systems. If such an event occurs, radiation could be released that would 

travel beyond the power plant site boundary and could extend for 10s to 100s of 

miles. State and local authorities will take action to protect the residents living 

near the plant. The alert and notification system will be sounded. People in the 

affected areas could be advised to evacuate promptly or, in some situations, to 

shelter in place, and possibly to take potassium iodide pills, if available. When the 

sirens are sounded, you should listen to your radio, television and tone alert 

radios for site-specific information and instructions. The U.S. has never had an 

accident that would be classified as a General Emergency. The Soviet Chernobyl 

nuclear reactor disaster of 1986 is the classic example of a major General 

Emergency incident.  

 
256 http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/emerg-plan-prep-nuc-power-bg.html  

http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/emerg-plan-prep-nuc-power-bg.html
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Table 44. The International Nuclear Event Scale 257 

Level Criteria Examples 

7  

Major 

Accident 

External release of a large fraction of the radioactive material in a large 

facility (e.g. the core of a power reactor). This would typically involve a 

mixture of short and long-lived radioactive fission products (in quantities 

radiologically equivalent to more than tens of thousands terabecquerels of 

iodine-131). Such a release would result in the possibility of acute health 

effects; delayed health effects over a wide area, possibly involving more 

than one country; and major environmental impacts. 

Chernobyl 

NPP, USSR 

(now Ukraine), 

1986 

6  

Serious 

Accident 

External release of radioactive material (in quantities radiologically 

equivalent to the order of thousands to tens of thousands of 

terabecquerels of iodine-131). Such a release would be likely to result in 

full implementation of countermeasures covered by local emergency plans 

to limit serious health effects. 

Kyshtym 

Reprocessing 

Plant, USSR 

(Russia), 1957 

5  

Accident 

with Off-

Site Risk  

1. External release of radioactive material (in quantities radiologically 

equivalent to the order of hundreds to thousands of terabecquerels of 

iodine-131). Such a release would be likely to result in partial 

implementation of countermeasures covered by emergency plans to 

lessen the likelihood of health effects.  

2. Severe damage to the nuclear facility. This may involve severe damage 

to a large fraction of the core of a power reactor, a major criticality 

accident or a major fire or explosion releasing large quantities of 

radioactivity within the installation.  

1. Windscale 

Pile, UK, 1957  

 

 

2. Three Mile 

Island, USA, 

1979  

4  

Accident 

without 

Significant 

Off-Site 

Risk 

1. External release of radioactivity resulting in a dose to the most exposed 

individual off-site of the order of a few millisieverts. With such a release 

the need for off-site protective actions would be generally unlikely except 

possibly for local food control.  

2. Significant damage to the nuclear facility. Such an accident might 

include damage to nuclear plant leading to major on-site recovery 

problems such as partial core melt in a power reactor and comparable 

events at non-reactor installations.  

3. Irradiation of one or more workers that result in an overexposure where 

a high probability of early death occurs.  

1. Windscale 

Reprocessing 

Plant, UK, 

1973  

2. Saint-

Laurent NPP, 

France, 1980 

 

  

 
257 Derived/excerpted from IAEA information, see: www.iaea.org/worldatom/Periodicals/Factsheets   
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Table 45. The International Nuclear Event Scale (continued) 258 

Level Criteria Examples 

3  

Serious 

Incident 

1. External release of radioactivity above authorized limits, resulting in a 

dose to the most exposed individual off site of the order of tenths of 

millisievert.* With such a release, off-site protective measures may not be 

needed.  

2. On-site events resulting in doses to workers sufficient to cause acute 

health effects and/or an event resulting in a severe spread of 

contamination for example a few thousand terabecquerels of activity 

released in a secondary containment where the material can be returned 

to a satisfactory storage area.  

3. Incidents in which a further failure of safety systems could lead to 

accident conditions, or a situation in which safety systems would be 

unable to prevent an accident if certain initiators were to occur. Vandellos NPP, 

Spain, 1989   

2  

Incident 

1. Incidents with significant failure in safety provisions but with sufficient 

defense in depth remaining to cope with additional failures.  

2. An event resulting in a dose to a worker exceeding a statutory annual 

dose limit and/or an event that leads to the presence of significant 

quantities of radioactivity in the installation in areas not expected by 

design and which require corrective action. 

  

1  

Anomaly 

Anomaly beyond the authorized operating regime. This may be due to 

equipment failure, human error or procedural inadequacies. (Such 

anomalies should be distinguished from situations where operational 

limits and conditions are not exceeded and which are properly managed in 

accordance with adequate procedures.  

  

Radiation released during the TMI accident 

Detailed studies of the impact of radiation releases during the Three Mile Island accident have 

been conducted by the NRC, the Environmental Protection Agency, the Department of Health, 

Education and Welfare (now Health and Human Services), the Department of Energy, and the 

State of Pennsylvania. Additionally, several independent studies have also been conducted. 

Estimates are that the average dose to about 2 million people in the area was about only about 

1 millirem. To put this into context, exposure from a full set of chest x-rays is about 6 millirem. 

Compared to the natural radioactive background dose of about 100-125 millirem per year for 

 
258 Derived/excerpted from IAEA information, see: www.iaea.org/worldatom/Periodicals/Factsheets   
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the area, the collective dose to the community from the accident was very small. The maximum 

dose to a person at the site boundary would have been less than 100 millirem. 259 

Although questions were raised about possible adverse effects from radiation on human, 

animal, and plant life in the TMI area, none could be directly correlated to the accident. In the 

months following the accident, thousands of environmental samples of air, water, milk, 

vegetation, soil, and foodstuffs were collected by various groups monitoring the area. Very low 

levels of radionuclides could be attributed to releases from the accident. However, 

comprehensive investigations and assessments by several well-respected organizations have 

concluded that in spite of serious damage to the reactor, most of the radiation was contained 

and that the actual release had negligible effects on the physical health of individuals or the 

environment. 260 

According to the President’s Commission findings, the public surrounding the TMI nuclear 

power plant were exposed to no more than 70 additional millirems of radiation dose because of 

all the radiation releases during this accident. 261  Most experts feel that there is no significant 

health risk associated with this low level of radiation release. To put this in further perspective, 

people who live in Colorado (due to their receiving more cosmic radiation as a result of living at 

higher altitude and living in regions where there is more soil-borne radioactive elements), 

receive an average of roughly 125 additional millirems per year than those who live around 

Three Mile Island (and over 50 millirems more than the TMI accident related dose).262  Another 

comparative is that the average medical and dental radiation dose received by people in the 

U.S. is around 73 millirems per year, roughly the same as the radiation exposure from TMI. 263A 

final comparison is that of how humans themselves are radioactive (due to the existence of 

potassium-40, carbon-14, etc., in the body) and that close proximity to other humans can 

increase our yearly exposure levels. Dr. Ed Teller stated at a civil defense conference I attended 

years ago that the amount of radiation received by sleeping next to one person each night over 

the course of a year is somewhat less than the extra dose received as a result of the TMI 

radiation releases. However, he went on to note that if you were to regularly sleep between 

two individuals, you would receive more radiation because of this human-radiation source than 

with the TMI accident. A note of precaution is in order here in making such comparisons. While 

overall levels of radiation exposure are significant, it is important also to note that the 

radioactive isotopes and exposure paths are quite different for these various radiation sources 

and so the risks of a nuclear power plant release cannot be measured simply in term of average 

 
259 Nuclear Regulatory Commission, see: www.nrc.gov/OPA/gmo/tip/tmi.htm  
260 Nuclear Regulatory Commission, see: www.nrc.gov/OPA/gmo/tip/tmi.htm  
261 Report of the President's Commission on The Accident at Three Mile Island, p. 34. 
262 Radiation, Martin D. Ecker and Norton J. Bramesco, Vintage Books, New York, 1981, pgs. 35 – 42.  
263 Ibid, p. 49.  
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Chernobyl after the roof was blown off 

Courtesy INSP Resource Center, Department of Energy 

rems received. For example, radioactive iodine gas from a nuclear power plant accident lodges 

primarily in only one body organ, the thyroid, and so the dose received is very focused and 

localized in an organ sensitive to radiation effects.  In addition, the exposure duration is 

important, in that the body recovers from radiation exposure over time and can take much 

larger doses of radiation evenly over the course of a year than from a single dose of radiation in 

a short period of time, as would typically occur in a major nuclear accident.  

Conclusions from the TMI accident 

While the TMI accident caused much fear and cost a total of roughly $1 billion to clean up, 

thankfully, little permanent damage was done to property and no major radiation-related 

health consequences have been verified (at least, this is the view of most authorities who have 

studied the accident). On a positive note, as previously discussed, many safety improvements 

have been made to the industry as a result of the TMI-2 accident. Yet with all of these 

improvements, a major nuclear power plant disaster can still happen.  The current generation 

of reactors are not completely fail-safe systems and new, safer reactor designs are being 

proposed for the future. Unfortunately, some of the lessons from TMI have not been 

adequately addressed, such as the need for (1) potassium iodide (KI) pill pre-distribution and 

for (2) 20-mile evacuation planning zones and extended inhalation/ingestion planning zones.  

Lessons from Chernobyl nuclear plant disaster 

Preliminary comments 

While many feel there is no reason to look 

at the Soviet Chernobyl disaster for lessons 

about the U.S. Nuclear power industry, I 

strongly disagree. While I agree that U.S. 

reactors are designed with much better 

safety systems, like large containment 

structures, there is still the possibility, 

however small, that a U.S. reactor can have 

a large breach of containment, such as 

occurred at Fukushima. Numerous 

government studies have shown that this is 

not an impossible scenario, especially if 

there is an insider threat or terrorism at a plant.      
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The “secret” nuclear volcano 

Early on the morning of April 26, 1986, the 1,000 megawatt number 4 nuclear reactor at 

Chernobyl was torn apart by steam explosions that resulted both because of serious human 

error and poor reactor design. The upper portions of the reactor’s core had melted. Elements of 

the radioactive core that had melted down continued to burn intensely for days, releasing tons 

of radioactive gasses and materials into the environment. Eventually, up to 57 metric tons of 

the reactor’s radioactive core were released into the environment over the course of roughly 

two weeks in what has been described as a nuclear volcano. This nuclear volcano spewed 

radioactive gases and materials that were carried along by various wind and weather cells and 

spread unevenly over millions of square kilometers. 264  

Attempts at “capping” the volcano proved extraordinarily difficult and dangerous. Some of the 

materials used to try to dampen the volcanic effect actually made matters worse as pressure 

and heat built up and explosive chemical interactions were in some cases enhanced. As a result, 

on May 5th, a second core melt occurred that released about 10 million curies of radiation into 

the environment, roughly half as much as occurred the first day of the disaster. Finally, on 9 

May, another major release of materials occurred, perhaps because of the shifting of materials 

around the core. During the course of the next 6 to 7 months, the Soviets worked hard to fully 

cap the volcano with a massive steel and concrete structure called the Sarcophagus. 265 

The reason for calling this a “Secret” nuclear volcano is that the Soviets tried to keep the 

accident a secret from the public and neighboring nations for the first ten days. Even after the 

disaster became public knowledge, the Soviets were not forthright as to the nature of the 

disaster and its progress. As the International Atomic Energy Agency (IAEA) reported about 

Chernobyl:  

“The people living in the affected areas learned about the event mainly from hearsay rather 

than from authoritative reporting. The first evidence of the accident outside the USSR 

resulted from measurements in Nordic countries showing an unexpected increase in 

environmental radioactivity. This initial lack of transparency had an impact on public 

confidence, and subsequently so did the confusing and at times contradictory nature of the 

information released.” 266 

 

 

  

 
264 The Chernobyl Accident and Its Consequences, Nuclear Energy Institute, July 1999, see www.nei.org. 
265 The Legacy of Chernobyl, Zhores Medvedev, W. W. Norton & Co., New York, 1992, pgs. 45 – 65.  
266 Chernobyl – Ten years after, Abel Gonzalez, International Atomic Energy Agency (IAEA), 1996. 
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Chernobyl casualties 

As a result of the Chernobyl disaster, 3 people died immediately of injuries or trauma 

associated with the explosion. In addition, 28 of 134 people who were hospitalized for acute 

radiation syndrome (ARS) died within the first few months 267 Thousands to millions of others 

received dangerous levels of radiation that would seriously impact their long-term health (for 

example, thousands of children have contracted thyroid cancer and a few have died as a result 

of this illness).  

Many of these highest exposures to radiation were a result of firefighting and core containment 

activities and the immediate cleanup of the regions surrounding the Chernobyl plant. The 

World Health Organization estimated that up to 800,000 workers were used over the course of 

several years to help manage recovery and cleanup of the 30-kilometer evacuation region, 

exposing workers to generally unknown levels of radiation, since most workers did not have 

personal dosimeters. Some estimates show that during the first year after the accident, over 

200,000 workers received an average of roughly 16.5 rem doses. 268 

Large and permanent evacuation zones were needed  

Many lessons can be learned from the Chernobyl disaster. The first is that in such a serious 

accident, a 20 (or more) mile evacuation zone may be required to protect citizens. 

Unfortunately, in the U.S., a 10-mile evacuation emergency planning zone is generally all that is 

carefully planned for in response to major U.S. nuclear power plant disasters.269 Radiation levels 

around Chernobyl should have required a near immediate evacuation within a radius of 30 

kilometers (or roughly 18 miles) from the plant. Unfortunately, limited evacuations did not start 

for roughly 36 hours after the initial explosion at the site. This evacuation appears to have 

taken place in several stages, beginning for the approximately 45,000 residents of Pripyat about 

36 hours after the initial release and extending over several days to a week. The whole-body 

radiation dose to the majority of individuals did not exceed 25 rem, although about 24,000 

persons in the most severely contaminated areas are estimated to have been exposed to 

whole-body doses in the range of 35 to 55 rem. The population of Pripyat was initially sheltered 

as a protective measure and then evacuated when radiation readings increased. In addition to 

radiation considerations, logistics and contamination control influenced the timing of the 

evacuation. Despite an apparent lack of site-specific planning, the Soviets mounted a large and 

generally effective ad hoc response making use of some aspects of civil defense planning. The 

high initial plume contributed to relatively low initial dose rates in the immediate vicinity. In 

 
267 Chernobyl, Volume 38, Number 3, the International Atomic Energy Agency (IAEA), 1996.  
268 The Chernobyl Accident and Its Consequences, Nuclear Energy Institute, July 1999, see www.nei.org. 
269 Fact Sheet: Nuclear Power Plant Emergency, FEMA, Feb. 27, 1997.   
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addition, efforts by the Soviets to prevent rainfall in the immediate vicinity (by cloud seeding 

other areas) and the spraying of a chemical polymer on evacuation routes to minimize 

resuspension of deposited activity were also beneficial. The Soviets took ingestion pathway 

protective measures within the 18-mile zone and well beyond. Ingestion pathway protective 

measures were also taken in several Soviet bloc countries, in Scandinavia, and in Eastern and 

Western Europe.270 

It was not until the eighth through 11th day that major evacuations occurred for roughly 90,000 

people from 170 local villages, towns and cities. Within the first month after the accident, the 

Soviets completely evacuated about 135,000 people from a circular area (in many cases 

permanently) with a diameter of 60 kilometers. Other areas should have been evacuated 

beyond the 30-kilometer radius of the “exclusion” zone due to high radiation levels, but in 

many cases, the Soviets kept much of this risk information from their own people so that they 

did not evacuate. Many cities and villages around the Chernobyl reactor site are still sparsely 

populated due to high levels of radioactive contamination.  271  

Nuclear plant workers overrode safety systems 

A second lesson is that well-meaning, but poorly trained workers can defeat reactor safety 

features. In the case of Chernobyl, many of the safety systems were shut down to perform an 

electrical power backup “safety” system experiment that, combined with poor reactor design, 

rapidly led to catastrophic explosions. And while many experts point out that U.S. reactors are 

much better designed than the Chernobyl RBMK reactor 272, these experts often fail to mention 

that other types of accidents at U.S. reactors could have just as devastating of consequences 

(though all of these scenarios at a U.S. reactor are highly unlikely). Many experts believe that 

even if Chernobyl had had a U.S. style of containment vessel, the force of the explosions would 

have been sufficient to rupture this vessel. 273  Regardless of the Chernobyl reactor design, what 

is clear is that workers made serious mistakes that resulted in a great loss of life and property. 

Similarly, workers at the U.S. Three Mile Island also made many serious mistakes that could 

have led to a major breach of containment if their mistakes had not been corrected in time. As 

a man (who was at one time in charge of the overall U.S. nuclear power plant safety program) 

once told me: “Never underestimate how badly people can mess things up.”    

 
270 NUREG-0933, see: www.nrc.gov/NRC/NUREGS/SR0933/index.html 
271 The Legacy of Chernobyl, Zhores Medvedev, W. W. Norton & Co., 1992, pgs. 150 – 153.  
272 The Chernobyl reactors are of the RBMK type. These are high-power, pressure-tube reactors, moderated with 

graphite and cooled with water. Fourteen RBMKs are still in operation in the former Soviet Union.  
273 The Chernobyl Accident and Its Consequences, Nuclear Energy Institute, July 1999, see www.nei.org. 
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Acute Radiation Syndrome (ARS) treatment efficacy 274 

Among the victims of the Chernobyl accident were people who were accidentally exposed to 

high doses of radiation. Such high-dose exposures - which acutely and severely affect blood cell 

production, resistance against infections, and intestinal functions - may result in severe damage 

to the skin. The complex of disease symptoms from such exposures is known as "acute 

radiation syndrome", or ARS. Its most common symptoms are initially nausea, vomiting, and 

diarrhea and, later on, bleeding and generalized infections with high fever, often caused by 

microorganisms that are normally not harmful. …  

The Chernobyl accident resulted in a total number of 237 individuals who were suspected of 

suffering from ARS. The diagnosis was confirmed in 134. Of these, 41 had mild (grade I) ARS; all 

survived; one additional case is still disputed. Fifty patients had grade II ARS, of whom one died. 

Twenty-two patients had grade III ARS, of whom seven died. Of the 21 patients most severely 

affected, who suffered from grade IV ARS, all died except one. Among this group, 

gastrointestinal damage was the most severe problem in patients who received doses greater 

than 10 Gy (or 1000 Rads) and resulted in early and lethal changes in intestinal function. Deaths 

in 26 patients in the first three months after the exposure were associated with skin lesions 

involving over 50% of the total body surface area. …  

The Chernobyl nuclear power plant accident led to exposure … which was different from the 

experience at Hiroshima and Nagasaki. From the onset, a striking feature was the large number 

of patients suffering from radiation-induced damage of the skin and mucous membranes, 

especially of the upper digestive and respiratory tract, due to contamination by beta and 

gamma-emitting isotopes, such as caesium-137, caesium-134, and strontium-90. Skin lesions 

and/or oropharyngeal mucositis were a major contribution to the death of patients ….  

Patients surviving ARS have all been subjected to a traumatic experience with extensive 

physical injury and long convalescence periods. … Although the extreme bone marrow 

suppression may have been resolved in a couple of months, full reconstitution of immune 

functions may take at least half a year and may well not normalize within years after exposure. 

This does not necessarily mean that these patients have a functionally impaired immune 

system.  

In patients with severe skin injury complicated by surgery and ill-healing wounds, the long 

recovery period may cause chronic stress. … In males, reproductive recovery may be very slow 

and in the higher dose ranges, impaired fertility may be a lasting effect. Several components of 
 

274 This section is derived/excerpted from “IAEA Bulletin - Chernobyl (Clinically observed effects)”, by G. 

Wagemaker, et al, 1996. (see www.iaea.or.at/worldatom/inforesource/bulletin/bull383/wagemkr.html for the 

complete text.) 
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the eye are rather sensitive to radiation, and patients in particular may develop cataracts, 

starting years after exposure. Following high radiation doses, cardiovascular and late 

gastrointestinal problems may cause considerable discomfort.  

The remaining patients who have suffered ARS are in general in an acceptable health condition 

and are being monitored regularly. There is good evidence that the quality of life of the 

surviving patients may be amenable to improvement. … The follow-up of these patients needs 

to be assured for the forthcoming two to three decades, preferably coordinated by a single 

center of high clinical and research competence. … 

The therapy of bone marrow transplantation recommended at the time was of little benefit for 

the most severely affected patients. From today's knowledge this is understandable. In any 

future accident, it is inconceivable that bone marrow transplantation as applied in the most 

severe cases of the Chernobyl accident will be used. New agents have become available, in 

particular a group of cytokines collectively known as hemopoietic growth factors, which have 

the capacity to stimulate recovery of the blood and immune system.  

Bone marrow damage can in future cases best be managed by rapid administration of 

hemopoietic growth factors, even though the most optimal combination and dose scheduling 

still needs to be worked out. However, advances in the transplantation of blood stem cells and 

tissue typing make it very likely that transplantation will still be considered as a life-saving 

supportive measure, especially in cases where bone marrow damage is too severe to expect an 

effective response to the newer therapeutics. Also for other radiation damage, new diagnostic 

tools may contribute to a more accurate prognosis and more tailored treatment. 

Children are at greatest risk from radiation 

A third lesson from Chernobyl is that children appear to be the ones with the greatest long-

term health problems because of radiation poisoning. Radioactive Iodine, with a half-life of 

eight days, is most dangerous to children under 15 years of age and especially to newborns. To 

date, somewhere between 1,800 275 and over two thousand children exposed to dangerous 

levels of Chernobyl radiation have developed an aggressive form of thyroid cancer. 276  Pre-

cancerous nodules formed in these children required regular medical evaluations. The medical 

care for children who developed cancer (some as early as 4 years after the accident) required 

surgery, radioactive iodine treatments to kill the residual cancer, and lifelong thyroid hormone 

replacement supplements. While this cancer is treatable if detected early enough (only a few 

 
275 6 June 2000, Press Release of the United Nations Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR) 
276 See www.thyroid.org/annonc/nuclear.htm and www.ki4u.com/crane.htm for details. 
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have died from this cancer), the treatments are expensive and dramatically impact the lives of 

all those involved. The following quote from the World Health Organization (WHO) explains 

both the extent of the hazard zones surrounding the Chernobyl plant and the levels a radiation 

that caused significant problems in children. 

“Following the Chernobyl accident there were several thousands of children who 

accumulated a dose to the thyroid of several Gy. {K. Briggs comment: 1 Rad = .01 Gray (Gy) 

or 1 cGy, so these children received over 100 Rads or 100 cGy. At these levels, these 

children were likely to develop hypothyroidism, in addition to any eventual cancer 

according to the WHO.}  … Nevertheless, most of the children that have developed thyroid 

cancer were exposed to an estimated dose to the thyroid of less than 300 mGy. There has 

been an excess thyroid cancer incidence even in areas where the mean dose to the thyroid 

in children was estimated at 50 – 100 mGy {K. Briggs comment: 50 - 100 mGy = 5 - 10 Rads 

or cGy}. The increase in incidence has been documented up to 500 km from the accident 

site. This is understandable in terms of the wide area affected by radioiodine and therefore 

the large number of children exposed. … The Chernobyl accident has thus demonstrated 

that significant doses from radioactive iodine can occur hundreds of kilometres from the 

site, beyond emergency planning zones. A sharp distinction in the requirements for stable 

iodine prophylaxis based on distance from the accident site cannot be made. For example, 

few regions in Europe are situated so far from a nuclear reactor as to preclude any potential 

need for stable iodine prophylaxis against inhaled or ingested radioactive iodine.” 277 

Cancer hazard zones extend beyond 300 miles 

A fourth lesson mentioned in the quote above is that stable iodine was needed to block 

radioactive iodine uptake through inhalation and ingestion in regions up to 320 miles (500 

kilometers) from the Chernobyl site. Recognizing the dangers of radioactive iodine uptake in 

the thyroid, the Polish government issued roughly 17 million doses of potassium iodide to its 

citizenry as a blocking agent. This was a prudent action since Poland received some of the worst 

initial radioactive iodine fallout from Chernobyl. Unfortunately, the U.S. still only uses a 50-mile 

ingestion emergency planning zone and generally downplays the inhalation threat from 

radioactive iodine in these regions since it is believed that the likelihood of such a severe 

accident is low and because emergency planners are mainly told of the risks of ingestion, not 

inhalation. The U.S. currently does not widely stockpile potassium iodide to protect the 

 
277 Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, 1999, p. 4.  See: 

www.who.int/environmental_information/Information_resources/documents/Iodine/guide.pdf . 
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population and subsequently does not generally pre-distribute KI pills to the public to ensure 

timely administration. 278   

Contaminated land can be dangerous for decades 

A fifth lesson from Chernobyl is that there can be long-term radiation hazards because of 

Cesium-137 and other longer-lived radioactive isotopes, like Strontium 90. Cesium-137 has a 

half-life of roughly 30 years (as opposed to radioactive iodine’s 8 days) and hence, poses a long-

term threat. Within about 6 miles of Chernobyl, radiation levels from Cesium-137 were 

reportedly as high as 130,000 curies per square kilometer. Over 10,000 square miles were 

contaminated to levels of greater than five curies per square kilometer and over 4,000 square 

miles were contaminated to levels of greater than 15 curies per square kilometer. 279   

On a more positive note however, is the following excerpt from a United Nations Scientific 

Committee on the Effects of Atomic Radiation (UNSCEAR): “According to the Committee’s 

scientific assessments, there have been about 1,800 cases of thyroid cancer in children who 

were exposed at the time of the accident, and if the current trend continues, there may be more 

cases during the next decades. Apart from this increase, there is no evidence of a major public 

health impact attributable to radiation exposure fourteen years after the accident. There is no 

scientific evidence of increases in overall cancer incidence or mortality or in non-malignant 

disorders that could be related to radiation exposure. The risk of leukaemia, one of the main 

concerns owing to its short latency time, does not appear to be elevated, not even among the 

recovery operation workers. Although those most highly exposed individuals are at an increased 

risk of radiation-associated effects, the great majority of the population are not likely to 

experience serious health consequences from radiation from the Chernobyl accident.” 280 

Potassium Iodide is safe/effective in blocking radiation 

A sixth lesson, as referenced in the extended quotes below, is that the administration of non-

radioactive stable Potassium Iodide (KI) pills or solution appears to have been a safe and 

effective means of blocking radioactive iodine from lodging in peoples’ thyroids. At Chernobyl, 

KI was distributed to school children within about 6 hours of the accident and to the entire 

population of Pripyat the morning of the following day; ultimately, it was given to the 

population in the 18-mile zone and other areas. The Soviets reported no serious adverse 

 
278 Minutes from the “Public Meeting to Substantially Revise NUREG-1633, "ASSESSMENT OF THE USE OF 

POTASSIUM IODIDE AS A PUBLIC PROTECTIVE ACTION DURING SEVERE REACTOR ACCIDENTS" - 

Dec 98” and the Fact Sheet: Nuclear Power Plant Emergency, FEMA, Feb. 27, 1997.    
279 The Chernobyl Accident and Its Consequences, Nuclear Energy Institute, July 1999, see www.nei.org. 
280 6 June 2000, Press Release of the United Nations Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR), see: http://www.un.org/News/Press/docs/2000/20000606.ga9718.doc.html  

http://www.un.org/News/Press/docs/2000/20000606.ga9718.doc.html
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reactions to KI.281 Thankfully, millions of doses of Potassium Iodide (KI) pills were administered 

to many of the children and adults in dangerously radiated regions that extended over 300 

miles from the Chernobyl site. This extensive administration of KI tablets to children and adults 

is likely to have prevented hundreds, if not thousands, from contracting thyroid cancer. 

Unfortunately, numerous children and adults did not receive a timely dosing with KI pills, and 

have subsequently developed thyroid cancer. Both the U.S. Food and Drug Administration 

(FDA) and the World Health Organization (WHO) have recommended Potassium Iodide under 

certain conditions as a generally safe, radiation-blocking medication in the event of a nuclear 

accident or disaster. What follows are some extended quotes from the WHO followed by some 

draft guidelines from the FDA.  

From WHO 282: “Another important insight gained from the Chernobyl accident concerns 

the side effects from stable iodine. In Poland stable iodine, as single doses, was given to 10 

million children. No serious side effects were seen, though gastrointestinal effects and 

minor skin rash were reported. Of newborn infants receiving 30 mg potassium iodide in 

their first two days of life, 0.37% (12 infants) showed a transient increase in serum thyroid 

stimulating hormone (TSH), combined with a decrease in serum free thyroxine (T4). This 

transient thyroid inhibition has had no known consequences to date. Seven million adults 

took stable iodine although it had not been recommended. Among these, only two severe 

adverse reactions were seen, both in persons with known iodine allergy. In summary, the 

incidence of severe side effects from a single dose of iodine was less than 1 in 10 million in 

children and less than 1 in a million in adults.  

 

Stable iodine administered before, or promptly after, intake of radioactive iodine can block 

or reduce the accumulation of radioactive iodine in the thyroid. Intake of radioactive iodine 

by inhalation begins when the radioactive cloud arrives at a location and continues during 

the passage of the cloud. Action to implement stable iodine prophylaxis, and thereby 

reduce the dose to the thyroid, will be required promptly. The decision will most probably 

have to be made in a situation when reliable data for calculating the potential dose to the 

thyroid are not available.  

 

Stable iodine could also be used as prophylaxis against ingested radioactive iodine from 

contaminated food. However, because the risk of exposure from ingestion of iodine will 

remain for a longer time, iodine prophylaxis will also be required for a longer period of time, 

leading to a need for repeated doses. The side effect rate from multiple doses would be 

 
281 NUREG-0933, see: www.nrc.gov/NRC/NUREGS/SR0933/index.html 
282Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, 1999, pgs. 5, 7 – 9.  See:  

www.who.int/environmental_information/Information_resources/documents/Iodine/guide.pdf . 
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higher, but the frequency is not known. It is probably low in children but may be significant 

in adults, especially in areas with dietary iodine deficiency. … 

 

The Polish experience … showed the risk of severe side effects from single doses of stable 

iodine to be minimal (less than 1 in 10 million in children and less than 1 in a million in 

adults). However, for repeated doses, there is no direct human experience that can be used 

for reliable numerical estimation of side effects. 

 

Exposed population groups differ markedly in their risk of radiation induced thyroid cancer 

from a given radiation dose. Neonates, infants and small children are the most sensitive 

groups. The risk of side effects from stable iodine prophylaxis is also different, albeit 

generally small in the light of the latest experience. Because of these differences, it is 

important to consider potentially exposed population groups separately when deciding on 

plans for stable iodine prophylaxis. 

 

In general, the potential benefit of iodine prophylaxis will be greater in the young, firstly 

because the small size of the thyroid means that a higher radiation dose is accumulated per 

unit intake of radioactive iodine. Secondly, the thyroid of the fetus, neonate and young 

infant has a higher yearly thyroid cancer risk per unit dose than the thyroid of an adult and, 

thirdly, the young will have a longer time span for the expression of the increased cancer 

risk. 

Individual radiation doses will also differ markedly within any exposed group. The intake of 

radioactive iodine through inhalation will be influenced by breathing rates and intake 

through ingestion will be influenced by dietary habits. 

In the following, the risks from radiation exposure and the risks from stable iodine 

prophylaxis, respectively, are examined in more detail for the various population groups. 

 

Pregnant women 283 

 

During pregnancy, the maternal thyroid gland is stimulated, especially during the first 

trimester. The fraction of radioactive iodine taken up by the thyroid is increased as 

compared to other adults. Thus, there is a greater need to protect the thyroid gland of the 

pregnant woman. 

 

During the second and third trimesters, the thyroid gland of the developing fetus takes up 

and stores iodine in increasing amounts. Iodine passes readily across the placenta, and thus, 

after the first trimester, the fetal thyroid gland can be exposed to radioactive iodine 

 
283 Source: Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, 1999, p. 9. 
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through the placenta, but it can also be protected by stable iodine taken by the mother. 

However, the risk of blocking the fetal thyroid function by a prolonged overload of stable 

iodine must be kept in mind, especially in areas with inherent dietary iodine deficiency. {K. 

Briggs note: The US diet is not normally iodine deficient due to common items such as 

“iodized salt”.} 

 

While there are physiological differences between the trimesters, outlined above, there is 

no need for a different policy of intervention, which would create substantial problems in 

practice. Throughout pregnancy, the number of stable iodine doses should be kept to the 

minimum needed to provide adequate protection against inhaled radioactive iodine. No 

negative consequences are to be expected after one or two doses of stable iodine. 

However, especially in areas with dietary iodine deficiency {see note in previous 

paragraph}, prolonged dosage could lead to maternal and/or fetal thyroid blockage, with 

possible consequences for fetal development. It is important, therefore, that this be 

avoided. To protect against ingestion of radioactive iodine, which would imply repeated 

doses of stable iodine, appropriate food control measures such as the provision of 

uncontaminated milk must be given priority. If stable iodine is given late in pregnancy, there 

is a need to monitor the newborn for thyroid function, but this would be met by routine 

screening programmes already in place in most countries. Pregnant women with active 

hyperthyroidism must not take stable iodine because of the risk of fetal thyroid blockage. 

 

Neonates 284 

 

Newborn infants are quite likely the critical group of concern when deciding on the 

implementation of stable iodine prophylaxis. In the first few days of life they are at special 

risk both of exposure from radioactive iodine and blocking of thyroid function by an 

overload of stable iodine. 

 

After birth, there is a dramatic increase in thyroid activity, lasting only a couple of days. The 

fraction of radioactive iodine intake that will be incorporated into the thyroid at this critical 

stage can be fourfold greater than for all other age groups. On the other hand, during this 

period the thyroid is especially sensitive to the functional blocking caused by an overload of 

stable iodine. The most critical period for developing thyroid blockage lasts for less than a 

week, even in the premature. Even transient hypothyroidism during the critical period of 

brain development can result in loss of intellectual capacity. The potential for harmful 

influence on neurointellectual development, however, was not confirmed in the Polish 

study. 

 
284 Source: Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, 1999, p. 10. 
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When indicated, stable iodine in the form of potassium iodide (KI) will be promptly given to 

all neonates. The dosage is critical. A single administration of 12.5 mg iodine (16 mg KI) 

should not be exceeded. If stable iodine is given, close follow-up is essential. KI solution 

should be readily available in maternity hospitals. This will enable prompt and exact dosage 

to the critical group of the newborn still on the ward. A few days later the sensitivity for 

blockage of thyroid function will have decreased and dosage may be performed at home, by 

dividing, crushing and suspending tablets in milk or water. In infants who have been 

administered stable iodine in the first weeks of life, TSH levels and, if indicated, T4 levels will 

be monitored and appropriate replacement therapy given. 

 

Infants, children and adolescents (1 month to 18 years) 285 

 

These groups are at high risk from exposure to radioactive iodine but at very low risk from 

stable iodine. The dose to the thyroid from radioactive iodine in a given situation will be 

higher in this group than in adults because of the smaller size of the gland, which is only 

partly compensated for by a smaller breathing volume. The highest dose from inhalation, up 

to threefold as compared to adults, will be in children around three years old. The dose 

from ingestion may be several times higher compared to adults, because of the generally 

high consumption of milk in relation to thyroid mass in this group. 

 

When intervention is decided upon, based on the emergency plans and predetermined 

operational intervention levels, stable iodine should promptly be given to all children. If 

intake of radioactive iodine through inhalation is prolonged, the recommended single stable 

iodine dose will be repeated daily. This would most probably cause no harm. However, in 

children showing skin reaction to the first dosage, the stable iodine administration should 

not be repeated. {K. Briggs caveat: please consult a doctor to determine the relative risks, 

especially if the skin rash is minor}. 

  

 
285 Extracted/derived from Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, ‘99, p. 10. 
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Table 46.  WHO recommended single dosage of stable iodine 286 

Age group  Mass of iodine   Mass of KI      Mass of KI03  

              mg               mg              mg   

-------------------------------------------------------------------------------------------------------------------  

Adults and            100             130              170   

adolescents 

(over 12 years)  

 

Children              50                      65               85  

(3—12 years) 

 

Infants              25        32               42  

(1 month to 3 years) 

 

Neonates            12.5         16                    21  

(birth to 1 month) 

------------------------------------------------------------------------------------------------------------------- 

 

In general, appropriate control of foodstuffs is to be given priority as the countermeasure 

against ingestion of radioactive iodine. In the exceptional case that this is not possible, or 

when it would lead to deficiency of essential nutrients such as milk, prophylaxis with daily 

doses of stable iodine can be continued for a few days, or even weeks, in this group, as 

necessary. 

 

Lactating mothers 

 

Iodine is actively transported to the milk. As much as 1/4 of the iodine taken by the mother 

may be secreted in the milk within 24 h. An excess of stable iodine can block the transport 

to a certain extent. However, if the infant is administered stable iodine, it will be protected 

from radioactive iodine in the milk for the next day. Therefore, stable iodine prophylaxis for 

lactating mothers can be decided upon by the same criteria as for other young adults, to 

protect the woman herself. Repeated dosage is to be avoided. {K. Briggs caveat: please 

consult a doctor to determine the relative risks of repeated dosage if the radiation threat 

continues}. 

  

 
286 Derived Table 2 in Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, ‘99, p. 11. {USDPI 

note: See After careful review of the data from Chernobyl relating estimated thyroid radiation dose and cancer risk 

in exposed children, FDA is revising its recommendation for administration of KI based on age, predicted thyroid 

exposure, and pregnancy and lactation status (see Table).  

Table 47 for the FDA’s new draft dosage guidelines, which are slightly different.}       
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Adults under 40 287 

 

In young adults, the risk of radiation induced thyroid cancer is low. On the other hand, the 

risk of serious side effects from a single dose of stable iodine is also low. Stable iodine as a 

single dose can be given to this group if intervention is decided upon. The dose criteria for 

intervention will in principle be significantly higher than for children. It will be important 

that contraindications (known iodine allergy, present or past thyroid disease of any kind, 

dermatitis herpetiformis, and hypocomplementaemic vasculitis) be taken into 

consideration. … 

Repeated administration of stable iodine for protection against ingested radioactive iodine 

is not indicated in this group, as the risk of side effects will be increased. Appropriate 

control of food may also be easier for adults than for children. Adults could, for example, 

completely abstain from drinking milk during the contamination period, without fear of 

nutritional effects. 

 

Adults over 40 288 

 

The risk of radiation induced thyroid cancer in this group is probably extremely low and may 

even be zero. The risk of side effects from stable iodine increases with increasing age as the 

incidence of thyroid diseases is higher. Stable iodine prophylaxis is not indicated for this 

group, unless doses to the thyroid from inhalation rise to levels threatening thyroid 

function, that is of the order of about 5 Gy. Such radiation doses will not occur far away 

from an accident site. 

As side effects from short-term stable iodine prophylaxis are now known to be minimal, the 

decision to plan for prophylaxis will depend mainly on the estimated social and economic 

costs. If predistribution of stable iodine to strategic sites has taken place and iodine tablets 

are readily accessible, the costs will be low. Nevertheless, consideration will need to be 

given to the psychosocial consequences of iodine prophylaxis, both in terms of the 

reassurance it may provide and any possible anxiety it may create among the population. 

 

The lifetime cancer risk for exposed children can be taken to be 1%/Gy … and the risk of 

severe side effects from a single administration of stable iodine to be 10 -7. Accordingly, a 

risk equals benefit analysis (ignoring other factors) in averting doses as small as 0.01 mGy. 

In practice, this means that the risk of severe side effects can be ignored when deciding on 

 
287 Derived from Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, ‘99, p. 12. 
288 This section extracted/derived from Guidelines for Iodine Prophylaxis following Nuclear Accidents, World 

Health Organization (WHO), 1999, pgs. 14 -19.  
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the intervention level. Minor side effects from stable iodine prophylaxis, such as skin rash or 

gastrointestinal complaint, constitute no major problem. … 

 

In view of the established relatively high risk of thyroid cancer among those exposed in 

childhood, planning for stable iodine prophylaxis for children should ideally be considered 

at 1/10th of the generic intervention level, that is at 10 mGy {or 1 Rad or 1 rem} avertable 

dose to the thyroid. This level is also appropriate for pregnant women. 

 

Even if an avertable dose were grossly overestimated in a real emergency, no significant 

health hazard would result from stable iodine administration. … 

 

It has not been possible to make a corresponding risk—benefit analysis for adults, as the 

carcinogenic effect from 131I in adults has not so far been confirmed. For young adults, 

however, in the light of the low frequency of severe side effects (10 -6) from single doses of 

stable iodine, prudence argues in favour of applying the generic intervention level given in 

the Basic Safety Standards. 

 

Stable iodine can be used either as potassium iodide (KI) or potassium iodate (KI03). KI is the 

preferred alternative, since K103 has the disadvantage of being a stronger intestinal irritant. 

There is no decisive difference in shelf life between KI03 and KI. If storage conditions are 

adequate, the expected shelf life of the tablets is at least 5 years.289 {K Briggs note: Studies 

have shown that if stored properly, iodine tablets can still be useable for decades.} 

 

As there is only limited time for implementation of prophylaxis, prompt availability of the 

tablets to individuals has to be ensured if they are to be at their most effective. In the 

vicinity of nuclear reactors, predistribution to households should be seriously considered {K. 

Briggs recommendation: predistribution should not only be considered, but encouraged}, 

taking into account plans for evacuation and sheltering, with provision for storage in places 

that can be controlled by the responsible authorities. Clear instructions should be issued 

with the tablets, and public awareness of the procedures should be monitored on a regular 

basis. Medical personnel likely to be consulted by the public should be provided with more 

detailed information.290 

 

At greater distances from the site of release there is likely to be more time for decision-

making. If predistribution to households is not considered feasible, stocks of stable iodine 

should be stored strategically at points that may include schools, hospitals, pharmacies, fire 

 
289 Derived from Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, ‘99, p. 17 
290 Derived from Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, ‘99, p. 18 
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stations, police stations and civil defence centers {K. Briggs note: the closest equivalent to 

civil defense centers in the U.S. are Red Cross shelters and other shelter space provided by 

the local, state, or national governments}. Widespread storage may be warranted at 

considerable distances from the potential accident site. Storage should preferably be at 

places where proper stock control is standard practice. Planning should consider the use of 

redundant distribution areas to minimize delays in implementing stable iodine prophylaxis. 

Due consideration should also be given to whether the benefits of stable iodine distribution 

outweigh the disadvantages associated with any additional exposure of responsible 

emergency personnel. 

 

National authorities are advised that, because of the benefits of stable iodine prophylaxis 

and the generally minimal risks of side effects, voluntary purchase of iodine tablets by the 

general public should be allowed. However, within the framework of the overall nuclear 

emergency plan, the responsibility for distribution of stable iodine and instructing the public 

on how to use it should still be clearly assigned to the appropriate authorities. 

 

For adequate suppression, the dosage scheme given in Table 46, which is based on a single 

dose for adults of 100 mg of iodine, is recommended.  

 

… The most sensitive group of the newborn, those less than 1 week old, should preferably 

have a more exact dosage. This can be achieved with KI solution freshly prepared from 

crystals. It is, therefore, recommended that maternity wards keep KI in storage in crystal 

form.  … 

 

The contraindications for use of stable iodine are: 291 

• past or present thyroid disease (e.g. active hyperthyroidism) 

• known iodine hypersensitivity 

• dermatitis herpetiformis 

• hypocomplementaemic vasculitis. 

 

These should be clearly stated on the labelling. 

 

To obtain full effectiveness of stable iodine for thyroidal blocking requires that it be 

administered shortly before exposure or as soon after as possible. However, iodine uptake 

is blocked by 50% even after a delay of several hours. 

 

 
291 Derived from Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, ‘99, p. 19.  
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In some circumstances stable iodine administration may also be practical in limiting the 

dose to the thyroid from ingested radioactive iodine, especially to children via the milk 

pathway where alternative sources cannot be found. In that case, a daily dose of stable 

iodine may be given for the time period needed to those children who show no adverse 

reaction. Repeated administrations should not be given to neonates, or to pregnant or 

lactating women.”292 

U.S. FDA’s guidance for Potassium Iodide (KI) use 

The preceding section described much of the work that the World Health Organization (WHO) 

and others have done related to the use of Potassium Iodide (KI) as a radioactive iodine-

blocking agent to help prevent thyroid cancer and disease in the aftermath of Chernobyl. The 

following sections provide some of the guidelines that the U.S. FDA has put on their website 

resulting from their review of the Chernobyl data and as a result of concerns of too high of 

doses for neonates and children.  

Warning about old FDA guidance for Potassium Iodide use 

Warning: The old FDA guidelines (prior to 2000) found in books like Nuclear War Survival Skills 

and included with some of the bottles of KI sold or distributed both now and in the past, 

contain too high of dosages of KI for children 12 and under, and especially for neonates and 

those under three years of age. The FDA’s new draft guidelines lower the recommended dosage 

for these groups along the same lines as what the WHO recommends.  

FDA:  Thyroid Cancers in the Aftermath of Chernobyl 293 

The Chernobyl reactor accident resulted in massive releases of 131I and other radioiodines. 

Beginning approximately 4 years after the accident, a sharp increase in the incidence of thyroid 

cancer among children and adolescents in Belarus and Ukraine (areas covered by the 

radioactive plume) was observed. In some regions, for the first 4 years of this striking increase, 

observed cases of thyroid cancer among children aged 0 through 4 years at the time of the 

accident exceeded expected number of cases by 30- to 60-fold. During the ensuing years, in the 

most heavily affected areas, incidence is as much as 100-fold compared to pre-Chernobyl rates 

(Robbins and Schneider 2000; Gavrilin et al., 1999; Likhtarev et al., 1993; Zvonova and Balonov 

1993). The majority of cases occurred in children who apparently received less than 30 cGy to 

the thyroid (Astakhova et al., 1998). A few cases occurred in children exposed to estimated 

doses of < 1 cGy; however, the uncertainty of these estimates confounded by medical radiation 

 
292 Derived from Guidelines for Iodine Prophylaxis following Nuclear Accidents, WHO, ‘99, p. 19 
293 Section quotes from:  

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm080542.pdf  

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm080542.pdf
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exposures leaves doubt as to the causal role of these doses of radioiodine (Souchkevitch and 

Tsyb 1996). 

The evidence, though indirect, that the increased incidence of thyroid cancer observed among 

persons exposed during childhood in the most heavily contaminated regions in Belarus, 

Ukraine, and the Russian Federation is related to exposure to iodine isotopes is, nevertheless, 

very strong (IARC 2001). We have concluded that the best dose-response information from 

Chernobyl shows a marked increase in risk of thyroid cancer in children with exposures of 5 cGy 

or greater (Astakhova et. al., 1998; Ivanov et al., 1999; Kazakov et al., 1992). Among children 

born more than nine months after the accident in areas traversed by the radioactive plume, the 

incidence of thyroid cancer has not exceeded pre-accident rates, consistent with the short half-

life of 131. 

The use of KI in Poland after the Chernobyl accident provides us with useful information 

regarding its safety and tolerability in the general population. Approximately 10.5 million 

children under age 16 and 7 million adults received at least one dose of KI. Of note, among 

newborns receiving single doses of 15 mg KI, 0.37 percent (12 of 3214) showed transient 

increases in TSH (thyroid stimulating hormone) and decreases in FT4 (free thyroxine). The side 

effects among adults and children were generally mild and not clinically significant. Side effects 

included gastrointestinal distress, which was reported more frequently in children (up to 2 

percent, felt to be due to bad taste of SSKI solution) and rash (~1 percent in children and 

adults). Two allergic reactions were observed in adults with known iodine sensitivity (Nauman 

and Wolff 1993). 

Thus, the studies following the Chernobyl accident support the etiologic role of relatively small 

doses of radioiodine in the dramatic increase in thyroid cancer among exposed children. 

Furthermore, it appears that the increased risk occurs with a relatively short latency. Finally, 

the Polish experience supports the use of KI as a safe and effective means by which to protect 

against thyroid cancer caused by internal thyroid irradiation from inhalation of contaminated 

air or ingestion of contaminated food and drink when exposure cannot be prevented by 

evacuation, sheltering, or food and milk control. 

FDA:  CONCLUSIONS AND RECOMMENDATIONS 294 

Use of KI in radiation emergencies: rationale, effectiveness, safety 

For the reasons discussed above, the Chernobyl data provide the most reliable information 

available to date on the relationship between internal thyroid radioactive dose and cancer risk. 

 
294 Quoted from: 

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm080542.pdf 
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They suggest that the risk of thyroid cancer is inversely related to age, and that, especially in 

young children, it may accrue at very low levels of radioiodine exposure. We have relied on the 

Chernobyl data to formulate our specific recommendations below. 

The effectiveness of KI as a specific blocker of thyroid radioiodine uptake is well established 

(Il’in LA, et al., 1972) as are the doses necessary for blocking uptake. As such, it is reasonable to 

conclude that KI will likewise be effective in reducing the risk of thyroid cancer in individuals or 

populations at risk for inhalation or ingestion of radioiodines. 

Short-term administration of KI at thyroid blocking doses is safe and, in general, more so in 

children than adults. The risks of stable iodine administration include sialadenitis (an 

inflammation of the salivary gland, of which no cases were reported in Poland among users 

after the Chernobyl accident), gastrointestinal disturbances, allergic reactions and minor 

rashes. In addition, persons with known iodine sensitivity should avoid KI, as should individuals 

with dermatitis herpetiformis and hypocomplementemic vasculitis, extremely rare conditions 

associated with an increased risk of iodine hypersensitivity. 

Thyroidal side effects of stable iodine include iodine-induced thyrotoxicosis, which is more 

common in older people and in iodine deficient areas but usually requires repeated doses of 

stable iodine. In addition, iodide goiter and hypothyroidism are potential side effects more 

common in iodine sufficient areas, but they require chronic high doses of stable iodine (Rubery 

1990). In light of the preceding, individuals with multinodular goiter, Graves’ disease, and 

autoimmune thyroiditis should be treated with caution, especially if dosing extends beyond a 

few days. The vast majority of such individuals will be adults.  

The transient hypothyroidism observed in 0.37 percent (12 of 3214) of neonates treated with KI 

in Poland after Chernobyl has been without reported sequelae to date. There is no question 

that the benefits of KI treatment to reduce the risk of thyroid cancer outweigh the risks of such 

treatment in neonates. Nevertheless, in light of the potential consequences of even transient 

hypothyroidism for intellectual development, we recommend that neonates (within the first 

month of life) treated with KI be monitored for this effect by measurement of TSH (and FT4, if 

indicated) and that thyroid hormone therapy be instituted in cases in which hypothyroidism 

develops (Bongers-Schokking 2000; Fisher 2000; Calaciura 1995). 

FDA:  KI use in radiation emergencies: treatment recommendations295 

 
295 Quoted from: 

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm080542.pdf 
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After careful review of the data from Chernobyl relating estimated thyroid radiation dose and 

cancer risk in exposed children, FDA is revising its recommendation for administration of KI 

based on age, predicted thyroid exposure, and pregnancy and lactation status (see Table).  

Table 47. FDA recommended dosage guidelines for Potassium Iodide (KI) 

Threshold Thyroid Radioactive Exposures and Recommended Doses of KI  

for Different Risk Groups 

 
Predicted Thyroid 

exposure(cGy) 
KI dose (mg) 

# of 130 mg 

tablets 

# of 65 mg 

tablets 

Adults over 40 yrs >500 

130 1 2 
Adults over 18-40 yrs >10 

Pregnant or lactating 

women 

> 5 

Adolesc. over  

12 - 18 yrs* 

65 1/2 1 

Children over 3 - 12 

yrs 

Over 1 month - 3 years 32 1/4 1/2 

Birth -1 month 16 1/8 1/4 

* Adolescents approaching adult size (> 70 kg296) should receive the full adult dose (130 mg) 

The protective effect of KI lasts approximately 24 hours. For optimal prophylaxis, KI should 

therefore be dosed daily, until a risk of significant exposure to radioiodines by either inhalation 

or ingestion no longer exists. Individuals intolerant of KI at protective doses, and neonates, 

pregnant and lactating women (in whom repeat administration of KI raises particular safety 

issues, see below) should be given priority with regard to other protective measures (i.e., 

sheltering, evacuation, and control of the food supply). 

Note that adults over 40 need take KI only in the case of a projected large internal radiation 

dose to the thyroid (>500 cGy) to prevent hypothyroidism. 

 
296 70 kg = 154 lbs 
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These recommendations are meant to provide states and local authorities as well as other 

agencies with the best current guidance on safe and effective use of KI to reduce thyroidal 

radioiodine exposure and thus the risk of thyroid cancer. FDA recognizes that, in the event of an 

emergency, some or all of the specific dosing recommendations may be very difficult to carry 

out given their complexity and the logistics of implementation of a program of KI distribution. 

The recommendations should therefore be interpreted with flexibility as necessary to allow 

optimally effective and safe dosing given the exigencies of any particular emergency situation. 

In this context, we offer the following critical general guidance: across populations at risk for 

radioiodine exposure, the overall benefits of KI far exceed the risks of overdosing, especially in 

children, though we continue to emphasize particular attention to dose in infants.  

These FDA recommendations differ from those put forward in the World Health Organization 

(WHO) 1999 guidelines for iodine prophylaxis in two ways. WHO recommends a 130-mg dose of 

KI for adults and adolescents (over 12 years). For the sake of logistical simplicity in the 

dispensing and administration of KI to children, FDA recommends a 65-mg dose as standard for 

all school-age children while allowing for the adult dose (130 mg, 2 X 65 mg tablets) in 

adolescents approaching adult size. The other difference lies in the threshold for predicted 

exposure of those up to 18 years of age and of pregnant or lactating women that should trigger 

KI prophylaxis. WHO recommends a threshold of 1 cGy for these two groups. As stated earlier, 

FDA has concluded from the Chernobyl data that the most reliable evidence supports a 

significant increase in the risk of childhood thyroid cancer at exposures of 5 cGy or greater. 

The downward KI dose adjustment by age group, based on body size considerations, adheres to 

the principle of minimum effective dose. The recommended standard dose of KI for all school 

age children is the same (65 mg). However, adolescents approaching adult size (i.e., >70 kg) 

should receive the full adult dose (130 mg) for maximal block of thyroid radioiodine uptake. 

Neonates ideally should receive the lowest dose (16 mg) of KI. Repeat dosing of KI should be 

avoided in the neonate to minimize the risk of hypothyroidism during that critical phase of 

brain development (Bongers-Schokking 2000; Calaciura et al., 1995). KI from tablets (either 

whole or fractions) or as fresh saturated KI solution may be diluted in milk, formula, or water 

and the appropriate volume administered to babies. As stated above, we recommend that 

neonates (within the first month of life) treated with KI be monitored for the potential 

development of hypothyroidism by measurement of TSH (and FT4, if indicated) and that thyroid 

hormone therapy be instituted in cases in which hypothyroidism develops (Bongers-Schokking 

2000; Fisher 2000; Calaciura et al., 1995) 

Pregnant women should be given KI for their own protection and for that of the fetus, as iodine 

(whether stable or radioactive) readily crosses the placenta. However, because of the risk of 

blocking fetal thyroid function with excess stable iodine, repeat dosing with KI of pregnant 

women should be avoided. Lactating females should be administered KI for their own 
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protection, as for other young adults, and potentially to reduce the radioiodine content of the 

breast milk, but not as a means to deliver KI to infants, who should get their KI directly. As for 

direct administration of KI, stable iodine as a component of breast milk may also pose a risk of 

hypothyroidism in nursing neonates. Therefore, repeat dosing with KI should be avoided in the 

lactating mother, except during continuing severe contamination. If repeat dosing of the 

mother is necessary, the nursing neonate should be monitored as recommended above. 

FDA:  ADDITIONAL CONSIDERATIONS IN PROPHYLAXIS AGAINST THYROID RADIOIODINE 

EXPOSURE 297 

Certain principles should guide emergency planning and implementation of KI prophylaxis in 

the event of a radiation emergency. After the Chernobyl accident, across the affected 

populations, thyroid radiation exposures occurred largely due to consumption of contaminated 

fresh cow’s milk (this contamination was the result of milk cows grazing on fields affected by 

radioactive fallout) and to a much lesser extent by consumption of contaminated vegetables. In 

this or similar accidents, for those residing in the immediate area of the accident or otherwise 

directly exposed to the radioactive plume, inhalation of radioiodines may be a significant 

contributor to individual and population exposures. As a practical matter, it may not be possible 

to assess the risk of thyroid exposure from inhaled radioiodines at the time of the emergency. 

The risk depends on factors such as the magnitude and rate of the radioiodine release, wind 

direction and other atmospheric conditions, and thus may affect people both near to and far 

from the accident site.  

For optimal protection against inhaled radioiodines, KI should be administered before or 

immediately coincident with passage of the radioactive cloud, though KI may still have a 

substantial protective effect even if taken 3 or 4 hours after exposure. Furthermore, if the 

release of radioiodines into the atmosphere is protracted, then, of course, even delayed 

administration may reap benefits by reducing, if incompletely, the total radiation dose to the 

thyroid. 

Prevention of thyroid uptake of ingested radioiodines, once the plume has passed and radiation 

protection measures (including KI) are in place, is best accomplished by food control measures 

and not by repeated administration of KI. Because of radioactive decay, grain products and 

canned milk or vegetables from sources affected by radioactive fallout, if stored for weeks to 

months after production, pose no radiation risk. Thus, late KI prophylaxis at the time of 

consumption is not required.  

 
297 Quoted: www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm080542.pdf 
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As time is of the essence in optimal prophylaxis with KI, timely administration to the public is a 

critical consideration in planning the emergency response to a radiation accident and requires a 

ready supply of KI. State and local governments choosing to incorporate KI into their emergency 

response plans may consider the option of predistribution of KI to those individuals who do not 

have a medical condition precluding its use.  

FDA:  SUMMARY 298 

FDA maintains that KI is a safe and effective means by which to prevent radioiodine uptake by 

the thyroid gland, under certain specified conditions of use, and thereby obviate the risk of 

thyroid cancer in the event of a radiation emergency. Based upon review of the literature, we 

have proposed lower radioactive exposure thresholds for KI prophylaxis as well as lower doses 

of KI for neonates, infants, and children than we recommended in 1982. As in our 1982 notice 

in the Federal Register, FDA continues to recommend that radiation emergency response plans 

include provisions, in the event of a radiation emergency, for informing the public about the 

magnitude of the radiation hazard, about the manner of use of KI and its potential benefits and 

risks, and for medical contact, reporting, and assistance systems. FDA also emphasizes that 

emergency response plans and any systems for ensuring availability of KI to the public should 

recognize the critical importance of KI administration in advance of exposure to radioiodine. As 

in the past, FDA continues to work in an ongoing fashion with manufacturers of KI to ensure 

that high-quality, safe, and effective KI products are available for purchase by consumers as 

well as by state and local governments wishing to establish stores for emergency distribution. 

KI provides protection only for the thyroid from radioiodines. It has no impact on the uptake by 

the body of other radioactive materials and provides no protection against external irradiation 

of any kind. FDA emphasizes that the use of KI should be as an adjunct to evacuation (itself not 

always feasible), sheltering, and control of foodstuffs. 

Agriculture is vulnerable for thousands of miles  

A seventh key lesson from the Chernobyl disaster is that farming is vulnerable to the effects of a 

major nuclear accident hundreds, even thousands, of miles away from the site. Countries as far 

away as Greece, France, Italy, Sweden, Austria, Poland and Hungary destroyed large quantities 

of milk and/or vegetables that were dangerously radiated by fallout from Chernobyl. In 

addition, certain meat products, especially reindeer and/or lamb, from countries like Sweden, 

the United Kingdom, Germany, and other parts of Europe had to be destroyed due to high 

levels of contamination. 299   

 
298 Quoted from: 

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm080542.pdf 
299 The Legacy of Chernobyl, Zhores Medvedev, W. W. Norton & Co., 1992, p. 104.  
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The Codex Alimentarius Commission developed international standards for radionuclide 

contamination to be applied to food moving in international trade. See Table 48 for more 

details on the levels considered generally acceptable in international trade agreements. Many 

countries have adopted these in their national legislation, not least because internationally 

recognized intervention levels help to maintain credibility, confidence, and trust in national 

authorities and prevent anomalies that might otherwise occur along borders of neighboring 

countries. 300 

The levels are based on a number of conservative assumptions in order to be confident that 

there will be essentially no effect over a lifetime of exposure. Hence, if alternative food is not 

available, higher values would be acceptable in the short term. On the other hand, lower levels 

may be appropriate, for example if external radiation makes a high contribution to the total 

dose. 

 
300 Excerpted and derived from information made available by the IAEA website at: 

www.iaea.or.at/worldatom/inforesource/bulletin/bull383/richards.html 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

289 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Table 48. International Levels Allowed for Radiation in Food 301 

Dose per unit 

intake factor 

Representative 

radionuclides 

Level 

(Bq/kg) 

Foods 

destined for 

general 

consumption 

10-6 Americium-241, Plutonium-239 10 

10-7 Strontium-90 100 

10-8 Iodine-131, Caesium-134, Caesium-137 1000 

Milk and 

infant foods 

10-5 Americium-241, Plutonium-239 1 

10-7 Iodine-131, Strontium-90 100 

10-8 Caesium-134, Caesium-137 1000 

Notes: These levels are designed to be applied only to radionuclides contaminating food 

moving in international trade following an accident and not to naturally occurring 

radionuclides that have always been present in the diet. The Codex Alimentarius Guideline 

Levels remain applicable for one year following a nuclear accident. By an accident is meant a 

situation where the uncontrolled release of radionuclides to the environment results in the 

contamination of food offered in international trade. 

Guidelines for agricultural and game countermeasures 302 

The Chernobyl accident stimulated considerable scientific research on ways to protect 

agricultural products. Many protective measures can be taken before and during deposition of 

radioactive fallout to greatly reduce damage to crops and livestock, such as housing animals 

and covering feed/food stores. Given adequate warning, it may be possible to harvest a crop 

(grass, grain, cash crop) before deposition occurs.  

Countermeasures applied during the first few weeks after deposition are concerned particularly 

with reducing exposure from short-lived radionuclides such as iodine-131. Thus, crops may be 

harvested and stored, or harvesting may be delayed, to allow for radioactive decay before 

 
301 From the IAEA site at: www.iaea.or.at/worldatom/inforesource/bulletin/bull383/box3.html 
302 This section is excerpted and derived from information made available by the IAEA at their website at: 

www.iaea.or.at/worldatom/inforesource/bulletin/bull383/richards.html 
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consumption. Similarly, milk contaminated with iodine-131 can be converted to storable 

products (e.g. milk powder, cheese).  

Once radioactive contamination is distributed through the biosphere, a wider range of 

countermeasures needs to come into play that takes into consideration the transfer of the 

relevant radionuclides from soils into the food chain. For example, since mineral uptake by 

plants is related to the total available and relative abundance of their different ions, the 

application of high levels of potassium fertilizer can reduce radiocesium uptake; and liming, by 

increasing calcium levels can reduce radiostrontium uptake. Sometimes it is possible to use 

alternative crops or varieties that accumulate lower levels of radionuclides than those normally 

grown in a region - for example, cereals in place of leafy vegetables and pasture. Another 

possibility is to grow crops such as sugar beet or oilseed rape where the edible product is 

processed and contamination reduced. In order to maintain some form of agriculture wherever 

possible, the production of non-food crops such as flax and cotton for fiber, oilseed for 

lubricants or biofuel, and ornamental plants must be considered. Finally, burying the 

contaminated surface of the land by deep plowing can be an effective procedure for large farms 

provided the proper ploughs are available.  

Contamination of animal products can be reduced most effectively by limiting their intake of 

radionuclides or reducing their absorption. Feeding uncontaminated stored feedstuffs is an 

example of the first category while the use of Prussian Blue (discussed in the next section) is an 

example of the latter. In the case of meat-producing animals, feeding uncontaminated feed 

may only be necessary close to the time of slaughter since the biological half-life of 

radiocesium, for example, is of the order of two to four weeks depending on the species. Ideally 

this should be supplemented by monitoring live animals in the slaughterhouse or at the farm to 

identify those that require a further period of feeding with uncontaminated feed. With game 

animals, changing the hunting season may be effective where the animals have seasonal 

feeding habits. For example, mushrooms and lichens, which can be highly contaminated, are 

frequently most abundant in the autumn, so animals should not be hunted during this period.  

These are merely examples of countermeasures; there are many more possibilities. However, 

decisions on whether to apply countermeasures and which ones are appropriate require 

information about the nature and extent of radioactive contamination.  

Reducing radiocesium in milk and meat products 303 

The application of many different countermeasures in Belarus, Ukraine, and western Russia 

following the Chernobyl accident led to a significant reduction in radiocesium contamination of 

 
303 This section is excerpted and derived from information made available by the IAEA at their excellent website at: 

www.iaea.or.at/worldatom/inforesource/bulletin/bull383/richards.html 
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milk and meat produced on State and collective farms. However, many of the countermeasures 

were difficult to apply by small-scale farmers for economic reasons. In 1990 up to 50,000 dairy 

cows were still producing milk that exceeded temporary permissible levels, or TPLs, (111 Bq/L in 

Belarus; 370 Bq/L in Ukraine and Russia). Therefore, an alternative approach was required 

which was simple, effective, and cheap.  

A project sponsored by the Norwegian Government developed a countermeasure to lower the 

levels of radiocesium in both domesticated and game ruminants using a mixture of compounds 

known as "Prussian Blue" (PB). Executed through the United Nations, the project involved the 

Norwegian Agricultural University and Radiation Hygiene Institute, the Ukrainian Research 

Institute of Agricultural Radiology in Kiev, the Belarussian Branch of the All-Union Institute of 

Agricultural Radiology in Obninsk, and Queen's University, Belfast. The IAEA's Seibersdorf 

Laboratories, the Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, and 

the IAEA's Division of Nuclear Safety provided co-ordination, expert services, equipment, and 

materials to the major counterpart institutes in three countries for conducting trials in the 

worst affected villages.  

Successful trials were conducted in 1990-92 involving over 3,000 cows in 21 settlements in 

Belarus, 10,000 cows in 54 settlements in the Ukraine, and an unspecified number of cattle in 

villages in Russia. Thereafter, each State's Minister of Agriculture authorized the widespread 

use of PB in livestock for reducing the content of caesium-137 in milk and meat.  

The term "Prussian Blue" refers to a number of ferric hexacyano ferrates; ammonium ferric 

cyanoferrate (or AFCF) is perhaps the most commonly used cesium-binding compound. Given 

as a bolus into the rumen 304, in compounded concentrate feed, in salt licks, or simply sprinkled 

on the diet, AFCF reacts with consumed radiocesium in the intestine to form a complex that is 

eliminated in the dung instead of passing into the animal's blood stream. The PB bound 

radiocesium in dung is only slowly available to plants. Depending on the dose and type of PB 

compound given, radiocesium reductions of two to eight times can be achieved in milk and 

meat from cattle grazing contaminated fodder. This significantly reduces the internal dose to 

the human consumer and is often enough to allow village communities to remain in 

contaminated areas. As a result, the need to translocate whole communities, with its attendant 

traumas, has been curtailed and huge costs have been averted. Not surprisingly, the benefits of 

employing PB compounds have been greatly welcomed by farmers and government alike.  

 
304 Bolus refers to a mass of food or medicine that is usually soft and roundish. Rumen refers to the first division of 

the stomach of an animal like a cow where the food is first deposited after swallowing and then is later returned to 

the mouth for additional chewing.  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

292 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

While successful countermeasures have been applied on state and collective farms and 

foodstuffs with acceptably low radionuclide content are now grown on previously 

contaminated land, public acceptance of "clean" foods coming from these areas is still a 

problem. The Belarussian and Ukrainian authorities are thus anxious to use this land in other 

ways. Through its joint program with Food and Agricultural Organization, the IAEA's Technical 

Co-operation Department is currently supporting a project in Belarus to investigate the 

potential of oil seed crops (primarily rapeseed) as an alternative crop. Initial research indicates 

that oil produced from certain varieties of rapeseed on land with radiocesium levels of 15-40 

Ci/km2 is devoid of the radionuclide (and radiostrontium); the contamination is restricted to the 

straw and residual oil seed meal. The Belarus authorities sowed about 20,000 hectares of 

contaminated land with rapeseed in 1995 and intend refining the oil into lubricants that 

currently have to be imported. Should the project be successful, the land area sown will be 

expanded two- to threefold for lubricant production.  

IAEA assistance is also being given to Ukraine to improve the skills and facilities for the 

measurement, control, and consequently the reduction of radionuclides in foodstuffs. The 

program is based on the Ovruch Milk Canning Integrated Works that processes 200-500 tons of 

milk per day, much of it from farms within the Chernobyl contaminated zone. The United States 

government is currently providing additional resources to assess a commercial magnetic 

separation system for decontaminating liquid milk.  
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Table 49. Summary of benefits of using Prussian Blue compounds 305 

Benefit Comment 

Individual dose reduction Overall reduction of about 60% (probably more than 80% in areas 

where the uptake factor from soil to grass is particularly high)  

Collective dose Perhaps a few hundred man Sv (1 Sievert = .01 rem); relatively 

small because of the extremely low TPLs being used in the CIS. 

Nevertheless it is cost effective. 306 

Additional milk production An additional 50 million liters of milk per annum would meet TPLs 

without the need for distribution of "clean" feed and milk.  

Clean feed needed for milk 

production 

The time needed for "clean feeding" could be reduced by 40-50 

days, resulting in a reduction by a factor of 5 of the area of "clean" 

pasture needed. 

Social/psychological Some 50,000 farmers could return to traditional farming practices 

with a corresponding increase in their sense of well-being and 

improvement in their quality of life. Many farmers destined for 

translocation would no longer have to move.  

Compensation The number of individuals receiving compensation for exceeding 

an annual criterion could be reduced by approximately 50%. 

 

Applying Chernobyl’s Agricultural Lessons Learned 307 

A range of agricultural countermeasures is currently available to reduce the impact of 

radiocesium contamination in the food chain (as described in the previous section). The same 

cannot be said for radiostrontium contamination. Considerable laboratory and field research 

and development are required to improve the situation. For example, a number of materials 

have been proposed for selectively absorbing/adsorbing strontium in foodstuffs but none can 

yet be recommended unequivocally because data are inadequate. Alternative approaches, such 

 
305 This table is excerpted and derived from information made available by the IAEA at their excellent website at: 

www.iaea.or.at/worldatom/inforesource/bulletin/bull383/richards.html 
306 TPL = temporary permissible levels; CIS = Commonwealth of Independent States (former Soviet Union).  
307 This section is excerpted and derived from information made available by the International Atomic Energy 

Agency (IAEA) at: www.iaea.or.at/worldatom/inforesource/bulletin/bull383/richards.html 
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as filters and magnetic separators for liquid food products, are currently available commercially 

although they have not been evaluated critically under the conditions prevailing in the 

contaminated regions.  

To conclude, the Chernobyl accident highlighted the need to develop a set of agricultural 

countermeasures ready for immediate application in the event of a nuclear accident. Lessons 

have been learned on the usefulness of many countermeasures and the infrastructures needed 

to implement them. Work remains to be done to ensure that these lessons are applied.  

Did Chernobyl’s radiation threaten the U.S. public? 308 

The dangers from trans-Pacific fallout produced by peacetime nuclear accidents are not nearly 

as serious as many Americans have been led to believe. For example, the Chernobyl nuclear 

power reactor accident injected as much radioactive iodine into the atmosphere as would the 

explosions of several kiloton-range nuclear weapons totaling perhaps as much as half a 

megaton in explosive power. But not nearly as much of the radioactivity caused by this reactor 

accident reached the United States as would reach us from several nuclear explosions in the 

same area, capable of injecting an equal amount of radioactivity into the atmosphere, because: 

• The cloud from the steam explosion that blew off the roof and otherwise damaged the 

Chernobyl reactor building, may have risen quite soon to 20,000 feet or more and was 

partially blown eastward clear across Asia and the Pacific Ocean. However, the top of the 

radioactive smoke cloud over the Chernobyl power plant, that burned for days, rose only 

about 3,000 feet above the ground. As a result, much of the airborne Chernobyl radiation 

stayed at relatively low altitudes where scavenging (removal) of smoke and fallout particles 

and gasses is most effective and rapid, due to aggregation on cloud droplets, rain-out, and 

dry deposition. In contrast, almost all of the fallout particles and radioactive gasses from a 

nuclear explosion are injected much higher, to altitudes where scavenging is less effective; 

there, the generally prevailing west-to-east winds promptly start transporting very small 

particles and radioactive gasses (that originate in the mid-latitudes of the northern 

hemisphere) around the world. 

• Variable winds for days carried much of the Chernobyl radioactive material northward to 

Scandinavian countries, then westward and southward to other European countries. The 

resultant wide dispersal of this fallout allowed time for both scavenging and radioactive 

decay before a small fraction of these invisible radioactive clouds rose and also were blown 

 
308 This boxed subsection is quoted from the book, Nuclear War Survival Skills, 1987 Edition, pgs. 153 – 154, and 

includes the following copyright notice: “Copyright © 1986 by Cresson H. Kearny. The copyrighted material may 

be reproduced without obtaining permission from anyone, provided: (1) all copyrighted material is reproduced full-

scale (except for microfiche reproductions), and (2) the part of this copyright notice within quotation marks is 

printed along with the copyrighted material.”  
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The Chernobyl #4 reactor’s deteriorating concrete 

sarcophagus.  

Courtesy INSP Resource Center, DOE 

eastward by the prevailing high-altitude winds. These west winds carried an extremely small 

fraction of the radioactive emissions from the burning Chernobyl plant clear across Asia and 

the Pacific to America. … 

The public’s exaggerated fears of extremely small amounts of radiation also are worsened by 

the media’s use without explanations of very small units of radiation measurement, including 

the picocurie. (The picocurie is used to express the radioactive contamination of milk, water, 

etc., and is only one millionth of a millionth [1/1,000,000,000,000] of a curie.) One episode in 

which fears of radiation were thus worsened occurred shortly after the invisible fallout cloud 

from the Chernobyl disaster first reached the United States. Some listeners were frightened 

when a radio announcer merely stated that milk samples in northwest Oregon showed 118 

picocuries per liter of radioactive iodine. Few Americans know that they will not be advised to 

stop using fresh milk unless its contamination is 15,000 picocuries or more per liter – as 

specified in the Food and Drug Administration’s official, very cautious “Protective Action 

Guidance”, published in the Federal Register of October 22, 1982. 

The maximum measured radioactive contamination of milk in the United States by iodine-131 

from the Chernobyl disaster was in milk produced by cows grazing on pasture in Washington: 

560 picocuries per liter. 

Updated Chernobyl situation 

After the 1986 Chernobyl plant explosions 

and immediate radiation materials clean-up 

work, the Soviets used thousands of workers 

to rapidly build a massive concrete structure 

to entomb the reactor. This structure, called 

the Sarcophagus, was completed by 

November of 1986. 309  

Among the sarcophagus concerns are the 

large holes and cracks that developed, which 

allowed rain and animals to enter and 

radioactive dust to escape, and the possible 

collapse of structures, which could cause an 

additional release of radioactive material, 

mainly as dust.  

 
309 The Chernobyl Accident and Its Consequences, Nuclear Energy Institute, July 1999, see www.nei.org. 

http://www.nei.org/
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A “New Safe Confinement” was to have been built nearly a decade ago; however, it has 

suffered many delays and now is expected to be completed by 2016, the end of the 30-year 

lifespan of the sarcophagus. The New Safe Confinement is being built next to the existing 

sarcophagus and will reportedly be slid into place on rails and will cover both Unit 4 and the 

current sarcophagus.310  The Shelter Implementation Program (SIP) will structurally stabilize the 

existing sarcophagus and build the New Safe Confinement (see graphic below). 311  A great 

Internet video about the SIP is at: https://www.youtube.com/watch?v=rAG-kvt5-m0 . 

 

A recent summary of some of the consequences of Chernobyl, according to the U.S. National 

Institutes of Health (NIH) states:   

“Nearly 25 years after the accident at the Chernobyl nuclear power plant in Ukraine, 

exposure to radioactive iodine-131 (I-131, a radioactive isotope) from fallout may be 

responsible for thyroid cancers that are still occurring among people who lived in the 

Chernobyl area and were children or adolescents at the time of the accident, researchers 

say. 

An international team of researchers led by the National Cancer Institute (NCI), part of 

the National Institutes of Health found a clear dose-response relationship, in which 

higher absorption of radiation from I-131 led to an increased risk for thyroid cancer that 

has not seemed to diminish over time.  

The study, which represents the first prospective examination of thyroid cancer risk in 

relation to the I-131 doses received by Chernobyl-area children and adolescents, 

appeared March 17, 2011, in the journal Environmental Health Perspectives.” 

The NIH website on the Chernobyl accident summarized additional consequences as follows (as 

of 2014):  

 
310 http://en.wikipedia.org/wiki/Chernobyl_disaster#Containment_of_the_reactor  
311 http://chernobyl.cancer.gov/about_accident.html  

https://www.youtube.com/watch?v=rAG-kvt5-m0
http://en.wikipedia.org/wiki/Chernobyl_disaster#Containment_of_the_reactor
http://chernobyl.cancer.gov/about_accident.html
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The accident caused more than 28 short-term deaths from radiation burns and exposure. 

Four thousand cases of thyroid cancer, including 15 thyroid cancer deaths, resulted, as of 

2005, with several thousands more expected to develop among people who were 

children when the accident occurred. The accident resulted in the evacuation of about 

360,000 people from contaminated regions of Belarus, Ukraine and Russia (115,000 in 

1986 with subsequent relocation of 220,000 after 1990).312 

The U.S. Nuclear Regulatory Commission (NRC) summarized the health effects as follows: 

The Chernobyl accident’s severe radiation effects killed 28 of the site’s 600 workers in the 

first four months after the event. Another 106 workers received high enough doses to 

cause acute radiation sickness. Two workers died within hours of the reactor explosion 

from non-radiological causes. Another 200,000 cleanup workers in 1986 and 1987 

received doses of between 1 and 100 rem (The average annual radiation dose for a U.S. 

citizen is about .6 rem). Chernobyl cleanup activities eventually required about 600,000 

workers, although only a small fraction of these workers were exposed to elevated levels 

of radiation. Government agencies continue to monitor cleanup and recovery workers’ 

health. (UNSCEAR 2008, pg. 47, 58, 107, and 119) 

The Chernobyl accident contaminated wide areas of Belarus, the Russian Federation, and 

Ukraine inhabited by millions of residents. Agencies such as the World Health 

Organization have been concerned about radiation exposure to people evacuated from 

these areas. The majority of the five million residents living in contaminated areas, 

however, received very small radiation doses comparable to natural background levels 

(0.1 rem per year). (UNSCEAR 2008, pg. 124-25) Today the available evidence does not 

strongly connect the accident to radiation-induced increases of leukemia or solid cancer, 

other than thyroid cancer. Many children and adolescents in the area in 1986 drank milk 

contaminated with radioactive iodine, which delivered substantial doses to their thyroid 

glands. To date, about 6,000 thyroid cancer cases have been detected among these 

children. Ninety-nine percent of these children were successfully treated; 15 children and 

adolescents in the three countries died from thyroid cancer by 2005. The available 

evidence does not show any effect on the number of adverse pregnancy outcomes, 

delivery complications, stillbirths or overall health of children among the families living in 

the most contaminated areas. (UNSCEAR 2008, pg. 65)  

Experts conclude some cancer deaths may eventually be attributed to Chernobyl over the 

lifetime of the emergency workers, evacuees and residents living in the most 

 
312 http://chernobyl.cancer.gov/about_accident.html  

http://chernobyl.cancer.gov/about_accident.html
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contaminated areas. These health effects are far lower than initial speculations of tens 

of thousands of radiation-related deaths. 

There were four reactors at Chernobyl: Unit 4 reactor was destroyed in the 1986 accident; Unit 

2 reactor was shut down five years later, after a serious turbine building fire; Unit 1 was closed 

in November 1996. The last operating Chernobyl reactor, Unit 3, was closed December 15, 

2000. 313 

Excellent additional information regarding the Chernobyl accident can be found at: 

http://www.irsn.fr/EN/publications/thematic-safety/chernobyl/Pages/overview.aspx   

The Fukushima incident summarized 314 

On March 11, 2011, the 9.0 Great East Japan Earthquake occurred at a depth of approximately 

25 kilometers (15 miles),  130 kilometers (81 miles) east of Sendai and 372 kilometers (231 

miles) northeast of Tokyo  off the coast of Honshu Island. This earthquake resulted in the 

automatic shutdown of 11 nuclear power plants at four sites along the northeast coast of Japan 

(Onagawa 1, 2, and 3; Fukushima Dai-ichi 1, 2, and 3; Fukushima Dai-ni 1, 2, 3, and 4; and Tokai 

2). The earthquake precipitated a large tsunami that is estimated to have exceeded 14 meters 

(45 feet) in height at the Fukushima Dai-ichi Nuclear Power Plant site. The earthquake and 

tsunami produced widespread devastation across northeastern Japan, resulting in 

approximately 25,000 people dead or missing, displacing many tens of thousands of people, 

and significantly impacting the infrastructure and industry in the northeastern coastal areas of 

Japan. 

An excellent video that explains what happened to each of the Fukushima reactors can be 

found at:  https://www.youtube.com/watch?v=JMaEjEWL6PU .   It provides some outstanding 

graphics related to the reactors and spent fuel pools. 

 
313 NRC Factsheet, The Accident at the Chernobyl Nuclear Power Plant, December 2000, 

www.nrc.gov/OPA/gmo/tip/fschernobyl.html 
314 Subsection derived/quoted from: “Enhancing Reactor Safety in the 21st Century”, U.S. Nuclear Regulatory 

Commission, JULY 12, 2011. 

http://www.irsn.fr/EN/publications/thematic-safety/chernobyl/Pages/overview.aspx
https://www.youtube.com/watch?v=JMaEjEWL6PU
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Source:  Enhancing Reactor Safety in the 21st Century, U.S. Nuclear Regulatory Commission, JULY 12, 2011, p. 8. 
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On March 11, 2011, Units 1, 2, and 3 were in operation, and Units 4, 5, and 6, were shut down 

for routine refueling and maintenance activities; the Unit 4 reactor fuel was offloaded to the 

Unit 4 spent fuel pool.  

As a result of the earthquake, all of the operating units appeared to experience a normal 

reactor trip within the capability of the safety design of the plants. The three operating units at 

Fukushima Dai-ichi automatically shut down, apparently inserting all control rods into the 

reactor. As a result of the earthquake, offsite power was lost to the entire facility. The 

emergency diesel generators started at all six units providing alternating current (ac) electrical 

power to critical systems at each unit, and the facility response to the seismic event appears to 

have been normal. 

Approximately 40 minutes following the earthquake and shutdown of the operating units, the 

first large tsunami wave inundated the site followed by multiple additional waves. The 

estimated height of the tsunami exceeded the site design protection from tsunamis by 

approximately 8 meters (27 feet). The tsunami resulted in extensive damage to site facilities 

and a complete loss of ac electrical power at Units 1 through 5, a condition known as station 

blackout (SBO). Unit 6 retained the function of one of the diesel generators. 

The operators were faced with a catastrophic, unprecedented emergency situation. They had to 

work in nearly total darkness with very limited instrumentation and control systems. The 

operators were able to successfully cross-tie the single operating Unit 6 air-cooled diesel 

generator to provide sufficient ac electrical power for Units 5 and 6 to place and maintain those 

units in a safe shutdown condition, eventually achieving and maintaining cold shutdown. 

Despite the actions of the operators following the earthquake and tsunami, cooling was lost to 

the fuel in the Unit 1 reactor after several hours, the Unit 2 reactor after about 71 hours, and 

the Unit 3 reactor after about 36 hours, resulting in damage to the nuclear fuel shortly after the 

loss of cooling. Without ac power, the plants were likely relying on batteries and turbine-driven 

and diesel-driven pumps. The operators were likely implementing their severe accident 

management program to maintain core cooling functions well beyond the normal capacity of 

the station batteries. Without the response of offsite assistance, which appears to have been 

hampered by the devastation in the area, among other factors, each unit eventually lost the 

capability to further extend cooling of the reactor cores. 

The current condition of the Unit 1, 2, and 3 reactors is relatively static, but those units have yet 

to achieve a stable, cold shutdown condition. Units 1, 2, 3, and 4 also experienced explosions 

further damaging the facilities and primary and secondary containment structures. The Unit 1, 

2, and 3 explosions were caused by the buildup of hydrogen gas within primary containment 

produced during fuel damage in the reactor and subsequent movement of that hydrogen gas 
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from the drywell into the secondary containment. The source of the explosive gases causing the 

Unit 4 explosion remains unclear. In addition, the operators were unable to monitor the 

condition of and restore normal cooling flow to the Unit 1, 2, 3, and 4 spent fuel pools. 

Below is a sequence of events early in the accident for the six Fukushima Dai-ichi reactors. Only 

information from the Japanese utility and official Japanese Government sources, including the 

“Report of the Japanese Government to the IAEA Ministerial Conference on Nuclear Safety,” is 

included. More detail is expected to emerge as recovery from the accident continues and 

access to various locations, facilities, data, and staff improves. This sequence of events provides 

only the level of detail necessary for the near-term assessment of insights and the 

recommendation of actions for consideration at U.S. nuclear facilities. When available, times 

indicated are in Japan standard time. 

Source:  Enhancing Reactor Safety in the 21st Century, U.S. Nuclear Regulatory Commission, JULY 12, 2011 
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Source:  Enhancing Reactor Safety in the 21st Century, U.S. Nuclear Regulatory Commission, JULY 12, 2011 
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Source:  Enhancing Reactor Safety in the 21st Century, U.S. Nuclear Regulatory Commission, JULY 12, 2011 

Some lessons learned from Fukushima that apply to U.S. nuclear power plants 
315 

Some key lessons learned from the Fukushima plant accident are applicable to U.S. nuclear 

power plants.  The U.S. Nuclear Regulatory Commission (NRC) Task Force found that: 

• Seismically induced fires are frequent after earthquakes in urban areas. Seismic events 

have also resulted in fires at nuclear power plants. Seismically induced fires have the 

 
315 Derived/quoted from: “Enhancing Reactor Safety in the 21st Century”, U.S. Nuclear Regulatory Commission, 

JULY 12, 2011 
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potential to cause multiple failures of safety-related systems and could create fires in 

multiple locations at the site. Fire protection systems are not required to be functional 

after a seismic event; therefore, efforts to fight seismically induced fires may be 

impaired by degraded fire protection equipment. A seismic event may also impede 

offsite fire crews from reaching the site, further challenging the capability to respond to 

such an event. 

• With regard to flooding hazards, the assumptions and factors that were considered in 

flood protection at operating plants vary. In some cases, the design basis does not 

consider the probable maximum flood (PMF). In other cases, the PMF is calculated 

differently at units collocated at the same site, depending on the time of licensing, 

resulting in different design-basis flood protection. The Task Force has observed that 

some plants have an overreliance on operator actions and temporary flood mitigation 

measures such as sandbagging, temporary flood walls and barriers, and portable 

equipment to perform safety functions. In addition, potential dam failures have been 

addressed inconsistently in the establishment of the design-basis flood. In some cases, 

emphasis was placed on dam failures coincident with seismic events, while other 

mechanisms for dam failures were not fully considered. Lastly, while tsunami hazards 

are not expected to be the limiting flood hazard for operating plants sited on the 

Atlantic Ocean and the Gulf of Mexico, plants in these coastal regions do not currently 

include an analysis of tsunami hazards in their licensing basis. Tsunami hazards have 

been considered in the design basis for operating plants sited on the Pacific Ocean. The 

Task Force concluded that flooding risks are of concern due to a “cliff-edge” effect, in 

that the safety consequences of a flooding event may increase sharply with a small 

increase in the flooding level. 

• Alternating current (AC) electrical power is critically important to the safety of nuclear 

power plants. Many of the SSCs intended to cool the nuclear fuel in the reactor and in 

the spent fuel pools, to maintain radioactive containment systems, and to provide 

ventilation systems to minimize release of radioactive materials rely on ac power. These 

systems depend on electrical power to drive pumps, fans, and compressors, operate 

instrumentation and control systems, and run motors to open and close valves and 

dampers. For these reasons, the loss of all AC power both onsite and offsite, as occurred 

at Fukushima, is highly significant. 

• In addition, critical instrumentation and control systems typically depend on the 

availability of direct current (DC) electrical power at the facility. During a prolonged SBO, 

when ac power would not be available and the battery banks become depleted, 

functional failure would occur for nearly all instrumentation and control systems for 
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monitoring critical parameters and operating critical systems that ensure the integrity of 

the fuel in the reactor and spent fuel pools and maintaining containment structures. … 

During the prolonged SBO condition at the Fukushima Dai-ichi units, after the batteries 

were damaged or depleted and no ac power was available to operate equipment or 

recharge the batteries, the operators faced significant challenges in understanding the 

condition of the reactors, containments, and spent fuel pools because instrumentation 

was either lacking or not functioning properly. 

• The spent fuel pools at Fukushima Dai-ichi Units 1 through 4 contained many fewer 

assemblies than typically stored in U.S. reactor unit spent fuel pools. Unit 4 contained 

more assemblies than the other units because Unit 4 was in an extended outage and the 

reactor was defueled, transferring all assemblies to the spent fuel pool to facilitate 

maintenance activities associated with the reactor systems. … During this protracted 

SBO condition, no ac power was available to operate equipment, and the batteries were 

depleted. This resulted in having no onsite capability to provide water inventory or 

cooling to the spent fuel pools, and the operators were significantly challenged in 

understanding the condition of the spent fuel pools because of the lack of 

instrumentation or because of instrumentation that was not functioning properly. 

Eventually, spent fuel cooling was provided by pumper trucks employing high booms to 

spray water from a distance into the spent fuel pools. … The Task Force concludes that 

clear and coherent requirements to ensure that the plant staff can understand the 

condition of the spent fuel pool and its water inventory and coolability and to provide 

reliable, diverse, and simple means to cool the spent fuel pool under various 

circumstances are essential to maintaining defense-in-depth. The Task Force sees 

significant value in ensuring that sufficient cooling capacity exists under various design-

basis natural phenomena. 

• In January 2001, the Commission published a rule change to the NRC EP regulations to 

include consideration of the use of KI. If taken properly, KI may help reduce the dose of 

radiation to the thyroid gland from radioactive iodine and thus reduce the risk of thyroid 

cancer. If a person takes in radioactive iodine after consuming KI, the radioactive iodine 

will be rapidly excreted from the body. The NRC has supplied KI tablets to States 

requesting it for the population within the 10-mile EPZ. If warranted, KI is to be used to 

supplement evacuation or sheltering, not to take the place of these actions. … The 

population closest to the nuclear power plant that is within the 10-mile EPZ is at 

greatest risk of exposure to radiation and radioactive materials. When the population is 

evacuated from the area and potentially contaminated foodstuffs are removed from the 

market, the risk from further radioactive iodine exposure to the thyroid gland is 

essentially eliminated. Beyond the 10-mile EPZ, the major risk of radioiodine exposure is 
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from the ingestion of contaminated foodstuffs, particularly milk products. Both EPA and 

the Food and Drug Administration have published guidance to protect consumers from 

contaminated foods. These protective actions are preplanned in the 50-mile ingestion 

pathway EPZ. 316 

Significant U.S. nuclear plant accidents/incidents summarized 

The history of significant accidents and incidents at U.S. nuclear power plants helps to show 

that while the safety systems generally worked well, there have been many causes for concern 

and a need for continuing oversight and regulation of the industry. On only a few occasions 

have accidents happened where a real risk to the public might have occurred within minutes or 

hours had not proper remedial actions eventually taken place. And while the “improbable” has 

occurred somewhat more frequently than originally anticipated, the U.S. nuclear power 

industry can rightfully claim that they prevented any major radiation releases from occurring to 

the public. Table 50 provides an overview of selected significant incidents that have occurred at 

U.S. nuclear power plants (this list is not exhaustive).  

 
316 Excerpts from: “Enhancing Reactor Safety in the 21st Century”, U.S. Nuclear Regulatory Commission, JULY 12, 

2011 
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Table 50.  Significant U.S. Nuclear Power Reactor Incidents (part 1 of 11) 317  

Year / Place Summary of Incident or Event 

1966 – Fermi 1, 

MI (a liquid 

sodium cooled 

fast breeder 

reactor – unlike 

modern U.S. 

water-cooled 

nuclear plants).  

Accident occurred because of a piece of metal that broke away from the 

inside wall of the reactor and subsequently blocked the flow of coolant 

through a portion of the nuclear fuel core. This blockage caused two out of a 

total of 103 fuel assemblies to overheat and begin melting a portion of the 

fuel in these assemblies (note: this was a very small fuel melt compared to the 

tons of fuel that melted during Three Mile Island). Roughly 40 lbs of fuel 

melted, but key containment barriers remained intact so that no radiation 

escaped. The public was not affected and was not in any grave danger. Yet, 

there was uncertainty during the initial stages of the accident as to the extent 

of core damage and hence there were some concerns about public safety.  318 

1970 – Dresden 

2, IL 

50,000 gallons of radioactive water was pumped into a containment area. This 

resulted after operators incorrectly believed a faulty gauge after a reactor 

shutdown and pumped too much water into the system creating an 

overpressure situation.  319  [Briggs note: An alternative report of this incident 

is as follows] Accident reportedly resulted from a steam pipe break and 

released radioactive iodine outside of the plant. 320 [Note: the two sources 

cited here have different accounts of the incident – the author has not verified 

any hazardous radioactive iodine release associated with this incident] 

1973 – 

Millstone 
A radioactive gas leak from this plant was detected at a nearby submarine 

base.321  

1974 – Quad 

Cities Radioactive gas leak occurs due to a valve rupture. 322  

 

 
317 The information in this table is largely derived from NRC publications.  
318 We Did Not Almost Lose Detroit, Earl M. Page, Detroit Edison, May 1976.  
319 Radiation, Martin Ecker and Norton Bramesco, Vintage Books/Random House, 1981, pgs. 89 – 91. 
320 Nuclear Power, Harry Henderson, ABC-CLIO, Inc., 2000, p. 37.  
321 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html  
322 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html  
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 2 of 11) 323  

Year / Place Summary of Incident or Event 

1975 – Browns 

Ferry, AL 

On March 22, 1975, an internal fire-induced event led to a near-miss core 

damage accident at the Tennessee Valley Authority (TVA) Browns Ferry 

Nuclear Power Plant (BFN). At approximately 12:15 p.m., workers in the cable 

spreading room, using the flame of a lit candle to check for air leakage around 

electrical cable penetration seals, accidentally ignited one of the penetration 

seals and its electrical cable. Because of the congested location of the 

penetration seal, and aided by the high differential pressure across the 

barrier, the fire rapidly extended through the penetration seal and continued 

out along cable trays located in the Unit 1 reactor building ceiling 

approximately 20 to 30 feet above the floor. The inaccessibility of the cable 

trays, compounded with the fear of using water on live electrical cables, 

allowed the fire to burn for approximately 6 hours. When the decision to use 

water was finally made, the fire was extinguished in approximately 15 

minutes by two firefighters using a single 1 inch hand line. Post-fire analysis 

revealed that all 10 cable trays passing through the penetration involving over 

1,600 electrical cables were damaged. Additional cables located in 26 other 

cable trays had also been damaged by the fire. All Unit 1 and many of Unit 2 

emergency core cooling systems were rendered inoperable because of the 

fire damage to essential cables. Although no one was killed or seriously 

injured during the event, the fire at Browns Ferry was a striking example of 

how things can and do go wrong. 324 

1975 
The NRC reportedly ordered the temporary shutdown of 23 nuclear power 

plants due to problems associated with coolant pipe cracks. 325 

1978 – Fort St. 

Vrain, CO 

Radioactive helium released into the atmosphere for about 2 hours. 

Employees were evacuated and access roads were closed within 5-miles of 

the plant. There was reportedly no serious health risk to the public. 326 

1979 – DC 

Cook, MI 
Roughly 1000 gallons of radioactive water released. 327 

 

 
323 The information in this table is largely derived from NRC publications.  
324 Extracted from www.nrc.gov/NRC/REACTOR/FIRE_PROTECTION/salley5_99.html  
325 Nuclear Power, Harry Henderson, ABC-CLIO, Inc., 2000, p. 38.  
326 Radiation, Martin Ecker and Norton Bramesco, Vintage Books/Random House, 1981, pgs. 89 – 91. 
327 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html  
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 3 of 11) 328  

Year / Place Summary of Incident or Event 

1979 – Three 

Mile Island Unit 

2, PA  

This was the most serious nuclear power related accident in the history of 

U.S. nuclear power. A major core fuel melt ensued that resulted from several 

mechanical and human errors. A complete description of this incident is 

provided earlier.  While a major disaster was avoided, a much worse accident 

could have occurred if operators had not eventually brought the situation 

under control. No deaths resulted and the public was exposed to no more 

than 70 additional millirems radiation dose 329, but the reactor was destroyed 

and took roughly 11 years and $1 billion to clean up.  

1980 – 

Arkansas 1 

Reactor was shut down after radioactive coolant caused flooding in the plant. 
330   

The NRC noted that: “Steam generator overfill can affect the safety of a plant 

in several ways, the more severe of which could lead to the postulation of 

steam line breaks, or simultaneous steam line break and steam generator 

tube rupture for Babcock and Wilcox Company (B&W) Nuclear Steam Supply 

System (NSSS) plants (loss-of-coolant accident outside containment). 

…Babcock and Wilcox … does not employ high steam generator level turbine 

or reactor trips to protect from excessive feedwater transients. Operator 

action is required to provide this protection. In the draft Arkansas Nuclear 

One, Unit 1, abnormal transient operating guidelines section on excessive 

main feedwater, B&W states that the severity and rapidity of the transient 

will vary with the size of the feedwater/steam flow mismatch. Under worst 

case conditions, the excessive main feedwater flow must be terminated 

within 2 minutes to prevent water spillage into the steam lines. Thus, there is 

a transient that may require fast operator action. Also, if the excessive 

addition of feedwater to the steam generator is not stopped, water will spill 

into the steam lines. The ability of the steam system to maintain its integrity 

with water spillage is not known therefore it is very important that the 

excessive feedwater transient is terminated before spillage occurs.”331 

 

 
328 The information in this table is largely derived from NRC publications.  
329 Report of the President's Commission on The Accident at Three Mile Island, p. 34. 
330 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html  
331 See www.nrc.gov/AEOD/spd/studies/1980/C005.htm &  www.nrc.gov/AEOD/spd/studies/1980/E013.htm 
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 4 of 11) 332  

Year / Place Summary of Incident or Event 

1980 – 

Arkansas 1 

As a result of tornadoes in the Russelville, AR, area on April 7, 1980, 

both units at Arkansas Nuclear One experienced a loss of offsite power. 

Since both units were operating initially at approximately 100% power, 

a study was initiated to compare the natural circulation response of a 

Babcock and Wilcox Nuclear Steam supply (NSSS) (Unit 1) to a 

Combustion Engineering NSSS (Unit 2). Each unit experienced 

equipment performance anomalies during the initial phase of the 

event. The high pressure injection (HPI) system was actuated manually 

by Unit 1 operators in response to decreasing system pressure and 

pressure level due to shrinkage of the reactor coolant system after 

reactor trip. One of the four HPI isolation valves failed to open. On Unit 

2, the emergency feedwater flow was interrupted momentarily due to 

loss of pump suction caused by feedwater suction flashing. Neither 

malfunction adversely affected the recovery of either unit during the 

transient.333 

1981 – 

Browns Ferry, 

AL   

Manipulation of control switches for two trains of the circulating water 

systems resulted in the tripping of two circulating water pumps located 

in the intake structure. The third pump remained operable. The loss of 

these pumps affects condenser vacuum and does not affect the safety 

of the plant. Upon receipt of a low condenser vacuum alarm in the 

control room, the operators began a load reduction from 100%, and an 

auxiliary operator promptly restarted the pumps within 5 minutes. The 

FBI conducted an investigation and found no evidence of who operated 

the switches. Tennessee Valley Authority's investigation produced the 

same results. 334 

1981 – 

Browns Ferry, 

AL   

Reactor leak resulted in roughly 38 tons of radioactive water spilled 

into the containment building, 335 

 
332 The information in this table is largely derived from NRC publications.  
333 See www.nrc.gov/AEOD/spd/studies/1980/C003.htm  
334 Extracted from www.nrc.gov/AEOD/spd/studies/1981/E113.htm 
335 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html  
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 5 of 11) 336  

Year / Place Summary of Incident or Event 

1982 – Ginna, 

NY 

A break in a steam generating system pipe resulted in about a two-minute 

release of radioactive steam to the environment. In addition, rough1y 700 

gallons of radioactive water were released onto the containment building 

floor after a pressure relief valve (similar to the one that failed during the TMI 

accident) failed to close. The core did not melt as happened during the 1979 

TMI accident and the reactor was restarted after 5-months. 337 

1983 – Diablo 

Canyon, CA 

While reinstalling insulation on the discharge piping of the reactor coolant 

pump at Diablo Canyon, Unit 1, workers noticed damage to the piping 

surface. It consisted of a grinding gouge measuring 1/8 inch deep by 2 inches 

long and a smaller gouge. It was determined that the damage was intentional 

since 20 to 30 s were required to duplicate the damage in a similar piece of 

pipe. 338 

1984 – Browns 

Ferry, AL 

A combination of technical failure and human error resulted in 13 workers 

being irradiated. 339 

1984 – Trojan, 

OR {note: this 

plant has since 

been shut 

down} 

Five events occurred at this plant which could have had serious consequences 

for equipment or personnel had they occurred under different circumstances. 

The event involved operator errors which initiated a transient and failures of 

an emergency diesel generator, a diesel-driven auxiliary feedwater pump, and 

a turbine-driven auxiliary feedwater pump. The multiple, independent, and 

undetected failures of these safety-related components resulted in a partial 

loss of emergency onsite ac power and the loss of the safety-grade auxiliary 

feedwater system. Other events included a May 4, 1984, primary system 

water level indication failure which caused a temporary loss of the residual 

heat removal system; a September 26, 1984, reactor trip in which a main 

steam safety valve stuck open after the control room operators failed to 

notice that the rods were in manual during a turbine runback; a September 

13, 1984, compression fitting failure which occurred during seal table 

maintenance because the fitting was used incorrectly; and a second 

compression fitting failure on September 17, 1984, involving a pressurizer 

instrument line. 340 

 
336 The information in this table is largely derived from NRC publications.  
337 When Technology Fails, Neil Schlager editor, Gale Research Group Inc., 1994, pgs. 523 – 527. 
338 Extracted from www.nrc.gov/AEOD/spd/studies/1983/T322.htm.  
339 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html  
340 Derived/extracted from www.nrc.gov/AEOD/spd/studies/1985/E514.htm 
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 6 of 11) 341  

Year / Place Summary of Incident or Event 

1986 – Palo 

Verde, AZ 
Commercial power lines to this plant were sabotaged 342 

1986 – Surry, 

VA 

A corroded pipe burst containing superheated water, killing four people. This 

is the only U.S. commercial nuclear power accident to cause fatalities. 343 

{USDPI note: Three people (military personnel) were previously killed at the SL-

1 reactor in Idaho in 1961, but this was at an early research reactor and hence 

is not listed previously in this table about commercial nuclear plants.} 

1986 
The NRC reported that 492 safety violations had occurred and that 430 

emergency plant shutdowns had happened over the history of U.S. 

commercial nuclear power reactors. 344 

1987 – Browns 

Ferry, AL  

This second fire at Brown’s Ferry (see the previous citation from 1975 in this 

table), occurred in the drywell, burned for 30 minutes and damaged hundreds 

of cables of safety-related and nonsafety-related equipment. The burn rate 

was more rapid than expected. Investigation detected gasoline in the samples 

of the affected cables, indicating that the fire was caused by arson. In 

addition, the rapid propagation of the fire was partly due to electrical cables 

which did not have fire retardant coatings exposed to the atmosphere during 

the outage. 345 

1988, LaSalle 

Unit 2, IL 

On March 9, 1988, LaSalle Unit 2, experienced power oscillations of a 

magnitude that were not predicted by design analysis and that were 

not anticipated by the operators. These high amplitude power 

oscillations continued for about four minutes until an automatic scram 

(trip) occurred. 346  

 

 

 
341 The information in this table is largely derived from NRC publications.  
342 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html  
343 Nuclear Power, Harry Henderson, ABC-CLIO, Inc., 2000, p. 40.  
344 Nuclear Power, Harry Henderson, ABC-CLIO, Inc., 2000, p. 40.  
345 Derived/extracted from www.nrc.gov/AEOD/spd/studies/1989/T903.htm 
346 Derived/extracted from: www.nrc.gov/AEOD/spd/studies/1988/S803.htm 
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 7 of 11) 347  

Year / Place Summary of Incident or Event 

1988 

The NRC stated: “Problems have been reported with certain aspects or 

characteristics of the ice condenser at all eight U. S. commercial nuclear 

plants that have this type of containment. These reported problems were 

evaluated because they portend possible degradations of the containment 

pressure- suppression function during an accident. Substantial degradations 

of the pressure-suppression function could result in loss of containment 

integrity should a serious reactor accident occur. This loss of integrity could 

thwart the intended purpose of the containment to act as a barrier to 

radionuclide release. …One of the problems involved icing and ice buildup on 

the ice condenser bay doors. Some of the icing and ice buildup was due to 

leaking or dripping water from overhead containment air-handler units. The 

icing and ice buildup could cause sticking of the ice condenser doors…. A 

second problem concerns ice buildup on portions of the weir and lattice 

structure comprising the flow passageways through the ice beds. Restriction 

of flow passageways could affect the containment pressure-suppression 

function. A third problem … concerns the loss, through sublimation, of 

required ice mass in the ice storage bays. 348 

1989, Prairie 

Island Unit 2, 

Minnesota  

This station reported 2 partial loss-of-offsite power (LOOP) events following 

reactor trips. The partial LOOPs were associated with switchyard circuit 

breaker problems. The switchyard circuit breaker problems appeared to be 

related to unusually cold December weather in the area. 349 

1989, Palo 

Verde 3, AZ 

On March 3, 1989, unsuspected problems occurred because not all the valve 

handwheels turned in the same direction to be opened. …When they were 

unsuccessful in opening the ADV by hand, the auxiliary operators secured a 

24-inch pipe wrench for mechanical advantage. Using the pipe wrench, they 

succeeded in rotating the hand wheel one full turn in the wrong direction, 

which resulted in significant damage to the top of the ADV valve operator.350 

1990 – 

Dresden, IL 
Loss of offsite power along with multiple equipment failures 351 

 

 
347 The information in this table is largely derived from NRC publications.  
348 Derived/extracted from: www.nrc.gov/AEOD/spd/studies/1988/T811.htm 
349 Derived/extracted from: www.nrc.gov/AEOD/spd/studies/1989 
350 Derived/extracted from: www.nrc.gov/AEOD/spd/studies/1990/T90-04.htm 
351 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html  
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 8 of 11) 352  

Year / Place Summary of Incident or Event 

1991 – Oconee, 

SC 

Roughly 50,000 gallons of water leaked from the reactor cooling system 

causing a reactor shutdown 353 

1993 – Three 

Mile Island, PA 

On February 7, 1993, a 31-year-old man, who was suffering from depression, 

took a 1984 Plymouth station wagon, plowed through a security fence, and 

then crashed through a door on the turbine building. His car went 63 feet into 

the turbine building, after which he then hid for several hours in a dark 

condenser pit. Plant personnel were initially confused as to how many people 

had entered the facility or whether they were armed, etc. He was eventually 

apprehended and no risk existed to the public from this incident. 354 

1994 – Wolf 

Creek, Kansas 

On September 17, 1994 there was an inadvertent blowdown of about 9200 

gallons of reactor coolant through the residual heat removal (RHR) system to 

the refueling water storage tank (RWST). The first indication of the blowdown 

was an RWST high-level alarm. The on-shift reactor operator then saw the 

pressurizer high level annunciator clear, checked pressurizer level, and 

observed that the pressurizer level trend recorder and the hot calibrated 

pressurizer level instruments were pegged low. The on-shift supervising 

operator ordered securing of the reactor coolant pumps (RCPs), maximizing 

charging from the centrifugal charging pump, and isolating low pressure 

letdown. A relief crew supervising operator identified the flow path for 

reactor coolant to the RWST and informed an operator that a valve should be 

closed. Closing the valve isolated the flow path and terminated the 

blowdown. These actions all occurred in about a minute. Continued 

blowdown through the RHR system would have uncovered the reactor hot leg 

and introduced steam into the RWST header line which is the water supply 

line for the ECCS pumps. 355 

 

 

 

 

 
352 The information in this table is largely derived from NRC publications.  
353 See www.greenpeace.org/~comms/97/nuclear/reactor/calendar/calendar.html 
354 See www.tmia.com/intrude.html 

355 Derived/extracted from: www.nrc.gov/AEOD/spd/studies/1995/S95-01.htm 
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 9 of 11) 356  

Year / Place Summary of Incident or Event 

1996, Maine 

Yankee {this 

plant is now 

shut down} 

Chairman of the NRC, Ms. Jackson stated: “a number of significant 

weaknesses and deficiencies were identified that will result in violations.  

These weaknesses and deficiencies appear to be related to two root causes:  

economic pressures to contain costs and poor problem identification as a 

result of complacency and a lack of a questioning attitude.”  The plant was 

also cited for improper wiring of the emergency core cooling system. 357 

1999, 

Millstone, CT 

NRC took enforcement actions against Northeast Nuclear Energy Co., 

the operator of the Millstone plants …., and a former company vice 

president, for discrimination against 3 employees who raised safety 

concerns.358 

2000, Indian 

Point 2, NY  

This plant experienced a rupture in one of its steam generator tubes which 

allowed water from the reactor to leak into the steam generator. The leak of 

primary system water contaminated the secondary system and resulted in a 

minor discharge of radioactive steam to the atmosphere. In the 25 years since 

the NRC became aware of steam generator tube degradation, there have 

been seven PWR steam generator tube ruptures in commercial nuclear power 

plants. IP2 has had four forced outages caused by tube leaks. …IP2 has four 

steam generators, each of which contains 3,260 … 600 tubes. The failed tube 

was identified as the row 2, column 5 tube, … Upon inspection of the rupture 

area, the flaw was characterized as a crack, approximately 2 to 3 inches in 

length. The steam generator tube rupture resulted in a primary system to 

secondary system leak which discharged approximately 146 gallons of water 

per minute. As a result, IP2 declared an "Alert"; the second level of 

emergency action in the NRC required emergency response plan. The leak 

was terminated after about 19 hours. During this time, an estimated 19,197 

gallons of contaminated primary system water transferred to the secondary 

system. The NRC assessment of radioactive steam releases during the incident 

concluded that the total radioactivity released to the environment was 

relatively small and within regulatory limits. 359 

 

 
356 The information in this table is largely derived from NRC publications.  
357 Derived/extracted from: 

www.nrc.gov/OPA/reports/mnynkltr.htmhttp://en.wikipedia.org/wiki/Nuclear_reactor_accidents_in_the_United_Sta

tes  
358 Derived/extracted from: www.nrc.gov/OPA/gmo/nrarcv/99-25i.htm 
359 Derived/excerpted from: www.nrc.gov/OPA/reports/oig0003.html#findings 

http://www.nrc.gov/OPA/reports/mnynkltr.htmhttp:/en.wikipedia.org/wiki/Nuclear_reactor_accidents_in_the_United_States
http://www.nrc.gov/OPA/reports/mnynkltr.htmhttp:/en.wikipedia.org/wiki/Nuclear_reactor_accidents_in_the_United_States
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 10 of 11) 360  

Year / Place Summary of Incident or Event 

2000, Catawba, 

McGuire, D.C. 

Cook, 

Sequoyah,  and 

Watts Bar 

The NRC issued NUREG/CR-6427 which indicated that U.S. PWR nuclear 

power plants that use ice condensers are substantially more sensitive 

to early containment failure than other types of PWR containments. 

This NUREG found that during a station blackout, the probability that 

hydrogen combustion would rupture containment is 58% for the 

McGuire nuclear power plant. 361   

2002, Oak 

Harbor, Ohio 

Severe boric acid corrosion of reactor head forces 24-month outage of Davis-

Besse reactor 

2003 

Bridgman, 

Michigan 

A fault in the main transformer at the Donald C. Cook Nuclear Generating 

Station causes a fire that damages the main generator and back-up turbines 

2005 

Braidwood, 

Illinois 

Exelon’s Braidwood nuclear station leaks tritium and contaminates local 

water supplies 

2005 

Buchanan, New 

York 

Entergy’s Indian Point Nuclear Plant leaks tritium and strontium into 

underground lakes from 1974 to 2005 

2006 

Erwin, 

Tennessee 

Nuclear Fuel Services plant spills 35 liters of highly enriched uranium, 

necessitating 7-month shutdown 

2009 

Crystal River, 

Florida 

When cutting into Crystal River 3 Nuclear Power Plant containment building 

to create a large opening for the replacement of the Steam generator (nuclear 

power) the structure was severely cracked resulting in the permanent closure 

of the facility. 

 

 

 

 

 
360 The information in this table is largely derived from NRC publications and 

http://en.wikipedia.org/wiki/Nuclear_reactor_accidents_in_the_United_States  
361 Derived/excertpted with permission from the Nuclear Control Institute, see www.nci.org 

http://en.wikipedia.org/wiki/Buchanan,_New_York
http://en.wikipedia.org/wiki/Buchanan,_New_York
http://en.wikipedia.org/wiki/Indian_Point_Energy_Center
http://en.wikipedia.org/wiki/Nuclear_reactor_accidents_in_the_United_States
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Table 50. Significant U.S. Nuclear Power Reactor Incidents (part 11 of 11) 362  

Year / Place Summary of Incident or Event 

2010 

Vernon, 

Vermont 

Deteriorating underground pipes from the Vermont Yankee Nuclear Power 

Plant leak radioactive tritium into groundwater supplies 

2011 

Morris, Illinois 

Chemical leak of sodium hypochlorite restricted access to a vital area that 

houses plant cooling water pumps at Dresden Generating Station 

2012  Byron, 

Illinois 

Unusual Incident reported at Byron Nuclear Generating Station. Loss of off-

site power caused unit 2 to run a shut down cycle and release tritium steam 

into the atmosphere 

2013 

Russellville, 

Arkansas 

One worker was killed and two others injured when part of a generator fell as 

it was being moved at the Arkansas Nuclear One. 

Accident and emergency level descriptions 363 

This section defines nuclear power plant accident categories and provides the background 

necessary to understanding some of the risks associated with current U.S. nuclear power 

plants. In addition, this section provides a copy of the guidelines used by plant operators on 

when to declare an emergency level based on the type of incident occurring (please see Table 

43 for the general definitions of the four emergency levels adopted after the Three Mile Island 

accident). Many people I have talked with believe (or have at least heard) that it is impossible 

for a U.S. nuclear power plant to have a major radiation release to the public during an 

accident. This section should help dispel these beliefs. However, it should also be noted that 

none of these categories is likely, unless there are some extraordinary circumstances that help 

trigger these accidents, such as: an insider threat, gross operator negligence, major undetected 

design or construction flaws, terrorism or war, or an extreme natural disaster. There are 14 

accident sequences that were defined in the NRC’s WASH-1400 (NUREG-75/104) Reactor Safety 

Study dated October 1975 and are defined in the paragraphs that follow.  

 

 
362 The information in this table is largely derived from NRC publications and 

http://en.wikipedia.org/wiki/Nuclear_reactor_accidents_in_the_United_States  
363 This section is largely exerpted/derived from Appendix VI, Section 2 of WASH-1400 (NUREG-75/104), 

"Reactor Safety Study: An Assessment of Accident Risks in U.S. Commercial Nuclear Power Plants," dated October 

1975. 

http://en.wikipedia.org/wiki/Nuclear_reactor_accidents_in_the_United_States
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1. PWR 1  

This category is characterized by a core meltdown followed by a steam explosion on contact of 

molten fuel with the residual water in the reactor vessel. The containment spray and heat 

removal systems are also assumed to have failed and, therefore, the containment could be at a 

pressure above ambient at the time of the steam explosion. It is assumed that the steam 

explosion would rupture the upper portion of the reactor vessel and breach the containment 

barrier, with the result that a substantial amount of radioactivity might be released from the 

containment in a puff over a period of about 10 minutes. Due to the sweeping action of gases 

generated during containment-vessel meltthrough, the release of radioactive materials would 

continue at a relatively low rate thereafter. The total release would contain approximately 70% 

of the iodines and 40% of the alkali metals present in the core at the time of release. 364 

Because the containment would contain hot pressurized gases at the time of failure, a relatively 

high release rate of sensible energy from the containment could be associated with this 

category. This category also includes certain potential accident sequences that would involve 

the occurrence of core melting and a steam explosion after containment rupture due to 

overpressure. In these sequences, the rate of energy release would be lower, although still 

relatively high. 

2. PWR 2 

This category is associated with the failure of core-cooling systems and core melting concurrent 

with the failure of containment spray and heat-removal systems. Failure of the containment 

barrier would occur through overpressure, causing a substantial fraction of the containment 

atmosphere to be released in a puff over a period of about 30 minutes. Due to the sweeping 

action of gases generated during containment vessel meltthrough, the release of radioactive 

material would continue at a relatively low rate thereafter. The total release would contain 

approximately 70% of the iodines and 50% of the alkali metals present in the core at the time of 

release. As in PWR release category 1, the high temperature and pressure within containment 

at the time of containment failure would result in a relatively high release rate of sensible 

energy from the containment. 

3. PWR 3 

This category involves an overpressure failure of the containment due to failure of containment 

heat removal. Containment failure would occur prior to the commencement of core melting. 

Core melting then would cause radioactive materials to be released through a ruptured 

containment barrier. Approximately 20% of the iodines and 20% of the alkali metals present in 

 
364 The release fractions of iodine and alkali metals are indicated here to illustrate the variations in release with 

release category. 
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the core at the time of release would be released to the atmosphere. Most of the release would 

occur over a period of about 1.5 hours. The release of radioactive material from containment 

would be caused by the sweeping action of gases generated by the reaction of the molten fuel 

with concrete. Since these gases would be initially heated by contact with the melt, the rate of 

sensible energy release to the atmosphere would be moderately high. 

4. PWR 4 

This category involves failure of the core-cooling system and the containment spray injection 

system after a loss-of-coolant accident, together with a concurrent failure of the containment 

system to properly isolate. This would result in the release of 9% of the iodines and 4% of the 

alkali metals present in the core at the time of release. Most of the release would occur 

continuously over a period of 2 to 3 hours. Because the containment recirculation spray and 

heat-removal systems would operate to remove heat from the containment atmosphere during 

core melting, a relatively low rate of release of sensible energy would be associated with this 

category. 

5. PWR 5 

This category involves failure of the core cooling systems and is similar to PWR release category 

4, except that the containment spray injection system would operate to further reduce the 

quantity of airborne radioactive material and to initially suppress containment temperature and 

pressure. The containment barrier would have a large leakage rate due to a concurrent failure 

of the containment system to properly isolate, and most of the radioactive material would be 

released continuously over a period of several hours. Approximately 3% of the iodines and 0.9% 

of the alkali metals present in the core would be released. Because of the operation of the 

containment heat-removal systems, the energy release rate would be low. 

6. PWR 6 

This category involves a core meltdown due to failure in the core cooling systems. The 

containment sprays would not operate, but the containment barrier would retain its integrity 

until the molten core proceeded to melt through the concrete containment base mat. The 

radioactive materials would be released into the ground, with some leakage to the atmosphere 

occurring upward through the ground. Direct leakage to the atmosphere would also occur at a 

low rate prior to containment-vessel melt-through. Most of the release would occur 

continuously over a period of about 10 hours. The release would include approximately 0.08% 

of the iodines and alkali metals present in the core at the time of release. Because leakage from 

containment to the atmosphere would be low and gases escaping through the ground would be 

cooled by contact with the soil, the energy release rate would be very low. 
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7. PWR 7 

This category is similar to PWR release category 6, except that containment sprays would 

operate to reduce the containment temperature and pressure as well as the amount of 

airborne radioactivity. The release would involve 0.002% of the iodines and 0.001% of the alkali 

metals present in the core at the time of release. Most of the release would occur over a period 

of 10 hours. As in PWR release category 6, the energy release rate would be very low. 

8. PWR 8 

This category approximates a PWR design basis accident (large pipe break), except that the 

containment would fail to isolate properly on demand. The other engineered safeguards are 

assumed to function properly. The core would not melt. The release would involve 

approximately 0.01% of the iodines and 0.05% of the alkali metals. Most of the release would 

occur in the 0.5-hour period during which containment pressure would be above ambient. 

Because containment sprays would operate and core melting would not occur, the energy 

release rate would be low. 

9. PWR 9 

This category approximates a PWR design basis accident (large pipe break), in which only the 

activity initially contained within the gap between the fuel pellet and cladding would be 

released into the containment. The core would not melt. It is assumed that the minimum 

required engineered safeguards would function satisfactorily to remove heat from the core and 

containment. The release would occur over the 0.5-hour period during which the containment 

pressure would be above ambient. Approximately 0.00001% of the iodines and 0.00006% of the 

alkali metals would be released. The energy release rate would be very low. 

10. BWR 1  

This category is representative of a core meltdown followed by a steam explosion in the reactor 

vessel. The latter would cause the release of a substantial quantity of radioactive material to 

the atmosphere The total release would contain approximately 40% of the iodines and alkali 

metals present in the core at the time of containment failure. Most of the release would occur 

over a 1/2 hour period. Because of the energy generated in the steam explosion, this category 

would be characterized by a relatively high rate of energy release to the atmosphere. This 

category also includes certain sequences that involve overpressure failure of the containment 

prior to the occurrence of core melting and a steam explosion. In these sequences, the rate of 
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energy release would be somewhat smaller than for those discussed above, although it would 

still be relatively high. 

11. BWR 2 

This release category is representative of a core meltdown resulting from a transient event in 

which decay-heat-removal systems are assumed to fail. Containment over-pressure failure 

would result, and core melting would follow. Most of the release would occur over a period of 

about 3 hours. The containment failure would be such that radioactivity would be released 

directly to the atmosphere without significant retention of fission products. This category 

involves a relatively high rate of energy release due to the sweeping action of the gases 

generated by the molten mass. Approximately 90% of the iodines and 50% of the alkali metals 

present in the core would be released to the atmosphere. 

12. BWR 3 

This category represents a core meltdown caused by a transient event accompanied by a failure 

to scram or failure to remove decay heat. Containment failure would occur either before core 

melt or as a result of gases generated during the interaction of the molten fuel with concrete 

after reactor-vessel meltthrough. Some fission-product retention would occur either in the 

suppression pool or the reactor building prior to release to the atmosphere. Most of the release 

would occur over a period of about 3 hours and would involve 10% of the iodines and 10% of 

the alkali metals. For those sequences in which the containment would fail due to overpressure 

after core melt, the rate of energy release to the atmosphere would be relatively high. For 

those sequences in which overpressure failure would occur before core melt, the energy 

release rate would be somewhat smaller, although still moderately high. 

13. BWR 4 

This category is representative of a core meltdown with enough containment leakage to the 

reactor building to prevent containment failure by overpressure. The quantity of radioactivity 

released to the atmosphere would be significantly reduced by normal ventilation paths in the 

reactor building and potential mitigation by the secondary containment filter systems. 

Condensation in the containment and the action of the standby gas treatment system on the 

releases would also lead to a low rate of energy release. The radioactive material would be 

released from the reactor building or the stack at an elevated level. Most of the release would 

occur over a 2-hour period and would involve approximately 0.08% of the iodines and 0.5% of 

the alkali metals. 

14. BWR 5 
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This category approximates a BWR design basis accident (large pipe break) in which only the 

activity initially contained within the gap between the fuel pellet and cladding would be 

released into containment. The core would not melt, and containment leakage would be small. 

It is assumed that the minimum required engineered safeguards would function satisfactorily. 

The release would be filtered and pass through the elevated stack. It would occur over a period 

of about 5 hours while the -9 containment is pressurized above ambient and would involve 

approximately 6 x 10 % of the iodines and 4 x 10 % of the alkali metals. Since core melt would 

not occur and containment heat-removal systems would operate, the release to the 

atmosphere would involve a negligibly small amount of thermal energy. Table 51 that follows 

provides some additional information on each of the release categories described in the 

preceding paragraphs.  
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Table 51. Summary of Accident Release Category Characteristics 365 

Release 
Category 

Time of 

Release 

(hr) 

Duration 

of 

Release 

(hr)  

Warning 

Time for 

Evacuation 

(hr)  

Elevation 

of 

Release 

(meters)  

Energy 

Release (10 
6 Btu/hr)  

Fraction of Core Inventory Released (a) 

Xe-

Xr 

Organic 

I (b) I (b)  

Cs-

Rb 

Te-

Sb 

Ba-

Sr Ru(c) La (d) 

PWR 1 2.5 0.5 1.0 25 
25 and 520 

(e) 
0.9 6 x 10 -3 0.7 0.4 0.4 0.05 0.4 3 x 10-3 

PWR 2 2.5 0.5 1.0 0 170 0.9 7 x 10-3 0.7 0.5 0.3 0.06 0.02 4 x 10-3 

PWR 3 5.0 1.5 2.0 0 6 0.8 6 x 10-3 0.2 0.2 0.3 0.02 0.03 3 x 10-3 

PWR 4 2.0 3.0 2.0 0 1 0.6 2 x 10-3 0.09 0.04 0.03 
5 x 

10-3 

3 x 

10-3 
4 x10-4 

PWR 5 2.0 4.0 1.0 0 0.3 0.3 2 x 10-3 0.03 
9 x 

10-3 

5 

x10-3 

1 x 

10-3 

6 x 

10-4 
7 x 10-5 

PWR 6 12.0 10.0 1.0 0 N/A 0.3 2 x 10-3 
8 x 

10-4 

8 x 

10-4 

1 x 

10-3 

9 x 

10-5 

7 x 

10-5 
1 x 10-5 

PWR 7 10.0 10.0 1.0 0 N/A 
6 x 

10-3 
2 x 10-5 

2 x 

10-5 

1 x 

10-5 

2 

x10-5 

1 x 

10-6 

1 x 

10-6 
2 x 10-7 

PWR 8 0.5 0.5 N/A 0 N/A 
2 x 

10-3 
5 x10-6 

1 x 

10-4 

5 x 

10-4 

1 x 

10-6 

1 x 

10-8 
0 0 

PWR 9 0.5 0.5 N/A 0 N/A 
3 x 

10-6 
7 x 10-9 

1 x 

10-7 

6 x 

10-7 

1 x 

10-9 

1 x 

10-11 
0 0 

BWR 1 2.0 0.5 1.5 25 130 1.0 7 x 10-3 0.40 0.40 0.70 0.05 0.5 5 x 10-3 

BWR 2 30.0 3.0 2.0 0 30 1.0 7 x 10-3 0.90 0.50 0.30 0.10 0.03 4 x 10-3 

BWR 3 30.0 3.0 2.0 25 20 1.0 7 x 10-3 0.10 0.10 0.30 0.01 0.02 4 x 10-3 

BWR 4 5.0 2.0 2.0 25 N/A 0.6 7 x 10-4 
8 x 

10-4 

5 x 

10-3 

4 x 

10-4 

6 x 

10-4 

6 x 

10-4 
1 x10-4 

BWR 5 3.5 5.0 N/A 150 N/A 
5 x 

10-4 
2 x 10-9 

6 x 

10-11 

4 x 

10-9 

8 x 

10-14 

8 x 

10-14 
0 0 

 
365 A Prioritization of Generic Safety Issues (NUREG-0933), NRC, June 2000. See 

www.nrc.gov/NRC/NUREGS/SR0933/index.html for an online version of this NUREG.  
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Notes: (a) Background on the isotope groups and release mechanisms is presented in Appendix VII 

(b) Organic iodine is combined with elemental iodines in the calculations. Any error is negligible since its 

release fraction is relatively small for all large release categories 

(c) Includes Ru, Rh, Co, Mi, Tc. 

(d) Includes Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, AM, CM. 

(e) Accident sequences within PWR 1 category have two distinct energy releases that effect consequences. 

PWR 1 category is subdivided into PWR !a with a probability of 4 x 10-7 per reactor-year and 20 x 106 Btu/hr 

and PWR 1b with a probability of 5 x 10-7 per reactor year and 520 x 106 Btu/hr. 

(g) A 10 meter elevation is used in place of zero representing the mid-point of a potential containment 

break. Any impact on the results would be slight and conservative 

Definitions: The time of release refers to the time interval between the start of the hypothetical accident 

and the release of radioactive material from the containment building to the atmosphere. The duration of 

release is the total time during which radioactive material is emitted into the atmosphere. The warning 

time for evacuation is the interval between awareness of impending core melt and the release of 

radioactive material from the containment building. The height of release and the energy content of the 

released plume gas affect how the radiation would be dispersed in the atmosphere. 

Nuclear Plant Emergency Level Quick Assessment Table  

Four classes of Emergency Action Levels are used by the nuclear industry in the USA.  The levels 

are:  

(1) Notification of Unusual Event,  
(2) Alert,  
(3) Site Area Emergency, and  
(4) General Emergency.   

Two levels are of particular interest to the public. The site area emergency class reflects 

conditions where some significant releases are likely or are occurring but where a core melt 

situation is not indicated based on current information. In this situation full mobilization of 

emergency personnel in the near site environs is indicated as well as dispatch of monitoring 

teams and associated communications. The general emergency class involves actual or 

imminent substantial core degradation or melting with the potential for loss of containment. 

Additional definitions of these two classes are listed in Table 52 below. 
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Table 52. Definition of Top Emergency Levels at U.S. Nuclear Power Plants 366 

Level Name Definition 

Site Area 
Emergency 

Declared when an event involving major problems with the plant's safety systems 
has progressed to the point that a release of some radioactivity into the air or 
water is possible, but is not expected to exceed Environmental Protection Agency 
Protective Action Guidelines (PAGs) beyond the site boundary. No public action 
required. The Three Mile Island 2 accident of 1979 would be classified today as 
Site Area Emergency along with just a few other incidents throughout the history 
of U.S. nuclear power. See Table 50 on page 307 for more examples of U.S. Site 
Area Emergency incidents. 

General 

Emergency 

Declared when an event at the plant has caused a loss of safety systems. If such 
an event occurs, radiation could be released that would travel beyond the power 
plant site boundary and could extend for 10s to 100s of miles. State and local 
authorities will take action to protect the residents living near the plant. The alert 
and notification system will be sounded. People in the affected areas could be 
advised to evacuate promptly or, in some situations, to shelter in place, and 
possibly to take potassium iodide pills, if available. When the sirens are sounded, 
you should listen to your radio, television and tone alert radios for site-specific 
information and instructions. The U.S. has never had an accident that would be 
classified as a General Emergency. The Soviet Chernobyl nuclear reactor disaster 
of 1986 is the classic example of a major General Emergency incident. See section 
0 for more information on the Chernobyl accident.  

  

 
366 The Virtual Nuclear Tourist, Joseph Gonyeau at: www.cannon.net/~gonyeau/nuclear/e-plan.htm 
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Historical risk analysis of major nuclear plant accidents in the U.S. 

Historical nuclear plant health risk analysis put into perspective 

The following section will describe some of the worst-case results associated with possible U.S. 

nuclear power plant disasters. What needs to be stated up front is that many of the worst-case 

findings, especially from the older studies, make some assumptions that are not very reflective 

of reality. For example, some of these scenarios assumed that no protective actions such as 

evacuation were taken after a hypothetical disaster – and hence, the numbers of people 

projected to die can be quite large. Where possible, some caveats to the risk studies that have 

been performed (and which are often quoted out of context) will be explained in the following 

subsections.   

Additionally, it must be understood that these worst-case scenarios are all unlikely under all but 

the most unusual of circumstances. However, since the modern U.S. nuclear power plants do 

not absolutely fail safe (that is, they often need operator intervention and power to “fail” 

properly), the possibility does exist for a major radiation release in the presence of these 

unusual events.  

Some of the “unusual” circumstances that could possibly lead to a catastrophic release of 

radiation at a nuclear power plant are: (1) state-sponsored terrorist attacks, (2) an insider 

threat defined where a plant worker is both very knowledgeable about the reactor operation 

and who has access to areas of the plant where he, she, or they can sabotage safety systems 

and trigger a potential accident, (3) a disgruntled worker who decides to improperly conduct 

critical maintenance/operations-related activities, (4) a major natural disaster such as an 

earthquake or flood or a fire that exceeds the plant’s design basis, (5) wartime military actions, 

(7) gross negligence on the part of plant operators or maintainers, (8) combinations of 

inadequate operations, training and maintenance resulting from grossly inappropriate cost-

cutting measures, (9) undiscovered failure modes in the design and/or construction of the 

plant, and (10) hidden, yet major equipment deficiencies where critical specifications are not 

met. Many believe that with the defense-in-depth and the careful design, construction, and 

regulation of U.S. nuclear power plants, that even in the presence of the above possible 

triggering circumstances, the probability that one of these would lead to a near worst-case 

scenario is very small.  

Another important point about risk assessment is that it is largely based on computer models 

and contains many assumptions that have not been tested experimentally. There are many 

unknowns about how to model steam flows and triggering events and the fragmentation of 

liquid during pressure waves and the effect of reactor internals on the molten core formation 
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and core slump. As one book devoted to the modeling of light water reactor safety analysis 

stated: “Assessment of the probability and the consequences of an in-vessel steam explosion will 

necessarily involve extrapolation from experimental correlations to conditions beyond those 

investigated in experiments where these correlations may not be valid. This introduces 

uncertainties in the assessments. There is also uncertainty in the state of the molten core prior 

to the steam explosion. These two uncertainties must be combined and the result is that the 

extrapolation of results from relatively small scale experiments is subject to considerable 

uncertainty. The extrapolation will be particularly difficult in the context of PWR where the 

pressure vessel contains complex and extensive internal structures which could effect the chain 

of events.” 367  

One final caveat bears repeating concerning the misconception that U.S. nuclear power plants 

can explode with the same intensity of a nuclear bomb. All of the nuclear physicists and 

technical experts agree that this cannot happen – it is a physical impossibility. Explosions at 

nuclear power plants would not be directly due to fission or fusion processes as with a nuclear 

weapon, but instead would result from chemical interactions of melted fuel with other 

materials like water. The chief threat for the population after a major nuclear power plant 

disaster is short and long-term radiation poisoning, rather than blast and overpressure as is 

typically the case with a nuclear weapon (although as later sections will show, a nuclear 

weapon can also cause catastrophic radiation related deaths and injuries).   

AEC and NRC nuclear power plant damage assessments 

Two early Atomic Energy Commission (AEC) studies were conducted (one in 1957 and the other 

in 1964-5) that quantified the worst-case consequences of a hypothetical nuclear power plant 

disaster. While these studies showed that the consequences of a major core meltdown with 

containment vessel rupture could be disastrous to life and property, they did not seriously work 

to calculate the occurrence probability of these worst-case accidents.368  These two studies 

were performed by the Brookhaven National Lab (BNL) and called WASH-740369 and its update.  

Unfortunately, many of these results are quoted out of the context of their respective study 

and can be misleading. For example, many people do not realize that the 1957 study assumed 

(for the worst-case analysis) that all of the emergency safety systems failed (without an 

explanation of how this could occur) and that there was a temperature inversion that created 

 
367 Light Water Reactor Safety – The Development of Advanced Models and Codes for Light Water Reactor Safety 

Analysis, J. N. Lillington, Elsevier Science B.V., 1995, p. 111.  
368 WASH-740 did mention that the “best judgment of the most knowledgeable experts  … of accidents which would 

release major amounts of fission products outside the containment … ranged from one chance in 100,000 to one in a 

billion per year for each reator.”  
369 WASH-740’s long title is: “Theoretical Possibilities and Consequences of Major Accidents in Large Nuclear 

Power Plants,” and was published in March, 1957.  
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additional unfavorable conditions for the public. 370 On the other hand, the Brookhaven team 

reported to the AEC that “we have found in our present study nothing inherent in reactors or in 

safeguard systems as they now have been developed which guarantees either that major 

reactor accidents will not occur or that protective safeguard systems will not fail. Should such 

accidents occur and the protective systems fail, very large damages could result.” 371 Table 53 

summarizes some of these worst-case findings and their policy impacts.   

Table 53.  Early studies on risks with a major nuclear plant accident 372 

Study / Year Key Worst-Case Findings  Industry/Government Response 

WASH-740, 

BNL, 1957 

For an accident at a 185 Megawatt reactor 
where half of its fission product inventory is 
released to the atmosphere roughly 30 
miles upwind from a major city:  3,400 
people dead, 43,000 injured, and $7 billion 
in property damage. 

Industry balked at building plants. Price-

Anderson Act then passed to protect 

utilities from lawsuits due to accidents. 

Utilities then began to build plants. 

WASH-740, 

BNL, 1964 - 65 

For a 1 Gigawatt reactor: up to 45,000 
deaths and up to 280 billion in property 
damage over an area the size of 
Pennsylvania. Acute radiation sickness 
fatalities could extend as far as 30 miles 
from the hypothetical plant.  

AEC did not publish the report and so 

kept the findings hidden from the 

public. AEC recommended Price-

Anderson Act be extended so that 

utilities could continue building plants. 

The following extended quote of portions of the meeting minutes of the May and June 1966 

meetings of the Advisory Committee on Reactor Safeguards (ACRS) summarized some of the 

significant findings related to the WASH-740 update and showed that there were possible ways 

for a breach of containment to occur, such as the now well-known “China Syndrome”.373 These 

minutes also showed that there was little desire on the part of at least some officials to 

formalize the research into a report that would necessarily be released to the public. 374 

“Mr. K. Downes and Miss A. Court, Brookhaven National Laboratory, joined the 

Committee to comment on the draft report entitled “Exposure Potential and Criteria for 

Estimating the Cost of Major Reactor Accidents.” Mr. H. Price, Dr. P. Morris, and Dr. C. 

Beck of the Regulatory Staff also joined this session. The study was originally motivated 

by an interest in economics for insurance purposes. Extensive computer codes were 

 
370 We Did Not Almost Lose Detroit, Earl M. Page, Detroit Edison, May 1976, p. 8.  
371 The Cult of the Atom, Daniel Ford, Simon and Schuster, NY, 1982, p. 71. 
372 The Cult of the Atom, Daniel Ford, Simon and Schuster, NY, 1982, pgs. 43 – 46 and 67 – 80 and We Did Not 

Almost Lose Detroit, Earl M. Page, Detroit Edison, May 1976, pgs. 8 – 13.  
373 China Syndrome refers to the fact that a molten core can burn through the floor of the containment facility and 

“head in the direction of China” for many feet, causing a breach of containment.  
374 Many other additional examples of the desire to prevent the results of the second study from reaching the public 

are described in The Cult of the Atom, Daniel Ford, Simon and Schuster, NY, 1982.  
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arranged to assess the hazards from the many isotopes (55 fission products were 

assumed) which might be released from a very large reactor accident. Both volatile and 

non-volatile fission products were considered. Many parameters. e.g., meteorology, 

population, biological effects, were factored into the code.  

The radiation exposure to the lower large intestine, perhaps 1000 rem, from ingested 

fission products was found to be controlling as far as fatalities were concerned. The 

external dose. e.g., from a cloud, might be only 100 rems and hence less important. 

Iodine was not considered controlling for such a large accident, because thyroid loss can 

be compensated for by medicines or surgery. 

The reactor accident of the study was somewhat different than what the Committee 

normally assumes; the containment was assumed to have a large (few square meters) 

leak. Of course, if the reactor containment holds, there is no hazard to the public. Even 

with a sizeable fission product release, enough non-volatile materials, such as strontium 

and the rare earths, would be left to keep the fuel molten; with no core cooling, melting 

through the bottom of the reactor appears likely if the power level is as high as 100-

1000 MW(e). If fuel is beyond a few months in age, the fission product content doesn’t 

change very much, and fuel a few years old was assumed. Fission products from such 

large power reactors was shown by the model to spread widely in an accident. A 

Gaussian probability distribution of the fission products in the plume was used and a 

uniform population was assumed to vary exponentially radially. With a two mile per 

hour wind, fatalities might extend to thirty miles.  

Dr. Beck considered the BNL accident analysis techniques as needing much more editing 

before publication is possible. He doesn’t want the conclusions written down. … Dr. 

Hanauer and Dr. Okrent expressed a desire for conclusions, but Dr. Beck would promise 

only to have a methods report prepared.” 375  

{K. Briggs note: The ACRS eventually pressured Dr. Beck to provide the ACRS with some results, 

as reported below.} 

“Mr. Etherington noted that very bad reactor accidents (e.g., uncontained accidents of 

the WASH-740 type) can result in higher doses than 10CFR Part 100 limits. He suggested 

that the ACRS should establish an acceptable limit for the consequences of this type 

accident. Ten thousand (10,000) fatalities was discussed as a possible limit. … 

 
375 Nuclear Reactor Safety, David Okrent, University of Wisconsin Press, 1981, pgs. 98 – 99.  
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There was considerable discussion of the consequences (e.g., number of fatalities, man-

rem) which the ACRS should consider acceptable vs. the probability of such an accident. 

It was also suggested that additional information is needed concerning the effect of the 

site location on the consequences of an accident of this type. For example, does a 

metropolitan site really make a difference for an accident of this magnitude? … Dr. 

Okrent suggested that some thought should be given to the development of a nation-

wide evacuation plan for reactors similar to that, and perhaps associated with the plan 

for civil defense. … 

The Subcommittee was unable to reach a decision on the number of fatalities which can 

be accepted from a serious reactor accident and how this might be adjusted for the 

frequency of accidents vs. the consequences. It was agreed that this is a very basic 

question which must be resolved by the Full Committee. 

Dr. Ergen was to develop additional information concerning the ability to evacuate 

heavily populated areas. Sabotage, plant deterioration and or sloppy operation and 

exposure of components to conditions beyond design limits were suggested as possible 

causes of major accidents in addition to those previously listed. … 

G. Wensch and C. Beck described some of the recent BNL work related to re-

examination of the consequences of a serious reactor accident. 

BNL studies were based on a 3,200 MWt reactor of a type similar to a typical water 

power reactor. A Loss-of-Coolant Accident was assumed to occur and no credit was 

given for engineered safeguards or phenomena unless there is information available to 

prove they will function. The plant blows down and all water is boiled off in about 6 

hours. No metal-water reaction was considered. The core then melts and fission 

products are released from the fuel. The core will melt through the pressure vessel and 

become molten in about 10 hours. Calculations indicate that the core from a 3,200 

MWt reactor would melt through the pressure vessel, the concrete of the 

containment floor and the containment vessel into the earth until enough material 

was involved to dissipate its heat. For a 1,000 MW(th) reactor the core may actually 

solidify before it melts through the containment if enough foreign material is 

incorporated to increase its heat transfer characteristics. 

In any event, fission products will escape from the molten mass until all of the 

significant isotopes are released (10-12 hours). …” 376 

 
376 Nuclear Reactor Safety, David Okrent, University of Wisconsin Press, 1981, pgs. 99 – 101.  
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Later studies by the AEC and Nuclear Regulatory Commission (NRC) showed similar sobering 

results as the AEC’s WASH-740 studies. In 1975, the NRC finished its first Reactor Safety Study 

(RSS) (a project begun under the auspices of the AEC 377) that for the first time used 

probabilistic risk analysis (PRA) for the study of core meltdown accidents. The RSS study 

generally showed that the probabilities of a major accident were higher than previously 

thought, but that the consequences were relatively less severe. However, because of the 

increase in the reactor sizes, the overall risks of loss of life and property were greater than the 

earlier published AEC studies. 378  

Due to major problems with the RSS, in January of 1979 the NRC formally announced: “The 

Commission does not regard as reliable the Reactor Safety Study’s numerical estimate of overall 

risk of reactor accident.” Of particular concern was the Executive Summary, which had 

minimized many of the risks described in detail in the 9-volume work. For example, the 

Executive Summary only stated projected fatalities as those few from acute radiation sickness 

while not mentioning the over two orders of magnitude more fatalities (that is, over 100 times 

as many fatalities) projected in the body of the report from long-term cancer deaths resulting 

from a postulated accident. In 1979 when the NRC rejected the RSS, it singled out the Executive 

Summary by stating that the NRC “withdraws any explicit or implicit past endorsement of the 

Executive Summary.” 379   

An example of a later NRC study that used the general RSS assessment format was NUREG-

0490.380 This 1981 study showed that thousands of deaths and injuries were possible from a 

postulated range of severe accidents (called Class 9 accidents) at the San Onofre Nuclear Power 

Plant (between Los Angeles and San Diego (see Table 54). Class 9 accidents are of much greater 

severity than the standard design basis accidents often referenced by the NRC because they 

involve reactor core meltdowns and significant breaches of the containment structure.  

One noteworthy aspect of these RSS related studies is that their summary results were often 

explained in terms of relative risk. Risk was defined as the product of the probability of 

occurrence times the consequences.381 Using this analytical yardstick, summary results could be 

presented to concerned citizens that showed that the risks to the public of a major nuclear 

 
377 The AEC was disbanded in November 1974 because of the inherent conflict of interest in both promoting nuclear 

power and overseeing its regulation. The AEC’s two main functions of promoting nuclear power and regulating it 

were assigned by Congressional action (the Energy Reorganization Act) to the Department of Energy and the 

Nuclear Regulatory Commission, respectively.  
378 Severe Accident Risks: An Assessment for Five U.S. Nuclear Power Plants, NUREG 1150, December 1990, 

page 1-1.  
379 The Cult of the Atom, Daniel Ford, Simon and Schuster, NY, 1982, pgs. 169 – 172. 
380 NUREG-0490, Final Environmental Statement related to the operation of San Onofre Nuclear Generating 

Station, Units 2 and 3, NRC, April 1981.  
381 NUREG 1150, December 1990, page 1-1.  
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plant accident were minor compared to other frequently occurring man-made or natural 

disaster. This had a calming effect on much of the public since RSS related assumptions on the 

expected occurrence of a major accident were calculated to be measured in terms of once in a 

million or billions or more years. Unfortunately, many who saw these figures did not realize the 

wide range of uncertainty in the calculations and did not know that certain threats, such as 

sabotage and major natural disasters like earthquakes, were not directly considered in the 

sequence of probability calculations (that is, they were assumed to be no problem due to 

construction practices and to physical site security – assumptions that hold considerable 

margins of error). 382 

NUREG-0490, using the RSS methodology, concluded: “the risk associated with accidental 

radiation exposure is very low”. 383  However, if one assumes that a containment vessel is 

ruptured during a core melt accident and reads past the “Summary and Conclusions” section, 

then this NUREG shows that thousands of people could eventually die, if only a limited 

evacuation occurs. Thankfully this NUREG explains “consequences” in the body of the report in 

a clear fashion that shows things like how many deaths would be expected within the first year 

from acute radiation exposure as well as how many long-term deaths from cancer could be 

expected for the population postulated to be downwind after a major accident. According to 

this NUREG, the impacts of accidents as modeled were independent of the cause of the 

accident, whether human error, terrorism, earthquakes, floods, or equipment failures. The 

probabilities of any of these accidents were considered to be exceedingly low, but the study 

only explicitly considered failures due to human error and equipment problems, rather than 

any failures due to earthquakes, floods, or terrorism.384   

One other significant note regarding studies such as NUREG-0490 is that this Final 

Environmental Statement’s purpose was to be the technical justification for issuing operating 

licenses for Units 1 and 2 at the San Onofre Nuclear Generating Station. It is always good to 

know the purpose of a document so that you can better judge the reason why Summaries and 

Conclusions may have been written in a particular way or tone. 385   

A key variable in these studies was when and how evacuation occurred. For the worst-case 

results presented in Table 54 that follows, early evacuation (within the first 24 hours) was 

limited to the 10-mile plume exposure pathway emergency planning zone (EPZ) only (as this is 

the zone where emergency planners today typically prepare evacuation plans -- only for 10 

miles around each U.S. power plants). It can be assumed that greater evacuation zones out to 

 
382 NUREG-0490, NRC, April 1981, p. 7-10.  
383 NUREG-0490, Final Environmental Statement related to the Operation of San Onofre Nuclear Generating 

Station, Units 2 and 3, NRC, April 1981, p. iv. 
384 NUREG-0490, NRC, April 1981, pgs. 7-9 and 7-10 and F-1 to F-3. 
385 NUREG-0490, NRC, April 1981, p. v. 
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20, 30, or even 40 miles may be needed for a major accident to reduce acute fatalities. Indeed, 

NUREG-0490 also looked into the results of evacuating people from the 20 to 30 mile regions 

around the plant (to show how many lives would be saved vice the planned 10-mile evacuation 

EPZs). NUREG-0490 also mentioned that almost all of the acute fatalities occurred within 40 

miles of the plant. This study also found that extending the evacuation zone out to 30 miles 

resulted in up to an order of magnitude less acute fatalities than with the worst-case 

scenarios using the planned 10-mile EPZs or with limited or no evacuation. 386 The mitigating 

effects in saved lives or in averted illness by administering anti-radiation pills such as potassium 

iodide were not considered in this NRC study as it was assumed that no pills would be provided 

to the public.  Some of the worst-case results are presented in Table 54.  Under the scenarios 

considered (for example, without considering terrorism or a severe earthquake), the probability 

of fatalities exceeding this worst-case scenario projection of fatalities in any given year was 

determined to be exceedingly low – less than 1 in a billion.  

 
386 NUREG-0490, NRC, April 1981, pgs. 7-9 and 7-10 and F-1 to F-3. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

334 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Table 54. Summary of Worst-Case Results from San Onofre Study 387 

Impact  Effects Explanatory Notes 

Fatalities from 
radiation 
exposure  

70,000 

dead 

Fatalities from radiation exposure during the first year after 
disaster (mainly for those within a 40-mile radius of the plant – 
study assumed only those in the 10-mile evacuation planning 
zone would be evacuated.) (Author’s note: since limited 
evacuation is a bad assumption, the actual deaths with a full 
evacuation of the 40 mile zone would be dramatically reduced, 
perhaps by several orders of magnitude depending on the 
efficiency and timing of the postulated evacuation).  

Fatalities from 

thyroid cancer 

150,000 

dead   

Fatalities during 30-year period. (Author’s note: as directly above, 

since limited evacuation is a bad assumption, the actual deaths 

with a full evacuation of the 40 mile zone would be dramatically 

reduced, perhaps by several orders of magnitude depending on 

the efficiency and timing of the postulated evacuation). 

Fatalities from 

other cancers 

60,000 

dead 

Fatalities during 30-year period (Author’s note: see notes directly 

above) 

Genetic effects  
> 400,000 

affected 

30-year fatal or non-fatal genetic disorders (Author’s note: see 

notes directly above) 

Costs of offsite 

mitigation 

measures 

$ 40 Billion  

(in 1980 

dollars) 

Includes costs for: evacuation, crops and milk condemned, 

practical property decontamination (not possible in many areas) 

indirect costs due to loss of use of property and incomes derived 

therefrom. Does not include site repair and decon costs or costs 

to provide alternative power.   

People suffering 

from severe 

radiation 

exposure  

300,000 

sick 

Greater than or equal to 200 rem whole body dose. (Author’s 

note: Appendix F of this study indicated that people outside of the 

10 mile immediate evacuation EPZ were assumed to be evacuated 

after 24 hours if they were predicted to receive greater than 200 

rem whole body doses after 7 days of staying at home) 388  

People suffering 

from high 

radiation doses 

to thyroid 

1,000,000 

sick 

Thyroid dose of greater than or equal to 300 rems. (Author’s 

note: High doses of radiation to the thyroid can cause 

hypothyroidism and eventual cancer). 

 

 
387 Note that this reactor is now in the process of being decommissioned. The information in this table is from 

NUREG-0490, Final Environmental Statement related to the Operation of San Onofre Nuclear Generating Station, 

Units 2 and 3, NRC, April 1981, pgs. 7-13 to 7-23.  
388 NUREG-0490, Final Environmental Statement related to the Operation of San Onofre Nuclear Generating 

Station, Units 2 and 3, NRC, April 1981, pgs. F-1 to F-3.  
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More recent NRC public risk studies show that the danger surrounding U.S. nuclear power 

plants is continuing. For example, in December 1990, NUREG-1150 was published that covered 

the subject of “Severe Accident Risks: An Assessment for Five U.S. Nuclear Power Plants.” The 

five nuclear plants assessed in this NUREG are:  Unit 1 of the Surry Power Station, Unit 1 of the 

Zion Nuclear Plant, Unit 1 of the Sequoyah Nuclear Power Plant, Unit 2 of Peach Bottom Atomic 

Power Station, and Unit 1 of the Grand Gulf Nuclear Station. Some of the summary results from 

this NUREG are provided in Table 55. The chief difference between this NUREG and the 

previously discussed NUREG-0490 San Onofre study is in the area of evacuation assumptions 

and the surrounding site population. In NUREG-1150, 99.5% of the population was assumed to 

be effectively evacuated within the 10-mile plume exposure pathway emergency planning zone 

(EPZ) and there was early evacuation (within 12 hours, instead of the 24 hours assumed in 

NUREG-0490) of all people from both within and outside of the 10-mile EPZ if they were 

projected to receive up to 50 rems of exposure within the first 7days (vice NUREG-0490’s 

evacuation threshold of 200 rems within 7 days for only those outside of the 10-mile EPZ). 

Hence, the results of this newer NUREG look more optimistic. In reality, they are much more 

realistic in that the evacuation planning assumptions are better. The older NUREG-0490 helps 

to clearly make the case for the need for an early evacuation if there is a severe accident. The 

newer NUREG-1150 shows the benefits of a properly executed evacuation, but also showed 

that for sites such as Zion, in-place sheltering could be as effective, depending on the nature of 

the accident (warning time, plume characteristics, etc.). This study showed that the 

effectiveness of evacuation was very dependent on two site specific parameters, namely (1) 

evacuation delay time and (2) evacuation speed and two accident parameters: (1) warning time 

before release and (2) energy associated with the release (which, during some meteorological 

conditions, could cause the radioactive plume to rise while being transported downwind). In 

some excursion scenarios involving Zion analyzed by this study, evacuation from the 0 – 5 mile 

EPZ combined with sheltering in the 5 – 10 mile EPZ is as effective as evacuation from the entire 

10-mile EPZ (although, not necessarily to the same people). At 3 miles and beyond with Zion, 

analysis showed that it was possible to avoid doses exceeding 200 rems by sheltering in large 

buildings, even if a large release were to occur. Thus, people in large buildings such as hospitals 

would not necessarily need to be immediately evacuated, but could shelter instead. Of course, 

further reductions in dose are possible by timely evacuation. There was no analysis in this study 

of the benefit of using Potassium Iodide anti-radiation pills to reduce latent cancer fatalities.  389 

  

 
389 NUREG-1150, NRC, December 1990, pgs. 11-5 and 11-10 and 13-11.  
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Table 55. Summary of Worst-Case Consequences in 1990 NRC Studies 390 

Nuclear Plants  

(from highest to 

lowest 10-mile EPZ 

population density) 

Average 

evacuation 

delay (hrs) / 

evacuation 

speed (miles/hr) 

Early 

fatalities / 

Latent 

cancer 

fatalities  

Comments 

Zion (located near 

Chicago) 
2.3 hrs / 2.5 mph 

4,000 / 

100,000 

Relatively high population density 

coupled with slower evacuation 

conditions caused higher fatalities. 

Surry (located near 

Williamsburg, VA) 
2 hrs / 4 mph 100 / 40,000 

Late starting evacuees from the 

close-in regions encounter high 

radiation 

Sequoyah (located 

near Chattanooga, 

Tennessee) 

2.3 hrs  / 3.1 
mph 

2,000 / 

20,000 

Even though Sequoyah has less 

population density than Surry, the 

slower evacuation caused more early 

fatalities than Surry 

Peach Bottom 

(located near 

Lancaster, 

Pennsylvania) 

1.5 hrs / 10.7 

mph 
1 / 40,000 

Rapid evacuation. 10-mile EPZ 

evacuees almost always avoid / stay 

ahead of the largely invisible 

radiation cloud 

Grand Gulf (located 

near Vicksburg, 

Mississippi) 

1.25 hrs / 8.3 

mph 
0 / 6,000 

Rapid evacuation. 10-mile EPZ 

evacuees almost always avoid / stay 

ahead of the largely invisible 

radiation cloud 

 

Historical NRC calculations of the dangers to the thyroid from I-131 

The Nuclear Regulatory Commission’s NUREG/CR 1433 quantified the postulated dangers to the 

thyroid from the inhalation of (and external exposure to) nuclear materials after a major 

hypothetical accident at a U.S. nuclear power plant  (note: NUREG/CR 1433 does not 

incorporate lessons learned from the Chernobyl data as it came out prior to Chernobyl in 1980).   

 
390 NUREG-1150, NRC, December 1990, pgs. 11-1 to 11-14. 
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Table 56 helps to explain some of the latent cancer death results presented earlier in this book. 

Many emergency planners in the U.S. are not aware of the extended threat zones surrounding 

U.S. nuclear power plants that could result from a major breach of containment and core melt 

accident. Most planners have relied more on the historical labeling of EPZs used by FEMA and 

the NRC as described in the previous paragraph rather than NRC studies that show the 

extended threat regions associated with radioactive iodine and other radionuclides.  

Table 56. Approximate Thyroid Damage in a Core-Melt Atmospheric Accident 391 

Distance in 

Miles 

Mean Thyroid Dose 392 

(rem) for Exposed 

Adult / Child 

Outdoors* 

Conditional Probability 393 of Thyroid Damage 

versus Distance for Exposed Adult / Child 

Located Outdoors if not Protected by Stable 

Iodine (like KI) 

1 13,000 / 26,000 60% / 100% 

5 5,800 / 11,600 70% / 100% 

10 3,200 / 6,400 70% / 100% 

25 1,100 / 2,200 40% / 80% 

50 380 / 760 13% / 26% 

100 100 / 200 3% / 7% 

150 36 / 72 1% / 2% 

200 16 / 32 0.5% / 1% 

* Note: The World Health Organization recommends stable iodine administration to children 

and pregnant women at the level of 10 mGy – or roughly 1 rem – accumulated thyroid dose. 

Some typical ways that ingestion of dangerous nuclear materials can occur is (1) from eating 

food (like garden vegetables or fruit) or water, etc., that contains nuclear fallout and (2) by 

drinking milk from cows or goats -- or for nursing infants, from moms -- who have ingested 

radioactive materials from their food or water which then passes into the milk they produce. 

People living in contaminated regions can minimize their risk of dangerous radiation exposure 

 
391 This table is adapted from Tables 3 and 4 of NUREG/CR-1433, Sandia National Labs, Oct 1980, pgs. 30 – 32. 
392 Dose includes: dose from inhaled radionuclides from cloud passage, plus external dose due to the passing cloud, 

plus 1-day exposure to ground contamination (obviously the numbers go higher if more days are considered).   
393 Probabilities are less than 100% with adults close to the reactor because for some accidents, the energy of the 

release is sufficiently high to result in significant plume rise so that much of the plume could travel over their heads. 
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by avoiding milk, vegetables, fruit, etc., that may be carrying radioactive materials and by taking 

Potassium Iodide pills (if living in an area exposed to dangerous radiation). Unfortunately, 

adequately tracking where and how radioactive materials have been deposited in near-real-

time throughout large regions of the country and within the food supply system may be quite 

difficult, if not impossible at every locality. The trained people, computer models of the 

weather and food systems, sensors, etc. required to accurately assess the millions of radiation 

path vectors in a near-real-time fashion do not currently exist (although limited macro-scale 

predictions can be made, but may prove to fall far short of the needs of thousands to millions 

of people who are exposed to radiation risks). Hence, relying solely on limiting questionable 

food or drink intake in areas predicted to be radioactive may be dangerous for both those living 

in the affected areas and those outside of these areas who unknowingly receive food or drink 

poisoned by fallout.   

Unfortunately, much of the current U.S. policy, as opposed to other countries in Europe (like 

Poland), assumes that the national, state, and local health officials will adequately warn U.S. 

citizens of any radiation danger and shipments of any necessary non-radioactive food will be 

accomplished in a timely and effective manner into contaminated areas. This assumption of 

adequate warning and alternative food distribution has been used to explain the U.S. policy of 

not having a stockpile of Potassium Iodide sufficient to administer to the large numbers of 

young people who may find themselves living in or near dangerously radiated regions out to 

300+ miles downwind of a nuclear power plant disaster.  

Some policy-makers have suggested that for the extended inhalation hazard zone, we would be 

able to track the radioactive cloud flows and evacuate as necessary. However, as mentioned 

above for the food contamination predictions, predicting where the invisible radioactive iodine 

gas is on a near-real-time basis is extremely difficult, if not impossible, with the precision 

necessary to protect all of the exposed public.  

Government and personal stockpiling Potassium Iodide pills or liquid is prudent for several 

reasons. First, it could help prevent children and young adults from having dangerous levels of 

radioactive iodine lodging in their thyroids in the event of a disaster, potentially causing them 

unnecessarily suffering from hypothyroidism and possible death from thyroid cancer. Second, 

States and local governments could limit lawsuits against themselves should thousands to 

millions of people have their health needlessly damaged, especially after both the NRC and the 

FDA have recently endorsed KI’s safety and effectiveness. The NRC now requires “that 

consideration be given to include potassium iodide (KI) as a protective measure for the general 

public to supplement sheltering and evacuation in the event of a severe nuclear power plant 

accident.”    
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Thanks are in order to Peter Crane, a retired NRC staff attorney, who for many years advocated 

the prudent policy of in-home and local stockpiling of Potassium Iodide in the event of a nuclear 

disaster. According to the NRC, the NRC has changed its position on KI stockpiling and funding 

as a result of a petition Peter filed, acting as private citizen on his own time.  Below is an 

extended quote from Peter that explains some of his rationale for advocating this NRC rule 

change. It also gives a valuable insight on how the government process works (or at times, 

doesn’t work).  

The NRC's "Fighter Jet Rule" on KI   

By: Peter Crane          September 13, 1999 

Governments throughout the developed world recognize that the major health lesson 

learned from Chernobyl is the extreme sensitivity of children's thyroid glands to 

radioiodines: thus the upsurge of childhood thyroid cancer in Belarus, Russia, and 

Ukraine. In Poland, by contrast, health authorities gave out 18 million doses of KI, and 

protected virtually all of the nation's 10.5 million children. Polish authorities believe that 

the prompt administration of KI is a major reason that Poland has been spared a similar 

increase in thyroid cancer.  

In the summer of 1998, I spoke to an international conference on "Radiation and Thyroid 

Cancer" at Cambridge University. One of the speakers made the point that virtually all 

the thyroid cancers appearing in the former Soviet Union are in children who were four 

years old or younger at the time of the accident.  

Let me be up front about my own reason for becoming involved in the KI issue. In the late 

40's, when I was two or three, I was among the 4000+ children who received radiation to 

the head and neck at Michael Reese Hospital in Chicago for enlarged tonsils and 

adenoids. At 26, I first had thyroid cancer, and when I was 42, it recurred, requiring five 

courses of I-131 treatment (700 millicuries) before I finally got a clean bill four years 

later. I'm well aware that thyroid cancer has a high cure rate, and that there are many 

worse diseases one can have. But I also know from experience that it is not something 

that you would wish on your children or yourself.  

Americans tend to assume that public health protection for their children is second to 

none. In the case of KI, this is not the case. Twice in 20 years the NRC has made 

commitments to the American people on KI, only to renege on them afterwards. As a 

result, we are still in a pre-Three Mile Island state of preparedness on KI, when the drug 

is routinely stockpiled (and in some countries predistributed to individual houses) in 

many European countries, including France, Germany, Switzerland, the UK, Sweden, 

Norway, Austria, the Czech Republic, Slovakia, Poland, etc., plus Japan and Canada. In 
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my talk to the Cambridge conference, I laid out the 20-year history of the NRC's 

mishandling of the issue; it may be found on the NRC's rulemaking website, 

ruleforum@llnl.gov.  

The first commitment came in 1979. During the TMI accident, at a point when a major 

release of radioiodines was feared, federal and state officials looked for supplies of KI 

(which had been declared "safe and effective" for radiation protection by the Food and 

Drug Administration the previous year) and discovered that none existed. An FDA official, 

Jerome Halperin, made a midnight call to a drug company executive, who started up the 

production line at 3 a.m., with the result that the first supplies of KI arrived in 

Pennsylvania 24 hours later. Fortunately, the accident was brought under control 

without a major release, and the drug was not needed.  

After the accident, the Presidential commission headed by Dr. John Kemeny castigated 

the NRC's failure to ensure adequate stockpiles of KI. The NRC agreed with the criticism, 

in a document published in November 1979, and declared that it intended to require 

supplies of the drug to be established near every nuclear plant, as a part of emergency 

planning. In 1982, the NRC staff recommended to the NRC Commissioners that they 

approve a draft federal policy statement favoring the stockpiling of KI. Only three weeks 

later, the NRC staff reversed itself, withdrew its earlier recommendation, and said that it 

could produce a new memorandum asserting that KI was less "cost-effective" than 

previously thought.  

On November 22, 1983, the NRC staff briefed the Commissioners and the public on KI. 

The gist of its argument was that KI was not cost-effective: that it would be cheaper in 

the long run not to buy KI, and spend the money thereby saved on treating any thyroid 

disease that might result from not having the drug. The transcript shows NRC Chairman 

Nunzio Palladino objecting that if he survived an accident because of having taken KI, he 

would think the $.20 or whatever the drug cost to be money well spent. The staff briefer 

assured him that "surviving is not the question." Rather, the issue was one of "averting 

an illness," one that involved "a few days' loss." Cancer was never mentioned; instead, 

the briefers talked of "nodules." No one listening to the presentation would have 

imagined that 40% of the nodules would be cancerous, or that 5 to 10 percent of the 

cancers would be fatal.  

For more than 10 years, I have been saying, in writing, that the staff misinformed the 

Commissioners and the public on that occasion, by seriously understating the 

consequences of radiation-caused thyroid disease. For more than 10 years, the NRC has 

steadfastly refused to examine whether or not that is the case. At a Commission meeting 

on KI in November 1997 -- the first such meeting in 14 years -- Commissioner Ed 
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McGaffigan asked the staff what its response was to the charge of misinformation. The 

staff's response was that it "had no answer."  

In 1989, after the NRC staff declared that the Chernobyl accident was not grounds for 

altering course on KI, I filed a "differing professional opinion" urging that new 

information called for stockpiling KI, and that in any case, the existing policy was 

defective, as it was based on misinformation to the Commissioners and the public. (I am 

a lawyer for the NRC, but this message, like my other work on KI, is written in my private 

capacity, at home, on my own time.)  

In 1994, the NRC staff sent a memorandum to the Commission that recommended 

stockpiling of KI as a "reasonable and prudent" measure, adding that it was so cheap, at 

just a few cents a pill, that it would cost less to stockpile the drug than to go on studying 

whether the drug was worthwhile. But the Commissioners split 2-2, and under NRC rules, 

that means the status quo stays in place.  

In 1995, therefore, I filed a petition for rulemaking, asking that the NRC make KI 

stockpiling, along with evacuation and sheltering, part of its emergency planning rules. 

At the same time, I wrote to the Federal Emergency Management Agency, pointing out 

the flaws in current U.S. policy on KI. FEMA acted swiftly, and the result, in 1996, was 

that the Federal Radiological Preparedness Coordinating Committee, chaired by FEMA, 

recommended a new federal policy, under which the U.S. Government would provide the 

drug at federal cost to any state requesting it. On July 1, 1997, the NRC announced that 

it supported the draft policy, and declared explicitly, "The NRC will provide the funding."  

On November 5, 1997, at the NRC Commission meeting referred to earlier, I made a 

tactical decision -- foolish, in retrospect -- to offer a compromise, because I could see 

that my 1995 petition was headed to another 2-2 defeat. I said I would accept a strong 

recommendation in favor of stockpiling, coupled with a requirement that states 

"consider" KI in their emergency plans, because when this was joined with the offer of 

federally-funded KI, no sensible state would turn the offer down.  

Elements in the NRC staff remained passionately opposed to KI stockpiling. In support of 

a recommendation against stockpiling, they prepared a document, given the number 

NUREG-1633, which purported to be a technical analysis of the drug. One might have 

thought that the starting point would have been the FDA's 1978 declaration that the 

drug was "safe and effective." Amazingly, NUREG-1633, in all its 40 pages, never 

mentioned that fact. Instead, it included dire warnings of severe side effects of KI, 

gleaned from the pages of the Physician's Desk Reference. What no reader could have 

imagined was that those quotations did not refer to KI in the low doses used for 
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radiation protection, but for a prescription-only drug, orders of magnitude more 

concentrated, used for certain pulmonary illnesses. After searing comments from the 

health departments of New York and Ohio, the NRC Commissioners ordered NUREG-

1633 withdrawn. It was also taken off the NRC website. Eager to save face, the NRC staff 

explained that it was being revised in light of the "many useful comments" received.  

In 1998, the NRC reaffirmed its commitment to federally-funded stockpiling, and in 

September of that year, sent FEMA a draft Federal Register notice that would announce 

the new policy. But in October, the NRC got a new Commissioner, Jeffrey Merrifield, a 

young staffer to Senator Bob Smith of New Hampshire. Commissioner Merrifield told his 

colleagues that if he had been at the Commission when the KI decision was made, he 

would not have approved it, and he set out to overturn the Commission's decision.  

The result, in April 1999, was that the NRC reversed its position on funding of state 

stockpiles. (As to its past position, the NRC would acknowledge only that it had said in 

the past that funding for state stockpiles would "probably" come from NRC; the 

statement in the 1997 press release that the NRC would provide the funding was passed 

over in silence.) Instead, the NRC would support federal funding of REGIONAL stockpiles.  

Regional stockpiles of a drug that needs to be given before or just after exposure to be 

useful? The World Health Organization has said that the drug should be kept locally, in 

schools, hospitals, fire stations, and the like. The time spent transporting the drug from 

regional stockpiles to the area of need is time lost getting the drug into the children who 

need it, and it cannot fail to translate into increased numbers of childhood thyroid 

cancers in the event -- the unlikely event, to be sure -- of a major accident or act of 

terrorism.  

Commissioner Merrifield had an answer to this, however. In an interview with the Keene 

(N.H.) Sentinel, he suggested that the drug could be brought to the area of need by 

"fighter jet."  

Consistent with this approach, the NRC issued a proposed rule in June. It will require 

states to "consider" KI, but suggested that many had already done so. It included no 

recommendation that states stockpile. As to funding, it explained that the NRC had to 

deal with a declining budget, and that it did not have funds left over for "new 

initiatives."  

It is indicative of how badly the NRC has failed to inform the public and the states on the 

KI issue that at a public meeting at FEMA in 1996, an official of a large and populous 

state declared one reason for his state's opposition to KI stockpiling: that "Loss of the 

thyroid is not life-threatening." (When I criticized this statement in comments to the 
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NRC, a more senior official of that state angrily responded that "hundreds of thousands 

of people live normal, healthy lives without functioning thyroid glands.")  

The American Thyroid Association has been pleading since 1989 for a more enlightened 

policy on KI. The World Health Organization is moving toward recommending more 

aggressive intervention with KI. The international Basic Safety Standards, to which the 

U.S. is a signatory, call for KI to be part of emergency planning. Internationally, the NRC's 

penny-pinching on KI is bringing no glory to U.S. radiation protection efforts. If you talk 

to doctors and radiation protection specialists from other countries, they shake their 

heads in disbelief that the United States believes it cannot afford the million or two or 

three dollars it would take to bring its children's protection up to world standards. (The 

international community can also see, from the frequency with which NRC 

Commissioners jet around the world, that the NRC is not completely strapped for funds.)  

The issue is not whether evacuation is better than KI. Of course, it is better to get 

children and adults out of harm's way, if you can. But as the rest of the developed world 

seems to understand, it is better to have three arrows in your quiver than two. Accidents 

are by their nature unpredictable. It is better to have life preservers on your boat, and a 

first aid kit in your car, than to count on someone flying to your aid in a crisis.  

How cheap is KI? On the NRC's rulemaking website, you can find an e-mail from an Ohio 

state official, forwarding an e-mail from a Swedish firm that offers KI in quantity at six 

cents a pill, with a guaranteed shelf life of ten years.  

The only argument against having KI close to reactors that would make sense, if it were 

true, is that big accidents will not happen. If only we knew that! Big accidents are 

unlikely, to be sure, but complacency is a dangerous path to follow. If we knew that 

accidents would never happen, we could scrap all of emergency planning, including 

sirens and drills. Moreover, all the estimates of accident probability deal with unintended 

accidents; in today's world, terrorism is a wild card for which we have no probability 

estimates.  

In 1996, Maine decided to adopt KI stockpiling. A member of the state's advisory 

committee on radiation said, "Knowing what we know, ten years from now, I'd rather 

say that we erred on the side of caution." 20 years after TMI, it's time for the federal 

government to show the same good sense.  

For those who read to the bottom of this long message, thanks for your attention, and I 

hope you'll consider sending your views to the NRC. I'm sure that perspectives from other 

countries would also be valuable.    - Peter Crane  
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(Note: Peter served as a lawyer with the NRC from early 1975 until October 1999, except 

for a relatively brief period (1991-92) in which he was an administrative judge with the 

Nuclear Claims Tribunal in the Republic of the Marshall Islands.)  

Specific recommendations for personal actions in nuclear plant emergencies 394 

State and local governments, with support from the Federal government and utilities, develop 

plans that include a plume emergency planning zone with a radius of 10 miles from the plant, 

and an ingestion planning zone within a radius of 50 miles from the plant. However, as noted 

earlier, these hazard planning zones could be misleading in that both a plume inhalation hazard 

zone and an ingestion hazard planning zone could extend beyond 300 miles in the most severe 

of accidents with unfavorable weather conditions.  

Residents within the U.S. government’s 10-mile emergency planning zone are regularly 

disseminated emergency information materials (via brochures, the phone book, calendars, 

utility bills, etc.). These materials contain limited educational information on radiation, 

instructions for evacuation and sheltering, special arrangements for the handicapped, contacts 

for additional information, etc. Residents should be familiar with these emergency information 

materials.  In addition, a good general resource is the DHS site:  www.ready.gov . 

Radiological emergency plans call for prompt public alerts and warnings. If needed, these 

Integrated Public Alert and Warning Systems (IPAWS) systems will be activated quickly to 

inform the public of any potential threat from natural or man-made events. These system use 

either sirens, tone alert radios, route alerting (the "Paul Revere" method), or a combination to 

notify the public to tune their radios or television to an Emergency Alert System (EAS) station.  

The EAS stations will provide information and emergency instructions for the public to follow. If 

you are alerted, tune to your local EAS station which includes radio stations, television stations, 

NOAA weather radio, and the cable TV system.  

Special plans must be made to assist and care for persons who are medically disabled or 

handicapped. If you or someone you know lives within ten miles of a nuclear facility, please 

notify and register with your local emergency management agency. Adequate assistance will be 

provided during an emergency.  

 
394 Some of this section is derived from the FEMA Factsheet on Nuclear Power Plant Emergencies, 

however, much information and many additional recommendations have been added.   

http://www.ready.gov/
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In the most serious case, evacuations will be recommended based on particular plant 

conditions rather than waiting for the situation to deteriorate and an actual release of 

radionuclides to occur.  

If You Are Alerted of a Possible Emergency  

• Remember that hearing a siren or tone alert radio does not mean you should evacuate. 

It means you should promptly turn to an EAS station to determine whether it is only a 

test or an actual emergency.  

• Tune to your local radio or television station for information. The warning siren could 

mean a nuclear power plant emergency or the sirens could be used as a warning for 

tornado, fire, flood, chemical spill, etc.  

• Check on your neighbors. Remember your neighbors may require special assistance--

infants, elderly people, and people with disabilities 

• Do not call 911. Special rumor control numbers and information will be provided to the 

public for a nuclear power plant emergency, either during the EAS message, in the 

utilities' public information brochure, or both.  

• In a nuclear power plant emergency, you may be advised to go indoors and, if so, to 

close all windows, doors, chimney dampers, other sources of outside air, and turn off 

forced air heating and cooling equipment, etc. If requested to go indoors for sheltering, 

you should go to your basement, if you have one, or to the most central part of the 

lowest floor of your home for the most effective shielding from any passing radioactive 

cloud.  

If You Are Advised to Evacuate the Area  

• Stay calm and do not rush, but do not unnecessarily delay either (time can be of the 

essence if there has been a major radiation release and you live near to a plant)  

• Listen to emergency information  

• If there has been a radiation release, consider taking Potassium Iodide (KI) anti-radiation 

tablet(s), according to FDA and WHO guidelines.   

• Close and lock windows and doors  

• Turn off air conditioning, vents, fans, and furnace  

• Close fire place dampers  

• Remember your neighbors may require special assistance--infants, elderly people, and 

people with disabilities 

• If you live very close to a nuclear power plant, you may also want to purchase 

inexpensive HEPA masks to protect you and your family, etc. from inhaling radioactive 

particles, especially if you may have to evacuate.  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

346 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

• If you have a dosimeter or rate meter and know how to use them, monitor the 

environment and keep track of any accumulated dosages.  

• Keep car windows and air vents closed to limit radiation exposure and listen to an EAS 

radio station. 

Take a few items with you. Gather personal items you or your family might need. It is best to 

assemble an evacuation kit prior to any emergency so that you are not delayed searching for 

items.  

• Extra clothes 

• Flash light and extra batteries  

• Portable, battery operated radio and extra batteries  

• First aid kit and manual  

• Emergency food and water  

• Essential medicines  

• Cash and credit cards  

Use your own transportation or arrange to ride with a neighbor. Public transportation hopefully 

would be available for those who have not made arrangements. However, public transportation 

should only be used as a last resort, since in a true emergency, the public transportation 

systems may be severely taxed and limited on how rapidly they can remove you from the 

danger zones. In addition, public transportation workers may not want to expose themselves to 

repeated trips into a highly radioactive zone.  

Follow the evacuation routes provided. If you need a place to stay, congregate care information 

will be provided.  

If Advised to remain at Home  

• Bring pets inside  

• Close and lock windows and doors  

• Turn off air conditioning, vents, fans and furnace  

• Close fireplace dampers  

• If requested to go indoors for sheltering, you should go to your basement, if you have 

one, or to the most central part of the lowest floor of your home for the most effective 

shielding from any passing radioactive cloud. If you are one of the fortunate few 

individuals in this country to have a fallout or blast or storm shelter, this would generally 

be the safest place to stay, as long as the shelter was not ventilating contaminated air 

into the shelter space at the same time as the radioactive cloud was passing.  
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• If there has been a radiation release, consider taking Potassium Iodide (KI) anti-radiation 

tablet(s), according to FDA and WHO guidelines.  If there is the possibility of radiation 

exposure, the sooner that someone takes this medication, the more effective it will be 

in countering radioactive poisons.   

• If you have a dosimeter or rate meter and know how to use them, monitor the 

environment and keep track of any accumulated dosages.  

• Stay inside until authorities say it is safe  

• Remember your neighbors may require special assistance--infants, elderly people, and 

people with disabilities 

When Coming In From Outdoors  

• Shower and change clothing and shoes if the radiation cloud (which is typically invisible) 

may have passed through the area 

• If potentially contaminated, put items worn outdoors in a plastic bag and seal it and 

place it in a section of the home away from any pets or people.  

Food and Water Considerations  

• If you are staying in or near regions where the radioactive fallout has been deposited, 

you may be asked by authorities to restrict certain items in your diet, especially milk and 

regionally grown vegetables and fruit (as a minimum, wash and peel fruits and 

vegetables exposed to radiation prior to eating).  

• Avoid drinking water that may have been contaminated by the radioactive gas/particle 

plume that passes. Boiling water does not remove radiation poisons. Many public water 

supplies are covered, so this may not be a problem for your area (check with local water 

authorities to help determine the safety of the water supply). Water from deep, covered 

wells should also be relatively safe. Water from shallow ponds or streams is to be 

avoided for at least the first two weeks, if possible. Spring water is generally safe, but 

may have had radiation exposure that is not readily obvious. Local radiation monitoring 

authorities should be able to assess the safety of any water supply or you can do this 

monitoring, if you have the proper equipment and training.   

• Young children or infants are particularly susceptible to radioactive iodine that can enter 

the milk of cows and goats, through their feeding on contaminated grass, etc. You can 

protect your children by giving them powdered milk or canned milk or milk originating 

from a region that was not exposed to radiation poisoning. Another expedient measure 

would be to freeze suspect milk and allow any radioactive iodine in it to decay (for many 

areas, this milk would be safe in less than a month). Milk contaminated with iodine-131 

can also be converted to storable products (e.g. milk powder, cheese) to allow sufficient 
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time for radioactive decay.  In addition, children can be given potassium iodide or iodate 

to block radioactive iodine uptake in their thyroids to help prevent latent cancer and to 

allow them to ingest contaminated milk or other food products without a major risk to 

their thyroid. 

• Care should be taken in eating any meat products, such as game or livestock, that have 

been exposed to radiation. Avoid eating internal organs, especially the liver, kidney, and 

thyroid of animals. If an animal seems sick, whether due to radiation poisoning or not, 

it’s meat should not be eaten. Local authorities should be able to give guidance on what, 

if any risks there are with eating local meat products. 

• See the Appendix D – Antidotes & Medical  for additional information on taking KI pills 

and other ways to protect the body from radioactive iodine in a radiation emergency.   

Some concluding thoughts on nuclear power plant risks  

In this section, I explained some of the risks, technologies, and terminology associated with 

nuclear power plants, along with outlining some protective actions you can take if there ever is 

an accident or disaster near your home or business or school, etc.  

I’ve also presented some of the history and lessons learned from previous nuclear power plant 

disasters, in that it can help interested readers to better understand the technical complexities 

as well as the politics associated with these disasters.  

I believe there is a bright future for dramatically new designs related to nuclear power that will 

be inherently safe if the plant faces a loss of local power or other emergency situation.  I know 

that many believe that it is impossible to ever make a “safe” nuclear power plant, but I think 

some new technologies may change this.  I hope to explain some of this in future editions of 

this book (or in a related publication) if I have the chance to do so.   

My biggest concern for the near-term with nuclear power in North America is if an EMP or 

other form of attack (whether physical or cyber) occurs that impacts the operations and safety 

at one or more nuclear plants.  If there is an EMP attack over the USA, we could have very 

serious problems at essentially all of our North American nuclear plants simultaneously, due to 

a likely continent-wide, long-term loss of commercial power and because of severely damaged 

control and power subsystems.  
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Fallout  
Fallout description  

Radioactive fallout poses a serious life/health risk for a 

large area if a nuclear bomb explodes near the ground or if 

a major nuclear power plant disaster occurs. When a 

nuclear explosion occurs near the ground, large quantities 

of dirt are pulverized and lofted into the air in the fireball to 

help form what is often referred to as the nuclear 

“mushroom cloud,” such as the one pictured to the right. 

For a “low yield” 10 kiloton nuclear weapon, as might be 

used by terrorists, the cloud could reach a height of roughly 

20,000 feet. For a moderate size nuclear weapon (200 

kiloton), the cloud height could reach about 10 miles with a 

diameter of about 8 miles. For a large nuclear weapon (1 

megaton), the cloud height could reach about 13 miles with 

a diameter of 20 miles.  See the figure below for some 

representative nuclear cloud heights.    

Figure 53.  Mushroom cloud height and radius versus nuclear weapon yield 

© 2012 Kevin Briggs adapted from USAF 
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With larger yield weapons, most of the fallout is injected into the stratosphere and does not 
come down for weeks to years, but still a large amount of radioactive fallout that reaches the 
ground will result with these large yield weapons.  395 

The 12 fallout patterns in the figure below show how weather affects fallout patterns (in this 

case, in Washington, DC).  The weather data was based on atmospheric soundings at nearby 

airports and weather stations.  An analysis was performed to determine potential fallout 

patterns using the weather as if a detonation occurred on the 14th of each month (in 2009). An 

interesting result from the figure is that while some believe the wind in D.C. will generally take 

fallout from the West to East, that on certain days, the opposite occurs (for example, see 

August below). 396 Also note that the surface winds may be going in a much different direction 

than higher altitude winds, and so the surface winds may not provide an accurate prediction of 

where fallout is headed.  During the day, fallout is likely to be observable as a dust/ash cloud.   
 

Figure 54.  Examples of 12 months’ fallout patterns in the Washington DC area  

(Graphic derived from: Key Planning Factors: Response to an IND in the NCR.  Derived figure © 2013 Kevin Briggs)  

 

In the images above, the inner small red circle (or dot) is the range where major building 

damage would be expected, and the outer blue ring is the 3-mile radius from the burst point 

 
395 Derived from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977 and the book, Nuclear War Survival 

Skills, Cresson Kearny 1987 Edition.  
396 Derived from:  Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital 

Region (NCR), by B. R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL), etc. 

LLNL-TR-512111, funded by the U.S. Department of Homeland Security, FEMA, Nov. 2011, p. 3. 
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which is the outer edge of the light damage zone (LDZ) where glass is being broken with enough 

force to cause injury (example radii are for a hypothetical 10 kT weapon). The color coding of 

the fallout areas are 300 R 397 (red), 100 R (yellow), and 0.1 R (purple) for a two-hour outdoor 

exposure. These monthly figures are not meant to portray all possible fallout patterns or what 

the pattern is likely to be for any given month, but they do illustrate how complex and variable 

fallout patterns can be.  See Appendix C for a more complete explanation of radiation exposure 

and contamination and their respective measurement units.  

If a nuclear burst occurs high enough above the ground, fallout will not be a significant risk.  For 

example, both Hiroshima and Nagasaki did not experience substantial fallout because the 

detonations occurred well above ground at altitudes of 1,900 ft (579 m) and 1,500 ft (457 m), 

respectively. 398  These altitudes were set to maximize the blast damage and to minimize the 

resulting fallout.  At such altitudes, fission products do not have the opportunity to mix with 

excavated earth and so the only fallout is the weapons casing, etc.   

Exposure to ionizing radiation from fallout particles that settle on the ground and building roofs 

is the most dangerous delayed hazard from a nuclear detonation or an explosion that causes a 

breach of core at a nuclear power plant.  

Radiation levels from the particles of a 10 kT nuclear weapon detonation drop off quickly, with 

most (~55%) of the potential radiation exposure occurring within the first hour after detonation 

and ~80% occurring within the first day. Although a fallout pattern is highly dependent on 

weather conditions, the most dangerous concentrations of fallout particles (i.e., potentially 

fatal to those outdoors) occur within 20 miles (32 km) downwind of a 10 kT ground zero. 

Particles are expected to be clearly visible as they fall when immediately hazardous levels are 

present.  Fallout particles near the detonation are relatively large and although these particles 

can be inhaled, the inhalation hazard is relatively small when compared to the dose received by 

penetrating gamma radiation given off by particles that are on the ground or in the air. 399 

Fallout flow and ground disposition patterns 

Fallout flows in the atmosphere and ground disposition patterns are based on factors such as 

the weapon design/yield, weather patterns, and the urban environments with which the fallout 

interacts.  Wind direction and speed at different altitudes is one of the most complicated and 

influential factors in estimating the flow of fallout.  During the Cold War and in many areas 

 
397 R = Roentgen (R): A unit of gamma or x-ray exposure in air. It is the primary standard of measurement used in 

the emergency-responder community in the US. 1,000 milliroentgen (mR) = 1 Roentgen (R). 
398 Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), 

by B. R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL), etc. LLNL-TR-

512111, funded by the U.S. Department of Homeland Security, FEMA, Nov. 2011, p. B-2. 
399 Ibid.   
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today, emergency response planning often uses simple Gaussian distributions to predict areas 

that will be affected by fallout.  Figure 55 shows an idealized example of a Gaussian pattern. 

Figure 55.  Gaussian fallout prediction pattern  

 

                               Source:  Glasstone, 1977 

Emergency response personnel in the past have often based their planning around the dashed 

line along the middle of an idealized fallout pattern, also known as the “centerline.”  The 

centerline is defined as the highest predicted dose rate at any given distance from the point of 

burst. Hence, in the past, the planning advice was to move perpendicularly away from the 

centerline when evacuating an area.  This was assumed to provide the lowest possible exposure 

for the evacuating population.  This concept is the origin of the simplified “lateral evacuation” 

guidance that is sometimes given in plans. 400  

While the idealized Gaussian fallout patterns do not provide a good prediction of where fallout 

will in occur in an actual event, they are helpful for planning purposes to see the potential 

range, timing, and extent of effects, even if the actual direction and pattern of fallout in a real-

world event isn’t known.  Figure 56 shows the idealized Gaussian fallout contours in the first 

day after a 10 kilotons (kT) [typical “terrorist-size weapon”] detonation (as calculated by the 

HotSpot computer model) with a 5 meters/second (11 miles per hour) unidirectional wind.  

Figure 57 then shows what happens if you increase the yield of the weapon up to 100 kT [a 

medium sized nuclear weapon for a country]. Figure 58 and Figure 59 then show the idealized 

fallout patterns for a 1 MT and 5 MT weapon, respectively [both of these represent large yield 

nuclear weapons].   

These idealized fallout pattern figures show that for a small 10 kT weapon and 11 mph winds, 

you may receive dangerous fallout out to over 20 miles. For a medium sized weapon (100 kT), 

the dangerous fallout extends over twice as far, to about 50 miles. For a large 1 MT weapon, for 

the same wind conditions, the dangerous fallout would extend out to about 90 miles.  Finally, 

for a very large yield weapon (5 MT), the dangerous idealized fallout could extend out to about 

130 miles, based on the HotSpot code.    

 
400 Ibid.  
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Figure 56.  10 kT external fallout dose contours during first 24 hours after detonation 

 

 

Figure 57.  100 kT external fallout dose contours during first 24 hours after detonation 
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Figure 58.  1 MT external fallout dose contours during first 24 hours after detonation 

 

 

The following figure shows that dangerous fallout can extend for well over 100 miles with large 
weapons. 

Figure 59.  5 MT external fallout dose contours during first 24 hours after detonation 
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Figure 60 shows the importance of sheltering.  Even in a “near worst case” fallout environment, 
from a 5 MT weapon, if you seek shelter in a basement or on the first floor of a multistory 
building, your fallout risks are reduced by an order of magnitude.  In terms of distance from the 
burst, instead of being at risk for about 130 miles distance (such as if you have no shelter, as in 
Figure 59), your risk area is reduced to about 50 miles if you take shelter in a basement or first 
floor of a tall building (that has a protection factor of 10).  If you take shelter in an expedient 
blast/fallout shelter with a protection factor (PF) of about 100, you would be able to survive the 
fallout risks as close as 2.5 miles from a 5 MT burst. For a small nuclear weapon, you could 
survive as close as a ½ mile of the burst if you have a shelter with a PF of 100 and that can 
protect against ~7 psi overpressure.     

Figure 60.  5 MT fallout risk contour reduced if in basement or first floor of tall building  

 

The table below gives some shielding structures and their dose transmission factor (smaller is 

best). In the example of the Figure 60, the dose transmission factor for a basement or a 

multistory-lower floor shelter location is 0.1 (or a protection factor of 10). 

Table 57. Dose transmission factors for various shielding structures (from HotSpot)  
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Figure 61 on the next page shows a number of contour lines for selected dose rate values at 

ground level that are expected at the 1, 6, and 18 hour points after the surface detonation of a 

2 megaton weapon.  Similarly, Figure 62 on the following page shows the total accumulated 

dose at those same times for the same weapon.   

Figure 61.  Example fallout dose rate contours for a 2 megaton ground detonation 

 

Source:  The effects of nuclear weapons, Glasstone, p. 425 
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Figure 62.  Example fallout total dose contours for a 2 megaton ground detonation 

 

Source:  The effects of nuclear weapons, Glasstone, p. 426 
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Figure 111 that follows shows how fallout risks can be greatly reduced by either going into a 

basement or the first floor of a multistory building. The picture on the left shows how far 

dangerous fallout from a hypothetical 100 kT weapon could travel from a New York City 

detonation location if you don’t go into a shelter.  The picture on the right then shows how 

much the risk is reduced if you stay inside in a basement or the first floor of a multistory 

building.  If you go into better shielded shelter, such as described in the previous Table 57, you 

can virtually eliminate the fallout risk.     

Figure 63.  New York City 100 kT fallout (with no shelter vs. with basement shelter)  

  

 

A precise Gaussian fallout pattern will never occur in real life situations.  Hence, it isn’t a good 

planning assumption for evacuation purposes, since more complex fallout patterns frequently 

occur and if the public is told to evacuate along a path that is “lateral” to the direction of the 

surface, people may actually be evacuating into the most dangerous fallout zone.  For example, 

non-Gaussian distributions can be produced by wind shear (change in wind direction with 

height above ground).  Figure 64 shows the fallout cloud from a low-yield British nuclear test 

conducted off the western coast of Australia on October 3, 1952. The effects of wind shear on 

cloud direction can clearly be seen in the image, which was taken 7.5 minutes after the 

detonation. 401 

 

 
401 Ibid.  
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Figure 64.  Fallout cloud displaying wind shear at different altitudes  
 

Real weather patterns will typically result in irregularly shaped areas of ground contamination. 

For example, nuclear tests performed at the Nevada Test Site (NTS), when shot times could be 

selected for favorable weather, often resulted in fallout patterns that were unlike the cigar-

shaped Gaussian plots that have commonly been used for response planning (see Figure 65). 

Figure 65.  Fallout ground pattern after the TURK nuclear weapons test  

© 2013 Kevin Briggs 

Source:  From Nevada Test Site (Figure 9.58b from Glasstone and Dolan) 

  

Wind direction at lower altitude

 

Wind direction at higher altitude

 

© 2013 Kevin Briggs 
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Fallout from a major nuclear attack – most of North America is at risk 

The following graphics come from the “Cold War” era but provide an idea of how a major 

nuclear attack that is designed to create fallout could place most of North America at risk from 

dangerous fallout radiation.  The following graphics represent a set of near worst case 

scenarios.  Please note that these graphics show there is no way to precisely predict your risk.  

Differing wind patterns and burst locations mean that almost anywhere in North America is at 

risk from dangerous fallout if there is a major attack.  The graphics below are from a 1990 FEMA 

publication and show two possible dangerous fallout patterns, based on differing winds.   

Figure 66.  Example fallout patterns from a major nuclear attack (from FEMA 196) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

361 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

The next two fallout patterns were the output from a simulation I ran using FEMA’s unclassified 

PC REST program back in 1999.  One scenario was for typical May winds and one is for typical 

November winds.  Note however, that on any given day, the patterns might be quite different. 

Red areas show where the most dangerous fallout might occur after a massive nuclear attack. 

Figure 67.  Example fallout from FEMA’s PC REST program (same attack, different 
winds) 
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The below figure shows the fallout risks associated with the same attack as illustrated in the 

previous page’s graphic.  I ran this simulation to show the value of fallout shelters in homes and 

places of business, school, etc.  The point of the graphic is to show how fallout shelters could 

save millions of people’s lives if there was a massive attack.  The figure shows the reduction of 

risk that would occur from a massive attack’s fallout in North American if the public had fallout 

shelters with a protection factor (PF) = 100.  Even if most of the public had shelters with a 

PF=40, most everyone would be saved from dangerous fallout risks. Figure 68 shows that there 

are almost no fatalities due to fallout if you have a good fallout shelter. 

Figure 68.  Example fallout risks from the same scenario, but with PF=100 shelters 

© 2013  Kevin Briggs 
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Fallout exposure within 10 miles of a 10 kT burst  

Within 10 miles of the detonation, exposures from fallout would be great enough to cause 

near-term (within hours) symptoms such as nausea and vomiting. The exposures people would 

likely receive, presuming that individuals stood outside in the fallout for 2 hours, are shown in 

Figure 69. This calculation was not chosen because it is expected that people will remain 

outside and stationary for 2 hours, but rather for use as a consistent benchmark from which to 

make relevant comparisons. The circular yellow area under the fallout pattern is the Light 

Damage Zone (LDZ). The yellow fallout area (spreading to the north and 6 miles to the 

northeast of the detonation location) in Figure 69 represents an outdoor 2-hour integrated 

exposure of 100 to 300 R. Since the exposure happens early, within the first minutes to hours of 

fallout arrival, an early evacuation would not be practical in this region. 402 

Figure 69.  The integrated dose for those outside for 2 hours after a 10 kT burst  

Source: Key Planning Factors: Response to an IND in the NCR.   

The reddish-orange area depicts exposures of 300 – 800 R for those who do not shelter soon 

enough. Most would experience early onset of health effects (for example, nausea and 

vomiting within 4 hours), and some fatalities would be likely without medical treatment.  

For those in the dark blue area who do not take immediate shelter, outdoor exposures (>800 R) 

would be great enough that fatalities are likely with or without medical treatment. Evacuation 

 
402 Ibid, p. B-4.  
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is not an option in this area because fallout would arrive too quickly (within 10 minutes) to 

evacuate.  See Table 26 and Table 32 for more information on acute radiation sickness at this 

dose level.   

 

Long-range exposure concerns 

The white area in Figure 70 represents radiation levels that are above the Environmental 

Protection Agency (EPA) and Department of Homeland Security (DHS) Federal Register Volume 

73, Number 149 (FR73-149) recommendation for shelter-in-place (SIP) or evacuation.  FR73-149 

recommends that a SIP or evacuation begin at 1 rem projected dose. 403This exposure is low 

enough that no immediate health effects are expected, and the probability of long-term effects 

(for example, cancer) is very small (<0.1%).  Even so, protective measures to reduce exposure 

may be recommended by authorities.  I would not personally evacuate in these cases as the risk 

of long-term cancer is very low and radiation hormesis would suggest that this low level of 

exposure may even be good for you in some cases. 404 The light-blue area defines the region 

where no immediate health effects are expected; however, exposure is expected to be great 

enough by our public health authorities (5 to 100 rem) that the probability of long-term effects 

(for example, cancer) warrants protective actions according to the DHS and EPA guidance.405 

Figure 70.  Integrated dose for those outside for 4 days after a 10 kT burst  
 

 

 

 

 

 

 

 

 
403 www.gpo.gov/fdsys/pkg/FR-2008-08-01/html/E8-17645.htm , Planning Guidance for Protection and Recovery 

Following Radiological Dispersal Device (RDD) and Improvised Nuclear Device (IND) Incidents, FEMA, Federal 

Register Volume 73, Number 149 (Friday, August 1, 2008).   
404 For more info regarding radiation hormesis, see:  www.ncbi.nlm.nih.gov/pmc/articles/PMC2477686/ , 

RADIATION HORMESIS: THE GOOD, THE BAD, AND THE UGLY, by T. D. Luckey; also see:  

www.hormesissociety.org  
405 Extracted and derived from Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the 

National Capital Region (NCR), by B. R. Buddemeier and J. E. Valentine of LLNL, etc. LLNL-TR-512111, funded 

by the U.S. Department of Homeland Security, FEMA, Nov. 2011, p. B-5. 

http://www.gpo.gov/fdsys/pkg/FR-2008-08-01/html/E8-17645.htm
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2477686/
http://www.hormesissociety.org/
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Agricultural embargo area for a 10 kT detonation in D.C.  

An agricultural embargo represents both an economic and long-term health issue.  The long-
term health issue associated with a 10 kT detonation is from radioisotopes such as Iodine 131.  
Iodine 131 poses a risk of increased thyroid cancer several years after exposure, particularly in 
children and infants that drink contaminated milk or ingest contaminated food.  Likely embargo 
areas would include a large area that encompasses the regions in which fallout contamination is 
detectable with survey equipment in the first few days following a detonation. Figure 71 shows 
that the anticipated embargo area for a 10 kT detonation would include the Chesapeake Bay, all 
of Delaware, and parts of New Jersey, Maryland, and Virginia. Although an agricultural embargo 
would probably be lifted after a few weeks when radiation levels subside, public confidence in 
the products produced in the region would likely be a longer-term concern.406 

Figure 71.  Initial food embargo area based on a 10 kT burst in D.C.  
 

• If you are staying in or near regions where the radioactive fallout has been deposited, 

you may be asked by authorities to restrict certain items in your diet, especially milk and 

regionally grown vegetables and fruit (as a minimum, wash and peel fruits and 

vegetables exposed to radiation prior to eating).  
 

406 Ibid. 

© 2011  Google Inc. 
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• Avoid drinking water that may have been contaminated by the radioactive gas/particle 

plume that passes. Boiling water does not remove radiation poisons. Many public water 

supplies are covered, so this may not be a problem for your area (check with local water 

authorities to help determine the safety of the water supply). Water from deep, covered 

wells should also be relatively safe. Water from shallow ponds or streams is to be 

avoided for at least the first two weeks, if possible. Spring water is generally safe, but 

may have had radiation exposure that is not readily obvious. Local radiation monitoring 

authorities should be able to assess the safety of any water supply or you can do this 

monitoring, if you have the proper equipment and training.   

• Young children or infants are particularly susceptible to radioactive iodine that can enter 

the milk of cows and goats, through their feeding on contaminated grass, etc. You can 

protect your children by giving them powdered milk or canned milk or milk originating 

from a region that was not exposed to radiation poisoning. Another expedient measure 

would be to freeze suspect milk and allow any radioactive iodine in it to decay (for many 

areas, this milk would be safe in less than a month). Milk contaminated with iodine-131 

can also be converted to storable products (e.g. milk powder, cheese) to allow sufficient 

time for radioactive decay.  In addition, children can be given potassium iodide to block 

radioactive iodine uptake in their thyroids to help prevent latent cancer and to allow 

them to ingest contaminated milk or other food products without a major risk to their 

thyroid.  

 

Fallout particles, risks around buildings, and dose rates 

Although there were over 200 near-surface atmospheric nuclear weapons detonations 

conducted by the U.S. government, very few were true “ground-level” detonations in which the 

fireball touched the earth.  Most tests consisted of nuclear weapons with less than 100 kT yield 

and were placed on top of towers as high as 700 feet tall. Hence, the information on fallout in 

this subsection is derived from extrapolation of data obtained from the few such tests 

performed at the Nevada Test Site (NTS). 407 

While only a small quantity of radioactive material is produced initially in a nuclear detonation 

(for example, about 20 ounces for a 10 kT device), this material is highly radioactive (a minute 

after the explosion, almost 300 billion Curies are present) (Glasstone, 1977). As the fireball 

cools, highly radioactive fission products coalesce on the thousands of tons of dirt and debris 

pulled up by the heat of the fireball. 408 
 

 
407 Ibid, p. B-7 and information from Glasstone and Dolan, 1977.   
408 Ibid.  
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“Larger particles tend to fall closer to the detonation site, whereas small particles, such 

as those that might pose an inhalation hazard, tend to stay in the upper atmosphere 

much longer, perhaps for days or weeks. Although details are highly dependent on 

weather conditions, the most dangerous concentrations of fallout particles (i.e., 

potentially fatal to those outdoors) occur within 10 to 20 miles downwind of the 

explosion and are clearly visible as they fall, often the size of fine sand or table salt 

(NCRP, 1982). Weather, rain or washing of fallout areas might concentrate fallout in 

pockets, sewers, and storm drains, but such action would be accompanied by a reduction 

of fallout concentration elsewhere.” 409 

“Dangerous levels of fallout can create visible dust and debris, so visible fallout can be 

used as an indicator of a direct radiation hazard (however, fallout might not be readily 

noticeable on rough or dirty surfaces after it has fallen). The particles emit penetrating 

radiation that can injure people (even in cars or within inadequate shelters). However, 

fallout decays rapidly with time and is most dangerous in the first few hours after a 

detonation.” 410 

“Once fallout particles reach the ground, the primary hazard arises from penetrating 

gamma rays from the particles, rather than from breathing or ingesting particles. 

Gamma rays are photons, like x rays, that can “shine” through clothing, walls, and even 

protective suits. Although gamma and beta radiation are not visible to the naked eye, 

Figure 73 illustrates (through an artist’s suggestion of a purple glow) the most hazardous 

areas where fallout particles would likely land on rooftops and the ground. 411 

In a nuclear power plant disaster such as occurred during the Chernobyl and Fukushima 

disasters, large amounts of potentially dangerous fallout can be spread over several hundreds 

of miles. When a large steam explosion causes a rupture in the containment (which occurred in 

the Chernobyl disaster but is highly unlikely in the USA because of better reactor designs), the 

radioactive cloud would generally be much lower to the ground (several thousand feet) versus 

the fallout clouds associated with a nuclear (versus steam) explosion. During the Chernobyl 

disaster, potentially dangerous levels of radioactive iodine occurred as far away as about 300 

miles (causing higher rates of thyroid cancer 5+ years later in youths that were exposed).    

 
409 Quoted from: Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital 

Region (NCR), by B. R. Buddemeier and J. E. Valentine of LLNL, etc. LLNL-TR-512111, funded by the U.S. 

Department of Homeland Security, FEMA, Nov. 2011, p. B-8. 
410 Ibid. 
411 Ibid. 
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Figure 72.  Pictures of typical fallout particles from U.S. nuclear tests  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  The effects of nuclear weapons, Glasstone, p. 411 

  

A fallout particle from a tower shot at the Nevada Test Site.  The 

particle has a dull, metallic luster and shows many smaller adhering 

particles. 

© 2013   Kevin Briggs 

A fallout particle from a tower shot at the Nevada Test Site.  The 

particle is spherical with a glossy surface. 

© 2013   Kevin Briggs 
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Radioactive fallout can range from relatively large particles (that “fallout” near to the disaster 

or blast site) to particles so small they cannot be seen by the naked eye (which can travel 

thousands of miles) and behave much like gasses. In addition to particles, invisible radioactive 

gasses, such as radioactive iodine, can be emitted that can pose dangers hundreds of miles 

from the point of origin and can be deposited in high concentrations especially through rain 

effects. Special care must be taken to avoid exposure to fallout, especially within the first hours 

and possibly days of its arrival.  

Figure 73.  Artist’s concept of where fallout will pose hazards (greatest in purple)  

 

Source:  LLNL-TR-512111, 2011, p. 15. 

 

After fallout arrives, the radiation emitted by fallout particles decreases rapidly with time 

similar to how hot metal radiates energy (heat) and cools over time (decreasing the amount of 

energy given off), although fallout remains dangerous for a longer period than cooling metal. 

Fallout gives off more than 50% of its energy in the first hour, and continues to decay rapidly 

even after that initial hour. 

Figure 74 shows how radiation levels from fallout continue to decrease with time. For this 

example, an arbitrary 1-hr starting value of 1,000 R/hr was used. 412 

 

 
412 Quoted and derived from Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the 

National Capital Region (NCR), by B. R. Buddemeier and J. E. Valentine of LLNL, etc. LLNL-TR-512111, funded 

by the U.S. Department of Homeland Security, FEMA, Nov. 2011, page 16.  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

370 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Note that the actual radiation levels for 

your location would vary based on wind 

patterns, proximity to the burst, burst 

height, weapon design, etc. 

                                 © 2013  Kevin Briggs 

Figure 74.  Example fallout dose rates for the first 48 hours after a 10 kT detonation  
 

Source for underlying graphic:  Key Planning Factors: Response to an IND in the NCR, LLNL, 2011.  

Fallout becomes less dangerous as time passes. In cases of nuclear bomb explosion, at 7 hours 

after the time of detonation the fallout is approximately 1/10th as dangerous (as far as acute 

radiation effects) as it was one hour after the detonation. After about 2 days (~7 x 7 hours), the 

radiation is about 1/100th as dangerous, and after about 2 weeks (7 x 7 x 7 hrs), the radiation is 

about 1/1000th as dangerous.  Hence, the “7-10 rule” for fallout radiation is that for every 

sevenfold increase in time in hours, there is a tenfold reduction in the gamma radiation level.  

A fallout cloud disperses as it moves downwind, reducing the overall concentration within the 

cloud and the amount of particles that fall from the cloud to the ground. After the cloud passes 

a given point, fallout particles deposited on the ground continue to give off radiation. Because 

the generation of radioactive material occurs all at once, after the fallout cloud passes and has 

deposited fallout particles on a given area, there will never be an increase in fallout radiation 

levels unless the wind reverses direction or another cloud of fallout (from another burst) 

arrives. 413 

To illustrate what the decreasing fallout risk for people who find themselves in the fallout 

region 1.5 miles directly downwind from a 10 kT burst, the following Figure 75 provides 

theoretical outdoor dose rates up to four hours after detonation. 414 

 
413 Ibid.  
414 Ibid, page B-10. 
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Example outdoor exposure rate from 

fallout at a point 1.5 miles directly 

downwind from a 10 kT burst. 

© 2013 Kevin Briggs 

Figure 75.  Example fallout dose rates for the first 4 hours after a 10 kT detonation  
 

Source for underlying graphic:  Key Planning Factors: Response to an IND in the NCR, LLNL, 2011.  

Figure 76.  Fallout dose rates for the first 4 days  
 

           

 

 

 

 

 

 

 

Source: LLNL-TR-512111  
 

Fallout Zones 

In the USA, guidance has been developed to help define the relative hazards associated with 
various dose rates. Similar to prompt-effects areas that have been defined by three blast 

Example outdoor exposure rate from 

fallout at a point 1.5 miles downwind 

from a 10 kT burst (same as above). 

Note that the peak radiation occurs at 

over 1,600 R/h based on the previous 

Figure. Note too that the risk drops off 

rapidly after the first hour and that 

sheltering would only be needed for 

about 1 day. 

© 2013 Kevin Briggs 
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damage zones (severe {SDZ}, moderate {MDZ}, and light {LDZ}), fallout hazard areas have been 
defined by two different zones:  (1) the Dangerous Fallout Zone (DFZ) and (2) the Hot Zone. 415 

Dangerous Fallout Zone 

The Dangerous Fallout Zone (DFZ) has the following characteristics for a 10-kT detonation: 

• Radiation levels of 10 R/hr and above. 
• Acute radiation Injury is possible within the DFZ. 
• Could reach 10 to 20 miles downwind. 
• Decay of radiation causes this zone to shrink after about 1 hr. 

 

 

 

 

 

All those in the Dangerous Fallout Zone should seek the best shelter available immediately. This 

is contrary to much of the prior governmental guidance provided over the past few decades. 

More recent analysis (LLNL-TR-512111) indicates that potential exposures arising from 

evacuation are greatest if evacuation is attempted in the first hour after detonation. Waiting 2 

hours lowers the average potential evacuation dose by 85%, and waiting 24 hours can reduce 

the evacuation exposure substantially.  Many who choose to try to evacuate within the first 

hour or two run the risk of receiving dangerous or lethal doses from the fallout radiation.  416 

Be cautious about any “evacuate immediately” guidance provided by local emergency 

management officials due to fallout radiation. If emergency managers base their radiological 

response plans on the expectation of a mushroom cloud and a Gaussian (cigar shaped) fallout 

pattern, this creates the false impression that fallout is constrained to a symmetric, easily 

delineated area. This then provides an unrealistic expectation that the fallout area will be 

quickly and easily traversed and that the impacted population in the fallout area will have 

sufficient situational awareness of what areas have been contaminated by fallout. This has 

contributed to the “evacuate immediately” guidance that is sometimes promoted that would 

likely result in higher exposures to anyone trying to evacuate “upwind”, when in reality, they 

are “downwind” of upper atmospheric winds which then deposits fallout on people who 

thought they were evacuating safely “upwind” based on the surface winds.   417 

 
415 Ibid, pages 18-20 and B-10-12.   
416 Ibid, page 27. 
417 Quoted and derived from Key Response Planning Factors for the Aftermath of Nuclear Terrorism, by B. R. 

Buddemeier and M. B. Dillon, etc. LLNL-TR-410067, Aug 2009, page 7. 

“The area covered by fallout that impacts responder lifesaving operations and/or has 

acute radiation injury potential to the population is known as the dangerous fallout 

zone (DFZ). Unlike the LDZ, MDZ, and SDZ, the DFZ is distinguished not by 

structural damage, but by radiation levels. A radiation exposure rate of 10 R/h is 

used to bound this zone, and the DFZ may span across both the LDZ and MDZ.” 

Planning Guidance for Response to a Nuclear Detonation (EOP, 2010) 
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Hot Zone 

The Hot Zone is defined by a dose rate of 0.01 R/hr (1/1000th that of the DFZ) to 10 R/hr. 

Although this region is outside the area in which acute radiation effects might be expected, it is 

still an area in which controls to mitigate exposures should be considered.  
 

The Hot Zone has the following characteristics for a 10-kT detonation: 

• Radiation levels of 0.01 R/hr (10 mR/hr) to 10 R/hr 

• Could extend in numerous directions for 100s of miles. 

• Decay of radiation causes this zone to shrink after about 12 to 24 hours. 

• After about a week the Hot Zone will be about 10 to 20 miles in length. 

Figure 77 shows the five zones (3 for blast and 2 for fallout) defined in this document. It is 

important to recognize that the zones are defined by observable features (blast) or radiation 

(fallout) readings. The five zones represent areas where different priorities and protective 

measures should be considered.  Table 58 provides some recommendations used by the U.S. 

government for Personal Protection Equipment (PPE) in various fallout zone locations. 

Table 58. Personal Protective Equipment (PPE) recommended for fallout zones 

Rate Locations Protective Equipment Restrictions/Precautions 

0.002 
R/hr  

Outer 
exclusion 
zone 

Work uniform Outer boundary for small incidents. No legal restrictions 
outside this area. Command centers, staging areas, etc., 
that need to be set up close to the incident can be within 
this boundary. 

0.01 
R/hr 

Outer 
boundary 
of Hot 
Zone 

Minimum: Work uniform and 
radiation monitoring 
equipment. Preferred: 
Respiratory protection and 
clothing that can be 
decontaminated. Active, 
alarming rate meters. 

Proceed for emergency operations (lifesaving, 
firefighting, etc.). Respiratory protection can be N95 or 
HEPA masks (or if those are unavailable, any dust mask. 
Shelter/ isolate area, and minimize responder time spent 
in the area. If possible, monitor and record response-
force exposures. If possible, rotate responder workforce 
to avoid exceeding cumulative dose limits. 

10 
R/hr 

Outer 
boundary 
of DFZ 

Minimum: Work uniform and 
alarming rate meters.  
Preferred: Add respiratory 
protection and clothing that 
can be decontaminated. 

Proceed for time-sensitive, mission-critical emergency 
operations such as lifesaving. Use active, alarming dose- 
and dose-rate monitoring equipment to ensure 
predefined exposure levels are not exceeded. Isolate 
area, and minimize responder time spent in the area. 

200 
R/hr 

“Turn 
back” 
level 

Same as above: 
 

Proceed only for short period (<15 minutes), planned 
rescue attempts. Enter such areas only after it has been 
determined that the likelihood of success outweighs 
potential harm to rescuers. Survival of victims in the area 
for > 60 minutes is questionable. 

Source:  Adapted from LLNL-TR-512111, p. D-2                                                      © 2013  Kevin Briggs 
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Figure 77.  Fallout and blast zones from a 10 kT surface detonation  

 

 

 

 

 

 

 

 

 

 

 

Source:  Adapted from LLNL-TR-512111, p. B-13                                              © 2013  Kevin Briggs 

 

Local and global fallout  

Ionizing radiation from fallout, especially gamma and beta rays from radioactive particles, pose 

the principal threat to people, livestock, crops, and forests. This is so because radioactive fallout 

caused primarily by surface bursts of nuclear weapons covers very large areas. Indeed, while 

radioactive particles in the lower troposphere will fall to the earth fairly rapidly, thus creating 

local fallout.  Particles lofted by the detonations into the upper troposphere may fallout during 

two to four months, while those lofted into the stratosphere would fall to the surface during a 

period of five to seven years after the detonations. Various publications describe the latter two 

types of fallout as being "global" in character. 418 

Ionizing radiation can cause radiation sickness of various levels of severity in people and 

animals and, in sufficiently high doses, can be lethal. It can also damage or kill plants. The effect 

of radiation on people and animals depends not only on the total radiation dose they receive 

but also on the length of time during which they are exposed to radiation. The same total dose 

 
418 “Soviet Civil Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon 

Goure, June 1985, p. 20. 
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received over a short period of time will be significantly more damaging than if it is received 

over a protracted period of time. 419 

Types of fallout 

There are three major types of potentially dangerous nuclear radiation emitted by fallout 

particles. The first, called alpha (α) radiation, is only dangerous if ingested in food or water or if 

breathed into the lungs, since it cannot penetrate clothes or skin. An alpha particle is identical 

to a helium nucleus having two protons and two neutrons. Alpha particles have a velocity in air 

of approximately one-twentieth the speed of light, depending upon the individual particle's 

energy. Internalized alpha radiation increases the risk of cancer; in particular, alpha radiation is 

known to cause lung cancer in humans when alpha emitters are inhaled. 420   

The second type of fallout radiation, called beta (β) radiation, consists of high-energy, high-

speed electrons or positrons emitted by certain types of radioactive nuclei. Like α particles, β 

radiation is mainly a threat if ingested or inhaled. Unlike α particles however, beta particles 

(also called “rays”) can cause radiation burns if left on the skin.  

The third type of dangerous nuclear radiation is called gamma (γ) radiation. Unlike α and β 

radiation, gamma radiation is a ray, not a particle, and is highly penetrating. It too is dangerous 

if is emitted by a particle that has been ingested or inhaled, but it is also dangerous from many 

feet away from your body. Figure 78 provides a visual depiction of the three main types of 

nuclear radiation.    

Figure 78. Nuclear radiation penetrating capability 

 
 

419 Ibid. 
420 http://www.epa.gov/radiation/understand/alpha.html#properties  
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© 2012 Kevin Briggs 
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http://www.epa.gov/radiation/understand/alpha.html#properties
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Effects of fallout radiation on people  

Direct and indirect action mechanism of radiation 421 

Even though all biological effects can be traced back to the interaction of radiation with atoms, 

there are two mechanisms by which radiation ultimately affects cells in people. These two 

mechanisms are commonly called direct and indirect effects. 

The direct action mechanism occurs because of a direct interaction with a molecule by the 

ionizing radiation and the consequent breakup of the molecule. In this way, radiation can 

damage cells by changing the structure of various organic molecules such as enzymes, DNA, and 

RNA. For example, the molecular structure of enzyme X, which is essential to the formation of 

energy used by the cell, is changed by radiation. Consequently, energy for the cell can no longer 

be produced and cell metabolism is disrupted. This particular disruption causes the cell to die. 

However, as previously noted in some of the discussions on radiation hormesis, low levels of 

radiation can also have overall therapeutic effects on cell groups as well.   

The indirect action mechanism occurs when water in the body is irradiated. The water molecule 

is split. The resulting free radicals can then damage the cell. A free radical is an atom or 

molecule that has a single unpaired electron in one orbit (as compared to most electron orbits, 

which have pairs of electrons). The splitting of water occurs when radiation strikes a water 

molecule. 

The following general formulas outline the processes involved in the breaking down of water. 

Ho symbolizes the hydrogen radical. OHo symbolizes the hydroxyl radical. 

 

Radiation + H2O    Ho + OHo   Free Radicals 
Radiation + Ho + Ho   H2   Hydrogen Gas 
Radiation + Ho + OHo  H2O   Water 
Radiation + OHo + OHo  H2O2   Hydrogen Peroxide (poison)  
Radiation + Ho + O2    HO2

o  Peroxyl Radical 

 

Free radicals, hydrogen peroxide, and the peroxyl radical are extremely harmful to a living cell. 

The formation of the highly poisonous hydrogen peroxide from recombined free radicals is 

referred to as the “Poison Water Theory.” 

 
421 Derived/quoted from: Radiological Independent Study Course, IS 301 January 1998, Unit 3, pgs. 3-3 – 3-4 
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Radiation effects: acute and chronic 422 

Radiation effects are generally classified as early (or acute) and late (or chronic). The terms 

early and late refer to the length of the latent period after the exposure. The latent period is 

the time interval between dose and detection of symptoms. 

Early (acute) radiation health effects are those clinically observable effects on health that are 

manifested within two or three months after exposure. Their severity depends on the amount 

of radiation dose that is received. Examples of acute radiation effects include skin damage, loss 

of appetite, nausea, fatigue, and diarrhea. Late effects can occur years after exposure; 

examples are cancer, leukemia, cataracts, and genetic effects. 

Radiation damage can be repaired if the dose received is not too high and if the dose is 

received over a long period of time. The time period after the appearance of symptoms and 

during which repair occurs is called the recovery period. 

Factors affecting radiation damage 423 

The following factors determine the level of biological damage. 

• Amount of exposure (or size of the dose received). 

• Duration of exposure (or how long it takes to receive the dose). This significantly affects the 

biological result since the body can repair most of the damage (even throughout the 

duration of expo-sure) 

• Type of radiation. Is it prompt gamma, delayed gamma, beta, X-ray, neutron, or alpha? 

• Biological variability factors. These include the exposed person’s age, gender, general 

health, rate of metabolism, size, and weight.  

• Portion of the body exposed. The extent (volume) of tissue irradiated will influence the 

response. Most risk estimates, unless otherwise specified, are based on whole body 

exposures or doses. Different tissues have varying sensitivities to radiation. 

 
422 Derived and quoted from Radiological Emergency Response Course, Biological Effects and Internal Hazards of 

Radiation Exposure, FEMA, IS 301, January 1998, p. 3-7. 
423 Derived from Radiological Emergency Response Course, Biological Effects and Internal Hazards of Radiation 

Exposure, FEMA, IS 301, January 1998, p. 3-10. 
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Radiosensitivity of cells, organs, and babies in the womb 424 

The sensitivity of various cell types can differ markedly, and many organs in the human body 

have different cell types. In the mature adult, some organs consist of cells that are designed to 

perform a special function, but essentially no cell division takes place. 

• For example, the brain which contains a vast number of special functioning cells, is less 

radiosensitive than other organs. However, if the brain or any other part of the central 

nervous system is damaged during adult life, no repair can take place because there are no 

dividing cells. 

Many other tissues, even in the mature adult, contain dividing cells because they have to be 

replaced continually throughout life. 

• For example, the skin, the lining of the stomach and intestines, and the blood system are 

subject to so much wear and tear that they must be replaced continually by cell division. 

Between these extremes lie the vast majority of the tissues of the body, in which cells seldom 

divide under normal circumstances, but are able to do so if and when the need arises in order 

to repair damage. 

• For example, in the liver there is essentially no cell division under ordinary circumstances. 

However, if part of the liver is removed by surgery, the remaining cells are triggered into 

rapid division to make up the loss. 

In 1906, Bergonié and Tribondeau examined the cells that were sensitive to radiation. The 

Bergonié and Tribondeau Law states that cells are radiosensitive if they have a high division 

rate, have a long dividing future, and are of an unspecialized type. 

The most radiosensitive cells (or cell systems) in humans are mature lymphocytes (white blood 

cells), erythroblasts (premature red blood cells), bone marrow, lymph glands, hair follicles, skin, 

cancer cells/tumors, and spermatogonia cells (premature sperm cells). 

The least radiosensitive cells are muscle cells, bone cells (not the marrow), brain cells, and 

nerve cells. Both muscle and nerve cells, for example, are highly specialized (that is, designed to 

perform a special function), and when mature are incapable of cell division. 

 
424 Derived from Radiological Emergency Response Course, Biological Effects and Internal Hazards of Radiation 

Exposure, FEMA, IS 301, January 1998, p. 3-13. 
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The sensitivity of the various organs of the human body correlate with the relative sensitivity of 

the cells from which they are composed. For example, since the blood forming cells were one of 

the most sensitive cells due to their rapid regeneration rate, the blood forming organs are one 

of the most sensitive organs to radiation. Muscle and nerve cells were relatively insensitive to 

radiation, and therefore, so are the muscles and the brain.  

One example of a very sensitive cell system is a malignant tumor. The outer layer of cells 

reproduces rapidly, and also has a good supply of blood and oxygen. Cells are most sensitive 

when they are reproducing, and the presence of oxygen increases sensitivity to radiation. 

Anoxic cells (cells with insufficient oxygen) tend to be inactive, such as the cells located in the 

interior of a tumor. 

As the tumor is exposed to radiation, the outer layer of rapidly dividing cells is destroyed, 

causing it to "shrink" in size. If the tumor is given a massive dose to destroy it completely, the 

patient might die as well. Instead, the tumor is given a small dose each day, which gives the 

healthy tissue a chance to recover from any damage while gradually shrinking the highly 

sensitive tumor. 

Another cell system that is composed of rapidly dividing cells with a good blood supply and lots 

of oxygen is the developing baby in the womb. Therefore, the sensitivity of the developing 

babies to radiation exposure is very high. Hence, great care must be taken to protect the 

developing baby in the womb from the effects of external and internal radiation (such as taking 

potassium iodide to protect against inhaled or ingested I-131).  

Acute Radiation Syndrome (ARS) 425 

The acute radiation syndrome is a set of symptoms that result from short-term radiation 

overexposures. Symptoms become more severe as radiation doses to the body increase. This 

syndrome has several forms but all manifest themselves within the first 30 days following 

exposure and are related to the magnitude of the absorbed dose. 

The acute radiation syndrome is divided into three classes: the hemopoietic syndrome, the 

gastrointestinal syndrome, and the central nervous system syndrome. Some symptoms are 

common to all three classes; these include nausea and vomiting, malaise (a feeling of lack of 

health) and fatigue, increased body temperature, and blood chemistry changes. 

 
425 Derived from Radiological Emergency Response Course, Biological Effects and Internal Hazards of Radiation 

Exposure, FEMA, IS 301, January 1998, pgs. 3-17 – 3-18. 
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As mentioned earlier, manifestation of illness is a function of dose. No noticeable physical 

effects result from doses of less than 100 rem. However, some changes in the blood are 

observable through laboratory testing at about 25 rem. 

Hemopoietic syndrome 426 and short-term dose effects on people 

At 100-1,000 rem, the hemopoietic syndrome (also known as Hematopoietic) occurs. Symptoms 

are most usually seen after exposures of 200 rem or more. The degree of severity depends on 

the dose. Physiological symptoms are destruction or depression of bone marrow, which 

produces the red blood cells that carry oxygen to every cell in the body and carry away the 

waste material of the cells. The bone marrow also produces platelets, which contain the blood-

clotting factors. 

Physical symptoms 

are described in the 

following tables, 

based on dose.  Table 

59 (right) summarizes 

some of the effects 

from short-term 

whole-body doses of 

radiation.  Table 60  

that follows provides 

a more detailed view 

of the effects of 

various short-term 

whole-body doses of 

radiation.   

Table 59. Estimated 
fatalities and 
symptoms 
associated with 
acute whole body 
doses 

 

Source: Key Planning Factors: Response to an IND in the NCR (November 2011) 

 
426 Derived from Radiological Emergency Response Course, Biological Effects and Internal Hazards of Radiation 

Exposure, FEMA, IS 301, January 1998, pgs. 3-17 – 3-18 and H122 - Basic Health Physics  - 16 - Early (Acute) 

Effects of Radiation at http://pbadupws.nrc.gov/docs/ML1122/ML11229A693.pdf  

http://pbadupws.nrc.gov/docs/ML1122/ML11229A693.pdf
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Table 60. Short-term gamma dose effects on humans in first hours to weeks   

 

 

 

 

                                           Source: H122 - Basic Health Physics - 16 - Early (Acute) Effects of Radiation      
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                                           Source: H122 - Basic Health Physics - 16 - Early (Acute) Effects of Radiation      
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                                           Source: H122 - Basic Health Physics - 16 - Early (Acute) Effects of Radiation      

 

Gastrointestinal Syndrome  

At 1,000 - 2,000 rem, the gastrointestinal syndrome occurs. Initial symptoms are the same as 

the hemopioetic syndrome. Usually severe nausea, vomiting and diarrhea occur within hours. 

Death usually occurs within one to two weeks. See Table 32 - Table 34 for more details.  

Physical symptoms are destruction of the lining of the intestines and internal bleeding. 

Central Nervous System Syndrome 

Above 2,000 rem, central nervous system syndrome occurs. Damage to the nervous system 

occurs in addition to symptoms of the hemopoietic and gastrointestinal syndromes. 

Unconsciousness occurs within minutes. Death occurs within hours to days. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

384 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

LD 50/60 427 

The whole body dose is the dose resulting from uniform exposure of the entire body to either 

internal or external sources of radiation. The whole body absorbed dose required to cause 

death is characterized generally by a median lethal dose (LD 50). LD 50 normally refers to a dose 

required to kill 50 percent of the persons irradiated, and it assumes no medical intervention. 

It is usually necessary to establish a rate with regard to the mortality, which typically is referred 

to as the LD 50/60. These are doses that might be expected to result in death in half of the 

individuals within 60 days, and are specified for different medical treatment levels. 

For humans, the LD50/60 from radiation is about 320 – 360 rads with minimal care and 480 – 540 

rads for those with supportive medical care. This does not account for the small number of 

people who die after 60 days. 1,100 rads is about as high of a dose that can be received where 

intensive medical care (such as bone marrow transplants) can possibly still save the exposed 

individual.  

Carcinogenic effects  

Carcinogenic effects, or cancers, are produced when a cell goes berserk, ceasing to obey the 

controls of the body so that it divides again and again with no regard for the well-being of the 

body as a whole, and forms a single large mass or series of masses. The initial event that causes 

the cell to behave in this way is probably a change in its genetic apparatus. Mutations in a cell 

affect only the individual concerned, and cannot be passed on to future generations. Unlike 

genetic effects of radiation, there is much more evidence that high levels of radiation induce 

cancer. Many studies have been completed which directly link the induction of cancer and 

exposure to radiation. Some of the population studied and their associated cancers are listed in 

Table 61 that follows.  

  

 
427 Derived from Radiological Emergency Response Course, Biological Effects and Internal Hazards of Radiation 

Exposure, FEMA, IS 301, January 1998, p. 3-21. EPA 400-R-92-001, May 1992. 
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Table 61. Correlation of specific cancers to specific exposure groups 428 

Cancer / (mean 

latent time 

before appears) 

Specific Exposure Group 

Lung cancer / (10 – 

20 years) 
- uranium miners  

Bone / (15 years) 

and nasal cancer 
- radium dial painters  

Thyroid cancer / (10 

to 30 years) 

- therapy patients and children exposed to radioactive iodine (such as 

the Marshall Islanders and the Chernobyl victims)  

Breast cancer - therapy patients  

Skin cancer - radiologists 

Leukemia / (2 to 4 

years) – but can be 

as late as 20 years 

- Japanese A-bomb survivors, in-utero exposures, radiologists before the 

current protective measure were put into place, therapy patients 

Derived from Radiological Emergency Management Course, FEMA                                 © 2013   Kevin Briggs 

 

Deposition of radioactive material into the body 429 

There are four major pathways of deposition of radioactive material into the body.  

If an individual is immersed in a radioactive release (such as smoke from a truck fire involving 

radioactive material or if exposed to the radioactive plume from a nuclear power plant 

disaster), then there is a chance that person will inhale some of that radioactive material.  

If individuals working, or in contact, with a radioactive substance contaminates their hands and 

then proceeds to eat without decontaminating, it is likely that they will ingest some radioactive 

material. Another common historical example of radiation ingestion has occurred when people 

have drank milk that is contaminated with radioactive iodine that was first ingested by milk 

cows as a result of regional nuclear weapons testing or from a nuclear power plant disaster.    

 
428 Derived from Radiological Emergency Management Course, FEMA, p. 1-15. 
429 Derived from Radiological Emergency Response Course, Biological Effects and Internal Hazards of Radiation 

Exposure, FEMA, IS 301, January 1998, p. 3-29. 
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There are some radionuclides that can be absorbed directly into the body through the skin. For 

example, tritium (hydrogen-3), as a water vapor, is used frequently in research and can be 

absorbed by the skin. 

The last mode of entry into the body is through breaks in the skin, as might be the case in an 

accident involving injuries and radioactive material. 

Inhalation and ingestion (both of which are also called “in-take”) are the most common 

pathways of radioactive material into the body. 

Effects of acute radiation on the blood 430 

Among the biological consequences of exposure of the whole body to an acute dose of nuclear 

radiation, perhaps the most striking and characteristic are the changes which take place in the 

blood and blood-forming organs. Normally, these changes will be detectable only for doses 

greater than 25 rems. Much information on the hematological response of human beings to 

nuclear radiation was obtained after the nuclear explosions in Japan and also from observations 

on victims of laboratory accidents. The situation which developed in the Marshall Islands in 

March 1954, however, provided the opportunity for a very thorough study of the effects of 

small and moderately large doses of radiation (up to 175 rems) on the blood of human beings. 

The descriptions given below, which are in general agreement with the results observed in 

Japan, are based largely on this study. 

One of the most striking hematological changes associated with radiation injury is in the 

number of white blood cells. Among these cells are the neutrophils, formed chiefly in the bone 

marrow, which are concerned with resisting bacterial invasion of the body. During the course of 

certain types of bacterial infection, the number of neutrophils in the blood increases rapidly to 

combat the invading organisms. Loss of ability to meet the bacterial invasion, whether due to 

radiation or any other injury, is a very grave matter, and bacteria which are normally held in 

check by the neutrophils can then multiply rapidly; the consequences are thus serious. There 

are several types of white blood cells with different specialized functions, but which have in 

common the general property of resisting infection or removing toxic products from the body, 

or both. 

After the body has received a radiation dose in the sublethal range, i.e., about 200 rems or less, 

the total number of white blood cells may show a transitory increase during the first 2 days or 

so, and then decrease below normal levels. Subsequently the white count may fluctuate and 

possibly rise above normal on occasions. During the seventh or eighth weeks, the white cell 

 
430 Derived/extracted from The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 586 – 587 and 615. 
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count becomes stabilized at low levels and a minimum probably occurs at about this time. An 

upward trend is observed in succeeding weeks but complete recovery may require several 

months or more. 

The neutrophil count parallels the total white blood cell count, so that the initial increase 

observed in the latter is apparently due to increased mobilization of neutrophils. Complete 

return of the number of neutrophils to normal does not occur for several months. 

In contrast to the behavior of the neutrophils, the number of lymphocytes, produced in parts of 

the lymphatic tissues of the body shows a sharp drop soon after exposure to radiation. 

Lymphoid tissue is composed of the lymph nodes, tonsils, adenoids, spleen, and the 

submucosal islands of the intestine. The lymphocytes of the peripheral blood arise in these 

various sites. Wherever these cells occur, they are the most radiosensitive cells of the whole 

body. In fact, lymphocytes are killed outright by radiation doses as low as 100 rems or less. 

Under the microscope, irradiated lymphocytes can be seen to be undergoing pyknosis and 

subsequent disintegration. As these cells die, their remnants are removed and the lymph - 

nodes atrophy. This change was common among the victims of the nuclear bombs in Japan. 

After damage by radiation, the lymph nodes do not produce new lymphocytes for periods that 

vary with the radiation dose. As a result of this cessation of production, combined with death of 

circulating lymphocytes, there is a rapid fall in the number of the latter. This easily measurable 

early change in the peripheral blood has been found to be a useful means of prognosis 

following radiation exposure. A rapid, almost complete, disappearance of lymphocytes implies 

that death is highly probable, whereas no change within 72 hours is indicative of an 

inconsequential exposure. The lymphocyte count continues to remain considerably below 

normal for several months and recovery may require many months or even years. However, to 

judge from the observations made in Japan, the lymphocyte count of exposed individuals 3 or 4 

years after exposure was not appreciably different from that of unexposed persons. 

A significant hematological change also occurs in the platelets, a constituent of the blood which 

plays an important role in blood clotting. Unlike the fluctuating total white count, the number 

of platelets begins to decrease soon after exposure and falls steadily and reaches a minimum at 

the end of about a month. The decrease in the number of platelets is followed by partial 

recovery, but a normal count may not be attained for several months or even years after 

exposure. It is the decrease in the platelet count which partly explains the appearance of 

hemorrhage and purpura in radiation injury. 

The red blood cell (erythrocyte) count also undergoes a decrease as a result of radiation 

exposure and hemorrhage, so that symptoms of anemia, e.g., pallor, become apparent. But the 

change in the number of erythrocytes is much less striking than that in the white blood cells 
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and platelets, especially for radiation doses in the range of 200 to 400 rems. Whereas the 

response in these cells is rapid, the red cell count shows little or no change for several days. 

Subsequently, there is a decrease which may continue for 2 or 3 weeks, followed by a gradual 

increase in individuals who survive. 

As an index of severity of radiation exposure, particularly in the sublethal range, the total white 

cell or neutrophil counts are of limited usefulness because of the wide fluctuations and the fact 

that several weeks may elapse before the maximum depression is observed. The lymphocyte 

count is of more value in this respect, particularly in the low dose range, since depression 

occurs within a few hours of exposure. However, a marked decrease in the number of 

lymphocytes is observed even with low doses and there is relatively little difference with large 

doses. 

The platelet count, on the other hand, appears to exhibit a regular pattern, with the maximum 

depression being attained at approximately the same time for various exposures in the 

sublethal range. Furthermore, in this range, the degree of depression from the normal value is 

roughly proportional to the estimated whole-body dose. It has been suggested, therefore, that 

the platelet count might serve as a convenient and relatively simple direct method for 

determining the severity of radiation injury in the sublethal range. The main disadvantage is 

that an appreciable decrease in the platelet count is not apparent until some time after 

exposure. 

Bone marrow effects 431 

Since all the other formed blood cells, except the lymphocytes, arise from radiosensitive 

marrow cells, the acute radiation exposure syndrome is accompanied by severe changes in 

cellular composition of the blood. Under normal circumstances, the mature blood cells leave 

the marrow and enter the blood stream where they remain until destroyed by natural 

processes and in defense against infection. The different kinds of cells have different spans of 

natural life. The shorter the life of a particular cell, the more quickly will radiation damage to 

the parents of that particular cell be revealed by a decrease in number of such cells in the 

circulation. The red blood cells, which have the longest life span (about 120 days), are the last 

to show a reduction in number even though their parent cells, the erythroblasts, are almost as 

radiosensitive as the lymphocytes. 

Bone marrow exhibits striking changes soon after irradiation. There is at once a temporary 

cessation of cell - division. Those cells in the process of dividing go on and complete the 

process, after which all the cells in the mar- row mature progressively. Since they leave the 

 
431 Derived/extracted from The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 615 – 616. 
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marrow as rapidly as maturity is reached, the marrow becomes depleted at once of both adult 

and less mature cells. As time passes, the mar row, barring regeneration, becomes 

progressively more atrophic until in the final stage it consists of dilated blood filled sinuses, 

with gelatinous edema of the spaces left empty by the loss of marrow cells, and large 

macrophages containing the debris of dead cells removed from the circulation. Such extreme 

atrophy of the marrow was common among those dying of radiation injury in Japan up to 4 

months after exposure. In some of these delayed radiation deaths, the bone marrow showed a 

return of cellular reproductive activity.  

Hemorrhage and infection 432 

Hemorrhage is a common phenomenon after radiation exposure because the megakaryocytes, 

from which the blood platelets necessary for clotting are formed, are destroyed and platelets 

are not replenished. If hemorrhage occurs in vital centers, death can result. Often the 

hemorrhages are so widespread that severe anemia and death are the consequences. 

The loss of the epithelial coverings of tissues, together with the loss of white blood cells and the 

decreased ability to produce antibodies, lowers the resistance of the body to bacterial and viral 

invasion. If death does not take place in the first few days after a large dose of radiation, 

bacterial invasion of the blood stream usually occurs and the patient dies of infection. Often 

such infections are caused by bacteria which, under normal circumstances, are harmless. 

Very often in whole-body irradiation the outward signs of severe damage to the bone marrow, 

lymphatic organs, and epithelial linings are gangrenous ulcerations of the tonsils and pharynx. 

This condition (agranulocytic anemia) is also found in cases of chemical poisoning of the bone 

marrow that resemble the effect of radiation exposure. Such ulcerations and the pneumonia 

that often accompanies them are unusual in the respect that very little suppuration is found 

because of the paucity of leucocyte cells. Although most of the bacteria in such ulcerations can 

usually be controlled by antibiotic drugs, the viruses and fungi which also invade such damaged 

tissues are not affected by treatment, and fatal septicemia is common. 

Reproductive organs 433 

Cell division in the germinal epithelium of the testes stops at once with lethal exposure to 

ionizing irradiation. The first change is pyknosis or nuclear death of the spermatogonia, the 

most primitive of the male germinal epithelium. Following this change, the more developed 

cells undergo maturation without further division, so that the testicular germinal cells leave the 

 
432 Derived/extracted from The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, p. 616. 
433 Derived/extracted from The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 616 - 617. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

390 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

testes as adult sperm, and the most primitive cells disappear sequentially as they mature and 

die during cell division. 

Changes in the ovaries caused by radiation are less striking than those in the testes. In some 

Japanese irradiation victims, the ovarian follicles failed to develop normally and menstrual 

irregularities resulted. There was an increased incidence of miscarriages and premature births, 

along with an increased death rate among expectant mothers. These changes were related to 

the radiation dose, as determined by the distance from ground zero. 

Morphologic changes in the human reproductive organs, compatible with sterility, are thought 

to occur with doses of 450 to 600 rems. Various degrees of temporary sterility were found 

among surviving Japanese men and women. Many supposedly sterile from exposure to 

significant doses of radiation have since produced children who are normal by ordinary 

measurements. 

Loss of hair 434 

Epilation (hair loss) was common among exposed Japanese surviving more than 2 weeks after 

the explosion. The onset of epilation from the head was between the 13th and 14th days after 

exposure in both sexes. Combing accentuated this change, although copious amounts of hair 

were lost spontaneously for about 2 weeks. The distribution of the radioepilation conformed in 

general with that expected from the senile changes of male ancestors. The hair of the 

eyebrows, eyelashes, and beard came out much less easily than from the head. In severely 

exposed but surviving cases, hair began to return within a few months, and epilation was never 

permanent. 

Gastronintestinal tract  435 

Some of the first gross changes noted in radiation-exposed Japanese were ulcerations of the 

intestinal lining. The mucosa of the first part of the small intestine is the most radiosensitive but 

usually does not ulcerate deeply. Ulcers are most commonly found after irradiation in the 

lymphoid tissues of the lower ileum and in the caecum, where bacterial invasion is common. 

Microscopically profound changes are found throughout the gastrointestinal tract. For example, 

the acid-secreting cells of the stomach are lost. Mitosis stops in the crypts of the intestinal 

glands and, as a result, the cells covering the villi of the intestine are not replaced and the villi 

become swollen, turgid, and denuded. When bacterial invasion occurs, ulcers covered by a 

shaggy, fecally contaminated exudate develop. Since the white blood cells are simultaneously 

 
434 Ibid, 1977, p. 617. 
435 Ibid, p. 617. 
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depleted and too few in number to combat infection, these intestinal ulcerations are often the 

point of entry of bacteria that kill the victim of heavy radiation exposure.   

Nervous System 436 

Although certain nerve cells are among the most radioresistant cells in the adult body, the 

nervous tissue of the embryo and some cells of the adult cerebellum are relatively sensitive to 

radiation. Early disorientation and coma may be induced by brain damage at dose levels of 

thousands of rems.    

Late effects of ionizing radiation  

Cataracts 437 

The fibers that comprise the lens of the eye are specialized to transmit light. Damage to these 

fibers, and particularly to the developing immature cells that give rise to them, can result in 

dark spots in the lens called cataracts which can interfere with vision. Acute exposure of 200 

rads (2 Gy) or more can induce the formation of vision-impairing cataracts. Exposure to 1,000 

rads (10 Gy) over a period of months can also cause cataracts. There is a latent period between 

exposure of the eye and development of an opacity ranging from a few months to several 

years. The duration of the latent period is shorter the greater the radiation exposure. Fast 

neutrons, such as those from a nuclear explosion, have been found to be more effective than 

gamma rays in producing cataracts. Studies with small animals indicate that fast neutrons have 

an RBE of about 4 to 6 for cataracts and it is commonly assumed that similar values are 

applicable to man. 

Eye lens cataracts caused by radiation from the nuclear explosions were first detected among 

the inhabitants of Hiroshima and Nagasaki in 1950, about five years after the attacks. In nearly 

all cases the individuals had suffered extensive epilation of the scalp, so that they had probably 

received whole-body doses of 300 rems or more. In 1963 and 1964 eye examinations were 

made on some 2,500 survivors, of whom an estimated 40 percent had received radiation doses 

in excess of 200 rems. A significantly larger number of cataracts were found among those who 

had received the highest doses. In another survey, there was a suggestion of impairment of 

visual acuity among children who were in utero at the time of the bombings and whose mothers 

had been exposed to radiation. The sample size was too small, however, for a statistically 

meaningful conclusion to be drawn. 

 
436 Ibid, p. 617. 
437 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, p. 591; also from 

Radiological Emergency Management Course, FEMA, p. 1-16. 
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In the great majority of Japanese who developed eye opacities from radiation, proper 

correcting lenses provided serviceable vision. Furthermore, the opacities have apparently not 

become worse with the passage of time; in some cases, in fact, an improvement has been 

observed. Only a small proportion of the cataracts were bad enough to cause substantial 

diminution of central vision. There have been very few cases of eye lens opacities in people 

who received doses of less than 200 rems of ionizing radiation to the eyes. This tends to 

support the commonly held view that cataract formation is a threshold phenomenon; that is to 

say, it will not occur unless the eye dose exceeds a more-or-less definite minimum value. Not 

everyone receiving a radiation dose exceeding the threshold value will necessarily develop 

cataracts, but the probability of this occurring is expected to increase the larger the dose to the 

eyes. 

Leukemia 438 

Studies of death rates have shown that, at least prior to about 1950, leukemia, a form of cancer 

in which there is a proliferation of white cells in the blood, was a much more common cause of 

death of radiologists than of other physicians. This has been attributed to chronic exposure to 

moderate amounts of radiation over many years. After protective measures were improved, 

the incidence of leukemia among radiologists declined markedly. A larger than expected 

frequency of leukemia has also been observed among a group of people in the United Kingdom 

who had received large doses of X rays to the spine for the treatment of a form of arthritis 

known as ankylosing spondylitis. Three main types of leukemia are induced by radiation, 

namely, acute and chronic granulocytic and acute lymphocytic forms; the occurrence of chronic 

lymphocytic leukemia is not significantly increased by radiation. The development of leukemia 

as a result of an overexposure to radiation is associated with a latent period varying from one 

to 20 years or more. The disease is generally fatal, no matter what its cause. 

The first evidence of an increased incidence of leukemia among the survivors of the Hiroshima 

and Nagasaki explosions appeared in 1947. The occurrence of the disease reached a peak in 

1951 and 1952 and it has been declining since then. By the end of 1966, the frequency of acute 

granulocytic anemia was approaching the normal value for Japan. Children who were exposed 

to radiation when they were less than 10 years old were roughly twice as susceptible to 

leukemia as older individuals. One case of acute granulocytic leukemia was discovered in 1972 

among the 53 inhabitants of Rongelap Atoll in the Marshall Islands who had received an 

estimated whole-body dose of 175 rems of gamma radiation from fallout in 1954. The 

individual, a young man, had been a year old at the time of exposure. 

 
438 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 591-592. 
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The occurrence of leukemia, for a given estimated absorbed dose (in rads), appeared to be 

greater in Hiroshima than in Nagasaki. Later studies revealed that the Hiroshima (gun type, 

uranium-235) bomb emitted a larger proportion of neutrons, relative to gamma rays, than did 

the Nagasaki (implosion type, plutonium-239) device. By attributing an RBE of about 5 for the 

induction of leukemia by fast neutrons, the incidences (per rem) in the two cities were in 

general agreement. The evidence from Japan, and from other sources, is that the probability of 

the occurrence of leukemia is roughly proportional to the whole-body dose, and there is no 

indication of a threshold value. About 90 percent of the cases of leukemia among the survivors 

in Hiroshima and Nagasaki received doses of more than 200 rems, but not all the people who 

received such large doses developed the disease. An approximate estimate suggests that there 

were about 20 instances of leukemia per rem per million population exposed at age 10 years or 

more and roughly twice this number for younger individuals. 

Thyroid cancer 439 

Large doses of radiation can increase the frequency of various types of cancer, in addition to 

leukemia. The same effect has been observed among the survivors of the nuclear attacks on 

Japan. For example, after a latent period of about 10 years, a significant increase was observed 

in the incidence of thyroid cancer among individuals who were within about half a mile from 

ground zero and consequently received large doses of ionizing radiations. Delayed thyroid 

abnormalities have also been found among the inhabitants of the Marshall Islands whose 

glands were subjected to internal exposure from radioiodines in fallout, but only a small 

proportion were malignant. The frequency of thyroid cancer induced by radiation is estimated 

to be roughly 10 per rem per million of exposed adults, but substantially more for children. 

Provided it is detected in time, however, thyroid cancer is rarely fatal in children and only in 

about 10 percent of adults. 

Other effects of early fallout radiation  

External hazards: gamma dose and beta burns to the skin 440 

In most circumstances, the whole-body dose from the gamma rays emitted by early fallout 

from a nuclear weapon detonation or a major nuclear power plant disaster will represent the 

major external hazard from the delayed nuclear radiation. The biological effects are then similar 

to those from equal acute doses of radiation (as previously discussed in the Acute Radiation 

Syndrome (ARS) section).  In addition, injury can arise in two general ways from external 

sources of beta particles. If the beta-particle emitters, e.g., fission products, come into actual 

 
439 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 592-593. 
440 Ibid, p. 594. 
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contact with the skin and remain for an appreciable time, a form of radiation injury, sometimes 

referred to as “beta burn,” will result. In addition, in an area of extensive early fallout, the 

whole surface of the body may be exposed to beta particles coming from many directions. It is 

true that clothing will attenuate this radiation to a considerable extent; nevertheless, the whole 

body could receive a large dose from beta particles which might be significant. 

Information concerning the development and healing of beta burns has been obtained from 

observations of the Marshall Islanders who were exposed to fallout in March 1954. Within 

about five hours of the burst, radioactive material commenced to fall on some of the islands. 

Although the fallout was observed as a white powder, consisting largely of particles of lime 

(calcium oxide) resulting from the decomposition of coral (calcium carbonate) by heat, the 

island inhabitants did not realize its significance. Because the weather was hot and damp, the 

Marshallese remained outdoors; their bodies were moist and they wore relatively little 

clothing. As a result, appreciable amounts of fission products fell upon the hair and skin and 

remained there for a considerable time. Moreover, since the islanders, as a rule, did not wear 

shoes, their bare feet were continually subjected to contamination from fallout on the ground. 

During the first 24 to 48 hours, a number of individuals in the more highly contaminated groups 

experienced itching and a burning sensation of the skin. These symptoms were less marked 

among those who were less contaminated with early fallout. Within a day or two all skin 

symptoms subsided and disappeared, but after the lapse of about 2 to 3 weeks, epilation (that 

is, hair loss) and skin lesions were apparent on the areas of the body that had been 

contaminated by fallout particles. There was apparently no abnormal redness of the skin, as 

might have been expected, but this may have been obscured by the natural coloration of the 

skin. 

The first evidence of skin damage was increased pigmentation, in the form of dark colored 

patches and raised areas (macules, papules, and raised plaques). These lesions developed on 

the exposed parts of the body not protected by clothing, and occurred usually in the following 

order: scalp (with hair loss), neck, shoulders, depressions in the forearm, feet, limbs and trunk. 

Hair loss and lesions of the scalp, neck (see Figure 79. Beta burns on the neck of a Marshallese 

woman), and foot were most frequently observed. 
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Figure 79. Beta burns on the neck of 
a Marshallese woman 

 

In addition, a bluish-brown 

pigmentation of the fingernails was very 

common among the Marshallese and 

also among Americans with black skin 

who were in a group of servicemen 

stationed on Rongerik Atoll. The 

phenomenon appears to be a radiation 

response peculiar to the dark-skinned 

people groups, since it was not 

apparent in any of the Americans with white skin who were exposed at the same time. The nail 

pigmentation occurred in a number of individuals who did not have skin lesions. It is probable 

that this was caused by gamma rays, rather than by beta particles, as the same effect has been 

observed in dark-skinned patients undergoing X-ray treatment in clinical practice. 

Most of the lesions were superficial without blistering. Microscopic examination at 3 to 6 weeks 

showed that the damage was most marked in the outer layers of the skin (epidermis), whereas 

damage to the deeper tissue was much less severe.  This is consistent with the short range of 

beta particles in animal tissue. After formation of dry scab, the lesions healed rapidly leaving a 

central depigmented area, surrounded by an irregular zone of increased pigmentation. Normal 

pigmentation gradually spread outward in the course of a few weeks. 

Individuals who had been more highly contaminated developed deeper lesions, usually on the 

feet or neck, accompanied by mild burning, itching, and pain. These lesions were wet, weeping, 

and ulcerated, becoming covered by a hard, dry scab; however, the majority healed readily with 

the regular treatment generally employed for other skin lesions not connected with radiation. 

Abnormal pigmentation effects persisted for some time, and in several cases about a year 

elapsed before the normal (darkish) skin coloration was restored. 

Regrowth of hair, of the usual color (in contrast to the skin pigmentation) and texture, began 

about 9 weeks after contamination by fallout and was complete in 6 months. By the same time, 

nail discoloration had grown - out in all but a few individuals. Seven years later, there were only 

10 cases which continued to show any effects of beta burns, and there was no evidence of 

malignant changes. 
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Internal hazards from ingestion or inhalation of fallout 441 

Wherever fallout occurs, there is a chance that radioactive material will enter the body through 

the digestive tract (due to the consumption of food and water contaminated with fission 

products), through the lungs (by breathing air containing fallout particles), or through wounds 

or abrasions. Even a very small quantity of radioactive material if retained in the body can 

produce considerable injury. Radiation exposure of various organs and tissues from internal 

sources is continuous, subject only to depletion of the quantity of active material in the body as 

a result of physical (radioactive decay) and biological (elimination) processes. Furthermore, 

internal sources of alpha emitters, e.g., plutonium, or of beta particles, or soft (low-energy) 

gamma ray emitters, can deposit their entire energy within a small, possibly sensitive, volume 

of body tissue, thus causing considerable damage. Even if the radioisotope remains in the body 

for a fairly short time and causes no observable early injury, it may contribute to damage that 

does not become apparent for some time. 

The situation with regard to internal exposure is sometimes aggravated by the fact that certain 

chemical elements tend to concentrate in specific organs or tissues, some of which are highly 

sensitive to ionizing radiation. The fate of a given radioactive element which has entered the 

blood stream will depend upon its chemical nature. Radioisotopes of an element which is a 

normal constituent of the body will follow the same metabolic processes as the naturally 

occurring, inactive (stable) isotopes of the same element. This is the case, for example, with 

iodine isotopes, all of which – radioactive and stable – tend to concentrate in the thyroid gland. 

An element not usually found in the body, except perhaps in minute traces, will behave like one 

with similar chemical properties that is normally present. Thus, among the fission products, 

strontium and barium, which are similar chemically to calcium, would be largely deposited in 

the calcifying tissue of bone. The radioisotopes of the rare earth elements, e.g., cerium, which 

constitute a considerable proportion of the fission products, and plutonium, which may be 

present to some extent in the fallout, are also “bone-seekers.” Since they are not chemical 

analogues of calcium, however, they are deposited to a smaller extent and in other parts of the 

bone than are strontium and barium. Bone-seeking radioisotopes are potentially hazardous for 

two reasons in particular; first, the radiations can damage the bone marrow and thus affect the 

whole body by decreasing blood-cell formation, and second, the deposition of alpha or beta-

particle energy in a small volume can cause serious bone damage, including cancer. 

The extent to which early fallout contamination can enter the bloodstream as a result of 

ingestion, inhalation, or a wound is strongly influenced by the physical properties, e.g., size 

distribution, density, and surface area, of the particles, and by their solubility in the body fluids. 

 
441 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 597 - 601. 
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Whether the material is subsequently deposited in some specific tissue or not will be 

determined by the chemical properties of the elements present. Elements which do not tend to 

concentrate in a particular part of the body are eliminated fairly rapidly by natural processes. 

The amount of radioactive material absorbed from early fallout by inhalation appears to be 

relatively small because the nose can filter out almost all particles over 10 micrometers in 

diameter, and about 95 percent of those exceeding 5 micrometers. Although particles of a wide 

range of sizes will be present, most of the particles descending in the fallout during the critical 

period of highest activity (within 24 hours of the explosion/disaster), will be the larger ones, 

more than 10 micrometers in diameter. Consequently, only a small proportion of the early 

fallout particles present in the air will succeed in reaching the lungs. Furthermore, the optimum 

size for deposition in the alveolar (air) cells of the lungs is as small as 1 to 2 micrometers. 

However, due to the common tendency to breathe through the mouth (especially in times of 

physical exertion), inexpensive respirator masks should be worn when in the presence of fallout 

to avoid bringing radioactive particles into the body. 

Since many of the contaminated particles are relatively insoluble, the probability is low that 

inhaled fission products and other weapon residues present in the early fallout will reach the 

blood stream from the lungs. After deposition in the alveolar spaces of the lungs, particles of 

low solubility in the body fluids may be retained in these spaces for long periods until they are 

eventually dissolved or are removed by mechanical means, for example, by cellular or 

lymphatic transport or in mucus. Particles leaving the lungs by way of the lymphatic system 

tend to accumulate principally in the tracheobronchial lymph nodes thereby leading to an 

intense, localized radiation dose. 

Following ingestion or clearance of the upper respiratory tract after inhalation, the extent of 

absorption of fission products and other radioactive materials through the intestine is largely 

dependent upon the solubility of the particles. In the early fallout, the fission products as well 

as uranium and plutonium are chiefly present as oxides, many of which do not dissolve to any 

great extent in body fluids. The oxides of strontium and barium, however, are soluble, so that 

these elements enter the blood stream more readily and find their way into the bones.” The 

element iodine is also chiefly present in a soluble form and so it soon enters the blood and is 

concentrated in the thyroid gland. 

The length of time a particular nuclide remains in the body depends on its radioactive half-life, 

which determines the rate of removal by natural decay, and on its “biological half-life,” i.e., the 

time for the amount in the body to decrease to half of its initial value solely as a result of 

elimination by biological processes. The combination of radioactive and biological half-lives 

leads to the “effective half-life” as a measure of the net rate of loss of the radionuclide from the 
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body by both decay and biological elimination. The retention pattern of a given element in the 

body represents the summation of the retentions in individual tissues. In those cases where 

practically all the body burden is in one tissue (or organ), e.g., iodine in the thyroid gland, the 

effective half-life is essentially that for this tissue (or organ). A major consideration in assessing 

the internal hazard from a given radionuclide is the total radiation dose (in rems) delivered 

while it is in the body (or a critical organ). The main factors in this respect are the effective half-

life, which determines the time the nuclide is present in the body (or organ), the total quantity 

in the body (or organ), and the nature and energy of the radiation emitted. The importance of 

these factors in various circumstances will become apparent in the following paragraphs. 

The biological half-life of the element iodine, which is essentially that in the thyroid gland, has 

an average value of about 80 days, although it actually varies from a few days in some people 

to several years in others. A number of radioactive isotopes of iodine are present among the 

fission products, but most have moderate or short radioactive half-lives. The effective half- 

lives, which are related to the times the various isotopes are effective in the body (thyroid), are 

then determined mainly by the radioactive half-lives, rather than by the longer biological half-

life. The heavier isotopes, iodine-132, -133, -134, etc., all of which have radioactive half-lives of 

less than a day, thus have short effective half-lives; consequently, they constitute a hazard only 

if delivered in sufficient amounts to the thyroid via the blood stream. The injury that might be 

caused by these isotopes is then largely dependent on the quantities that reach the thyroid 

gland within a short time. On the other hand, the common fission product iodine- 131, with a 

half-life of about 8 days, has a longer effective half-life and can represent a hazard in smaller 

amounts because it remains active in the thyroid for a longer time. 

In addition to radioiodine, the important potentially hazardous fission products, assuming 

sufficient amounts get into the body, fall into two groups. The first, and more significant, 

contains strontium-89, strontium-90, cesium-137, and barium-140, whereas the second 

consists of a group of rare earth and related elements, particularly cerium-l44 and the 

chemically similar yttrium-91. 

Another potentially hazardous element, which may be present to some extent in the early 

fallout, is plutonium, in the form of the alpha-particle emitting isotope plutonium-239. This 

isotope has a long radioactive half-life (24,000 years) as well as a long biological half-life in the 

skeleton (about 100 years) and the liver (about 40 years). As with any airborne particulate 

matter, a fraction of the inhaled fallout particles contaminated with plutonium will be 

deposited in the alveolar spaces of the lungs. If the particles are relatively insoluble, they can be 

retained in the lungs for long periods with gradual removal by mechanical means or by slow 

absorption in the blood. With the more soluble particles, residence time in the lungs will be 

shorter and absorption into the blood stream will occur more rapidly. Plutonium that enters 
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the blood stream tends to be deposited in the liver and on certain surfaces of the bone; the 

amount of plutonium present and its activity decrease at a very slow rate because of the long 

radioactive and biological half-lives. The continuous exposure for many years of a limited region 

of the body, for example, lung, liver, or bone surface, to the short-range but high-energy alpha 

particles from plutonium can cause serious injury. Thus, the injection of sufficient amounts of 

soluble plutonium into some animals has been found to cause bone malignancies whereas 

inhalation of plutonium dioxide particles may result in the formation of lung tumors. 

Despite the large amounts of radioactive material which may pass through the kidneys in the 

process of elimination, these organs ordinarily are not greatly affected by radiation. By 

contrast, uranium can cause damage to the kidneys, but as a chemical poison rather than 

because of its radioactivity. However, the quantity of uranium compounds found in the fallout 

that must be ingested in order to be potentially poisonous are so large that it is not considered 

to be of primary concern compared with other constituents of nuclear weapon debris. 

Marshallese experience with ingestion of fallout 442 

Early fallout accompanying the nuclear air bursts over Japan was insignificant and was not 

monitored. Consequently, no information was available concerning the potentialities of fission 

products and other weapon residues as internal sources of radiation. Following the incident in 

the Marshall Islands in March 1954, however, 

data of great interest were obtained. Because 

they were not aware of the significance of the 

fallout, many of the inhabitants ate contaminated 

food and drank contaminated water from open 

containers for periods up to 2 days before they 

were evacuated from the islands.  

Internal deposition of fission products resulted 

mainly from ingestion rather than inhalation for, in addition to the reasons given above, the 

radioactive particles in the air settled out fairly rapidly, but contaminated food, water, and 

utensils were used all the time. The belief that ingestion was the chief source of internal 

contamination was supported by the observations on chickens and pigs made soon after the 

explosion. The gastrointestinal tract, its contents, and the liver were found to be much more 

contaminated than lung tissue. 

From radiochemical analysis of the urine of the Marshallese subjected to the early fallout, it 

was possible to estimate the body burdens, that is, the amounts deposited in the tissues, of 

 
442 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, p. 602 - 603. 

For a sobering assessment of how this 

testing came to pass, the reader can look 

to historical works such as the book, Day 

of Two Suns: US Nuclear Testing and the 

Pacific Islanders, by Jane Dibblin, New 

Amsterdam Books, 1988.  
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various isotopes. It was found that iodine-131 made the major contribution to the activity at 

the beginning, but it soon disappeared because of its relatively short radioactive half-life (8 

days). Somewhat the same was true for barium-140 (12.8 days half-life), but the activity levels 

of the strontium isotopes were more persistent. Not only do these isotopes have longer 

radioactive half- lives, but the biological half-life of the element is also relatively long. 

No elements other than iodine, strontium, barium, and the rare earth group were found to be 

retained in appreciable amounts in the body. Essentially all other fission products and weapon 

residue activities were rapidly eliminated, because of either the short effective half-lives of the 

radionuclides, the sparing solubility of the oxides, or the relatively large size of the fallout 

particles. 

The body burden of radioactive material among the more highly contaminated inhabitants of 

the Marshall Islands was never very large and it decreased fairly rapidly in the course of 2 or 3 

months. The activity of the strontium isotopes fell off somewhat more slowly than that of the 

other radioisotopes, because of the longer radioactive half-lives and greater retention in the 

bone. Nevertheless, even strontium could not be regarded as a dangerous source of internal 

radiation in the cases studied. At 6 months after the explosion, the urine of most individuals 

contained only barely detectable quantities of radioactive material. 

In spite of the fact that the Marshallese people lived approximately 2 days under conditions 

where maximum probability of contamination of food and water supplies existed and that they 

took few steps to protect themselves, the amount of internally deposited radioactivity from 

early fallout was small. There seems to be little doubt, therefore, that, at least as far as short- 

term effects are concerned, the radiation injury by early fallout due to internal sources can be 

minor in comparison with that due to the external radiation. However, delayed effects of 

internal radiation exposure, including one case of leukemia, became apparent several years 

after the explosion. 

Until 1963, no thyroid abnormalities had been detected among the inhabitants of the Marshall 

Islands that could be attributed to the fallout. In that year, one was found among the people of 

Rongelap Atoll, but by 1966 there were 18 cases; the total number increased to 22 by 1969 and 

to 28 by 1974. Of the Rongelap people who were exposed, 64 (plus one in utero) received 

external doses of about 175 rems, 18 others (plus one in utero), who were on the neighboring 

Alinginae Atoll at the time of the nuclear test, received about 69 rems. The thyroid doses from 

radioiodines were much larger, especially in children under 16 years of age. In 1974, there were 

22 individuals with thyroid lesions among the more highly exposed group and six among the 

others. In the former group there were three malignancies and two cases of atrophied thyroids 
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(hypothyroidism); there were no definite malignancies in the latter group although there was 

one doubtful case. All other thyroid abnormalities were benign nodules. 

Most of the lesions occurred in children who were less than 10 years old at the time of the 

explosion in 1954. Of a total of 19 such children who were on Rongelap, 17 developed 

abnormalities, including one malignancy and two cases of hypothyroidism. The radiation doses 

from radioiodine isotopes that had been concentrated in the thyroids of these children were 

estimated to be from 810 to 1,150 rems. In 1974, a lesion was observed in one of the 

individuals who had been exposed in utero; the thyroid dose was uncertain but it must have 

been at least 175 rems. The six children in the less highly exposed group who were on Alinginae 

received estimated thyroid doses of 275 to 450 rems; by 1974, lesions were observed in two 

cases with one doubtful malignancy. 

For purposes of comparison, studies were made on 194 people who normally lived on Rongelap 

Atoll but who were away on other islands and were not exposed to the fallout. There were nine 

thyroid abnormalities (none malignant), including one in 61 children who were less than 10 

years old in 1954. An examination was also made of 157 inhabitants of Utirik Atoll who had 

received external doses of 14 rems from the fallout. The 58 children less than 10 years old at 

the time of the explosion received thyroid doses from radioiodines estimated to be 60 to 95 

rems, but by 1974 no abnormalities had been observed. Six people in the older group of 99 

were found to have thyroid lesions, one of which was malignant; the estimated thyroid doses 

were in the range of 27 to 60 rems. 

Long-term hazards from delayed fallout  

Cesium-137 443 

Of the fission products which present a potential long-term hazard from either a major power 

plant disaster or a nuclear weapon detonation, the most important are probably the radioactive 

isotopes cesium-137 and strontium-90. Since both of these isotopes are fairly abundant among 

the fission products and have relatively long half-lives, they will constitute a large percentage of 

any delayed fallout. 

Cesium-137 has a radioactive half-life of 30 years and is of particular interest in fallout that is 

more than a year old because it is the principal constituent whose radioactive decay is 

accompanied by the emission of gamma rays. The chemical and biochemical properties of 

cesium resemble those of potassium. The compounds of these elements are generally more 

soluble than the corresponding compounds of strontium and calcium and the details of the 

 
443 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, p. 604. 
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transfer of these two pairs of elements from the soil to the human body are quite different. The 

element cesium is relatively rare in nature and the body normally contains only small traces. 

Because of the presence of cesium- 137 in the delayed fallout, studies have been made of the 

behavior of this isotope in various biological systems and of the levels of uptake and retention 

in man. Regardless of its mode of entry – inhalation, ingestion, or wounds – cesium is soon 

distributed fairly uniformly throughout the body. A preferential deposition in muscle results in 

concentrations that are somewhat higher than in the body as a whole, whereas in some other 

tissues, e.g., the lungs and skeleton, the concentrations are lower than the body average. 

The biological half-life of cesium in human adults has been reported as ranging from 50 to 200 

days. Factors contributing to this spread of values include diet, age, sex, race, and body weight. 

Because of the fairly uniform distribution of cesium, the entire body would be irradiated by 

both beta particles and gamma rays emitted as the cesium-137 decays. However, since the 

biological half-life of cesium is relatively short, compared with strontium, and it does not tend 

to concentrate significantly in any organ or tissue, the residual cesium-137 in a given amount of 

delayed fallout is much less of a biological hazard than is the strontium-90. 

The amount of internal exposure to cesium-137 is determined by the quantity of this isotope in 

food. If the major mechanism for its incorporation into the diet is through the root systems of 

plants, then the dose will be more or less proportional to the total amount of cesium-137 

accumulated on the ground. On the other hand, if this isotope enters the diet mainly through 

material deposited directly on the leaves of plants, the internal dose will be more nearly 

proportional to the rate of descent of delayed fallout. 

Strontium-90 444  

Strontium-90, because of its relatively long radioactive half-life of 27.7 years and its appreciable 

yield in the fission process, accounts for a considerable fraction of the total activity of fission 

products which are several years old. Strontium is chemically similar to calcium, an element 

essential to both plant and animal life; an adult human being, for example, contains over 2 

pounds of calcium, mainly in bone. 

The probability of serious pathological change in the body of a particular individual, due to the 

effects of radioisotopes deposited internally, depends upon the amount deposited, the energy 

of the radiations emitted, and the length of time the source remains in the body. Strontium-90 

and its daughter, yttrium-90, emit beta particles which can cause serious localized damage 

following their deposition and long-term retention in the skeleton. Tests with animals indicate 

that the pathological effects resulting from sufficient quantities of inhaled, ingested, or injected 

 
444 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, p. 605 - 608. 
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strontium-90 include bone necrosis (that is, causes the bone tissue to die and collapse due to 

cutting off of the bone’s blood supply), dead bone, bone tumors, leukemia, and other blood 

abnormalities. 

Most of the strontium-90 in the delayed fallout is ultimately brought to earth by rain or snow, 

and it makes its way into the human body primarily (directly and indirectly) through plants. At 

first thought, it might appear that the ratio of strontium to calcium in man would be equal to 

that in the soil from which he obtains his food. Fortunately, however, a number of processes in 

the chain of biological transfer of these elements to the human body operate collectively to 

decrease the relative quantity of strontium that is stored in man by an overall factor of two to 

ten. The accumulation of strontium-90 in the human body by way of food is affected by the 

availability and proximity of strontium to the root system of a plant, strontium-90 uptake by the 

plant, transfer from plant to animal (where relevant), and transfer from plant or animal to man. 

Greenhouse experiments show a slight discrimination in favor of calcium and against strontium 

when these elements are taken up by most plants from homogeneous soils. However, several 

factors make it difficult to generalize concerning the ratio of strontium to calcium in the plant 

compared to that in field soils. First, plants obtain most of their minerals through their root 

systems, but such systems vary from plant to plant, some having deep roots and others shallow 

roots. Most of the strontium-90 deposited in undisturbed soil has been found close to the 

surface, so that the uptake of this nuclide may be expected to vary with the root habit of the 

plant. Second, although strontium and calcium, because of their chemical similarity, may be 

thought of as competing for entry into the root system of plants, not all of the calcium in soil is 

available for assimilation. Some natural calcium compounds in soil are insoluble and are not 

available as plant food until they have been converted into soluble compounds. Most of the 

strontium-90 in the delayed fallout, however, is in a water-soluble form. Third, in addition, to 

the strontium-90 which plants derive from the soil, growing plants retain a certain amount of 

strontium-90 from fallout deposited directly on the surface of the plant. 

As the next link in the chain, animals consume plants as food, thereby introducing strontiurn-90 

into their bodies. Once again, the evidence indicates that natural discrimination factors result in 

a strontium-90/calcium ratio in the edible animal products that is less than in the animal’s feed. 

Very little strontium is retained in the soft tissue, so that the amount of strontium-90 in the 

edible parts of the animal is negligible. It is of particular interest, too, that the strontium-

90/calcium ratio in cow’s milk is much lower than that in the cow’s feed, and thus is an 

important barrier to the consumption of strontium-90 by man. This barrier does not operate, of 

course, when plant food is consumed directly by human beings. However, it appears that about 

three- fourths of the calcium, and hence a large fraction of the strontium-90, in the average 

diet in the United States is obtained from milk and milk products. The situation may be 
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different in areas where a greater or lesser dependence is placed upon milk and milk products 

in the diet. 

Not all of the strontium-90 that enters the body in food is deposited in the human skeleton. An 

appreciable fraction of the strontium-90 is eliminated, just as is most of the daily intake of 

calcium. But there is always some fresh deposition of calcium taking place in the skeletal 

structure of healthy individuals, so that strontium-90 is incorporated at the same time. The rate 

of deposition of both calcium and strontium-90 is, of course, greater in growing children than in 

adults. In addition to the fact that the human metabolism discriminates against strontium, it 

will be noted that, in each link of the food chain, the amount of strontium-90 retained is 

somewhat less than in the previous link. Thus, a series of safeguards reduces deposition of 

strontium in human bone. 

As there has been no experience with appreciable quantities of strontium-90 in the human 

body, the relationship between the probability of serious biological effect and the body burden 

of this isotope is not known with certainty. Tentative conclusions have been based on a 

comparison of the effects of strontium-90 with radium on test animals, and on the known 

effects of radium on human beings. From these comparisons it has been estimated that a body 

content of 10 microcuries of strontium-90 in a large proportion of the -population would 

produce a noticeable increase in the occurrence of bone cancer. On this basis, it has been 

recommended that the maximum activity of strontium-90 in the body of any individual who is 

exposed in the course of his occupation be taken as 2 microcuries. Since the average amount of 

calcium in the skeleton of an adult human is about 1 kilogram (or a little over 2 pounds), this 

corresponds to a concentration in the skeleton of 2 microcuries of strontium-90 per kilogram of 

calcium. Moreover, the limit generally considered to be acceptable for any individual member 

of the general population is 0.2 microcurie of strontium 90 per kilogram of calcium. The 

International Commission on Radiological Protection has suggested that the concentration of 

strontium-90 averaged over the whole population should not exceed 0.067 microcurie per 

kilogram of calcium. 

As a result of nuclear test explosions in the atmosphere by various countries, there has been an 

increase in the strontium-90 content of the soil plants, and the bones of animals and man. This 

increase is worldwide and is not restricted to areas in the vicinity of the test sites, although it is 

naturally somewhat higher in these regions because of the more localized (early) fallout. The 

fine particles of the delayed fallout descend from the stratosphere into the troposphere over a 

period of years, and are then brought down by rain and snow. Consequently, the amount of 

strontium-90 in the stratosphere available to fall on earth is determined by the difference 

between the quantity introduced by nuclear explosions and that removed by precipitation (and 

radioactive decay). This net amount reached a maximum at the end of 1962, after the cessation 
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of nuclear weapons testing in the atmosphere by the United States and the U.S.S.R. Subsequent 

additions of strontium-90 from nuclear tests made by France and mainland China have caused 

temporary increases in the stratospheric reservoir. 

Calculations, based on somewhat uncertain premises, suggest that, in the event nuclear 

weapons were to be used in warfare, debris from many thousands of megatons of fission would 

have to be added to the stratosphere before the delayed fallout from these weapons would 

lead to an average concentration in the human body equal to the recommended maximum 

value for occupationally exposed persons, that is, 2 microcuries of strontium-90 per kilogram of 

calcium. 

Carbon-14 and tritium 445 

Long-term radiation exposure can arise from carbon-14 and from tritium, the radioactive 

isotope of hydrogen; both of these substances are normally present in nature and they are also 

produced in considerable amounts in nuclear explosions. Carbon-14 is not strictly a component 

of fallout, but it is convenient to consider it here since it is formed by the action of fast 

neutrons, for example, from a thermonuclear weapon, on nitrogen in the atmosphere. Carbon-

14, with a half-life of 5,730 years, emits beta particles, with the low average energy of about 

0.05 MeV, and no gamma rays. Tritium is a minor product of fission, but much larger amounts 

are released in thermonuclear explosions. The half-life of tritium is 12.3 years and the beta 

particles it emits have even a lower energy (average approximately 0.006 MeV) than those from 

carbon-14; there are also no gamma rays. 

As a consequence of the testing of thermonuclear weapons, starting in 1952, there has been a 

large increase in the quantity of carbon-14 in the atmosphere, particularly in the stratosphere. 

Although this has been decreasing since 1963, there is still a significant burden of carbon-l4 in 

the stratosphere which will find its way into the lower part of the atmosphere (troposphere). 

Because of its long half-life, carbon-14 decays very slowly and the decrease in concentration in 

the troposphere is largely due to removal of carbon dioxide by gradual solution in ocean 

waters. 

Carbon-14 does not tend to concentrate in any particular part of the body and is distributed 

almost uniformly throughout soft tissue; hence, the whole body is exposed to the low-energy 

beta particles. The whole-body dose from carbon-14 in nature before 1952 was somewhat less 

than 1 millirem per annum. By 1964, this dose had been roughly doubled by the additional 

carbon-14 arising from nuclear tests in the atmosphere. If there are no further substantial 

additions, the dose will decrease gradually and approach normal in another 100 years or so. 

 
445 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 608 -609. 
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Compared with the annual radiation dose from strontium-90, mainly to the skeleton, the 

contribution from carbon-14 produced by thermonuclear weapons is small. 

Tritium can enter the body by the ingestion of food and water, by inhalation of air containing 

tritiated water vapor, and by absorption through the skin. Since it is an isotope of hydrogen, 

and has the same chemical properties, tritium soon becomes distributed throughout the body 

wherever hydrogen is normally found. There is no reason for believing that there is any 

significant preferential concentration of tritium in any organ. In spite of the large increase in the 

quantity of tritium on the earth as a result of nuclear explosions, the annual whole-body dose 

was less than 0.1 millirem even at its maximum. Because of the low energy of the beta particles 

it emits and its relatively short half-life, tritium is much less of a long-range radiation hazard 

than the radioisotopes already considered. 

Max dose, relocation and food guidance, and limits for activities 

Gamma rays emitted by fallout from a nuclear weapon detonation or a major nuclear power 

plant disaster generally represents the greatest danger from fallout.  The biological effects from 

fallout are hence in many respects the same as those caused by equal “prompt” doses of initial 

radiation from a nuclear bomb blast. You will need a personal dosimeter to estimate the actual 

dose of radiation you have received. While the EPA guidelines for exposure to radiation 

recommend dose limits of 25 rems or less for emergency workers trying to protect the public, 

much higher levels of radiation can generally be received without major health risks. Table 62 

below shows the Intermediate phase U.S. Federal Protective Action Guidance for relocating the 

public and for food and water interdiction.  Table 63 that follows on the next page provides 

some general guidelines on the expected risks from accumulated gamma radiation doses.  446 

Table 62. Intermediate 
phase U.S. Federal 
Protective Action 
Guidance  

 

 

 

Source:  Key Planning Factors: 

Response to an IND in the NCR 

 
446 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977.  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

407 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Table 63. Recommended max dose and potential lethal doses  

Maximum 

recommended 

accumulated dose* 

(non-lethal, no medical 

care required) 

 

Duration 

of 

exposure 

Lethal accumulated dose within 60 

days for 5% to 50% of those exposed 
(Note: deaths are rare 60 days after exposure)  

With minimal 

care  

With moderate care 

(especially antibiotics) 

100 rem (some may vomit) 1 Day 170 - 340 rem 255 – 510 rem 

150 rem  1 Week 180 – 360 rem 270 – 540 rem 

200 rem  1 Month 280 – 460 rem 370 – 600 rem 

300 rem  4 Months 430 – ? rem © 2013 Kevin Briggs 

* These values are for healthy adults. Babies in the womb can experience death at levels 

below 200 R exposure and young children and the sick will have lower levels of 

tolerance for doses than healthy adults. 

References: NCRP Report No. 42, Radiological Factors Affecting Decision-Making in a 

Nuclear Attack, 1974. FEMA IS 301 Radiological Emergency Response, 1998.  

 

Another helpful table follows that provides some general guidelines on the permissible types of 

outside activities based on the current radiation exposure rate outside of your shelter or home. 

If you have a radiation rate meter or know how to convert your dosimeter readings into rate 

readings, you can decide what outside activities are acceptable at what times. 
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Table 64. Guide for outside activities during fallout emergencies  

If the outside 

R/hr rate is:    
Permissible activities447 

More than  
100 R/hr 

Outdoor activity may result in sickness or death. Occasions which 
might call for outside activity are (1) risk of death or serious injury in 
present shelter from fire, collapse, thirst, etc., and (2) present shelter 
is greatly inadequate-- might result in fatalities--and better shelter, 
available for occupancy, is known to be only a few minutes away. 

10 – 100 R/hr 

Time outside of the shelter should be held to a few minutes and 
limited to those few activities that cannot be postponed. All people 
should remain in the best available shelter no matter how 
uncomfortable. 

2.0 – 10 R/hr 

Periods of less than an hour per day of outdoor activity are 
acceptable for the most essential purposes. Shelter occupants should 
rotate outdoor tasks to distribute exposures. Outdoor activities of 
children should be limited to no more than 10 to 15 minutes per day. 
Activities such as repair or exercise may take place in less than 
optimum shelter. 

0.5-2.0 R/hr 

Outdoor activity (up to a few hours per day) is acceptable for 
essential purposes such as firefighting, police action, rescue, repair, 
securing necessary food, water, medicine, and blankets, important 
communications, disposal of waste, exercise, and obtaining fresh air. 
Eat, sleep, and carry on all other activities in the best available 
shelter. 

Less than 0.5  
No special precautions are necessary for operational activities. Keep 
fallout from contaminating people. Sleep in the shelter. Always avoid 
unnecessary exposure to radiation. 

Derived from:  Radiation Safety in Shelters, FEMA                                                  © 2013  Kevin Briggs 

 

  

 
447 Derived from CPG 2-6.4, Radiation Safety in Shelters, FEMA, 23 September 1983, p. 4-43.  
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Fallout effects on crops 

Crops  

Crop losses from radioactive plume gasses and fallout particles will vary greatly depending on 

the plant’s stage of growth, rain patterns, and duration of exposure. Generally, the losses are 

greatest during the most intensive growth periods. Unharvested crops are hard to protect. The 

only plants that are protected from the radioactive gases and particles would generally be 

those that are in greenhouses or hothouses. Some small gardens or fields can be partially 

protected from fallout by clear plastic sheets. Stacks of harvested crops can similarly be covered 

with tarps, plastic, etc. for added protection. Normal harvesting and storage may still be 

possible if accomplished prior to the radiation cloud/fallout arriving (obviously this would be 

difficult or impossible if the fields are near to the detonation point or a nuclear power plant 

releasing radioactive plumes). Harvesting may be delayed, to allow for radioactive decay before 

consumption. Crops in fields that have had the least radiation exposure should be harvested 

first since the radiation in other fields will decline, making subsequent harvesting safer. Crops 

already harvested should be stored inside if possible to reduce exposure to radiation. 448 

Wash and peel vegetables and fruits before use if they were not harvested and stored prior to 

the invisible radioactive cloud passing. In-ground vegetables, such as carrots, potatoes and 

beets and seeds protected by husks or in pods are generally the safest to eat, but should still be 

thoroughly washed prior to consumption.  

Given that the radioisotopes are primarily (that is, 79 to 80%) concentrated in the top 2 inches 

of soil, this layer can be scraped off and the contaminated soil dumped in a safe location. Since 

this is an expensive procedure and not practical in many areas, this technique for improving 

highly radiated soil is mainly suggested for small areas, such as gardens. The amount of Sr-90 in 

the soil used to grow crops can be significantly reduced by deep plowing (up to and eight or 

tenfold reduction). Subsequent years’ plowing should be more shallow to avoid resurfacing the 

Sr-90. 449   

Mineral uptake by plants is related to the total available and relative abundance of their 

different ions. The application of high levels of potassium fertilizer can reduce radiocesium 

uptake; and liming, by increasing calcium levels can reduce radiostrontium uptake. 450 

Vegetation in acidic soils tend to absorb more Sr-90 radiation than in neutral or alkaline soils. 

Liming will reduce the amount of Strontium Sr-90 migrating into plants by up to fivefold and of 

 
448 “Soviet Civil Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon 

Goure, June 1985, p. 27. 
449 Ibid, p. 91. 
450 www.iaea.or.at/worldatom/inforesource/bulletin/bull383/richards.html  

http://www.iaea.or.at/worldatom/inforesource/bulletin/bull383/richards.html
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Cesium Cs-137 up to 2.5 times. Heavy liming will adversely affect the productivity of potato and 

flax crops, although this can reduce by 20 times the amount of Sr-90 in tubers, and up to 8 

times the amount of Sr-90 in clover and peas. Use of organic fertilizer in sandy soil will reduce 

the amount of Sr-90 in the crops by a factor of up to 3. The simultaneous addition of lime and 

organic and mineral fertilizers to light sandy and loamy soil can reduce by 10 or more times the 

amount of Sr-90 in the harvest. Thus, the best way generally to reduce the amount of 

radioisotopes in the harvest will be obtained by combining the use of non-radioactive organic 

fertilizer with liming the soil. 451 

Table 65 that follows provides farmers and gardeners some general idea of the impact that any 

single exposure of radiation might have on their crops or trees.  

Table 65. Single exposure radiation damage to leafy growth-stage plants 452 

Type of Plant Lethal gamma dose 

(rads) to kill: 

Gamma dose (rads) to 

reduce growth by: 
Gamma dose 

(rads) for no 

adverse effects 100% 50% 50 % 10 % 

Barley, Rye 435 326 148 109 44 

Corn 420 315 143 105 42 

Cotton 1010 758 343 253 101 

Flax 2070 1553 704 518 207 

Grass 1200 900 408 300 120 

Oak (Red), Birch 800 600 272 200 80 

Oats 330 248 112 83 33 

Peas 460 345 156 115 46 

Pine 100 75 34 25 10 

Potatoes 1260 945 428 315 126 

Red Maple 1000 750 340 250 100 

Rice 1960 1470 666 490 196 

Spruce 102 77 35 26 10 

Sugar Beets 1340 1005 456 335 134 

Tomatoes 1240 930 422 310 124 

Wheat 450 338 153 113 45 

Source: adapted from former Soviet manuals                                  © 2013 Kevin Briggs 

 

According to former Soviet manuals, it is estimated that 10 to 30 percent of the radioactive 

fallout in a given rural area will settle on the surface of the vegetation. Depending on the size of 

 
451 “Soviet Civil Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon 

Goure, June 1985, p. 92-93. 
452 Ibid, p. 26-27. 
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the fallout particles, a significant percent will be retained on the plants. For example, the 

manuals note that in the case of dense grass, 25 percent of the particles will remain on it if the 

fallout particles are less than 44 micron in size, but that over 25 percent will remain if the 

particles are less than 1 to 2 micron in size, and up to 90 percent will be retained in the case of 

global fallout. In the case of trees, 40 to 90 percent of the fallout particles are caught in the 

canopy. Under normal conditions, a portion of the radioactive particles deposited on the 

vegetation will be removed by wind and rain, thereby reducing the intensity of the radiation. 

Vegetation is sensitive not only to gamma but also to beta radiation. Generally, former Soviet 

manuals assume that beta radiation doses will be 10 to 20 times that of a given level of 

intensity of gamma radiation.453 

The plants' sensitivity to radiation damage varies not only according to the type of vegetation, 

but also the stages of its growth and development at which it is exposed to radiation. The 

damage to plants will range from none, to the stunting of growth, sterilization of pollen, and 

reduction in seed production, to their death, as in Table 66.  

Table 66. Vegetation damage from cumulative radiation doses 454 

Damage Percentage of Lethal Dose 

No effect  10 

Reduction of growth by 10 percent 25 

Reduction of growth by 50 percent 34 

Sterilization of pollen 40 

Delay in the formation of reproductive organs 45 

Sharp decline in growth 60 

Death of 50 percent of plants (LD50) 75 

Death of 100 percent of plants (LD100) 100 

Source:  adapted from former Soviet manuals                                          © 2013  Kevin Briggs 

 

Seeds are more resistant to radiation than plants. For example, the lethal radiation doses for 

seeds range from 1,000 rads for beans, 15,000 rads for wheat, 25,000 rads for buckwheat, 

50,000 rads for oats, to 400,000 rads for white mustard seeds. However, doses below the lethal 

level can adversely affect the seeds' germination and will result in the plants' slower growth. 455 

Crop losses from fallout radiation will vary, depending on the plants' stages of growth. In 

general, the losses are greatest during the intensive growth and development phases of the 

 
453 Ibid, p. 26.  
454 Ibid, p. 26. 
455 Ibid, p. 27. 
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plants and least when plants flower, have formed seeds, or are dormant. Table 67 shows the 

expected percentage of loss of winter wheat, rye and barley, potatoes, and peas during 

different phases of their growth from various doses of radiation.  

For the same dose rate which results in the near total loss of a maize crop during the first two 

months of its growth, soy bean yields would be reduced by 10 to 50 percent, depending on 

when the plants are irradiated during the first two months of growth. Grasses are much less 

sensitive, with crab grass surviving six-month cumulative doses in excess of 100,000 to 200,000 

rads. 456 

From the standpoint of consumption by people and animals, the safest seeds and vegetables 

during local fallout will be those protected from direct contamination by radioactive particles 

deposited on the plant. This would include root vegetables in the soil, such as potatoes and 

beets, and seeds protected by husks or in pods, such as corn, beans, buckwheat, etc. 457 

It is noted that if the fallout occurred in late fall after the harvest or in winter when the fields 

are covered with snow, the surface contamination of winter crops--and consequently of the 

next year's crops--will be less than if the fallout occurs in spring or summer. This will be so 

because the radioactive matter will largely decay before the start of the winter crops' growth 

phase. 458 

 
  

 
456 “Soviet Civil Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon 

Goure, June 1985, p. 29. 
457 Ibid. 
458 Ibid. 
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Table 67. Loss of crops depending on their phases of growth & level of radiation-dose 

A. Winter wheat, rye, barley   

DOSES  

(in rads)  

Phase of growth at the time of irradiation 

Tillering 
Emergence into 

a tube 

Heading and 

flowering 
Milk ripeness 

100 15-35 25-50 5-25 0-10 

100-200 25-50 35-70 14-50 0-10 

200-300 35-70 50-90 25-50 0-20 

300-400 55-90 80-100 40-70 0-20 

400-500 75-100 90-100 60-90 0-20 

B. Potatoes   

DOSES  

(in rads)  

Phase of growth at the time of irradiation 

5 cm growth 15 – 20 cm growth Budding Flowering Dying of tops 

100-200 0-15  0-10    

No losses 

200-300 10-30  5-20  5-20  5-15  

300-400 20-50  10-30  10-30  5-20  

400-500 30-60  15-40  15-40  10-25  

500-700 40-70  20-50  20-50  15-30  

700-1,000 50-90  30-70  25-60  20-40  

1,000-1,500 60-100  50-90  40-80  30-60  

C. Peas   

DOSES  

(in rads)  

Phase of growth at the time of irradiation 

6 leafs Budding Mass flowering Appearance of pods Milk Ripeness 

100 5-20  10-40  5-30 0-15 0-5 

100-200 15-50  30-80  20-60 10-50 0-5 

200-300 40-90  70-100  40-80 25-75 0-10 

300-400 60-100  90-100  60-100 50-100 0-10 

Source:  former Soviet manuals (FEMA RR 21)                                           © 2013  Kevin Briggs 

 

Forests, trees and shrubs  

In the case of trees, a large portion (40 to 90 percent) of the fallout will be deposited in the 

canopy, with more caught by deciduous than coniferous trees. Experiments from Brookhaven 
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National Lab suggest that trees and canopies may be killed on exposure to fallout of 5,000 to 

6,000 rads (however, see the preceding Table 65 for some other predictions from the Russians 

that seem to be much lower), tall shrubs at exposures of 13,000-14,000 rads, while ground 

cover may survive exposures up to 30,0000 rads. Deciduous trees are more resistant to 

radiation than coniferous trees. Former Soviet publications note that trees which are damaged 

or killed by radiation will become infested by insect pests which will spread to healthy trees, 

and that after several years, the dead forests may pose a major forest fire hazard. Since the 

radiation levels required to kill most trees and shrubs are high, only a relatively small region or 

forest or trees or shrubs, if any, would be damaged severely after a major nuclear power plant 

accident or nuclear attack. 459  

It is recommended to cut down trees that have died as a result of radiation in the winter time 

(after radiation levels are safe to do so) as there will generally be less dust, making it safer for 

the tree cutting personnel. In general, it is safe to burn wood from trees that have died, if their 

bark has been removed.  

As I know of no U.S. standards for the use of contaminated wood, what follows are the Russian 

guidelines for wood usage after contamination for consideration: Wood obtained from 

contaminated areas with Sr-90 less than 10 Ci/km2 can be used for all purposes. If the level of 

Sr-90 is in the range of 50 Ci/km2, the wood of deciduous trees (without bark) can be used to 

make plywood, furniture, and for residential construction framing. With higher radiation levels, 

the wood of deciduous trees can be used for telephone poles, railroad ties, and in the 

construction of non-residential buildings. The wood from coniferous trees from areas with 

levels of Sr-90 up to 50 Ci/km2 can be used to make plywood, furniture, and in the construction 

of residential buildings, if the outer growth rings are first removed. 460  

The threat to vegetation from long-lived radioisotopes  

Radioactive fallout contains various short- and long-lived radioactive isotopes. As the short-

lived isotopes decay, the residual radiation is caused by long- lived isotopes which are 

deposited not only by the local but also the global fallout. The radionuclides of the long-lived 

isotopes not only contaminate the soil, water sources, and the surface of the vegetation, but 

are also absorbed by plants either directly or through their roots. During the first three years or 

so after the nuclear detonations, the dominant source of contamination of the vegetation will 

be from the global fallout deposited on its surface, after which the dominant source will 

increasingly become the uptake of radionuclides by the plants through their roots. The 

 
459 Ibid. 
460 “Soviet Civil Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon 

Goure, June 1985, p. 94 – 95.  
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radioactive particles lofted into the stratosphere will fallout in the form of long-lived isotopes at 

the approximate rate of 50 percent of the residual particles per year. In this manner, the 

radionuclides can enter the food chain and be consumed by people and livestock either directly 

or indirectly in the form of consumption by people of contaminated meat and milk. When 

absorbed, the nuclides accumulate in people's thyroid gland, muscles, and bones.461 

Former Soviet publications focus attention primarily on contamination resulting from three 

radioisotopes: iodine-131 (I-131), strontium-90 (Sr-90), and cesium-137 (Cs-137). Of the three, 

iodine-131 decays relatively rapidly (it has a half-life of 8 days), but it may pose a threat to 

grazing animals and their milk for 25 to 30 days after the nuclear detonations and the start of 

fallout. Strontium-90 and cesium-137 have half-lives of about 30 years. The large size of the 

particles in the initial or local fallout will make it less available to plants than the subsequent 

small particles from the global fallout. 462 

Insofar as local fallout is concerned, the amount of Sr-90 at the outer edge of the 

contamination Zone A (8 rads/hour one hour after detonation) in the top 5 cm of the soil will be 

0.2 to 0.5 curie per kilometer square (Ci/km2); in Zone B (outer edge 80 rads/hour one hour 

after detonation), it will be 3 Ci/km 2; and in Zone C (outer edge 240 rads/hour one hour after 

detonation), it will be 10 Ci/km2. The global fallout will be added to the Sr-90 and Cs-137 

deposited by the local fallout. Former Soviet publications note that "great difficulties" will arise 

in the use of contaminated fields in the next crop growing season after the nuclear 

detonations. Indeed, former Soviet manuals and instructions to the population recommend 

various uses of the land and of selection of crops grown on them depending on the levels of Sr-

90 and Cs-137 present there, noting, however, that in Zone C (240 rads/hour and more after 

the detonation), it will be necessary to carry out extensive measures to reduce the amounts of 

Sr-90 on the surface of the soil. 463 

The amounts of radionuclides absorbed by the plants will depend on particular radioisotopes, 

the character of the soil, the type of plant, and its growing stage. Table 68 shows the amounts 

of Sr-90, in nanocuries per kilogram, in harvested crops from areas with different soils 

contaminated to a level of 1 Ci/km2. 464 

 

 

  

 
461 Ibid, pgs. 29 – 30.  
462 Ibid, p. 30.  
463 Ibid, p. 30.  
464 Ibid, p. 31.  
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Table 68. Sr-90 in harvested crops (in nCi/kg) with soil contamination of 1 Ci/km2  

 
   Soddy-Podzolic Soil    

 Crops Sandy Light Medium Heavy Black 
  Loam Clay Clay Clay Soil 
WHEAT (seeds) 2310 1100 660 400 200 

POTATOES (tubers) 1160 560 330 200 100 

CABBAGE (head) 2970 1650 720 530 230 

BEETS (roots) 3960 1910 1120 660 330 

GRASS (hay) 23100 11550 6600 3960 1980 

CLOVER (hay) 66000 36300 19800 13200 6600 

Derived from former Soviet manuals (FEMA RR-21)                      © 2013  Kevin Briggs 

 Note: 1 nCi = 10-9Ci.  

 

Cs-137 penetrates plants more easily through the surface of leaves, but is less well absorbed 

through roots than is Sr-90. Grains of corn, winter rye, etc. absorb three to four times less Sr-90 

than do beans and buckwheat. Potatoes absorb less Sr-90 than do sugar and feed beets. 

Generally, the grains or seeds of plants will contain significantly less Sr-90 than will the stalks and 

leaves.  465 

 

Former Soviet guidance on protecting food, fodder, and water from fallout  

Former Soviet agricultural civil defense manuals call for the protection of food stocks, harvested 

crops, and animal fodder, as well as water and water sources against contamination by 

radioactive fallout. As far as possible, handy materials and simple techniques are used for this 

purpose. It is important to note that the protective measures will be initiated primarily when the 

government announces the existence of a threat of a possible attack and that some time will be 

required for their implementation. Presumably, in the event of little or no warning of an attack, 

extensive contamination of food and fodder stocks and water sources may occur. 466 

According to these civil defense public instructions, all food in the homes should be put into 

hermetically sealed containers and stored in basements or vegetable storage cellars. Use is to be 

made of plastic or multi-layer paper bags, barrels, tight boxes, and so on. Perishable food should 

be stored in refrigerators. A reserve of water should be kept in sealed containers, in bathtubs--

 
465 Ibid. 
466 Ibid, p. 56.  
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which should then be covered with plastic sheets, or in barrels. In the event of a threat of attack 

alert, each family should have at least a two to three day supply of non-perishable food, i.e., 

canned goods, sugar, crackers, etc. and water (juice) on hand.  467 

On the farms, food stocks and fodder should be placed as much as possible in hermetically 

sealed storage buildings. In this connection, it will be important to seal the structures by 

packing cracks in walls and window frames with clay or nailing boards over them, sealing 

windows by bricking in window spaces or installing wooden shields to cover them (this is also 

intended to prevent glass fragments from blown-in windows from falling on stored grain or 

fodder), and ensuring the tightness of doors by covering them with sheets of rubberized 

material, plastic, or felt and installing rubber gaskets around the frames. Ventilation pipes 

should have closing valves on them and metal mesh or grills to keep out rodents. If possible, the 

food stocks should be packed into airtight bags. In the case of silos used for storing grain, silage, 

or hay, etc. or of silage trenches--which offer the best protection, the important thing will be to 

seal openings in the silos and cover the trenches with a thick layer of earth. It was urged that 

more concrete storage facilities be built because of the superior protection they offer against 

contamination by radioactive dust.468 

The protection of harvested grain, potatoes, and other crops left in the open, as well as hay, 

straw, and silage, calls for covering the stacks with plastic sheets, tarpaulins, or sheets of 

rubberized material). If the grain is in sacks or hay or straw in bales, this may be sufficient. If the 

grain or fodder is not in sacks, it is recommended to first cover the stacks with a 20 to 30 cm 

thick layer of straw and to place plastic sheets or tarpaulins over them which are tied down or 

held in position with boards, timber, branches, or stones). The area around the stacks should be 

plowed to reduce fire hazards and provided with a drainage ditch. Potatoes stacked loose in the 

field should be protected by covering them with a layer of 20 to 30 cm of straw and over this a 

layer of 20 to 30 cm of earth, and each stack should be provided with a wooden or metal 

ventilation pipe with a shielded opening). Alternatively, potatoes and some other vegetables, as 

well as livestock feed, can be placed in holes dug in the ground and then covered with a layer of 

straw and tarpaulins. In winter, hay stacks can be watered down to form sheets of ice for their 

protection. It is recommended that first priority be given to protecting fodder left in the open 

on the territory of the farms and to reserves of fodder stacked near livestock barns and stables, 

as this fodder will be needed to feed the livestock until it is safe to allow it to graze. 469 

It is also important to protect sources of water against contamination. In the case of wells, the 

area around the shaft to a distance of 1 to 2 meters should be dug out to a depth of 30 to 50 

cm and filled with packed clay and covered with a 10 to 15 cm layer of sand. The aboveground 

 
467 Ibid, p. 56.  
468 Ibid, p. 57.  
469 Ibid. 
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structure of the well should be sealed with boards and clay, the opening covered with a tightly 

fitting wooden or metal lid, and a roof should be built over the well. Even better, a housing 

should be built over the well or source. If water is drawn from an open source (that is, pond, 

lake, reservoir, etc.), the pipe leading to the well should be filled with sand and the intake with 

gravel, broken bricks, etc. The area around the well pump should be packed with clay and 

covered with sand and the pump shielded by a wooden structure. When the sand around the 

wells or pumps becomes contaminated, it should be removed and replaced by clean sand.  

Water from shallow sources should be filtered before use. Troughs for watering livestock 

remaining in the open should be either covered with plastic sheets or tarpaulins or turned 

upside down when not in use.470 

 

Fallout radiation effects on livestock 471 

As with man, fallout may cause both internal and external radiation exposures to animals. The 

external (whole-body) exposure would arise mainly from gamma rays, and if the fallout 

particles should remain on the skin for some time, the animals could suffer beta burns. Internal 

radiation exposure could result from farm animals consuming contaminated grass and thereby 

ingesting fallout particles. Beta radiations from these particles would then irradiate the walls of 

the intestinal tract whereas the gamma rays would contribute to the whole-body exposure. 

Certain radioisotopes may be leached from the fallout particles and enter the blood stream; 

they may then be deposited in specific parts of the body, for example, iodine in the thyroid and 

strontium in the skeleton. 

Skin injury caused by fallout was observed in cattle exposed at the Trinity test and also in 

animals during atmospheric tests at the Nevada Test Site. Minor to severe injuries due to beta 

radiation have occurred, although none of the cattle died within 150 days of exposure. The skin 

injuries appeared to be similar to thermal burns except that the latter are soon visible whereas 

the effects of beta particles may not be seen for three or four weeks. 

The damage to the cattle at the Trinity site was described as the development of zones of 

thickened and hardened skin which appeared as plaques and cutaneous horns. After 15 years, 

three of the exposed cows developed scale-like carcinomas of the skin in the affected regions, 

but it is not entirely clear that they were induced by radiation. In areas less severely affected, 

there was some loss and graying of the hair. The location of these cattle with respect to ground 

zero is not known, but it is estimated that the whole-body gamma radiation dose was about 

150 rems, although the skin dose may have been very much larger. There was no evidence of 

 
470 Ibid, p. 58.  
471 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 621 -624. 
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radiation damage on the lower surfaces of the body that might have been caused by exposure 

from fallout on the ground. 

Information concerning the possible effects of fallout on farm animals under various conditions 

was obtained from government studies with simulated fallout sources. Three main 

experimental scenarios were evaluated based on animal location as follows: 

1.  In a barn: whole-body exposure to gamma rays from fallout on the roof and the 

surrounding ground. 

2.  In a pen or corral: whole-body exposure to gamma rays from fallout on the ground 

and exposure of the skin to beta particles from fallout deposited on the skin. 

3.  In a pasture: whole-body exposure to gamma rays from fallout on the ground, 

exposure of the skin to beta particles, and exposure of the gastrointestinal tract from 

fallout on the grass. 

The exposure to gamma rays was simulated by means of an external cobalt-60 source. Skin 

irradiation was achieved by attaching to the back of the animal a flexible source of beta 

particles. Finally, the internal exposure was simulated by adding to the animal’s feed a material 

consisting of yttrium-90 fused to 88 - 175 micrometers particles of sand, giving a specific 

activity of 10 microcuries per gram of sand. This product was considered to be representative of 

the beta radiation from the fallout produced by a land-surface detonation. 

Observations were made on animals exposed to whole body gamma radiation alone (barn) or in 

combination with skin exposure (pen or corral) or with exposure of the skin and the intestinal 

tract (pasture) at dose rates of the order of magnitude expected from fallout. From the results, 

estimates were made of the total gamma exposure which would be fatal to 50 percent of a 

large group of animals within 60 days (LD 50/60); the values are summarized in Table 69. It is 

evident that, for cattle and sheep, which are ruminants, internal exposure can contribute 

substantially to the lethality of fallout. 

The data in Table 69 apply to extreme conditions and are intended only to indicate the different 

sensitivities to radiation of a few animal species, the kinds of doses that might prove fatal, and 

the effects of combining different types of exposures. The basic assumption involved is that the 

animals remain in a given situation while they accumulate an exposure of a few hundred 

roentgens of radiation. In practice, of course, the animals would probably be removed as soon 

as possible from a contaminated area and, in any event, contaminated grass would soon be 

replaced by clean fodder. Swine are normally fed in a drylot and would probably not ingest 

enough radioactivity to increase doses above those expected from whole-body irradiation 

alone. 
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There are considerable variations in radiation sensitivity in a given animal species, just as in 

man, but on the whole it appears, in agreement with the estimates in Table 69, that cattle and 

sheep are more sensitive to radiation than are swine. Furthermore, among those who survive, 

the recovery time is shorter in swine than in cattle and sheep. As a general rule, young animals 

are more sensitive to radiation than are adults, but the difference appears to be less marked for 

swine than for cattle. At high exposure rates, the total exposure required to produce a certain 

degree of lethality is smaller than when the rate is low, suggesting the possibility of partial 

recovery by the animal from radiation injury. Again, this effect is more marked for swine than 

for other livestock. 

 

Table 69. Estimated livestock lethality (LD 50/60) from fallout 472 

Total gamma exposure (R) 

Animals Barn Pen or Corral Pasture 

Cattle 500 450 180 

Sheep 400 350 240 

Swine 640 600* 550* 

Horses 670 600* 350* 

Poultry 900 850* 800* 

* No experimental data available; estimates are based on grazing habits, anatomy, and 

physiology of the species.                                                                             © 2013  Kevin Briggs 

 

The great majority of farm animals receiving an exposure of less than 400 roentgens of whole-

body radiation alone would be expected to survive. However, they will show symptoms similar 

to those observed in man. The primary symptoms are those associated with damage to the 

blood-forming tissues; they usually include a severe drop in the number of platelets in the 

blood and gastrointestinal damage caused by failure in blood clotting. Increased permeability of 

the capillaries also contributes to the loss of blood cells, plasma, and electrolytes (salts). Most 

of these losses occur between 14 and 30 days after exposure, at which time the white-cell 

count is low; fever and bacterial invasion may also occur. 

Cattle receiving whole-body exposures in the range of 200 to 600 roentgens commonly 

experience some loss of appetite and slight fever for about 24 hours. They then appear normal 

for about 14 days (latent stage), after which there is a marked fever in those receiving the 

larger radiation exposures; most of the latter will die within a month or so. Those animals which 
 

472 Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, p. 622. 
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survive show only a mild fever. Very few, if any, of these survivors are expected to suffer the 

serious loss of appetite and vomiting which are associated with the gastrointestinal radiation 

syndrome at higher exposures. 

The effects of internal radiation exposures have been studied by adding the simulants 

mentioned earlier into the feed of sheep. The earliest symptoms were loss of appetite, 

diarrhea, weight loss, and fever. The sandy radioactive material tended to collect in ‘pockets’ in 

the rumen and abomasums 473  where the radiations caused ulceration and accumulation of 

fibrinous exudates. No gross lesions were found in the intestines of sheep under these 

conditions. Loss of appetite was accompanied by stagnation in the rumen which prevented the 

normal passage of the animal’s food. This was followed by severe diarrhea and weight loss. 

Sheep that survived usually returned to normal feed consumption within 60 days, but 

considerably more time was required to recover the loss of weight. 

Whole-body exposure to 240 roentgens of external gamma radiation, at the high exposure rate 

of 60 roentgens per hour, affected neither the body weight nor the feed consumption of sheep 

and cattle. If the whole-body exposure was supplemented by a skin dose there was some 

decrease in weight, and an even greater decrease if there was also exposure of the intestinal 

tract. However, it appears that at radiation doses below lethal values and at dose rates 

expected from fallout, the effect on livestock production would be minor at most. As a rule, 

irradiated dairy cows produce as much milk as those which have not been exposed, but 

lactation may be reduced as a result of destruction of thyroid tissue by radioiodines from 

ingested fallout. It is possible that the concentrations of strontium-90 and of iodine-131 may 

make the milk unsuitable for general use. Most sheep, cattle, and swine surviving the exposure 

to fallout, even those with gastrointestinal tract injuries from ingested fallout, could eventually 

be used for food under emergency conditions. Until more data are available, it has been 

recommended that, for 15 to 60 days after exposure to radiation levels that might cause some 

mortality, only muscle meat from surviving animals be used for food.   

The sensitivity of animals to ionizing radiation varies depending on species and is greatest for 

large animals, such as cattle. Lower-order animals, however, are more resistant to radiation 

than humans. As in people, the effects will depend not only on the total radiation dose received 

by the animal, but also on the length of time during which this dose was received – that is, the 

animal can survive larger total doses if it is spread over a longer period of time. 474 

In the case of mature cattle, acute radiation sickness Level I or "Light" occurs at whole body 

gamma radiation doses of 150 to 200 rads; Level II or "Moderate" at doses of 250 to 400 rads; 

 
473 The rumen is the first stomach (or pouch) of a ruminant and the abomasums is the fourth (or true) stomach. 
474 “Soviet Civil Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon 

Goure, June 1985, p. 22. 
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Level III or "Severe" at doses of 400 to 750 rads; and Level IV or "Dangerous" at doses in excess 

of 750 rads. 475 

Table 70 shows the effects of one-day whole-body gamma radiation doses on livestock.  

 

Table 70. Radiation effects on livestock for doses received in 24 hours 476 

Gamma 
Doses 
in rads 

MATURE CATTLE SHEEP PIGS 
DOMESTIC 

FOWL 

% Sick % Die % Sick % Die % Sick % Die % Sick % Die 

200 6 0 5 0 4 0 0 0 

250 33 0 13 0 11 0 0 0 

300 50 0 26 0 20 0 0 0 

350 95 7 46 0 37 0 4 0 

400 99 12 80 7 58 7 14 0 

450 100 20 98 20 89 14 25 5 

500 100 30 - 35 100 31 - 38 98 30 35 10 

550 100 50 100 50 - 61 100 38 53 15 

600 100 80 100 80 100 50 71 20 

650 100 97 -100 100 90 100 60 95 25 

700 100 98 - 100 100 95 - 99 100 80 99 30 

750   100 100 100 97 100 35 

800     100 100 100 40 

900       100 50 

1000       100 64 - 85 

>1200       100 100 

 

Thus, the 50 percent lethal dose during a period of 30 days (LD50/30) is 550 rads for mature 

cattle, 550 rads for sheep (525 rads according to some authors), 600 rads for hogs and pigs, and 

800 - 900 rads for domestic fowl.  In addition, some references cite a 50 percent lethal dose for 

dogs at 350 rads, goats at 550 rads, calves up to five months old at 250 rads, donkeys at 600 

rads, horses at 650 rads, and rabbits at 800 rads.  It is noted, however, that while the average 

LD50 for hogs and pigs is 600 rads, it will be 8,500 rads if the animals receive 50 rads/day 

instead of a single dose. 477 

The unprotected portions of the skin of livestock may also suffer burns from beta radiation. 

Level I burns will occur at doses of beta radiation of 800 to 1,500 rads; Level II effects at doses 

 
475 Ibid. 
476 Ibid, pgs. 23 - 24. 
477 Ibid, p. 23.  
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of 1,500 to 2,500 rads; Level III at doses of 2,500 to 5,000 rads, and Level IV at doses greater 

than 5,000 rads.  Animals suffering from Level III and IV burns will probably have to be 

slaughtered because of their very slow rates of recovery and the probability of infections. 478 

If radiation contamination is likely, keep animal feed and water covered where possible. Feed 

can be placed in holes dug in the ground and covered with a layer of stray and plastic or 

tarpaulins if covered storage is otherwise unavailable. If freezing conditions exist, hay stacks 

can be protected by spraying them with water to form a protective ice cover. Water from ponds 

should be filtered before use for animals, if possible, or alternative safer water supplies used, 

where practical and recommended by local authorities. Livestock should be fed stored feed 

(uncontaminated) for as long as practical. Contaminated feed should only be used as a last 

resort or after authorities have declared it safe to do so.  

Provide as much radiation shelter as possible for animals, preferably in brick on concrete 

building or barns, if available. Any barns, whether wood or brick, etc., should have major cracks 

and windows/openings sealed as much as possible prior to the arrival of the radiation cloud, if 

possible. Hay or clean feed stored in the loft of a barn can provide additional radiation 

protection. In addition, earth bermed up against the sides of a barn can greatly increase the 

protection factor to animals inside the barn. Since the most hazardous portion of a radioactive 

cloud from a nuclear reactor incident should generally pass within a few hours, barns will not 

need to be sealed for extended periods if radiological monitoring is available at the farm (to 

indicate when ventilation in structures needs to be temporarily stopped). Windows and doors 

can be covered with sheets of plastic during the expected passage of the radioactive cloud. 

However, all barns will need to continue to be sufficiently ventilated to keep CO2, ammonia, 

and hydrogen sulfide levels from becoming intolerable and during hot days, to keep the animals 

from overheating. 479 

Dairy cows should be afforded the most protection as radioactive iodine, etc., can accumulate 

in their milk and they are one of the animals most susceptible to radiation poisoning. Cows 

protected from fallout and fed with stored feed can have their milk readily used. Those who 

either are exposed to the radiation plume and/or that feed from pastures contaminated with 

fallout during the first few weeks may need to have their milk quarantined. If possible, milk the 

cows before the fallout arrives. If clean food and water supplies are low, reduce the amounts of 

water and feed to maintenance levels. 480 Milk cows may need to be fed from clean food for 

several months before they can be allowed to graze normally again.  

 
478 Ibid.  
479 Ibid, p. 59. 
480 Defense Against Radioactive Fallout on the Farm, US Department of Agriculture, p. 12.  
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If a barn structure is not available, if possible, move livestock to a leafy forested area, as the 

crowns of the trees will catch much of the fallout and provide some protection to the animals. 

If necessary, non-dairy and work animals can be allowed to resume grazing when the radiation 

levels in the pastures has declined to 0.5 rads/hour. At this or lower levels, cattle, sheep, and 

hogs may not fall victim to radiation sickness. In the case of dairy animals, because of the 

danger of high levels of iodine-131 in their milk, grazing should be avoided until radiation levels 

have declined to 0.1 rads/hour. Even then, milk should not be given to children until levels are 

still lower, unless the children have been provided Potassium Iodide pills and health authorities 

have said it is not a health risk. This milk could be consumed by adults. Milk from dairy cattle 

grazing on pastures with radiation levels of 0.5 rads/hour should not be consumed directly 

because of its high content of radioactive isotopes, but should be processed into butter during 

three to five days after the animals begin grazing-butter being said to contain less radionuclides 

than the milk from which it is made. Furthermore, it may be possible to store the processed 

dairy products until their content of iodine-131 has declined to a safe level. 481  

Ideally, dairy cattle should not be allowed to graze for at least several months, but should be 

fed from "clean" or decontaminated reserves of fodder. Initially, dairy cattle and pregnant 

animals can also be fed fodder from plants that are protected against direct contact with the 

local fallout, that is, cereal grasses, corn, beans, tubers, etc., and should be given potassium 

iodide or other forms of stable iodine to protect their thyroid glands. To reduce the animals' 

intake of radioactive particles when grazing after the initial fallout, grass can be mowed and the 

contaminated grass removed.482 

The radiation content of contaminated meat can be reduced approximately 50% if these meats 

are boiled for 20 – 25 minutes, because the radionuclides will dissolve in the bouillon. With 

veterinarian approval, this bouillon can be fed to pigs. 483 

Eggs laid by chickens exposed to the radiation cloud or chickens that have eaten contaminated 

feed will have 90 to 96.5% of the strontium-90 (Sr-90) in the shells and 3.5% in the egg white 

and yolk. Cesium-137 (Cs-137) tends to concentrate in the egg white and iodine-131 (I-131) 

lodges in the yolk. Since I-131 decays relatively rapidly (½ life of 8 days), eggs produced by 

contaminated chickens can generally be eaten after a few weeks (unless there is a very high Cs-

137 content in the egg white). The risk of eating these eggs is greatly reduced if Potassium 

 
481  “Soviet Civil Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon 

Goure, June 1985, p. 81. 
482 Ibid, p. 82. 
483 Ibid, p. 82. 
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Iodide anti-radiation medication is being taken to reduce the human thyroid’s uptake of I-131. 

Eggs in the shell that are exposed to radioactive fallout can be washed and eaten.484  

Livestock that have fallout particles on their hides can be washed down with water (and soap) 

and scrubbed with long-handled brushes (this can remove roughly 50% or more of the fallout). 

Dry brushing should not generally be used to decontaminate animals as this will expose people 

to dangerous fallout particles. For animals that have ingested radioactive materials, their 

systems can be treated by injecting various absorbents, such as bone meal and barium sulfate 

solutions, giving them activated charcoal and purges, and injecting potassium iodide (to block 

the iodine-131 uptake in their thyroids). If meat animals receive greater than 750 rads over the 

course of a few days, they should be slaughtered after external decontamination (because they 

will almost certainly die anyways and their meat is unusable if they are allowed to progress into 

later stages of sickness). If slaughtered in a timely fashion (typically 3 – 12 days for high levels of 

external radiation and 6 to 12 days after large internal doses, with higher doses requiring earlier 

slaughtering – when safe for the slaughter works), their meat can be eaten as long as people 

are careful not to contaminate the good meat with radiation from the hide, digestive tract and 

lungs. Internal organs should not be eaten, especially the liver, kidneys, and thyroid. Animals 

that receive 400 to 750 rads should also probably be slaughtered except for the most valuable 

animals which might be saved if treated for radiation sickness. Livestock receiving less than 

roughly 400 rads can often be saved with minimal treatment, depending on the animal (see 

Table 70 for details). If animals die as a result of radiation poisoning, you can safely bury them, 

but their meat should not be eaten. The carcasses usually are not dangerous to surviving 

animals or to people.485 

The objective of the decontamination process is to remove radioactive materials from the skin 

and fur of the animals in order to prevent further injuries to them and to make it safe for 

people to handle them. In warmer weather the processing site is established outdoors in areas 

which do not exceed permissible levels of radiation. The site must be near a source of water, 

not closer than 100 to 200 yards from barns and stables, and preferably on water absorbent 

soil. The size of the site depends on the number of animals to be processed, allowing 30 m2 per 

head of cattle. The site includes: a reception-sorting area for the preliminary checking and 

dosimetric control of the animals, holding pens, a run for decontamination, and a "clean" pen 

where the animals undergo dosimetric control and veterinary checks. At this point, the 

insufficiently decontaminated animals may be sent back to undergo further decontamination, 

and the veterinarians will determine whether the decontaminated animals should be 

slaughtered, given further treatment, or returned to the farm for normal use. Animals whose 
 

484 Ibid. 
485 Defense Against Radioactive Fallout on the Farm, US Department of Agriculture, p. 13 – 14 and “Soviet Civil 

Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon Goure, June 

1985, p. 77 - 79. 
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hides, upon dosimetric check, are shown to be contaminated to a level of 100 

milliroentgens/hour or more are subjected to decontamination.486 

There are two methods of decontamination: dry and wet. The dry method uses special 

veterinary machines--essentially vacuum cleaners--to remove the radioactive dust from the 

animals. In the case of sheep, the best method is to shear their wool. The collected dust and 

shorn wool are then buried. 487 

The wet method consists of washing down the animals in the decontamination run using 

various solutions or emulsions and machines. Normally these solutions or emulsions are under 

pressure and sprayed from hoses, and the animals are scrubbed down with long handled 

brushes. It is also possible to use fire hoses to wash down the animals, which would remove 30 

to 50 percent of the surface radioactive particles. There could be four to six stations for 

personnel engaged in this decontamination procedure on each side of the run. While working, 

the personnel will wear individual means of protection, that is, dust masks, rubber boots, and 

gloves. 488 

It requires 50 to 60 liters of solution to wash down a cow or horse and 15 to 20 liters to wash 

down a pig or sheep. In the case of pigs or sheep, instead of a run, several animals at a time can 

be placed in special cages and sprayed from all sides. If use is made of the wet decontamination 

method in cold weather, decontamination is carried out indoors in a structure which has a good 

drainage system. 489 

Cattle which have been subjected to high levels of radiation, that is, in excess of 750 rads in a 

period of four days, and therefore are suffering from Level IV radiation sickness should be 

slaughtered. Cattle which received radiation doses of 400 to 750 rads will also be slaughtered 

except for the most valuable animals, which can be treated for radiation sickness. Livestock 

which received only light or moderate doses of radiation will be given veterinary treatment 

because they have a reasonable prospect of recovering. 490 

In the case of internal irradiation of the animals resulting from their eating contaminated 

fodder, grazing on contaminated pastures, or drinking contaminated water, efforts would be 

made to treat them by injecting various absorbents such as bone meal and barium sulfate 

solutions, giving them activated charcoal and purges, and injecting potassium iodide (to reduce 

the accumulation of iodine-131 in their thyroid glands). 491 

 
486 “Soviet Civil Defense Agricultural Preparedness”, Federal Emergency Management Agency (FEMA), Dr. Leon 

Goure, June 1985, pgs. 76-77. 
487 Ibid, p. 77. 
488 Ibid, p. 77. 
489 Ibid, p. 77. 
490 Ibid, pgs. 77, 79 
491 Ibid, p. 79. 
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In the matter of the slaughter of sick or injured animals (which can be carried out in 

slaughterhouses or at temporary field slaughter points), their meat can be used for 

consumption if the animals do not yet show symptoms of radiation sickness or infection. In the 

case of animals exposed to external radiation, depending on the magnitude of the dose, 

slaughtering should be done within 3 to 12 days after they received their radiation dose. If the 

animals have absorbed radioactive matter, they should be slaughtered 6 to 12 days afterwards 

and before any clinical signs of radiation sickness appear. 

 

Radiation contamination threat to stocks of grain and animal fodder  

Radioactive fallout can contaminate unprotected food, grain, and animal feed stocks, thus 

making them unsuitable for consumption. For example, radioactive particles will penetrate 

loose grain left uncovered in the open to a depth of 3 centimeters (1.2 inches), flour to 0.5 cm 

(0.2 inches), millet and buckwheat to 1 cm (0.4 inches), granulated sugar to 1.5 to 2 cm (0.6 to 

0.8 inches), hay in stacks to 10 to 20 cm (4 to 8 inches), and hay in bales to 3 to 7 cm (1.2 to 2.8 

inches). However, wind and rain will increase the depth of the penetration by the radioactive 

particles. 492 

Consumption of contaminated food by people and of fodder by livestock poses a major hazard 

to their health and, in sufficient concentrations, can be lethal. Ingested short- and long-lived 

radioactive isotopes (iodine-131, strontium-90, cesium- 137, and others) concentrate in glands, 

tissue and bones, irradiate the gastro-intestinal track, and will be present in animal milk. 493 
 
 

Radioactive fallout threat to the water supply  

Radioactive fallout will be deposited on any open water surface, including wells, along the track 

of the fallout cloud. The particles largely settle on the bottom, while various isotopes dissolve in 

the water. The extent of solubility of the particles varies. For example, it is said that less than 2 

percent of the particles resulting from nuclear detonations on soil high in silicate will dissolve in 

water, while in excess of 50 percent of particles resulting from detonations on carboniferous 

soil will do so. During the local fallout, rain will contain a high concentration of radioactive 

particles as these are being precipitated by the rain from the fallout clouds. The radionuclides 

will be absorbed by water plants, fish, and other aquatic life forms. The median lethal dose for 

mature fish is in the range of 1,000 to 1,200 rads (LD50/30), for crustaceans 800 to 10,000 rads, 

 
492 Ibid, p. 23.  
493 Ibid. 
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and for mollusks 4,000 to 5,000 rads.  The concentration of radioactive particles and 

radionuclides in water depends not only on the amount of the fallout which fell on a given body 

of water and its initial intensity, but also on the volume of water in which it is dissolved. In large 

bodies of water the level of radiation rapidly declines as the radioactive material becomes 

dispersed in it. In the case of small bodies of water or wells, it may remain high for longer 

periods of time because of the higher concentration of radioactive materials.494 

As in the case of contaminated food and fodder, so in the case of water with significant 

amounts of radioactive particles suspended or dissolved in it, its ingestion by people and 

animals without prior filtration can be damaging or even dangerous to their health. 

Furthermore, some of the radionuclides in the water will be absorbed by the roots of the 

vegetation growing nearby. 495 

Evacuation, sheltering, and public messaging in times of fallout 

Shelter in place and evacuation considerations 
 

The 2011 U.S. Federal guidance is to Shelter in Place (SiP) for 12–24 hours in the event of a 

nuclear weapon detonation (within 50 miles of the detonation point), if adequate shelter is 

available, until an assessment can be made by emergency management officials on the pros 

and cons of various evacuation options. 496 You are cautioned to overcome the desire to flee 

the area (or worse, run into fallout areas to reunite with family members), which can place 

people outdoors in the first few minutes and hours when fallout exposures are the greatest. 

Those outside or in vehicles will have little protection from the penetrating radiation coming off 

fallout particles as they accumulate on roofs and the ground. 497 

If you are within the broken glass and blast damage area, which could extend for several miles 

in all directions from a blast, you should seek shelter immediately if possible. There is a chance 

that many parts of the area may not be affected by fallout; however, it will be virtually 

impossible to distinguish between radioactive and nonradioactive smoke, dust, and debris that 

will be generated by the event. Potentially dangerous levels of fallout could begin falling within 

a few minutes. Those outdoors should seek shelter in the nearest solid structure. Provided the 

structure is not in danger of collapse or fire, those indoors should stay inside and move either 

below ground (e.g., into a basement or subterranean parking garage) or to the middle floors of 

a multi-story concrete or brick building. 498 

 
494 Ibid, p. 25. 
495 Ibid, p. 25. 
496 Key Planning Factors: Response to an IND in the NCR, November 2011, LLNL-TR-512111, p. 30.  
497 Ibid, p. 6. 
498 Ibid, p. 6. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

429 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

If you are in structures threatened by collapse or fire, or if you are in a light structure (for 

example, a single story building without a basement) you should consider moving to an 

adjacent solid structure or subway. Glass, displaced objects, and rubble in walkways and streets 

will make movement difficult. Leaving the area should only be considered if the area becomes 

unsafe because of fire or other hazards, or if local officials state that it is safe to move. 499 

You should not base your shelter versus evacuate decision based on surface wind speed or 

direction.  Fallout is driven by upper-atmospheric winds that can travel much faster than 

surface winds, often at more than 100 miles per hour. In addition, these winds may be in a 

vastly different direction than the surface winds, as previously shown in Figure 64.  

Outside the area of broken windows, you should have at least 10 minutes before fallout arrives 

for 10 kT and larger yields. If the detonation were to happen during daylight hours on a day 

without cloud cover, the fallout cloud might be visible at this distance, although accurately 

gauging direction could be difficult as the expanding cloud continues to climb and possibly 

move in more than one direction. Provided atmospheric conditions do not obscure visibility, 

dangerous levels of fallout would be easily visible as particles fall. You should proceed indoors 

immediately if sand, ash, or colored rain begins to fall in your area.500 

If you are 20 miles away from a 10 kT weapon detonation, the observed delay between the 

flash of an explosion and “sonic boom” of the air blast would be more than 1.5 minutes. At this 

range, it is unlikely that fallout could cause radiation sickness, although outdoor exposure 

should still be avoided to reduce potential long-term cancer risk.  At this distance, you should 

have some time, perhaps 20 minutes or more, to prepare. The first priority should be to find 

adequate shelter. You should identify the best shelter location in your present building, or if the 

building offers inadequate shelter, you should consider moving to better shelter if there is a 

large, solid multistory building nearby. 501 

Although roads could be initially unobstructed at this range (~20 miles), the possibility of 

moving the numerous people at risk before fallout arrives is highly unlikely, and if you are 

caught in traffic jam, you would receive little protection from fallout. If you are in a car when a 

detonation occurs, try to find shelter immediately if you are within 20 miles of the blast. A car 

does not offer sufficient protection.502 

At long distances from the blast point (more than 100 miles), the additional time before fallout 

would arrive might tempt you to evacuate. However, cloud spread and difficulties associated 

with predicting possible fallout locations will make avoiding the fallout hazard difficult, even 

when driving. Although at this distance, you will not likely experience life-threatening levels of 

 
499 Ibid. 
500 Ibid. 
501 Ibid. 
502 Ibid, p. 7.  
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fallout, the extra time to seek the best-quality shelter in the area can help reduce exposures 

and your long-term risk of cancer.503 

Unless your shelter location is considered unsafe due to fire or structural damage, the length of 

time you should remain sheltered depends your ability to accurately assess your fallout risks 

and on instructions from regional emergency management agencies. If you are in a good 

shelter, such as a large concrete, brick, or underground structure, optimal shelter times will 

likely be in terms of days. In the absence of specific guidance from authorities and adequate 

supplies of food and water, or for those who are in smaller 2- to 3-story structures or shallow 

basements, you should consider evacuation after 12 hours if you are not at home. 504 

Upon leaving a shelter, your best course is to follow routes that take advantage of sheltered 

passages (subways, underground connectors, or through building lobbies) that lead away from 

damage and heavy fallout areas.  You should stay near buildings and avoid the centers of roads. 

Once clear of potential fallout areas, you should seek a change of clothes (including shoes) and 

wipe or wash exposed skin surfaces. 505 

For nuclear power plant emergencies, local emergency managers have plans and will provide 

guidance over the Emergency Alert System (EAS) and other public alert and warning systems 

about whether you should shelter in place or evacuate.   

Appropriate and timely sheltering and evacuation guidance that can be targeted to specific 

local populations following the ground detonation of a nuclear device could save thousands to 

millions of lives. Unfortunately, after the surface burst of a nuclear weapon, there is a high 

likelihood that the public alert and warning radio and TV stations will be off of the air and that 

local power, etc., will be disrupted by Source Region EMP (SREMP).  Hence, I recommend you 

come up with your own pre-assessment of your particular risks and decide in advance what you 

will most likely do in the event of a nuclear detonation or a regional nuclear power plant crisis.  

As will be discussed later in Appendix A – Sheltering, you will want to shelter-in-place if you can 

find an immediate shelter at your home, school, or place of business, etc., that meets the 

Protection Factor (PF) = 10 or better criteria.  This is particularly true for the first three hours.  If 

you are in a poor shelter, such as one with a PF = 2 (such as in a single story wood frame house 

without a basement), then you should try to immediately find better shelter if within a couple 

of minutes (walking) distance away, or you should try to improve your poor shelter by placing 

heavy objects, such as furniture, books, food and water, etc., between yourself and the fallout 

(such as under a table that has heavy items piled around it).  Most people would survive if they 

developed even a good “temporary shelter” for a few hours under a table or desk with heavy 

 
503 Ibid. 
504 Ibid.  
505 Ibid.  
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objects quickly piled all around it.  If you are in a poor shelter and don’t have another better 

shelter to go to close by, then you should shelter-in-place for at least 1 hour and try to listen to 

any advice provided by radio or other means (to learn of the best evacuation routes).  506  See 

Figure 80 below (for an example of how the above strategies worked in a Washington DC 

analysis reported in LLNL-TR-512111) and Appendix A – Sheltering for more information.  

Figure 80.  Example of lives saved based on different Evacuation versus Shelter in Place factors 

 

Source: Key Planning Factors: Response to an IND in the NCR, November 2011, LLNL-TR-512111, p. 33. 

Public alert and warning messages that you may receive 
 

After the surface burst of a nuclear weapon in your city or nearby area, it is likely that your 

power and your local radio and TV stations are out of service due to Source Region EMP 

(SREMP) effects.  SREMP has a different waveform than High Altitude EMP (HEMP) and can be 

much more powerful than HEMP for stations within a few 10s of miles of the burst.  If you 

cannot pick up a local station on your radio, try to tune to other radio stations in your region. 

You may need to tune your portable radio (battery operated) or in-car radio to a more distant 

station to obtain alert and warning messages.  It is highly likely that any radios, TVs, computers, 

or phones that you have connected to commercial power or to Ethernet Cat IV cables will be 

damaged or upset by localized SREMP.  If your vehicle radio is not operating and your vehicle 

 
506 Key Planning Factors: Response to an IND in the NCR, November 2011, LLNL-TR-512111, pgs. 30 - 32. 
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will not start, try disconnecting the battery cables and reconnecting them.  This sometimes 

resets your car’s electrical system and computers and may restore communications (and travel) 

capabilities after SREMP.   

The local radio and TV stations are likely to be out of service for a period of time (perhaps 

weeks or longer) if there is a nearby detonation, due to SREMP.  Some Emergency Alert System 

(EAS) Primary Entry Point (PEP) radio stations have limited EMP protection, but these are likely 

to go off air for a few hours after a regional burst, until the station engineer(s) can bring EMP 

protected broadcast equipment online.  I think it is unlikely that the EAS will function in a “near-

normal” fashion for stations that are within a few 10s of miles of a ground burst, based on 

some technical studies I commissioned while overseeing the EAS and Integrated Public Alert 

and Warning System (IPAWS) programs at FEMA several years ago.    

What follows in Figure 81 is an example of message you may hear on any surviving radio or TV 

in reference to a regional nuclear detonation.  This message is based on a template provided by 

the U.S. Federal government to state and local emergency managers.  
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Figure 81.  Federal template suggested for public alerting after a nuclear detonation 

Source:  Key Planning Factors: Response to an IND in the NCR, Nov 2011, p. 35.  
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Appendix A – Sheltering 
The need for shelters  

Shelters are greatly needed to protect the public and key government and industry personnel 

during a nuclear disaster (as with many other disaster types).  Indeed, sheltering could save 

millions of people if there was ever a nuclear attack in North America. Likewise, many 

thousands to millions of people may need to seek shelter from radioactive plumes if there is a 

major nuclear power plant disaster.   

Unfortunately, sheltering for nuclear events is greatly misunderstood in North America and 

ridiculed by popular media stereotypes, such as in the movie “Blast from the Past”. While my 

wife and I found parts of the “Blast” movie very funny, we were saddened that one of the most 

prevalent myths regarding nuclear weapons effects was promoted in the film, namely, that you 

need to stay sheltered for years after a nuclear attack (in this movie, they were locked into the 

shelter for 35 years!) to avoid dangerous radiation.  In this and other films and books, etc., the 

dangerous radioactive fallout blankets the region so that you “must” stay sheltered for many 

years.  In contrast, the truth is that dangerous fallout radiation diminishes rapidly, so that most 

people in the region of the blast will only need to stay sheltered for one or two days.  Very few 

people will need to stay in a fallout (or blast) shelter for up to two weeks. And while some 

radioactive isotopes remain dangerous for years, you don’t need to be sheltered to mitigate 

these risks.  

As I began to write this Appendix, I read some of the “best answers” available on popular 

websites and was dismayed to see many other nuclear myths being promoted as fact.  For 

example, one of the most popular “answer” sites provided some “best answers” on nuclear 

sheltering (that were grossly misleading) as follows: 

1. “… no bomb shelters have ever been constructed in any nation which would actually 

protect even a small percentage of the population against a nuclear attack” 

2. “…the flight time of a nuclear missile from say Russia … is about 10 minutes, you simply 

couldn't get the population in shelters before the missiles hit” 

3. “…nor would any shelter survive a direct hit from the larger warheads … Sheltering 

populations from a nuclear attack has never been a realistic option.” 

Let me briefly counter the above three misconceptions, because they are quite common and 

the answers will hopefully help people decide if they should support nuclear sheltering for 

themselves and/or their community.   
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1. Response to: “… no bomb shelters have ever been constructed in any nation which would 

actually protect even a small percentage of the population against a nuclear attack”.  

The truth is that several countries have very good sheltering programs that would 

protect a large percentage of their population from the effects of a nuclear attack.  

These nations include:  Switzerland, Norway, Israel, Russia, China, and North Korea. 

Unfortunately, the USA and Canada have never sustained a sheltering program to 

protect their public from the growing nuclear risks.  

2. Response to: “…the flight time of a nuclear missile from say Russia … is about 10 

minutes, you simply couldn't get the population in shelters before the missiles hit”.  The 

truth is that the flight time of a missile from Russia is more than 10 minutes, and would 

take closer to 30 minutes to strike the continental USA if launched from the Russian 

missile fields, which provides time for governments to alert the public of the danger and 

for a large percent of the population to seek shelter in a basement or underground 

garage or other shelter area.  While there are some scenarios that could prevent the 

public from receiving a timely nuclear missile attack warning, most anticipated scenarios 

would allow for some warning of a significant portion of the public.  

3. Response to: “…nor would any shelter survive a direct hit from the larger warheads … 

Sheltering populations from a nuclear attack has never been a realistic option.” The 

truth is that some shelters, such as key leadership facilities in Russia, are designed to 

take a direct hit from U.S. nuclear warheads, according to the U.S. Department of 

Defense (for example, see the Soviet Military Power – 1988 report published by the U.S. 

Department of Defense, Chapter IV).  More importantly, no country has enough 

weapons to target the large number of home or public shelters, such as exist in Russia, 

China, Switzerland, etc.  If neighborhood blast shelters were installed like the one I built 

for my family/neighbors in my previous neighborhood, less than 1% of the sheltered 

population would likely be killed by prompt nuclear effects, even with a massive nuclear 

attack.  Sheltering populations is one of the most cost-effective ways of protecting 

people against nuclear and other hazards, especially if the shelters are stocked with 

food, water, and other supplies.  That is why many countries, such as Russia, China, 

Switzerland, Sweden, Norway, and Israel have built large numbers of shelters to protect 

their public from nuclear and other hazards. I was very impressed with the public 

sheltering programs I observed while staying in Switzerland and Norway.  The USA and 

Canada would be wise to follow their example.  

The Swiss have used the Word War II cities of Pforzheim and Stuttgart as an example of why 

sheltering is important.  Today, the USA and Canada are like the World War II city of 

Pforzheim.  This German city made little preparations for the unpleasant possibilities of air 
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raids.  In only one Allied air raid that delivered 1.6 kilotons of weapons, nearly 22% of the 

city of 80,000 people died.  This is contrasted to the German city of Stuttgart which had very 

good shelters.  In 53 air raids, 25 kilotons of weapons were dropped against a protected 

population.  Of the roughly 500,000 inhabitants of Stuttgart, only 0.8% were killed.507  

Similar figures could be expected here in the USA and Canada if people would recognize the 

dangers and devote the effort to prepare for the unpleasant, but very real probability of a 

future nuclear war.   

Numerous studies show that shelters can be effective.508 Well over 90% of the US 

population could be saved if shelters were used (given adequate warning).509 Studies also 

show that shelters constructed over a few days out of commonly available materials in 

home or local settings could effectively work to save millions of lives. 510 

Many think that building shelters is too expensive to justify.  Yet on a national scale, many 

countries have done it, such as Switzerland, Sweden, Norway, China, Russia, Israel, and even 

an impoverished country like North Korea.  China has built several thousands of miles of 

inter-connected tunnel-shelters under all of their major cities, according to a government 

report 511 and which has been confirmed more recently by reporting through official 

Chinese media outlets (see the previous section on The ‘Great Underground Wall’ of China 

(China’s sheltering and tunnel programs)). 

A 1986 government study reported that blast shelters (similar to Swiss designs) built into 

the basements of new construction could be constructed for $350 to $500 per occupant 

space (this equates to about $700 to $1,000 in 2014 U.S. dollars per occupant).  These 

shelters can be used for other purposes as well, like a normal basement room. Fallout 

shelters in basements and expedient shelters built in a yard reportedly could cost from $0 

to $20 per occupant ($40 in 2014 US dollars), since most of the costs are hidden in self-help 

labor.512 Most families with yards could be protected with a dual-use shelter (play area, 

storage space, workshop, etc.) from a few hundred dollars to a few thousand dollars. Pre-

built family blast shelters (typically steel) can be bought for less than $40,000.  A simple 

 
507 Swiss Civil Defense (1984/85), Federal Office of Civil Defense, Berne, Switzerland 
508 Chester, C.V. and Zimmerman, G.P., Civil Defense Shelters, A State-of-the-Art Assessment  (1986) Oak Ridge 

National Laboratory. 
509 Robinson, A. and North, G., Fighting Chance (1986), Oregon Institute of Science and Medicine, P.O. Box 1279, 

Cave Junction, Oregon 97523. 
510 Kearny, C.H., Nuclear War Survival Skills (1987 Edition) Oregon Institute of Science and Medicine, P.O. Box 

1279, Cave Junction, Oregon 97523. {Original edition published in 1979 by the US Department of Energy}.   
511 Chester, C. V. and Kearny, C. H., “U.S. Editors’ Foreword”, Chinese Civil Defense, excerpts translated from 

Basic Military Knowledge, a set of Books for the Self-Instruction of Young People (Shanghai, 1975) (Springfield, 

VA: National Technical Information Service, 1977). 
512 Chester, C.V. and Zimmerman, G.P., Civil Defense Shelters, A State-of-the-Art Assessment  (1986) Oak Ridge 

National Laboratory. 
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steel fallout shelter (6’ x 8’) (without blast air-intake valves or blast protected doors) can be 

obtained for as little as $6,000.513  

Table 71. Some reasons to consider building nuclear protective shelters  

Reasons  If sheltered If choose not to shelter 

Save your family? Yes - with high likelihood No - your family is likely to die 

Save millions of people? Yes - with high likelihood No - millions will likely die 

Cost-effective? Yes – least cost to protect 
public from nuclear bombs 

No other viable way to protect 
public from nuclear weapons  

Dual-use?   Yes – shelters can be used for 
other disasters and other 
non-crisis activities 

Not applicable 

Good long-term 
investment? 

Yes – well designed shelters 
can last for 100+ years 

Offensive weapons and active 
defenses have short life spans 

Reasonable? Yes – many countries have 
shelters for their public, etc.  

No – with no shelters the public is 
held at risk and will likely die 

Moral? Yes – multi-use shelters can 
save lives and improve life 
both before and after crises  

No – families and governments 
should protect those under their 
care.  Only shelters can protect.  

Can this be done without 
hurting the economy? 

Yes – building shelters 
creates jobs and helps ensure 
people can work in a crisis 

No – eventually an attack or major 
accident will occur and people will 
die and/or evacuate, jobs are lost 

Can sheltering be 
implemented fairly? 

Yes – grant money and tax 
breaks can have fair criteria 
(openness, lotteries, etc.) 

No – without a sheltering program, 
only the relatively wealthy and top 
leaders have blast shelters 

© 2014 Kevin Briggs 

 

The budget for civil defense and public shelters – a need for 
rebalancing! 

Currently, the USA and Canada don’t have an effective nuclear protective sheltering program 

for the public.  The reason for this is largely because there has been no significant budget for 

sheltering for many years.  Table 72 that follows is a brief examination of the defense budget in 

 
513 See sites such as:  http://cozycaverns.com/Sizes_and_Prices.html and http://www.ki4u.com/products1.php for 

economy underground shelters.  See sites such as: http://www.risingsbunkers.com/pricing-and-floor-plans/, 

http://utahsheltersystems.com/ordering.php, and http://undergroundshelters.com/ for premium underground shelters.  

http://cozycaverns.com/Sizes_and_Prices.html
http://www.ki4u.com/products1.php
http://www.risingsbunkers.com/pricing-and-floor-plans/
http://utahsheltersystems.com/ordering.php
http://undergroundshelters.com/
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the USA, which will make clear what the priorities are for our leaders with regard to Civil 

Defense.  In a word, currently there is essentially no funding for Civil Defense or nuclear 

protective shelters in the U.S. budget for the public.  In contrast, $10s of billions are being spent 

on “higher priorities”, such as foreign military and economic aid, especially to Islamic countries.    

The USA’s defense budget for the last few years is presented at a high level in Table 72.  

Currently, the vast majority of the “defense” budget is for “offensive” military programs or for 

pay and benefits for veterans.  In addition, there is over $50 billion in the budget for foreign 

military or economic aid.  I find it strange that while the American public goes virtually 

defenseless against a major nuclear attack (thought by many to be our biggest threat) we are 

annually spending $100s of billions on offensive oriented military programs and over $50 billion 

on foreign military and economic aid, the bulk of which goes to Muslim countries that 

historically have opposed the majority of our votes at the United Nations.514   

In the foreign economic aid category, the USA spends over $8 billion on Global Health 

Programs. I hope that someday our leaders will consider protecting the U.S. public against 

growing nuclear threats will receive as much funding as Global Health Programs.  In the last 

decade alone, we’ve spent trillions of dollars in supporting wars in Iraq and Afghanistan, and 

activities in Pakistan.   

We could have had a very, very good nuclear sheltering program for the public for a fraction of 

the cost of these wars.  I think if the public understands how imbalanced our national defense 

budgets have been, they will help elect leaders who will promote all hazard shelter programs 

(that provide protection against nuclear weapons as well as a wide range of other manmade 

and natural threats) and food storage programs to help protect the U.S. public.  

On a slightly more positive note, the Federal Emergency Management Agency (FEMA) and the 

Department of Homeland Security provide some limited funding for public information 

regarding sheltering and how to protect you and your loved ones in times of nuclear crises and 

disasters.  Likewise, the American Red Cross and some other organizations have sheltering 

programs, but these are not designed to handle nuclear terrorism or war.   

  

 
514 www.huffingtonpost.com/2012/08/30/us-foreign-aid-by-country_n_1837824.html and 

http://www.foxnews.com/politics/2011/05/27/it-all-your-money-foreign-aid-to-muslimarab-nations/  

http://www.huffingtonpost.com/2012/08/30/us-foreign-aid-by-country_n_1837824.html
http://www.foxnews.com/politics/2011/05/27/it-all-your-money-foreign-aid-to-muslimarab-nations/
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Table 72. Estimated outlays from the U.S. Federal Fiscal Year (FY) 14 Budget 515 

Note: All numbers are in  

billion $s 

FY 2013 
 Outlays 

FY 2014 
 Outlays 

FY 2015 
 Outlays 

FY 2016 
 Outlays 

FY 2017 
 Outlays 

FY 2018 
 Outlays 

Defense Total 856.5 830.9 823.2 811.6 812.5 815.4 

Military defense 660.0 626.8 612.3 589.2 589.7 592.0 

Civil defense 0.0 0.0 0.0 0.0 0.0 0.0 

Veterans 139.6 148.2 157.1 169.6 170.3 171.4 

Foreign military aid 15.1 14.3 12.9 12.3 11.9 11.9 

Foreign economic aid 41.9 41.5 40.9 40.5 40.6 40.1 

© 2014   Kevin Briggs                                               From US government sources, as depicted at:  

 www.usgovernmentspending.com/federal_budget_detail_fy14bs12014n_30#usgs302   

 

If we could just appropriate the equivalent of about 5% of our defense budget each year to a 

multi-hazard sheltering program in the USA, which includes nuclear blast and/or fallout 

protection (depending on the likely risks in your area), that would protect most of the US 

population within about 10 years in neighborhoods and at places of work and schools. These 

blast and/or fallout shelters would also be useful for earthquake, hurricane, tornado and other 

emergencies.  This funding would also help provide the shelters with food, water and other 

supplies, to include radiation dosimeters and rate meters, and EMP protected communications. 

We currently don’t have EMP resilient communications or food supplies.  Such a program could 

also help us if there ever was a long-term power outage as a result of nuclear EMP (or for that 

matter, a solar superstorm, which has its origin in the sun’s nuclear fusion processes).   

Some additional reasons that favor the purchase of multi-hazard shelters to protect the public 

include:  

1. Shelters, if built properly, can last for 100+ years.  Most military equipment bought to 

protect the public have a design life of 10 to 20 years, or less.  Hence, the time value of 

dollars spent on shelters is up to an order of magnitude greater than those spent on 

high-tech, short-lived systems. 

2. Shelter are dual-use, in that they can be used for natural and other manmade disasters.  

Few military programs can point to as many dual-use capabilities as shelters provide to 

protect the public during non-military crises. 

3. Properly stored food, water, and medical supplies can have a shelf-life of well over 30 

years and, once again, have many dual-use potentials for non-military crises or disasters.   
 

515 Derived from multiple sources (Federal: Fed. Budget: Hist. Tables 3.2, 5.1, 7.1; Fed. Budget: Hist. Tables 3.2, 

5.1, 7.1 ) as noted at: www.usgovernmentspending.com/federal_budget_detail_fy14bs12014n_30#usgs302  

http://www.usgovernmentspending.com/federal_budget_detail_fy14bs12014n_30#usgs302
http://www.gpo.gov/fdsys/browse/collection.action?collectionCode=BUDGET&browsePath=Fiscal+Year+2014&searchPath=Fiscal+Year+2014&leafLevelBrowse=false&isCollapsed=false&isOpen=true&packageid=BUDGET-2014-TAB&ycord=822
http://www.gpo.gov/fdsys/browse/collection.action?collectionCode=BUDGET&browsePath=Fiscal+Year+2014&searchPath=Fiscal+Year+2014&leafLevelBrowse=false&isCollapsed=false&isOpen=true&packageid=BUDGET-2014-TAB&ycord=822
http://www.gpo.gov/fdsys/browse/collection.action?collectionCode=BUDGET&browsePath=Fiscal+Year+2014&searchPath=Fiscal+Year+2014&leafLevelBrowse=false&isCollapsed=false&isOpen=true&packageid=BUDGET-2014-TAB&ycord=822
http://www.usgovernmentspending.com/federal_budget_detail_fy14bs12014n_30#usgs302
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FEMA’s report:  Our Missing Shield:  The U.S. Civil Defense Program in Historical Perspective 

by Harry B. Yoshpe, April 1981, quoted the following from Colonel Bryan M. Shotts’ “The 

Management of the National Fallout Shelter Program” (March 31st, 1965), regarding the 

projected budget necessary for various levels of sheltering and missile defense for the U.S. 

public.  I’ve added a final column to this table to show the costs in 2014 dollars and the 

proportional increase for the greater number of people in the USA (from 1965’s 194 million 

to 2014’s 318 million)516 :  I don’t think the numbers from 1965 are accurate projections for 

2014 (especially for missile defense), but I do believe the USA should be performing this 

type of analysis to support national defense policy decisions. We need to balance our 

defense from being exclusively offensive or active in nature, to include significant passive 

defenses (also known as sheltering), as is currently done in Israel, Sweden, Switzerland, 

Finland, Norway, Russia, China, and North Korea.  Perhaps in a future edition of this book, I 

can provide a more detailed budget analysis of options for sheltering and missile defenses. I 

do believe that if we had spent half of what we used to fund the recent wars in Iraq and 

Afghanistan, we could have had a very good sheltering and missile defense program for 

most of the USA.   

Table 73. Shotts’1965 budget options for nuclear sheltering and missile defense  

Program Options 

1965 total cost 
(in $ Billions - 1965) 

(194 million U.S. pop.) 

2014 total cost 
(in $ Billions - 2014) 

(318 million U.S. pop.) 

I. National fallout protection $ 2.35 Billion $ 29 Billion 

II. Blast shelter in 100 cities with 
fallout protection elsewhere 

$ 18.75 Billion $ 230 Billion 

III. Ballistic missile defense with 
nationwide fallout protection   

$ 20.35 Billion $ 249 Billion 

IV. Ballistic missile defense with 
blast protection for 100 cities 
and fallout protection 
elsewhere 

$ 36.75 Billion $ 450 Billion 

  

 
516 The http://www.census.gov/popclock/ stated the current (April 2014) U.S. population was around 318 million.  

The U.S. population in 1965 was approximately 194 million.  One U.S. dollar in 1965 equates to about $7.47 in 

2014 (according to http://www.dollartimes.com/calculators/inflation.htm ). 

http://www.census.gov/popclock/
http://www.dollartimes.com/calculators/inflation.htm
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Why we built a neighborhood blast shelter 

Note:  The article below originally appeared in the Journal of Civil Defense in 1994 

Why We Built a Neighborhood Blast Shelter 

 

—  Kevin G. Briggs 

A utility workman came to our home recently and noticed an emergency exit from our 

shelter. As frequently occurs, he asked what it was -- and seemed quite puzzled to learn that we 

had built a new bomb shelter. Perhaps he, like most people, viewed sheltering as a relic of the 

Cold War. If you feel this way too, then I hope you will read on to learn why my wife and I 

decided the shelter is needed now, more than ever.  One of the chief reasons we built the 

shelter is to alert people of the dangerous times we are heading into and to provoke people to 

responsible action (not necessarily building a shelter).  

Our shelter is attached to the basement of our home and is large enough to protect our 

neighbors and many others in the event of war or natural disaster. The shelter could be likened 

to a 94 ft. x 10.5 ft. wide (diameter) submarine submerged with about 6 or 7 ft. of earth cover. 

We have two entrances into the shelter: one from our basement and one outside for our 

neighbors. The shelter is equipped with food, water, ventilation and filtration equipment, and 

several Swiss and American blast doors. The shelter’s electrical system can operate 

independently of commercial power and has protection against power outages resulting from 

nuclear weapons induced high altitude Electromagnetic Pulse (EMP). 

Upon seeing the shelter, people usually ask questions like, “Why did you build a bomb 

shelter? ... Do you know something we don’t know? ”  People generally ask these questions for 

three reasons: (1) they question whether anyone could (or would want to) survive in a post-

nuclear world, (2) they wonder why anyone would expend such effort to protect against an 

event they have heard will probably never happen, and (3) they question the appropriateness 

of a shelter because of either technical reasons, like, “would this really protect me from the 

power of a nuclear blast?”, or because of social reasons like, “would people kill us to get into 

our shelter in times of crisis?”.  

I will briefly touch on the first two questions and then focus on the third for the balance of 

this article. Perhaps in a later article, I will discuss the first two questions at more length. 

Can we survive in a post-nuclear world? Would we want to? If you are like me, I used to 

answer both of these questions with a simple “no."  I believed, from watching movies like “On 
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the Beach," that fallout radiation would gradually cover the world with a lethal blanket for 

years.  

My mind changed while I studied nuclear weapons effects at the Naval Postgraduate School.  

While there, I learned that fallout radiation was dangerous for only a short period of time. Most 

areas that receive fallout would only need to maintain cover for a period of a few days or a 

week at most.1 Roughly 99% of the total radiation decays within 2 days and approximately 

99.9% of the radiation danger would disappear after 2 weeks. At this time, most of the danger 

will have passed. 2  If people stay in their basement and/or place enough heavy objects (such as 

furniture, books, water-filled jugs, or sandbags) between themselves and the fallout, they can 

be safe. 3 

 

Why build a shelter against something that will probably never happen, especially since 

the Cold War is now over?  As a former member of the Department of Defense Red Planning 

Board and in related capacities since that time, I have examined many nuclear war scenarios, 

ranging from terrorist actions to massive attacks.  While I do not know of any current nuclear 

weapons crisis that threatens the US, this is a fragile state of affairs. 

And while I believe the likelihood of a massive nuclear attack is currently remote, world 

trends are ominous. Last year, the Secretary of Defense stated: “Dangers posed by nuclear 

weapons and other weapons of mass destruction (WMD) — that is, biological and chemical 

weapons — are growing.” (Emphasis added is mine) 4  

Even if all of the nuclear arms reductions (START II) take place as currently hoped, there will 

still be thousands of nuclear weapons potentially able to strike the US. 4 Our nation has no 

defense against these weapons.  In addition, the threat of a terrorist group or country 

smuggling a nuclear device into the US undetected and then detonating the device is very real. 4 

For major cities like New York, and Washington DC, these terrorist scenarios may become a 

major concern in the not-too-distant future. 

 

Could a shelter ever really be effective? Wouldn’t it be too expensive? And what about the 

social questions? How could I decide who should live or die if shelter space is limited? What 

guarantee do I have that a neighbor would not try to kill me to make space for himself?  

 

Today, the United States could be likened to the World War II city of Pforzheim.  This 

German city made little preparations for the unpleasant possibilities of air raids.  In only one 

Allied air raid that delivered 1.6 kilotons of weapons, nearly 22% of the city of 80,000 people 

died.  This is contrasted to the German city of Stuttgart which had very good shelters.  In 53 air 
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raids, 25 kilotons of weapons were dropped against a protected population.  Of the roughly 

500,000 inhabitants of Stuttgart, only 0.8% were killed. 5 Similar figures could be expected here 

in the US if people would recognize the dangers and devote the effort to prepare.   

Numerous studies show that shelters can be effective. 6 Over 90% of the US population could 

be saved if shelters were used (given adequate warning). 7 Studies also show that shelters 

constructed over a few days out of commonly available materials in home or local settings 

could effectively work to save millions of lives. 3 

Many think that building shelters is too expensive to justify.  Yet on a national scale, many 

countries have done it, such as Switzerland, Sweden, Norway, and many communist (like China) 

or formerly communist states.  China, while quite poor compared to the US, has built several 

thousands of miles of inter-connected tunnel-shelters under all of their major cities, according 

to a government report. 8 

A 1986 government study reported that blast shelters (similar to Swiss designs) built into the 

basements of new construction could be constructed for $350 to $500 per occupant space.  

These shelters can be used for other purposes as well, like a normal basement room. Fallout 

shelters in basements and expedient shelters built in a yard may cost from $0 to $20 per 

occupant, since most of the costs are hidden in self-help labor. 6 Most families with yards could 

be protected with a dual-use shelter (play area, storage space, workshop, etc.) from a few 

hundred dollars to a few thousand dollars. Premium family shelters with nuclear, biological, and 

chemical protection can be bought for less than $20,000. 

Do you need a fallout or blast shelter? Because of variable wind conditions, virtually 

anywhere in the US could experience fallout radiation, though some regions are at far greater 

risks than others.1 Almost 3 out of every 4 citizens in the US live in areas that could experience 

blast effects.  Of those, roughly half live in areas that could be exposed to 10 psi or more while 

the other half live in areas at the 0.5 to 2 psi levels, “where simply being in the basement of a 

residence could spell the difference between life and death.”1  {Note: While humans can survive 

at pressures beyond 20 psi, a normal house will be destroyed with 5 psi overpressure due to 

blast winds.} 2   

There are some hard social questions that are presented as reasons to not build a shelter or 

prepare. I’ll discuss three of these briefly. The first involves the dilemma of how to select who 

would (or wouldn’t) be allowed into the shelter or to share food, given limited resources.  While 

this is indeed a difficult question, it’s not a reason to avoid preparing. If someone recognizes 

this problem, they must also recognize that the solution is not less preparation but more. If, for 

example, people in high risk areas have the resources to build a shelter and yet choose not to, 

they remain a part of the problem rather than of any solution. They will probably desire shelter 

space (in a crisis) that those who could not provide for themselves would otherwise need. If 
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you, who understand this problem, act in a responsible way (by making preparations, whether 

through building a shelter or storing food, etc.), others will take note of this and follow your 

example. The main reason people have not worked to be more prepared is that people who 

understand the problem and the solutions are not taking personal action and then talking 

about it. The Boy Scout motto is great advice:  Be Prepared. If you get prepared and warn 

others to do likewise, many lives can be saved. People in this country, if they understood more 

of the risks and solutions, would certainly act. Hence, the problem of too little shelter space or 

food can only be solved if people start doing their individual parts. In a crisis, many life and 

death decisions will need to be made.  The issue is not so much how those decisions should be 

made in the future, but how to avoid needing to make those decisions at all. It is far better to 

lead by example, than to quietly worry and do nothing. The proverb: “One who is slack in his 

work is brother to one who destroys” aptly applies to those who will not share the burden of 

preparing for crises. Complacency breeds complacency, but action backed by vision can start an 

unstoppable wave.   

Akin to the previous question of how to share limited resources is the question of whether 

all preparations are rendered useless due to people who would kill or steal to save themselves. 

You must choose which group you prefer to belong to: (1) prepared for the worst (2) 

unprepared, but willing to suffer the consequences of your decisions, or (3) unprepared, but 

willing to steal or kill to preserve your life to avoid “reaping what you have sown.”  I hope you 

choose group one. 

Some would say that you should arm yourself to stop people from gaining entry into a 

shelter at your expense. I would suggest the following. If you have the resources, build a shelter 

that can house both your family as well as some friends and neighbors. Besides the benefits of 

surviving with a group of multi-skilled individuals, there is safety in numbers. A group of 

prepared people has a greater chance of survival than a single family. Also, rather than hide the 

fact we’ve got a shelter, we tell as many as we can about it. Our hope is that others will follow 

our lead. In a crisis, we would expect our shelter to be uncomfortably crowded. Yet these 

uncomfortable few days are far better than the alternatives. If more people act responsibly, 

there will be less concern over those who do not.  

For those who question whether they would ever want a shelter or to prepare for nuclear 

war based on religious reasons like, “God will take care of me”, they should consider the 

example of Nehemiah who rebuilt the walls of Jerusalem. Other verses to consider are: Four 

things on earth are small, yet they are extremely wise:  Ants are creatures of little strength, yet 

they store up their food in the summer; badgers are creatures of little power, yet they make 

their home in the rocks... [Proverbs 30:24-26] 
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Our recommendation for those who want to act responsibly regarding threats associated 

with war, natural disasters, and terrorism are threefold.  First, assess the risks for your area. 

Unfortunately, there are few resources that people can call upon to get assessments for their 

local area. Some organizations will hopefully be able to step up to this task someday.   

Secondly, we recommend people at least develop a food storage and fallout preparation 

program (whether through evacuation or in-place shielding). One individual I know has worked 

out a simple plan for his family.  They store grains/food in their basement near the water 

heater (which acts as a built-in water supply), so that in times of crisis, they will have water, 

food, and protection against fallout. Others will want to explore the possibility of blast 

protection like we have (see references 3, 6, 7, and 10). 

Third, we recommend that people support organizations that promote preparedness 

planning and research.  There are many truly dedicated and knowledgeable people who want 

to get the message out and to assist others — but cannot — because of a lack of resources. 

People in the US who choose not to prepare for the possibility of war or a terrorist attack, 

especially those who live in large cities or near known targets, can be likened to the passengers 

of the Titanic. The Titanic was the largest and most luxurious passenger liner of its day. This ship 

had a double-bottomed hull divided into 16 compartments, any 4 of which could be flooded 

and the ship stay afloat. Hence, people who boarded the ship believed it to be “unsinkable.” Yet 

shortly before midnight on April 14th, 1912, these people found the ship had at least one major 

vulnerability — icebergs. After an iceberg ripped a 300 foot gash in the boat, 5 watertight 

compartments filled with water and the ship sank with 1,513 people on board at 2:20 A.M. The 

reason so many people died was not because of the iceberg. The reason these people died was 

because there were not enough lifeboats and preparations to use them. 9  

How close is the US to a Titanic midnight? No one knows. It remains to be seen whether 

most will continue to sail on the “unsinkable” luxury vessel (that is, an unprepared U.S.) while 

avoiding thoughts of the “unthinkable.” Yet an iceberg will probably hit the vessel someday and 

the degree of tragedy will be based not so much on the iceberg, but on people’s preparations.  

The difference in this analogy is that unlike the Titanic, you personally can do things to prepare. 

How sad that many may continue to choose trusting in the “ship of state” and “diplomatic 

hulls” for their protection — while no defense against nuclear icebergs exists.  You must choose 

whether to help protect yourself or to trust totally on a ship that others may choose to sink. 

The views and opinions expressed in this article are those of author and do not represent 

any government position on these issues.   
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Briggs neighborhood blast shelter pictures 

 

 

 

 

 

 

 

 

 

 

 

 

 

Above:  The hole for the shelter is 

shown with our home to the left and a 

crane (to lift and drop the steel tanks 

into the hole) to the upper right.  In the 

bottom of the whole is a Bobcat to help 

level the gravel prior to placing the 

shelter.  You can just see (left middle of 

upper picture) where there is an 

opening in the basement where a Luwa 

Swiss Blast door has already been 

installed in the basement wall.  

Left:  The crane lowers one of the 47 

foot long shelter tanks into the hole 

alongside of our house.   
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Left:  This picture shows the shelter 

tanks. On the left, there are two 

smaller 7 feet diameter tanks.  The 

bottom left tank connects to the 

basement wall where the Luwa Swiss 

blast door opens into the basement.  

The upper left tank also 7 feet in 

diameter and is for an outside 

entrance for neighbors/friends, etc.  

The larger 10.5’ diameter tanks to the 

right are about 47’ long each, for a 

total shelter interior length of 94 feet. 

This shelter is large enough to hold 

the entire neighborhood.   

We estimated that it provided at least 

100 psi of protection against blast 

effects.  

Bottom right:  This picture 

shows my wife and “baby 

Jessica” on top of the shelter.  

The shelter is now partially 

buried with a loader directly 

over the top of the shelter.  

The shelter’s strength is not 

so much in its steel.  The 

strength of the shelter is 

mainly in the gravel backfill 

that is sufficient to form 

earth arching under pressure.  

In a sense, the earth arching 

forms a solid rock arch over 

the shelter.  In addition, the 

earth provides a radiation 

protection factor over 1,000.   
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Left:  This picture is looking up 

from the interior of the shelter.  

At the top of the 21 foot long 

passage, there is a Luwa Swiss 

blast door that opens into a 

walk-in closet in a bedroom in 

our basement.  Near the bottom 

of the entryway is another steel 

blast door.  We put a portable 5 

gallon bucket “latrine” to show 

the scale and to illustrate the 

simple sanitation system used 

inside the shelter. 

The picture at the bottom right shows 

the outside entrance with the ladder 

extended.  Normally, the upper ladder 

stays inside the shelter and the shelter 

lid is closed.  We designed the lid so that 

it could easily be opened by anyone with 

one hand.  The lid also could be released 

and then pushed straight up by a jack in 

case debris landed on top of it.  
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Above:  This picture shows me 

with my hand reaching into the 

surrounding earth where we 

installed one of many sacrificial 

anodes for cathodic protection. 

The cathodic protection is 

needed to protect the steel 

shelter from corrosion.  

Right bottom:  This picture 

shows two hand-cranked 

ventilators for bringing outside 

air through a filter unit into the 

body of the main shelter.  

These were installed into a 

Swiss emergency escape hatch 

that opens into the area that 

leads to the outside entrance 

(versus the basement 

entrance).    

  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

451 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

 

 

 

 

 

 

 

 

 

 

 

Above:  Some of our shelter’s long-term food supplies.  The grains we had stored here were 

sealed in air-tight plastic pails that also had air-tight Mylar bags where the food was stored.  

These bags used oxygen absorbers to maintain reduced oxygen environments to help ensure 

the grains could be safely stored for decades before use.  Also note the grain mill and other 

supplies to ensure we could cook our food. 

 

Bottom right:  A 

family friend tries 

out one of the 

shelter hammocks.  

Hammocks are 

good in shelters 

where severe 

shock may be 

experienced, as 

they help cushion 

any ground-slap 

blast effects that 

can break bones, 

etc.  
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Left:  This picture shows friends and family 

seated in the main section of the shelter.  

The entry portal on the left leads to the 

basement (and was shown in more detail in 

a previous picture).  

Two rows of lights are in the shelter.  One is 

connected to commercial power.  The other is 

connected to an EMP protected 

battery/inverter backup system.    

A bicycle generator (not shown) provided 

backup power to support lighting. 

Below:  Same view as above, but two people 

can clearly be seen in a shelter hammock. 

A second Swiss Blast door can be seen behind 

the people. This door separates the two shelter 

halves for added protection.    

The kids are sitting on a step that leads to the 

shelter exit through the basement.  

The steel poles to the 

right were designed to 

allow the steel shelter to 

deflect downward under 

a blast wave and to allow 

for earth arching of the 

surrounding gravel, but 

the poles would help 

prevent the shelter from 

collapsing too far under 

extreme loads. 

Flooring is simply 4 x 8 

foot plywood sheets, 2 

layers thick (with steel 

reinforcement) and with 

access doors to store 

items under the floor.  
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Swiss sheltering philosophy and blast shelter design guidance  

The following information is quoted from the Oak Ridge National Lab report ORNL-TR-2707 that 

translates Swiss Civil Defense directives.  This section will quote most of this report in that its 

information is still very useful today and shows us some of both the philosophy and design 

guidance behind what is arguably the best Civil Defense program on the world.  What 

immediately follows is a portion of the U.S. Editor’s Preface (written by G.A. Cristy), which also 

provides some great information on the Gaither Report, an important early study of the 

costs/efficacy of civil defense shelters.  It is sobering to think that in all of the decades that have 

passed since George Cristy wrote this Preface, his words still ring true: 

 Editor’s Preface to ORNL-TR-2707: 517 

When the United States civil defense posture is compared with that of the Soviet Union, 

China, Switzerland, or Sweden, one notices a strange anomaly. The wealthiest nation in 

the world cannot "afford" more than a token effort toward passive defense. An 

essentially "no-cost, fallout only, existing structures only" program is all we can muster. 

Meanwhile, two potential enemies and two passionately neutral countries have taken 

steps to provide considerable quantities of blast-resistant fallout shelters for their 

citizens.  

The recent declassified Gaither Report which was prepared (and classified "Top Secret") 

in 1957, recommended a $20 billion fallout construction program and called for at least 

consideration of 30-psi blast shelters in the cities. The fallout construction program was 

claimed to be able to reduce casualties from 70% to about 47% of the population. An 

additional $20 billion spent on 30-psi blast shelters for cities could bring the casualties 

down to 20%. Later studies performed by contractors for the Defense Civil Preparedness 

Agency (and predecessor agencies) have shown that much better protection than that is 

possible with a $40 billion budget for fallout and blast-resistant shelter systems.  

The small book of Technical Directives for the Construction of Private Air-Raid Shelters 

was issued by the Federal Department of Justice and Police Office of Civil Defense of 

Switzerland in 1966-67 to implement and supplement the Federal regulation which 

requires creation of blast-resistant shelters in all new construction and all renovation. 

Contributions by the Federal Government (i.e., subsidy of the construction) are limited to 

the incremental costs due to the shelter with a maximum of 5% of the construction cost 

 

517 ORNL·TR·2707, Civil Defense Research Section, HEALTH PHYSICS DIVISION, TWP 1966, “TECHNICAL 
DIRECTIVES FOR THE CONSTRUCTION OF PRIVATE AIR RAID SHELTERS AND THE 1971 
CONCEPTION OF THE SWISS CIVIL DEFENSE”, Swiss Federal Department of Justice and Police, Office of 
Civil Defense, edited by George A. Cristy, p. v.  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

454 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

permitted. The 5% limit can be exceeded only in special cases where the additional costs 

are deemed to be in the public interest. … 

The English translation of this book has been edited locally and is being published to 

provide the American civil defense establishment with ready access to in- formation 

about what one country is doing to protect its citizens against nuclear war. We believe 

this information will be particularly valuable when the American public and its leadership 

finally take a realistic attitude toward modern preparedness.  

It should be noted that Switzerland has essentially the same per capita wealth as the 

U.S. and is technologically comparable. Therefore, it is not true that all wealthy nations 

cannot afford adequate passive defense. Rather, the Swiss are demonstrating a real 

pragmatism in maintaining their independence. They are using solutions to civil defense 

problems that Americans would do well to emulate.  

The editorial changes are minor. They consist primarily of modifying nomenclature to be 

more consistent with American usage and providing approximate English unit 

equivalents for all metric dimensions.    

G. A. CRISTY  
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Part I. Technical Directives for the Construction of Private Air Raid Shelters 518 

 

 
518 ORNL·TR·2707, Civil Defense Research Section, HEALTH PHYSICS DIVISION, TWP 1966, “TECHNICAL 

DIRECTIVES FOR THE CONSTRUCTION OF PRIVATE AIR RAID SHELTERS AND THE 1971 

CONCEPTION OF THE SWISS CIVIL DEFENSE”, Swiss Federal Department of Justice and Police, Office of 

Civil Defense, Edited by George A. Cristy 
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Oak Ridge National Lab family underground blast shelter from 
basement519 

 

 
519 ORNL-DWG  86-13091, CONSTRUCTION PLANS FOR A DUAL-USE, FAMILY BLAST SHELTER, Oak 

Ridge National Lab, Oak Ridge, Tennessee 
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FEMA aboveground home shelter 
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Other blast and fallout shelter sources 

Expedient shelters (that can be quickly built, but aren’t built to last for 
years) 

The classic resource for this is Nuclear War Survival Skills by Cresson Kearny, which is available 

(2014) online at: 

1. http://www.oism.org/nwss/index.htm  

2. http://www.ki4u.com/free_book/s73p904.htm  

3. http://oism.org/nwss/s73p1467.htm  

Pallet rack fallout shelters (that serve to store supplies and block 
radiation) 

You can use pallet racks to quickly build a dual-use fallout shelter/storage area. Steel pallet 

racks are used in warehouses through North America and can provide very strong, relatively 

inexpensive solutions for storing supplies like food and water.  An 8’ high pallet rack has 

adjustable shelves, so you can make a space for people underneath one or more shelves that 

http://www.oism.org/nwss/index.htm
http://www.ki4u.com/free_book/s73p904.htm
http://oism.org/nwss/s73p1467.htm


Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

519 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

have water or grain, etc., stored on top of them.  Using pallet racks, you can build a dual-use 

shelter in your home or business’ basement or garage or other room (the basement is usually 

the best place, if possible).  For example, if you have a pallet rack in a basement, you can place 

5 gallon water containers or pails on the top rack at 6 ½ feet high so that you can sit or walk 

under the shelf.  In addition, if you put another rack or two around this, you can use it to block 

gamma and neutron radiation from other directions. Hence, instead of using just concrete 

blocks or dirt for your shielding material, you can use pails of grain, water jugs and barrels, etc., 

for shielding material.  In addition, this system provides some crush resistance should the 

flooring above collapse under a pressure wave.  This is just general advice, so please consult a 

competent mechanical engineer prior to implementing any fallout or blast shelter design. A 

danger with this type of shelter is if a shelf is overstressed, it can collapse.  In addition, the 

objects on shelves can fall and so netting or other barriers would be required to prevent stored 

items from falling on people inside such a fallout shelter.  I mentioned this system in that we 

use such a system in our own basement for added fallout protection.   

Pallet racks can be ordered through stores like: 

• Global Equipment Co.   http://www.globalindustrial.com/  

• C&H.  http://www.chdist.com/  

• Steel King. http://www.steelking.com/  

 

Representative commercial blast and fallout shelter manufacturers 

The following are a subset of the many manufacturers of blast resistant shelters that are on the 

market today (2014).  Note that I am not representing or necessarily endorsing any of the 

following manufacturers (although I know several of the manufacturers from conferences and 

TACDA, etc.).  One note of warning:  Many manufacturers build tornado or hurricane safe 

rooms. These aren’t typically designed to protect you from nuclear blast or fallout effects, 

although they would be better than most standard home or business construction.   

1. Radius Engineering.   http://undergroundshelters.com/  

2. Utah Shelter Systems. http://utahsheltersystems.com/  

3. Safe Castle. http://www.safecastle.com/falloutshelters.aspx  

4. Rising S. http://www.risingsbunkers.com/pricing-and-floor-plans/  

5. Hardened Structures. http://www.hardenedstructures.com/ 

6. Atlas Survival Shelters. https://www.atlassurvivalshelters.com/  

7. Northwest Shelter Systems. http://www.northwestsheltersystems.com/  

http://www.globalindustrial.com/
http://www.chdist.com/
http://www.steelking.com/
http://undergroundshelters.com/
http://utahsheltersystems.com/
http://www.safecastle.com/falloutshelters.aspx
http://www.risingsbunkers.com/pricing-and-floor-plans/
http://www.hardenedstructures.com/
https://www.atlassurvivalshelters.com/
http://www.northwestsheltersystems.com/
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Some final thoughts on sheltering 

Millions of people can be saved if they have proper sheltering.   

Sheltering is very cost-effective if the shelters are used for other purposes, such as supply 

rooms and storage sheds or offices, etc. 

In addition, millions of shelter spaces could be built into existing structures, such as parking 

garages and basements for relatively low incremental costs. 

I hope that North America will someday have a sheltering program that protects most of the 

population against nuclear and other manmade and natural threats.    

While I have little confidence that governments at any level will work to provide shelters for 

their constituents (versus their leaders), I have great hopes that people who recognize the 

growing risks will take action and protect their families, neighbors, and co-workers. 

Here are some options that I recommend you consider. 

1. Decide today how you and those you love could have the best protection from fallout 

where you live, work, or go to school, etc.  Options include basements, multi-story 

buildings, subways, parking garages, etc. 

2. Build a low-cost fallout shelter in a storage room or basement area, etc. 

3. Buy food and water supplies that can act as fallout shielding material, such a food stored 

in 5 or 6 gallon buckets and water in a jugs or bottles or barrels. 

4. Build a family sized shelter in your home or in your yard. 

5. Build a shelter for your neighborhood. 

6. Build a shelter at your place of work. 

7. Advocate that governments at all levels support programs to build shelters for the 

public and for key workers, not just the leaders.  
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Appendix B – State/City nuclear risk maps 
The first section of this appendix provides nuclear target and nuclear power plant risk maps for 

each state within the USA, in alphabetical order. The second section provides some nuclear 

target and power plant risk maps in Canada. 

Some potential targets and nuclear power plant risk zones in the USA 

The first section provides risk zones associated with potential nuclear targets based on a FEMA 

publication from 1990, titled:  Risks and Hazards – A State by State Guide.  These state maps 

show where potential nuclear targets are located. These maps represent a range of possible 

targets, not a prediction of what targets would be hit in an actual attack. 520 It is important to 

note that any major metro area could be a target, especially if that metro area is a key military, 

industrial, or political center.  Hence, while the maps provided here represent a near worst-case 

set of targets, they are dated and there may be new or different targets based on such factors 

as military base closures and changes in industry.  

In addition, this section shows some risk maps of key cities and military or nuclear production 

facilities within the USA that fall within a state.  The risk rings around these hypothetical targets 

are only notional; hence, if any attack were to occur, the actual: location, weapon size, burst 

height, etc. may be significantly different.  These maps are provided to help the reader 

understand the effects of a generic large (100 kiloton or 1 Megaton, as specified in each Figure) 

nuclear burst at ground level.   Actual weapon sizes could vary by more than a magnitude 

(factor of 10+), such as 1 kT to 20+ MTs.  

Finally, this section shows the nuclear power plant risk maps for each state within the USA (as 

of 2014) in the case of a severe accident or attack that results in a substantial radiation release, 

such as occurred at Fukushima.   

   

 
520 FEMA-196, Risks and Hazards, September 1990, p. 12.  
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Figure 82.  Alabama – possible targets according to FEMA 

 

Source:  FEMA-196                                                                              © 2013  Kevin Briggs 
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Figure 83.  Alabama, Browns Ferry Nuclear Plant Evacuation Zones 

 

 

Figure 84.  Alabama, Farley Nuclear Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius plume exposure 

pathway zone.  The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You may be asked 

to shelter, evacuate, or use potassium iodide (KI) if in 

these zones in a crisis. The radioactive iodine risk 

extends well beyond the map limits (to 300+ miles). 

The red ring shows the ~10 mile radius plume exposure pathway 

zone.  The yellow ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. The radioactive 

iodine risk extends well beyond the map limits (to 300+ miles). 
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Figure 85.  Alaska – possible targets according to FEMA 

 

Source:  FEMA-196                                                                              © 2013  Kevin Briggs 
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Figure 86.  Alaska, Fort Greely, 1 MT Blast, Prompt Radiation and Thermal Risk Zones 

 

  
Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 87.  Arizona – possible targets according to FEMA 

 

Source:  FEMA-196                                                                              © 2013  Kevin Briggs 
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Figure 88.  Arizona, Palo Verde 1, 2 & 3 Nuclear Power Plant Evacuation Zones 

  

Figure 89.  Arizona, Phoenix 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 

 

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway exposure 

zone.  You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 90.  Arizona, Hoover Dam, 1 MT Blast, Prompt Radiation & Thermal Risk Zones 

 

 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 91.  Arkansas – possible targets according to FEMA 
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Figure 92.  Arkansas, Arkansas Nuclear One Evacuation Zones 

 

 

 

  

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway 

exposure zone.  You may 

be asked to shelter, 

evacuate, or use potassium 

iodide (KI) if in these zones 

in a crisis. The radioactive 

iodine risk extends well 

beyond the map limits (to 

300+ miles). 
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Figure 93.  California – possible targets according to FEMA 

Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 

 

 

 

 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

532 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 94.  California, Diablo Canyon 1 & 2 Nuclear Plant Evacuation Zones 

  

Figure 95.  California, San Onofre 2 & 3 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the 

~10 mile radius plume 

exposure pathway zone.  

The yellow ring shows 

the ~50 mile ingestion 

pathway exposure zone.  

You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. 

The radioactive iodine 

risk extends well beyond 

the map limits (to 300+ 

miles). 

 

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow ring 

shows the ~50 mile ingestion 

pathway exposure zone.  You 

may be asked to shelter, 

evacuate, or use potassium 

iodide (KI) if in these zones in a 

crisis. The radioactive iodine 

risk extends well beyond the 

map limits (to 300+ miles). 

Note that even though San 

Onofre is no longer 

operational, there is still a risk 

because of its spent fuel pools.  

© 2013 Kevin Briggs 
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Figure 96.  California, Los Angeles 100 KT blast, prompt radiation & thermal risk zones 

 

 

Figure 97.  California, Camp Pendleton  1 MT Blast and Prompt Radiation Risk Zones 

 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 98.  California, Space Park, 1 MT blast, prompt radiation & thermal risk zones 

 

 

Figure 99.  California, General Atomics 1 MT blast, prompt radiation & thermal risk 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 100.  California, San Diego 100 KT blast, prompt radiation & thermal risk zones 

 

 

Figure 101.  California, San Jose 100 KT blast, prompt radiation & thermal risk zones 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 102.  Colorado – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 

 

 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

537 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 103.  Colorado, Denver 100 KT blast, prompt radiation & thermal risk zones 

 

 

Figure 104.  Colorado, Cheyenne Mountain AFS  1 MT blast & prompt radiation zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 520 for more information). 
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Figure 105.  Colorado, Peterson AFB, 1 MT Blast and Prompt Radiation Risk Zones 

 

 

Figure 106.  Colorado, Schriever AFB, 1 MT Blast and Prompt Radiation Risk Zones 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 107.  Connecticut – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 108.  Connecticut, Millstone Nuclear Power Plant Evacuation Zones 

 

  

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow ring 

shows the ~50 mile ingestion 

pathway exposure zone.  You 

may be asked to shelter, 

evacuate, or use potassium 

iodide (KI) if in these zones in a 

crisis. The radioactive iodine 

risk extends well beyond the 

map limits (to 300+ miles). 
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Figure 109.  Delaware – possible targets according to FEMA 

 
Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 110.  Florida – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 

  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

543 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

 

Figure 111.  Florida, Crystal River 3 Nuclear Power Plant Evacuation Zones 

 

Figure 112.  Florida, St. Lucie 1 & 2 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway exposure 

zone.  You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 

 

The red ring shows the ~10 

mile radius plume 

exposure pathway zone.  

The yellow ring shows the 

~50 mile ingestion 

pathway exposure zone.  

You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 

 

In 2013, Duke Energy decided to close 

this plant. The company intends to use 

the SAFSTOR option for 

decommissioning. Generally, this 

involves placing the facility into a safe 

storage configuration, requiring limited 

staffing to monitor plant conditions, 

until the eventual dismantling and 

decontamination activities occur, 

usually in 40 to 60 years. 
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Figure 113.  Florida, Turkey Point 3 & 4 Nuclear Power Plant Evacuation Zones 

 

  

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The 

yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You 

may be asked to shelter, evacuate, or 

use potassium iodide (KI) if in these 

zones in a crisis. The radioactive iodine 

risk extends well beyond the map 

limits (to 300+ miles). 
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Figure 114.  Georgia – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 115.  Georgia, Edwin Hatch 1 & 2 Nuclear Power Plant Evacuation Zones 

 

 

Figure 116.  Georgia, Vogtle 1 & 2 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow ring 

shows the ~50 mile ingestion 

pathway exposure zone.  You 

may be asked to shelter, 

evacuate, or use potassium 

iodide (KI) if in these zones in a 

crisis. The radioactive iodine 

risk extends well beyond the 

map limits (to 300+ miles). 

 

The red ring shows the ~10 mile 

radius plume exposure pathway 

zone.  The yellow ring shows the 

~50 mile ingestion pathway 

exposure zone.  You may be asked 

to shelter, evacuate, or use 

potassium iodide (KI) if in these 

zones in a crisis. The radioactive 

iodine risk extends well beyond the 

map limits (to 300+ miles). 
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Figure 117. Georgia, Fort Benning  1 MT Blast and Prompt Radiation Risk Zones 

 

 

 

Figure 118.  Georgia, Kings Bay,1 MT blast, prompt radiation & thermal zones 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 119.  Hawaii – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 120.  Idaho – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 121.  Illinois – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 122.  Illinois, Braidwood 1 & 2 Nuclear Power Plant Evacuation Zones 

 

 

Figure 123.  Illinois, Byron 1 & 2 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile 

radius plume exposure pathway 

zone.  The yellow ring shows the 

~50 mile ingestion pathway 

exposure zone.  You may be 

asked to shelter, evacuate, or use 

potassium iodide (KI) if in these 

zones in a crisis. The radioactive 

iodine risk extends well beyond 

the map limits (to 300+ miles). 

 

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway 

exposure zone.  You may 

be asked to shelter, 

evacuate, or use potassium 

iodide (KI) if in these zones 

in a crisis. The radioactive 

iodine risk extends well 

beyond the map limits (to 

300+ miles). 
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Figure 124.  Illinois, Clinton Nuclear Power Plant Evacuation Zones 

 

 

Figure 125.  Illinois, Dresden 2 & 3 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile 

radius plume exposure pathway zone.  

The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  

You may be asked to shelter, 

evacuate, or use potassium iodide (KI) 

if in these zones in a crisis. The 

radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile 

radius plume exposure pathway zone.  

The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  

You may be asked to shelter, 

evacuate, or use potassium iodide (KI) 

if in these zones in a crisis. The 

radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 
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Figure 126.  Illinois, LaSalle 1 & 2 Nuclear Power Plant Evacuation Zones 

 

 

Figure 127.  Illinois, Quad Cities 1 & 2 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The 

yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You 

may be asked to shelter, evacuate, or 

use potassium iodide (KI) if in these 

zones in a crisis. The radioactive iodine 

risk extends well beyond the map 

limits (to 300+ miles). 

 

The red ring shows the ~10 mile 

radius plume exposure pathway 

zone.  The yellow ring shows the 

~50 mile ingestion pathway 

exposure zone.  You may be asked 

to shelter, evacuate, or use 

potassium iodide (KI) if in these 

zones in a crisis. The radioactive 

iodine risk extends well beyond the 

map limits (to 300+ miles). 
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Figure 128.  Illinois, Chicago 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 

 

  
Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 129.  Indiana – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 130.  Iowa – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 131.  Iowa, Duane Arnold Nuclear Power Plant Evacuation Zones 

 

  

The red ring shows the ~10 mile radius plume exposure pathway 

zone.  The yellow ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. The radioactive 

iodine risk extends well beyond the map limits (to 300+ miles). 
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Figure 132.  Kansas – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 133.  Kansas, Wolf Creek Nuclear Power Plant Evacuation Zones 

 

 

  

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a 

crisis. The radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 

 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

560 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 134.  Kentucky – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 135.  Louisiana – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 136.  Louisiana, River Bend Nuclear Power Plant Evacuation Zones 

 

 

Figure 137.  Louisiana, Waterford 3 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 
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Figure 138.  Louisiana, Barksdale AFB, 100 KT blast, prompt radiation & thermal zones 

 

 

Figure 139.  Louisiana, Barksdale AFB, 1 MT Blast and Prompt Radiation Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 140.  Maine – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 141.  Maryland – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 142.  Maryland, Calvert Cliffs 1 & 2 Nuclear Power Plant Evacuation Zones 

 

Figure 143.  Maryland, Andrews AFB  1 MT Blast and Prompt Radiation Risk Zones 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The 

yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You 

may be asked to shelter, evacuate, or 

use potassium iodide (KI) if in these 

zones in a crisis. The radioactive iodine 

risk extends well beyond the map 

limits (to 300+ miles). 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

567 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 144.  Maryland, NSA  1 MT Blast and Prompt Radiation Risk Zones 

 

 

 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 145.  Massachusetts – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 146.  Massachusetts, Pilgrim Nuclear Power Plant Evacuation Zones 

 

  

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway exposure 

zone.  You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 
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Figure 147.  Michigan – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 148.  Michigan, D.C. Cook 1 & 2 Nuclear Power Plant Evacuation Zones 

 

 

Figure 149.  Michigan, Fermi 2 Nuclear Power Plant Evacuation Zones 

 

50 mi. 
The red ring shows the 

~10 mile radius plume 

exposure pathway zone.  

The yellow ring shows the 

~50 mile ingestion 

pathway exposure zone.  

You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 
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Figure 150.  Michigan, Palisades Nuclear Power Plant Evacuation Zones 

 

  

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 
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Figure 151.  Minnesota – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 152.  Minnesota, Monticello Nuclear Power Plant Evacuation Zones 

 

Figure 153.  Minnesota, Prairie Island 1 & 2 Nuclear Plant Evacuation Zones 

 

 

The red ring shows the ~10 mile 

radius plume exposure pathway 

zone.  The yellow ring shows the 

~50 mile ingestion pathway 

exposure zone.  You may be 

asked to shelter, evacuate, or 

use potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk extends 

well beyond the map limits (to 

300+ miles). 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The yellow 

ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to 

shelter, evacuate, or use potassium iodide 

(KI) if in these zones in a crisis. The 

radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 
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Figure 154.  Mississippi – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 155.  Mississippi, Grand Gulf Nuclear Power Plant Evacuation Zones 

 

 

  

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 
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Figure 156.  Missouri – possible targets according to FEMA (in 1990) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Source:  FEMA-196   © 2013  Kevin Briggs 

 

 

 

 

The State of Missouri no longer has 

165 Minuteman II missiles, nor any 

silos.  In 1991, as a result of the 

Strategic Arms Reduction Treaty 

(START), the missiles were 

removed. The silos were then 

imploded and covered with soil.  

Hence, the area in “red” is no 

longer a target.  

                        © 2013  Kevin Briggs 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

578 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 157.  Missouri, Callaway Nuclear Power Plant Evacuation Zones 

 

Figure 158.  Missouri, Lake City Ammo Plant  1 MT Blast and Prompt Radiation Zones 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The yellow 

ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to 

shelter, evacuate, or use potassium iodide 

(KI) if in these zones in a crisis. The 

radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 159.  Missouri, Whiteman AFB  1 MT Blast and Prompt Radiation Zones 

 

  Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

580 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 160.  Montana – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 161.  Nebraska – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                                                  © 2013  Kevin Briggs 
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Figure 162.  Nebraska, Cooper Nuclear Power Plant Evacuation Zones 

 

 

Figure 163.  Nebraska, Fort Calhoun Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The yellow 

ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to 

shelter, evacuate, or use potassium iodide 

(KI) if in these zones in a crisis. The 

radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 

 

The red ring shows the 

~10 mile radius plume 

exposure pathway 

zone.  The yellow ring 

shows the ~50 mile 

ingestion pathway 

exposure zone.  You 

may be asked to 

shelter, evacuate, or 

use potassium iodide 

(KI) if in these zones in 

a crisis. The 

radioactive iodine risk 

extends well beyond 

the map limits (to 

300+ miles). 
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Figure 164.  Nebraska, Offutt AFB  1 MT blast and prompt radiation risk zones 

 

  
Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 165.  Nevada – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs 
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Figure 166.  New Hampshire  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs 
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Figure 167.  New Hampshire, Seabrook Nuclear Power Plant Evacuation Zones 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The red ring shows the 

~10 mile radius plume 

exposure pathway 

zone.  The yellow ring 

shows the ~50 mile 

ingestion pathway 

exposure zone.  You 

may be asked to 

shelter, evacuate, or 

use potassium iodide 

(KI) if in these zones in 

a crisis. The 

radioactive iodine risk 

extends well beyond 

the map limits (to 

300+ miles). 
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Figure 168.  New Jersey  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 169. New Jersey, Hope Creek 1 (and Salem) Nuclear Plant Evacuation Zones 

 

 

Figure 170.  New Jersey, Oyster Creek Nuclear Power Plant Evacuation Zones 

 

The red ring shows the 

~10 mile radius plume 

exposure pathway 

zone.  The yellow ring 

shows the ~50 mile 

ingestion pathway 

exposure zone.  You 

may be asked to 

shelter, evacuate, or 

use potassium iodide 

(KI) if in these zones in 

a crisis. The 

radioactive iodine risk 

extends well beyond 

the map limits (to 

300+ miles). 

 

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway exposure 

zone.  You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 
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Figure 171.  New Jersey, Salem 1 & 2 (and Hope Creek) Power Plant Zones 

 

  

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway 

exposure zone.  You may 

be asked to shelter, 

evacuate, or use potassium 

iodide (KI) if in these zones 

in a crisis. The radioactive 

iodine risk extends well 

beyond the map limits (to 

300+ miles). 
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Figure 172.  New Mexico  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs 
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Figure 173.  New Mexico, Los Alamos  1 MT Blast and Prompt Radiation Zones 

 

 

Figure 174.  New Mexico, Sandia National Lab  1 MT Blast & Prompt Radiation Zones 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 175.  New York  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs 
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Figure 176.  New York, Fitzpatrick (& Nine Mile Point) Power Plant Evacuation Zones 

 

Figure 177.  New York, Ginna 1 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway exposure 

zone.  You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 

 

The red ring shows the 

~10 mile radius plume 

exposure pathway zone.  

The yellow ring shows 

the ~50 mile ingestion 

pathway exposure zone.  

You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. 

The radioactive iodine 

risk extends well beyond 

the map limits (to 300+ 

miles). 
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Figure 178.  New York, Indian Point 2 & 3 Nuclear Power Plant Evacuation Zones 

 

 

Figure 179.  New York, Nine Mile Point  (& Fitzpatrick) Power Plant Evacuation Zones 

  

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The yellow 

ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to 

shelter, evacuate, or use potassium iodide 

(KI) if in these zones in a crisis. The 

radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 

 

The red ring shows the 

~10 mile radius plume 

exposure pathway zone.  

The yellow ring shows 

the ~50 mile ingestion 

pathway exposure zone.  

You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if 

in these zones in a crisis. 

The radioactive iodine 

risk extends well beyond 

the map limits (to 300+ 

miles). 

 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

595 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 180.  New York City 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 

 

Figure 181.  New York City 100 KT Blast and Prompt Radiation Risk Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 182.  New York, Niagara Falls Power, 1 MT Blast, Radiation, & Thermal Zones 

 

 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 183.  North Carolina  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs 
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Figure 184.  North Carolina, Brunswick 1 & 2 Nuclear Power Plant Evacuation Zones 

 

 

Figure 185.  North Carolina, Shearon Harris Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The 

yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  

You may be asked to shelter, 

evacuate, or use potassium iodide (KI) 

if in these zones in a crisis. The 

radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The 

yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  

You may be asked to shelter, 

evacuate, or use potassium iodide (KI) 

if in these zones in a crisis. The 

radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 
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Figure 186.  North Carolina, McGuire 1 & 2 Nuclear Power Plant Evacuation Zones 

 

Figure 187.  North Carolina:  Fort Bragg  1 MT Blast and Prompt Radiation Risk Zones 

 

The red ring shows the ~10 mile radius plume exposure pathway 

zone.  The yellow ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. The radioactive 

iodine risk extends well beyond the map limits (to 300+ miles). 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 188.  North Carolina, Camp Lejeune 1 MT blast & prompt radiation risk zones 

 

  
Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 189.  North Dakota  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs 

  

The first ICBM silo at Grand Forks 

was imploded in accordance with the 

Strategic Arms Reduction Treaty (START 

II) in 1999 and the last silo imploded 

in 2001. Minot’s missiles are still in 

active service as of 2014. 
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Figure 190.  North Dakota, Minot AFB  1 MT Blast and Prompt Radiation Risk Zones 

 

  
Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 191.  Ohio  – possible targets according to FEMA 

 

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 192.  Ohio, Davis-Besse Nuclear Power Plant Evacuation Zones 

 

 

Figure 193.  Ohio, Perry Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius plume exposure 

pathway zone.  The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You may be asked to 

shelter, evacuate, or use potassium iodide (KI) if in these 

zones in a crisis. The radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius plume exposure 

pathway zone.  The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You may be asked 

to shelter, evacuate, or use potassium iodide (KI) if in 

these zones in a crisis. The radioactive iodine risk 

extends well beyond the map limits (to 300+ miles). 
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Figure 194.  Oklahoma – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 195.  Oregon – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

607 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 196.  Pennsylvania  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 197.  Pennsylvania, Beaver Valley 1 & 2 Nuclear Plant Evacuation Zones 

 

 

Figure 198. Pennsylvania, Limerick 1 & 2 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The yellow 

ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to 

shelter, evacuate, or use potassium iodide 

(KI) if in these zones in a crisis. The 

radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The 

yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  

You may be asked to shelter, 

evacuate, or use potassium iodide (KI) 

if in these zones in a crisis. The 

radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 
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Figure 199.  Pennsylvania, Peach Bottom 2 & 3 Nuclear Plant Evacuation Zones 

 

 

Figure 200.  Pennsylvania, Susquehanna 1 & 2 Nuclear Plant Evacuation Zones 

 

The red ring shows the 

~10 mile radius plume 

exposure pathway zone.  

The yellow ring shows the 

~50 mile ingestion 

pathway exposure zone.  

You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 

 

The red ring shows the 

~10 mile radius plume 

exposure pathway zone.  

The yellow ring shows the 

~50 mile ingestion 

pathway exposure zone.  

You may be asked to 

shelter, evacuate, or use 

potassium iodide (KI) if in 

these zones in a crisis. The 

radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 
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Figure 201.  Pennsylvania, Three Mile Island 1 Nuclear Plant Evacuation Zones 

 

 

Figure 202.  Pennsylvania, Philadelphia 100 KT blast, thermal & prompt radiation zones 

 

The red ring shows the ~10 

mile radius plume exposure 

pathway zone.  The yellow 

ring shows the ~50 mile 

ingestion pathway 

exposure zone.  You may be 

asked to shelter, evacuate, 

or use potassium iodide (KI) 

if in these zones in a crisis. 

The radioactive iodine risk 

extends well beyond the 

map limits (to 300+ miles). 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 203.  Rhode Island  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 204.  South Carolina  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 205.  South Carolina, Catawba 1 & 2 Nuclear Power Plant Evacuation Zones 

 

Figure 206.  South Carolina, Oconee 1, 2 & 3 Nuclear Plant Evacuation Zones 

 

 

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius plume exposure pathway zone.  The 

yellow ring shows the ~50 mile ingestion pathway exposure zone.  You may be 

asked to shelter, evacuate, or use potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond the map limits (to 300+ miles). 
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Figure 207.  South Carolina, Robinson Nuclear Power Plant Evacuation Zones 

 

Figure 208.  South Carolina, Summer Nuclear Power Plant Evacuation Zones 

 

 

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows the 

~50 mile ingestion pathway exposure zone.  You 

may be asked to shelter, evacuate, or use potassium 

iodide (KI) if in these zones in a crisis. The 

radioactive iodine risk extends well beyond the map 

limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius plume exposure 

pathway zone.  The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You may be asked to 

shelter, evacuate, or use potassium iodide (KI) if in these 

zones in a crisis. The radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 
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Figure 209.  South Carolina, Savannah River  1 MT Blast & Prompt Radiation Zones 

 

  
Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 210.  South Dakota  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  

The 44th Missile Wing was 

deactivated in 1994. 
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Figure 211.  Tennessee – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 212.  Tennessee, Sequoyah 1 & 2 Nuclear Power Plant Evacuation Zones 

 

 

Figure 213.  Tennessee, Watts Bar 1 Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius plume exposure 

pathway zone.  The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You may be asked 

to shelter, evacuate, or use potassium iodide (KI) if in 

these zones in a crisis. The radioactive iodine risk 

extends well beyond the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius 

plume exposure pathway zone.  The yellow 

ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to 

shelter, evacuate, or use potassium iodide 

(KI) if in these zones in a crisis. The 

radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 
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Figure 214.  Tennessee, Y-12 Complex  1 MT Blast and Prompt Radiation Zones 

 

 

  Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 215.  Texas  – possible targets according to FEMA 

  

Source:  FEMA-196                                                                   © 2013  Kevin Briggs 
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Figure 216.  Texas, Comanche Peak 1 & 2 Nuclear Plant Evacuation Zones 

 

 

Figure 217.  Texas, South Texas Project 1 & 2 Nuclear Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius plume exposure 

pathway zone.  The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You may be asked 

to shelter, evacuate, or use potassium iodide (KI) if in 

these zones in a crisis. The radioactive iodine risk 

extends well beyond the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius plume exposure 

pathway zone.  The yellow ring shows the ~50 mile 

ingestion pathway exposure zone.  You may be asked 

to shelter, evacuate, or use potassium iodide (KI) if in 

these zones in a crisis. The radioactive iodine risk 

extends well beyond the map limits (to 300+ miles). 
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Figure 218.  Texas, Austin 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 
 

 

Figure 219.  Texas, Dallas 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 
Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 220.  Texas, Dallas 100 KT Blast and Prompt Radiation Risk Zones 

 

 

Figure 221. Texas, Houston 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 222.  Texas, Houston 100 KT Blast and Prompt Radiation Risk Zones 

 

 

Figure 223.  Texas, San Antonio 100 KT Blast, Prompt Radiation & Thermal Risk Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 224.  Texas, Fort Hood, 1 MT Blast and Prompt Radiation Risk Zones 

 

 

 

Figure 225.  Texas, Pantex Plant, 1 MT Blast and Prompt Radiation Zones 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 226.  Utah  – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 227.  Vermont  – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 228.  Vermont, Vermont Yankee Nuclear Power Plant Evacuation Zones 

 

 

  

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a 

crisis. The radioactive iodine risk extends well 

beyond the map limits (to 300+ miles). 
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Figure 229.  Virginia  – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 230.  Virginia, North Anna 1 & 2 Nuclear Power Plant Evacuation Zones 

 

 

Figure 231.  Virginia, Surry Nuclear Power Plant Evacuation Zones 

 

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 

 

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring shows 

the ~50 mile ingestion pathway exposure zone.  

You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. 

The radioactive iodine risk extends well beyond 

the map limits (to 300+ miles). 
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Figure 232.  Virginia, CIA  1 MT Blast and Prompt Radiation Risk Zones 

 

 

Figure 233.  Virginia, Fort Belvoir  1 MT Blast and Prompt Radiation Risk Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 234.  Virginia, Norfolk Naval Station  1 MT Blast & Prompt Radiation Risk Zones 

 

 

Figure 235.  Virginia, Pentagon  1 MT Blast and Prompt Radiation Risk Zones 

 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 236.  Virginia, Quantico Marine CB,  1 MT Blast & Prompt Radiation Risk Zones 

 

  Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 237.  Washington DC  - Example 10 kT detonation zones of blast effects 
 

Source:  Key Planning Factors: Response to an IND in the NCR, November 2011,                   © 2013 Kevin Briggs  
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Figure 238.  Washington, DC, 100 kT Blast, Prompt Radiation and Thermal Risk Zones 

 

 

Figure 239.  Washington, DC, 100 KT Blast and Prompt Radiation Risk Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 240.  Washington, DC, 1 MT Blast, Prompt Radiation and Thermal Risk Zones 

 

 

Figure 241.  Washington, DC, 5 MT Blast, Prompt Radiation and Thermal Risk Zones 

 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 242.  Washington State – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 243.  Washington State, Columbia Generating Station Evacuation Zones 

 

Figure 244.  Washington State, Naval Base Kitsap, 1 MT blast & prompt radiation zones 

 

The red ring shows the ~10 mile radius plume exposure pathway 

zone.  The yellow ring shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to shelter, evacuate, or use 

potassium iodide (KI) if in these zones in a crisis. The radioactive 

iodine risk extends well beyond the map limits (to 300+ miles). 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 245.  Washington State, Grand Coulee Dam, 1 MT blast & prompt radiation 

 

 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

640 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Figure 246.  West Virginia  – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 247.  Wisconsin  – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Figure 248.  Wisconsin, Kewaunee and Point Beach Nuclear Stations Evacuation Zones 

 

 

  

The red ring shows the ~10 mile radius plume 

exposure pathway zone.  The yellow ring 

shows the ~50 mile ingestion pathway 

exposure zone.  You may be asked to shelter, 

evacuate, or use potassium iodide (KI) if in 

these zones in a crisis. The radioactive iodine 

risk extends well beyond the map limits (to 

300+ miles). 

Note that the Kewaunee Nuclear Station was 

officially closed in 2013. During SAFSTOR 

the de-fuelled plant is monitored for up to 

60 years before complete decontamination 

and dismantling of the site. A reduced 

workforce will move fuel assemblies from 

the reactor into the spent fuel pool. 
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Figure 249.  Wyoming  – possible targets according to FEMA 

 

 Source:  FEMA-196                                                                   © 2013  Kevin Briggs  
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Some potential targets and nuclear power plant risk zones in Canada 

Figure 250.  Canada, New Brunswick, Pt. Lepreau Recommended Evacuation Zones 

 

Figure 251.  Canada, Ontario  Bruce Plant Recommended Evacuation Zones 

 

The red ring shows a 16 kilometer (~10 mile) radius evacuation zone.  

The yellow ring shows an 80 kilometer (~50 mile) radius evacuation 

zone if the accident is similar to Fukushima. The radioactive iodine risk 

zone extends well beyond the map limits (out to 500+ kilometers). 

The red ring shows a 16 kilometer (~10 mile) radius evacuation zone.  

The yellow ring shows an 80 kilometer (~50 mile) radius evacuation 

zone if the accident is similar to Fukushima. The radioactive iodine risk 

zone extends well beyond the map limits (out to 500+ kilometers). 
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Figure 252.  Canada, Ontario, Darlington 1 – 4 Recommended Evacuation Zones 

 

 

Figure 253.  Canada, Ontario, Pickering Plant Recommended Evacuation Zones 

 

The red ring shows a 16 kilometer (~10 mile) radius evacuation zone.  

The yellow ring shows an 80 kilometer (~50 mile) radius evacuation 

zone if the accident is similar to Fukushima. The radioactive iodine risk 

zone extends well beyond the map limits (out to 500+ kilometers). 

The red ring shows a 16 kilometer (~10 mile) radius evacuation zone.  

The yellow ring shows an 80 kilometer (~50 mile) radius evacuation 

zone if the accident is similar to Fukushima. The radioactive iodine risk 

zone extends well beyond the map limits (out to 500+ kilometers). 
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Figure 254.  Canada, Quebec, Gentilly 2 Plant Recommended Evacuation Zones 

 

Figure 255.  Canada, Calgary 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 

The red ring shows a 16 kilometer (~10 

mile) radius evacuation zone.  The yellow 

ring shows an 80 kilometer (~50 mile) 

radius evacuation zone if the accident is 

similar to Fukushima. The radioactive 

iodine risk zone extends well beyond the 

map limits (out to 500+ kilometers). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 256.  Canada, Calgary 100 KT Blast and Prompt Radiation Risk Zones 

 

 

 

Figure 257.  Canada, Edmonton 100 KT Blast, Prompt Radiation & Thermal Risk Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 258.  Canada, Montreal 100 KT Blast, Prompt Radiation & Thermal Risk Zones 

 

 

Figure 259.  Canada, Montreal 100 KT Blast and Prompt Radiation Risk Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 260.  Canada, Ottawa 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 

 

Figure 261.  Canada, Ottawa 100 KT Blast and Prompt Radiation Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 262.  Canada, Quebec  100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 

 

Figure 263.  Canada, Toronto 100 KT Blast, Prompt Radiation and Thermal Risk Zones 

 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Figure 264.  Canada, Toronto 100 KT Blast and Prompt Radiation Risk Zones 

 

 

Figure 265.  Canada, Vancouver 100 KT Blast, Prompt Radiation & Thermal Risk Zones 

  

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 

Note: Above is a hypothetical attack point and weapon size with a generic design, as modeled by the publically available, 

UNCLASSIFIED, HotSpot code.  An actual attack may be quite different (see page 521 for more information). 
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Appendix C  – Radiation measurement terms 
Radioactivity, exposure, and dose 

Curie and Becquerel  

The radioactivity of a given material is a measure of the rate at which the material undergoes 

radioactive decay. The unit used to measure radioactivity is the Curie (Ci) where one curie 

equals 3.7 x 10 10 radioactive disintegrations per second (dps). The SI unit which may be used in 

place of the curie is the Becquerel (Bq). These units are related as follows: 521 

• 1 Ci = 3.7 x 10 10 dps = 3.7 x 10 10 Bq. 

• 1 Bq = 1 dps. 

• For smaller amounts of radiation, the millicurie (mCi), which is one one-thousandth of a 

curie (.001 or 1/1000 Ci), is used.  

• One terabecquerel (TBq) equals one trillion becquerels (1,000,000,000,000 Bq). 

• One gigabecquerel (GBq) equals one billion becquerels (1,000,000,000 Bq). One curie 

(Ci) equals 37 GBq (37,000,000,000 Bq). 

 
Another useful quantity is the amount of radioactivity per unit mass. This quantity, called 

specific activity, is typically measured in units of curies per gram (Ci/g). The strength or 

radioactivity of a material is defined by how fast it is decaying or disintegrating and emitting 

radiation. The curie is the traditional unit used to measure this activity. One curie equals 37 

billion disintegrations per second. Because of the great differences in activity of radionuclides, 

an ounce of one material could be more radioactive, or have more curies, than a pound of 

another material. 

When regulatory agencies describe how much radioactive material is allowable in a shipping 

package, that amount is described in curies and in terabecquerels. Package labels describe the 

activity contained in the package in terms of the appropriate SI units (becquerels and 

terabecquerels) or in SI units followed by customary units (curies, millicuries, etc.). 

Since nuclear radiation affects people, we must be able to measure its presence. We also need 

to relate the amount of radiation received by the body to its physiological effects. Two terms 

used to relate the amount of radiation received by the body are exposure and dose. When you 

are exposed to radiation, your body absorbs a dose of radiation. 

 

 
521 Radiological Emergency Response Independent Study Course, FEMA, IS 301 January 1998, p. 2-25. 
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Roentgen and R/hr 522 

Roentgen is the unit used to express the amount of gamma and x-ray radiation exposure an 

individual receives (note: it does not measure neutron, alpha, and beta radiation exposure). A 

roentgen (R) is the amount of x-ray or gamma radiation required to produce (by ionization) one 

electrostatic unit (esu) of charge in one cubic centimeter of air at standard temperature and 

pressure. Another way to express one roentgen is that amount of x or gamma radiation which 

will produce 2.083 X 10 9 ion pairs in 1 cubic centimeter of air at standard temperature and 

pressure. 523  

In writing exposures, roentgen is usually abbreviated with a capital "R," which follows 

immediately after the amount of gamma radiation received. An exposure of 50 roentgens 

would then be written "50 R." The international unit (SI) for radiation exposure is coulombs/Kg.  

Milliroentgen is a subunit of the roentgen (one thousandth of a roentgen), and is abbreviated 

"mR." The roentgen is independent of the time over which the exposure occurs. For instance, if 

a man is exposed to 5 R of gamma rays on one occasion, and 6 R on another, the sum of the 

two, 11 roentgens, is his cumulative gamma radiation exposure. 

Another quantity measured is the rate at which an individual is exposed to radiation. This is 

often measured on a per-hour basis, and is called the exposure rate. Exposure rates are 

expressed in terms of roentgen or milliroentgen per hour. An exposure rate of sixty roentgen 

per hour would be written "60 R/hr." "R" stands for Roentgen, a "/" is used in place of "per," 

and "hr" is used for the word "hour." 

Rad (radiation absorbed dose) and Centigray (cGy) 524 

Since the roentgen applies only to X-ray and gamma radiation exposure in air, a different unit is 

needed to deal with the radiation dose (or energy) absorbed in materials as a result of all types 

of radiation. 

Different materials that receive the same exposure may not absorb the same amount of 

energy. For example, soft tissue will typically absorb a different amount of radiation than bone, 

given the same exposure. The rad was developed to relate the different types of radiation (i.e., 

alpha, beta, gamma and neutron) to the energy they impart in materials. It is the basic unit of 

the absorbed dose of radiation. The dose of one rad indicates the absorption of 100 ergs (an 

erg is a small but measurable amount of energy) per gram of absorbing material. Hence, in 

stating the quantity (or dose) of a particular radiation in rads, the absorbing material must be 

specified since the extent of energy deposition depends on the nature of the material. One 

roentgen of gamma radiation exposure results in about one rad of absorbed dose in tissue at or 

 
522 Radiological Emergency Response Independent Study Course, FEMA, IS 301 January 1998, p. 2-26. 
523 Principles of Guided Missiles and Nuclear Weapons, Naval Training Command, 1972, p. 308. 
524 Radiological Emergency Response Independent Study Course, FEMA, IS 301 January 1998, p. 2-25. 
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near the surface of the body. 525 To indicate the dose an individual receives in the unit rad, the 

word "rad" follows immediately after the magnitude, for example, "50 rads." One thousandth 

of a rad is abbreviated "mrad." 

Rads describe the amount of any radiation absorption occurring in any material. For example, if 

a person is exposed to beta and gamma radiations, both may interact with and cause ionization 

in the body. In this case, the actual absorbed dose in rads may be greater than the exposure in 

roentgens, because in this example the beta is taken into consideration. The SI unit of radiation 

absorbed dose is the gray (Gy). 1 Gy =100 rad. The unit cGy is often used because it is 

equivalent to the rad and so people do not get as confused between the old and new units.  

Rem (roentgen equivalent man) and Sievert (Sv) 526  

Some types of nuclear radiation produce greater biological effects than others for the same 

amount of energy imparted. The rem is a unit that relates the dose of any radiation to the 

biological effect of that dose. A rem is the quantity of ionizing radiation of any type which, 

when absorbed by man (or other animal) produces a physiological effect equivalent to that 

produced by the absorption of one roentgen. 527 The rem is known as a unit of dose 

equivalence. Therefore, to relate the absorbed dose of specific types of radiation, a "quality 

factor" must be multiplied by the dose in rad. The “quality factor” is also called the “RBE” or 

“Relative Biological Effectiveness” and is the ratio of the number of rads of gamma or x-ray 

radiation of a certain energy that will produce a specified biological effect to the number of 

rads of another radiation required to produce the same effect. The number of rems of radiation 

is thus equal to the number of rads absorbed multiplied by the RBE of the given radiation (for a 

specified effect). For gamma rays and beta particles, 1 rad of exposure results in roughly 1 rem 

of dose. For alpha (or larger) particles, 1 rad of exposure results in approximately 10 to 20 rem 

of dose (hence, the RBE for alpha is “10 to 20” from radioactive sources that have been taken 

into the body for the development of bone cancer). For neutrons and protons, 1 rad of 

exposure results in approximately 4 to 10 rem of dose for long-term formation of cataracts and 

leukemia. Neutrons have an RBE of close to 1.0 for acute radiation injury related to the prompt 

output of a nuclear weapon. One thousandth of a rem is abbreviated as "mrem." One rem 

involves the same risk regardless of the type of radiation, but the dose required to produce 

one rem may vary depending upon the type of radiation (as explained above). The SI unit of 

dose equivalence is the Sievert (Sv). 1 Sv = 100 rem. 

Radiation exposure versus contamination  

Alpha, beta, and gamma radiations are emitted from a radioactive source. You do not 

necessarily have to touch the source to be exposed to its radiation, in much the same way you 

feel the warmth of the campfire and the aroma from cooking without touching the fire or the 
 

525 The Effects of Nuclear Weapons, DoD, 1977, p. 329.  
526 The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 576 – 577 and 638; and Radiological Emergency 

Response Course, FEMA, IS 301 January 1998, pgs. 2-26 – 2-27. 
527 Principles of Guided Missiles and Nuclear Weapons, Naval Training Command, 1972, p. 308. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

655 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

food. The reason you do not have to touch a source to be exposed is because the radiations 

from the source can travel in air. 528 

• Gamma travels a long way, so you do not even have to be close to the source to be 
affected by it. 

• Alpha radiation travels approximately 3 cm in air and beta travels up to 10 meters. You 
have to be a lot closer to the source to be exposed to those types of radiation. In fact, 
you would actually have to inhale or ingest some of the radioactive source to be 
affected by the alpha radiation emitting from it. 
 

When you have radioactive material on or in your body, then you are contaminated. 

• For example, if you moved some damaged boxes of radiopharmaceuticals and one of 
the small vials broke open, spilling the contents on your hand, your hand would be 
contaminated. If nothing got on or in your body, and the substance was a gamma 
emitter, you would be exposed to radiation but not contaminated. 

• If you tramped through a patch of spilled radioactive material and got it on your person, 
you would be contaminated as well as exposed. 

• If you inhaled or ingested radioactive particles airborne from a burning source, you 
would be internally contaminated until the particles are eliminated from the body or 
lose their radioactivity through decay processes. 

 

  

 
528 Radiological Emergency Response Course, FEMA, IS 301 January 1998, p. 2-30. 
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Appendix D – Antidotes & Medical Kits  

Radioactive nuclides risk and half-lives  

In the aftermath of a nuclear weapon detonation or a nuclear power plant explosion, such as 

happened at Fukushima and Chernobyl, many dangerous radioactive isotopes can be released 

and carried in fallout and plumes to great distances. Likewise, if a radiological dispersal device 

(RDD) is detonated by a terrorist, dangerous radioactive isotopes can be locally dispersed.   

In addition to decontamination, sheltering, and evacuations to avoid or reduce these radiation 

risks, there are several things that people can do to protect their bodies from internal 

radioactive isotopes that have been inhaled, ingested, or absorbed through the skin.   

The following table lists some of the common radioisotope risks to the body and shows how 

long these isotopes last physically (for example, on the surface of the ground) versus how long 

they are retained in the human body (biological) versus their effective half-life, which is defined 

as: the time required for a radioactive element to be halved as a result of the combined action 

of radioactive decay (physical) and biological elimination. Mathematically, the effective 

clearance half-time is:  Teff = (Tbiological x Tphysical) / (Tbiological + Tphysical).  

Table 74. Half-lives of some radionuclides in adult body organs 529 

 

 
529 http://www.atsdr.cdc.gov/ToxProfiles/tp159.pdf TOXICOLOGICAL PROFILE FOR STRONTIUM, 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, April 2004, page D-4. 

http://www.atsdr.cdc.gov/ToxProfiles/tp159.pdf
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The next table provides a list of some of the most dangerous radioactive isotopes risks that can 

be mitigated by common products, many of which are readily available at your home or in local 

stores.  Note that during a radiation emergency, these protective products are likely to quickly 

disappear from store shelves or stockpiles due to limited supplies and an immediate spike in 

the need for these items.    

Table 75. Antidotes to radioactive isotope threats  530 

Radiation threat Antidotes How achieved 

Cesium-137 (Cs-137) 
– Physical half-life of 
~30 years; biological 
half-life of 70 days (½ 
excreted in 70 days) 

Apple pectin 

Apple pectin binds to Cs-137 in digestive tract 
to block its absorption. In tests on children, it 
reduced the biological half-life by a factor of 
2.5 (from 69 to 27 days). Children 1 – 19 years 
were given 5 grams, twice/day, for 2 weeks. 

Cesium-137 (Cs-137) Potassium 

Supplemental potassium significantly reduces 
the uptake and increases the elimination of 
ingested 137Cs.  Common supplements include 
Potassium Gluconate.  Many foods contain 
Potassium (see Table 76 that follows)  

Cesium-137 (Cs-137) Prussian Blue 

Prussian Blue exchanges potassium for 
cesium, forming an insoluble complex that is 
eliminated through the feces. 500 mg 
capsules: 2 capsules, 3 times/day for adults 

Strontium-90 (Sr-90) 

Calcium 
Carbonate 

[Stable Strontium 
and/or Sodium Alginate 

will also block Sr-90 
uptake] 

Antacid tablets like Tums ® contain Calcium 
Carbonate. For adults: 500mg (oral) 4 caps, 
4Xday.  See Table 78 for Tolerable Upper 
Intake Limits for Calcium for various ages. 
Calcium blocks uptake of Strontium.  

Cobalt-60 (Co-60) Vitamin B-12 B-12 contains stable Cobalt; B-12 blocks Co.  

Plutonium (Pu) Iron (Fe) Plutonium mimics Iron in cells. Fe blocks Pu. 

Uranium 
Sodium 

Bicarbonate 
Protects kidneys from Uranium deposition. 
Take orally (adults) 500mg      4 caps 4Xday 

Iodine 131 (I-131) 
See section on 
Radioactive Iodine risk 
reduction  

Potassium Iodide 
(KI) pills/solution [If 
no KI pills, Povidone 
Iodine or Betadine 
can be rubbed on 

skin, not swallowed]  

Oral KI pills block I-131 from entering Thyroid 
     Infants to 1 month – 16 mg daily 
     Children to 3 years – 32 mg daily 
     Children 3 – 18 years – 65 mg daily 
     Adults – 130 mg daily 

 
530 http://www.atsdr.cdc.gov/toxprofiles/tp157.pdf; http://www.washingtonsblog.com/2013/11/what-you-should-be-

doing-now-to-protect-yourself-from-fukushima-radiation.html ; Advancing Medicine with Food and Nutrients, 

Second Edition, edited by Ingrid Kohlstadt; http://www.i-sis.org.uk/Apple_Pectin_for_Radioprotection.php ; 
ADMINISTRATION OF DECORPORATION DRUGS TO TREAT INTERNAL RADIONUCLIDE 

CONTAMINATION by Carol Marcus, PhD, MD, DMAT CA-9 (derived from NCRP Report No. 65); 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1939132/pdf/canmedaj00874-0004.pdf ; 

http://www.aps.anl.gov/Science/Highlights/Content/APS_SCIENCE_20110714.php  

http://www.atsdr.cdc.gov/toxprofiles/tp157.pdf
http://www.washingtonsblog.com/2013/11/what-you-should-be-doing-now-to-protect-yourself-from-fukushima-radiation.html
http://www.washingtonsblog.com/2013/11/what-you-should-be-doing-now-to-protect-yourself-from-fukushima-radiation.html
http://www.i-sis.org.uk/Apple_Pectin_for_Radioprotection.php
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1939132/pdf/canmedaj00874-0004.pdf
http://www.aps.anl.gov/Science/Highlights/Content/APS_SCIENCE_20110714.php


Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

658 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Radioactive Cesium risks and elimination in the body 

The following paragraphs are derived from TOXICOLOGICAL PROFILE FOR CESIUM from the U.S. 

Health and Human Services (April 2004), pages 20 - 21, and 64 - 66:  

Limited human data are available regarding health effects that can be exclusively 

associated with exposure to radioactive cesium sources such as 
137

Cs and 
134

Cs. These 

radionuclides are products of either neutron activation or nuclear fission and may, 

therefore, be released from sites where nuclear fission occurs, from radioactive material 

removed from such sites, or from leakage of radioactive cesium sources. Both 
137

Cs and 
134

Cs emit beta radiation (that travels short distances and can penetrate the skin and 

superficial body tissues) and gamma radiation (that penetrates the entire body). The 

radiation dose from these radionuclides can be classified as either external (if the source 

is outside the body) or internal (if the source is inside the body).  

The external dose from cesium radionuclides arises primarily from the penetrating 

gamma rays that travel great distances in air. Beta radiation emitted outside the body is 

normally of little health concern unless the radioactive material contacts the skin. Skin 

contact can allow the beta radiation to pass through the epidermis to live dermal tissue 

where it becomes a major contributor to a radiocesium-generated radiation dose to the 

skin. At very high doses, the beta and gamma radiation can cause such adverse effects 

as erythema, ulceration, or even tissue necrosis.  

Once radioactive cesium is internalized, it is absorbed, distributed, and excreted in the 

same manner as stable cesium. The internal radiation dose from cesium is a measure of 

the amount of energy that the beta and gamma emissions deposit in tissue. The short-

range beta radiation produces a localized dose while the more penetrating gamma 

radiation contributes to a whole body dose. Molecular damage results from the direct 

ionization of atoms that are encountered by beta and gamma radiation and by 

interactions of resulting free radicals with nearby atoms. Tissue damage results when 

the molecular damage is extensive and not sufficiently repaired in a timely manner. 

Urinary excretion is the primary route of elimination for cesium in humans. … Among 10 

volunteers who consumed 134Cs- and 137Cs-contaminated food, approximately 6% of the 

initial body burden was rapidly eliminated (average half-time of elimination of 0.3 days); 

the remaining 94% was eliminated more slowly (average half-time of elimination of 90 

days). In another oral study of four adult males, a mean elimination half-time was 135 

days for 134Cs and 137Cs. 
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Elimination rates for 137Cs appear to be age- and sex-dependent, decreasing with age 

and lower in adult males than adult females. Results of studies of populations that 

consumed food containing 137Cs from weapons testing fallout showed elimination half-

times that varied from 15±5 days in infants to 100±50 days in adults. Similar studies 

after the Chernobyl accident found similar elimination half-times, which ranged from 

about 8 days for 1-year-old infants to about 110 days for adults.  

A 4-year study of 110 persons comprising a cross-section within an unspecified 

population indicated that children, 5–14 years of age, had the shortest elimination half-

times (20 days, with no significant difference between males and females). The 

elimination half-times in older groups were significantly longer (47 days for adolescent 

and adult females, 67 days in 15-year-old males, and 93 days in males 30–50 years of 

age).  

Elimination half-times for girls 1–4 years of age averaged 24 days. For 7–10-year-old 

girls and boys, the average elimination half-time was 37 days. Elimination half-times of 

58 and 83 days were estimated for adolescent and adult males, respectively; compared 

with 46 and 66 days for adolescent and adult females, respectively. A high correlation 

was found between biological half-time for 137Cs and weight for all age groups and 

sexes, except adult females.  

Elimination rates of cesium may be altered by potassium intake. Following the 

intraperitoneal injection of 137Cs in rats, a basal diet supplemented with 8–11% 

potassium resulted in cesium clearance of 60 days compared to about 120 days for rats 

receiving the unsupplemented basal diet that contained 1% potassium. After 20 days on 

the diets, rats receiving supplemental potassium had body burdens of 137Cs that were 

one-half those of the rats not receiving supplemental potassium. This finding shows that 

supplemental potassium reduces the uptake and increases the elimination of ingested 
137Cs.  

Retention of cesium was lower in males suffering from muscular dystrophy than in age-

matched controls.  Older males with advanced signs of muscular dystrophy had lower 

retention than younger males exhibiting earlier stages of the disease.  

Cesium crosses the placenta from mother to fetus. Measurable amounts of 137Cs have 

been detected in human placenta and fetal tissue. Cesium concentrations are higher in 

older fetuses than in younger ones. Pregnancy may increase the removal of cesium from 

the mother, as indicated by shorter elimination half-times during pregnancy relative to 

measurements taken before or after pregnancy or among non-pregnant controls. 

Cesium has also been detected in human breast milk. 
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Some common foods that provide potassium (and hence natural protection against Cesium 

137) are listed alphabetically below (see the next table for a listing of common foods with their 

Potassium content): 

• Acorn squash, cooked  

• Baked Potato (with skin)  

• Banana  

• Broccoli  

• Brussel sprouts  

• Butternut squash  

• Cantaloupe  

• Collards  

• Kidney beans   

• Lentils  

• Milk  

• Orange juice  

• Oranges 

• Raisins  

• Spinach  

• Split peas  

• Watermelon  

• White navy beans  

• Yogurt  

• Zucchini  

Food sources of Potassium  

The following table lists some common food items that are rich sources of Potassium, ranked by 

milligrams of potassium per standard amount. This table also shows the calories in the standard 

amount (note: the U.S. government’s Potassium “adequate intake” for adults is 4,700 mg /day). 
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Table 76.  Food sources with Potassium – that can be used to counter Cesium-137 531 

Food sources rich in Potassium Potassium (mg)  Calories  

Sweet potato, baked, 1 potato (146 g)  694  131  

Tomato paste, ¼ cup  664  54  

Beet greens, cooked, ½ cup  655  19  

Potato, baked, flesh, 1 potato (156 g)  610  145  

White beans, canned, ½ cup  595  153  

Yogurt, plain, non-fat, 8-oz container  579  127  

Tomato puree, ½ cup  549  48  

Clams, canned, 3 oz  534  126  

Yogurt, plain, low-fat, 8-oz container  531  143  

Prune juice, ¾ cup  530  136  

Carrot juice, ¾ cup  517  71  

Blackstrap molasses, 1 Tbsp  498  47  

Halibut, cooked, 3 oz  490  119  

Soybeans, green, cooked, ½ cup  485  127  

Tuna, yellowfin, cooked, 3 oz  484  118  

Lima beans, cooked, ½ cup  484  104  

Winter squash, cooked, ½ cup  448  40  

Soybeans, mature, cooked, ½ cup  443  149  

Rockfish, Pacific, cooked, 3 oz  442  103  

Cod, Pacific, cooked, 3 oz  439  89  

Bananas, 1 medium  422  105  

Spinach, cooked, ½ cup  419  21  

Tomato juice, ¾ cup  417  31  

Tomato sauce, ½ cup  405  39  

Peaches, dried, uncooked, ¼ cup  398  96  

Prunes, stewed, ½ cup  398  133  

Milk, non-fat, 1 cup  382  83  

 
531 http://www.health.gov/dietaryguidelines/dga2005/document/html/appendixB.htm#appB1  

http://www.health.gov/dietaryguidelines/dga2005/document/html/appendixB.htm#appB1
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Pork chop, center loin, cooked, 3 oz  382  197  

Apricots, dried, uncooked, ¼ cup    378  78  

Rainbow trout, farmed, cooked, 3 oz  375  144  

Pork loin, center rib (roasts), lean, roasted, 3 oz  371  190  

Buttermilk, cultured, low-fat, 1 cup  370  98  

Cantaloupe, ¼ medium  368  47  

1%-2% milk, 1 cup  366  102-122  

Honeydew melon, 1/8 medium  365  58  

Lentils, cooked, ½ cup  365  115  

Plantains, cooked, ½ cup slices  358  90  

Kidney beans, cooked, ½ cup  358  112  

Orange juice, ¾ cup  355  85  

Split peas, cooked, ½ cup  355  116  

Yogurt, plain, whole milk, 8 oz container  352  138  

Source: Nutrient values from Agricultural Research Service (ARS) Nutrient Database for Standard Reference, 

Release 17. Foods are from ARS single nutrient reports, sorted in descending order by nutrient content in terms of 

common household measures. Food items and weights in the single nutrient reports are adapted from those in 2002 

revision of USDA Home and Garden Bulletin No. 72, Nutritive Value of Foods. Mixed dishes and multiple 

preparations of the same food item have been omitted from this table. 

The next table provides the AI (Adequate Intake) level of Potassium per day for various age 
groups.  The U.S. government hasn’t set Recommended Dietary Allowances for Potassium. 
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Table 77. Adequate Intake (AI) for Potassium for various age groups 
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Radioactive Strontium risks and elimination in the body 

The following paragraphs are derived from TOXICOLOGICAL PROFILE FOR STRONTIUM from the 

U.S. Health and Human Services (April 2004), pages 5 - 9, and 64 - 66:  

Both stable strontium and radioactive strontium enter and leave the body in the same way.  

If a person breathes in vapors or dust containing a chemical form of strontium that is 

soluble in water, then the chemical will dissolve in the moist surface inside the lungs and 

strontium will enter the bloodstream relatively quickly. If the chemical form of strontium 

does not dissolve in water easily, then particles may remain in the lung for a time. When 

you eat food or drink water that contains strontium, only a small portion leaves the 

intestines and enters the bloodstream. Studies in animals suggest that infants may absorb 

more strontium from the intestines than adults. If a fluid mixture of a strontium salt is 

placed on the skin, the strontium will pass through the skin very slowly and then enter the 

bloodstream. If the skin has scratches or cuts, strontium will pass through the skin much 

more quickly.  

Once strontium enters the bloodstream, it is distributed throughout the body, where it can 

enter and leave cells quite easily. In the body, strontium behaves very much like calcium. A 

large portion of the strontium will accumulate in bone. In adults, strontium mostly attaches 

to the surfaces of bones. In children, whose bones are still growing, strontium may be used 

by the body to create the hard bone mineral itself. As a result the strontium will be stored in 

the bone for a long time (years). Because of the way bone grows, strontium will be locally 

dissolved from bone and recirculate through the bloodstream, where it may be reused by 

growing bone, or be eliminated. This process accounts for the slow removal of strontium 

from the body.  

Strontium is eliminated from the body through urine, feces, and sweat. Elimination through 

urine may occur over long periods, when small amounts of strontium are released from 

bone and do not get recaptured by bone. When strontium is taken in by mouth, the portion 

that does not pass through the intestinal wall to enter the bloodstream is eliminated 

through feces during the first day or so after exposure. 

The harmful effects of radioactive strontium are caused by the high energy effects of 

radiation. Since radioactive strontium is taken up into bone, bone itself and the soft tissues 

nearby may be damaged by radiation released over time. Because bone marrow is the 

essential source of blood cells, blood cell counts may be reduced if the dose is too high. This 

has been seen in humans who received injections of radioactive strontium (89Sr) to destroy 

cancer tissue that had spread to the bone marrow. Lowered blood cell counts were also 

seen in animals that breathed or swallowed radioactive strontium. Numerous problems 

occur when the number of blood cells is too low. A loss of red blood cells, anemia, prevents 
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the body from getting sufficient oxygen, resulting in tiredness. A loss of platelets may 

prevent the blood from clotting properly, and may result in abnormal bleeding, especially in 

the intestines. A loss in white blood cells harms the body’s ability to fight infectious disease.  

Radiation damage may also occur from exposure to the skin. Medically, radioactive 

strontium probes have been used intentionally to destroy unwanted tissue on the surface of 

the eye or skin. The eye tissues sometimes become inflamed or abnormally thin after a long 

time. Thinning of the lower layer of the skin (dermis) has also been reported in animal 

studies as a delayed effect. 

Radioactive strontium may cause cancer as a result of damage to the genetic material (DNA) 

in cells. An increase in leukemia over time was reported in individuals in one foreign 

population who swallowed relatively large amounts of 
90

Sr (and other radioactive materials) 

in river water contaminated by a nuclear weapons plant. Cancers of the bone, nose, and 

lung (in the case of a breathing exposure), and leukemia were reported in animal studies. In 

addition, skin and bone cancer were reported in animals that received radiation at high 

doses to the skin. The International Agency for Research on Cancer (IARC) has determined 

that radioactive strontium is carcinogenic to humans, because it is deposited inside the 

body and emits beta radiation. The EPA has determined that radioactive strontium is a 

human carcinogen. 

Children take in, use, and get rid of radioactive strontium in the same ways as stable 

strontium. Children are likely to be more vulnerable than adults to the effects of radioactive 

strontium because relatively more goes into bone when it is growing. Also, children are 

potentially more vulnerable than adults to radiation damage because they keep radioactive 

strontium in bone for a longer time.  

Children would be expected to have the same types of effects from exposure to radioactive 

strontium as exposed adults. Children can be exposed to radioactive strontium at levels 

higher than background without showing increases in cancer rates. Evidence from one 

foreign population showed that children who drank water containing unusually high levels 

of radioactive strontium for 7 years showed an increase in leukemia. High levels of 

radioactive strontium cause more bone damage and higher bone cancer rates when animals 

are exposed before birth or as juveniles rather than as adults. In humans and animals, 

radioactive strontium can be transferred into milk or across the placenta into the baby in 

the womb. 

Exposure to radioactive strontium can result in health consequences that vary 

depending on the dose, the route of exposure, and the chemical form. Both 
90

Sr and 
89

Sr 

emit beta particles, which, in tissue, may ionize cellular molecules within a range of 1 

cm, resulting in tissue damage and disruption of cellular function if the capacity of 
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natural repair mechanisms is exceeded. Adverse health effects occur at high levels of 

exposure that significantly exceed background levels encountered by the general 

population. It should be noted that no discernable adverse health effects were detected 

in the general population from chronic low-level exposure to 
90

Sr in fallout during the 

period of aboveground weapons testing.  

90
Sr represents the most significant isotope of concern because of its relatively long half-

life (29 years) and because of the bone-seeking properties of strontium. The most 

serious effects of oral exposure to absorbed radioactive strontium are necrotic lesions 

and cancers of bone and the adjacent tissues. High level acute exposures can destroy 

hematopoietic bone marrow, leading to acute radiation syndrome (see below), the 

primary cause of mortality in the short term. At lower doses, irradiation of bone marrow 

may lead to chronic suppression of immune function. 

The Tolerable Upper Intake Levels (ULs) for calcium established by the Food and Nutrition 
Board are provided in the Table below.  

 

Table 78. Tolerable Upper Intake Levels (ULs) for Calcium 532 

Age 
All:  Male, Female, 

Pregnant, & Lactating 

0 – 6 months 1,000 mg 

7 – 12 months 1,500 mg 

1 – 8 years 2,500 mg 

9 – 18 years 3,000 mg 

19 – 50 years 2,500 mg 

51+ years 2,000 mg 

  

 

532 Committee to Review Dietary Reference Intakes for Vitamin D and Calcium, Food and Nutrition Board, Institute 

of Medicine. Dietary Reference Intakes for Calcium and Vitamin D. Washington, DC: National Academy Press, 

2010.  
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Radioactive Iodine risk reduction  

Radioactive iodine blocking to protect the thyroid and prevent cancer 

The thyroid gland is very vulnerable to the uptake of radioactive iodine which is one of the 

major poisons associated with a nuclear weapons detonation or nuclear power plant radiation 

release. If a radioactive plume occurs at a nuclear power plant, only a few States have very 

limited stockpiles of Potassium Iodide pills or solution to protect the public.533 These States may 

decide to provide the public with stable (non-radioactive) iodine in the form of a potassium 

iodide pill, which saturates the thyroid and protects it from the uptake of radioactive iodine, 

although they can also choose to withhold this medication, as occurred during the Three Mile 

Island accident. Such a protective action is at the option of State, and in some cases, local 

government. The NRC, as of December 2000, requires “that consideration be given to include 

potassium iodide (KI) as a protective measure for the general public to supplement sheltering 

and evacuation in the event of a severe nuclear power plant accident.” 534 In addition, the NRC 

agreed to provide funding for a supply of KI for a State, or, in some cases, local governments 

designated by the State to request such funding, that choose to incorporate KI for the general 

public in their emergency plans.  

I recommend that you have at least 10 to 14 doses of KI pills readily available (preferably, pre-

distributed) if you live within 20 miles from a nuclear power plant. One dose would allow 

people in the most likely evacuation areas to protect themselves while preparing to evacuate 

and during the actual evacuation, if needed. Subsequent doses would allow people more 

options on how far to evacuate, and if necessary, to take additional doses if the radioactive 

fallout follows them to the area they evacuated to. Since radioactive iodine disperses and 

decays relatively rapidly (half-life of 8 days) and stable iodine continues to fill the thyroid for 

some time, 10 to 14 doses would normally be all that is needed if people evacuate to an area 

that is generally free from fallout.  (Note: newborns and pregnant women should only take KI 

pills for 2 days duration according to the WHO, unless directed otherwise by their doctor).535 If 

people do not evacuate to a fallout free zone and may continue to be exposed to radioactive 

iodine in food supplies, then a dose duration of as long as 80 days may be needed. However, 

consult a doctor before taking this medication for any extended period (note: newborns and 

pregnant women should only take KI pills for 2 days duration according to the WHO, unless 

directed otherwise by their doctor). A strong case could also be made for pre-distributing at 

least 10 to 14 doses of KI pills for the 20 to 50 mile regions around nuclear power plants to 

 
533 The NRC, as of December 2000, is now requiring States to consider Potassium Iodide as a protective measure. 
534 NRC REVISES ITS REGULATIONS ON USE OF POTASSIUM IODIDE IN EMERGENCY RESPONSE, 

NRC Public Affairs, December 22, 2000. See www.nrc.gov/OPA/gmo/nrarcv/00-186.html.  
535 See the current FDA and WHO guidelines and act on the advice of your personal physician. 
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minimize the need for evacuation of the most sensitive population groups (young children and 

infants and those pregnant) in these regions. Outside of these zones, perhaps larger regional 

stockpiles could be used to provide distribution to the public who are predicted to be exposed 

to dangerous levels of radioactive iodine (although this requires a lot of planning on how to 

distribute the KI during an actual emergency). 

Potassium Iodide is most effective if taken as soon as possible during a radiation emergency, 

preferably before actual exposure to radiation. However, it can still effectively help to reduce 

the chance of future thyroid cancer even if taken hours after the initial exposure. People who 

live within 320 miles of a nuclear power plant are encouraged to have a home supply of this 

non-prescription drug, since the government may choose to not distribute this medication 

during a crisis or because it may not get this medication out to the public in time to be 

effective. Government supplies are currently very limited. These tablets are inexpensive and 

represent a form of "cheap" insurance for you or for those you care about against not only 

nuclear power plant emergencies, but also with nuclear terrorism or war (whether in the USA 

or overseas).   

For actual dosing guidelines, I refer the reader back to Table 47. FDA recommended dosage 

guidelines for Potassium Iodide (KI).  

Warning against ingesting other iodine products 

Several precautions are in order about taking iodine related products in the event of a nuclear 

crisis. The first is to not confuse the proper use of potassium iodide or potassium iodate tablets 

with the improper and dangerous use of either common iodine water purification tablets or of 

tincture of iodine. These two iodine products are poisonous, except when used in very small 

amounts according to well-established procedures to disinfect water. They are not effective as 

agents to block the uptake of radioactive iodine to the thyroid. Ingesting larger quantities of 

these agents could prove fatal.  

As far as trying to get enough iodine into the thyroid by ingesting iodized salt or sea salt, this is 

also not effective. To get the levels of iodine recommended by the FDA into an adult’s body 

would require eating many cups of salt each day – which is quite impossible even if one tries to 

ingest as much salt as they can stand. This would be dangerous and ineffective.  As to Kelp 

tablets, the typical tablet has such a low concentration of iodine that you would have to ingest 

hundreds of these each day to get the same effect as one or two Potassium Iodide tablets. 

Again, to attempt this would be both foolish and dangerous.  
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Preparing an oral Potassium Iodide (KI) solution at home 536 

If a local or regional radiation emergency has occurred due to a nuclear weapon detonation or a 

nuclear power plant disaster, you may have been exposed to radioactive iodine. Potassium 

iodide (also known as “KI”) can prevent thyroid cancer in people who have been exposed to 

radioactive iodine. Potassium iodide is Children who have been exposed to radioactive iodine 

have a greater risk of thyroid cancer than adults do. You may need to make a KI solution (liquid 

form) for anyone who cannot swallow tablets. This sheet explains how to make and give the KI 

solution. FDA-approved KI tablets come in 65 mg and 130 mg strengths. Instructions for 

preparing the KI solution using two 65 mg tablets are given below.  

 

To Make the Potassium Iodide (“KI”) Solution You Will Need: 
  

• Two 65 mg KI tablets (or one 130 mg KI tablet) 
• A teaspoon 
• A small bowl 
• Four teaspoons of water 
• Four teaspoons of a drink. We recommend any one of the following: 

- White milk 
- Chocolate milk 
- Orange juice 
- Soda (for example, Pepsi, Coke, Dr Pepper) 
- Infant formula 
- Raspberry syrup 
- Water 

Directions for making the Potassium Iodide (KI) solution: 

Step 1. Soften the KI tablets:  

• Put two 65 mg KI tablets (or one 130 mg tablet) into a small bowl. Add four teaspoons of 
water. Soak the tablets for one minute.  

Step 2. Crush the softened KI tablets: 

• Use the back of the teaspoon to crush the tablets in the water. At the end of this step, there 
should not be any large pieces of KI. This makes the KI and water mixture.  
 

 
536 Derived from: www.fda.gov/Drugs/EmergencyPreparedness/BioterrorismandDrugPreparedness/ucm072261.htm  

http://www.fda.gov/Drugs/EmergencyPreparedness/BioterrorismandDrugPreparedness/ucm072261.htm
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Step 3. Add a drink to the KI and water mixture: 

• Choose a drink from the list above. Mix four teaspoons of the desired drink with the 
KI and water mixture made in Step 2. Adding the desired drink makes the final KI 
solution. 

Step 4. Give the right amount of the final KI solution, using the chart below. 

How Much of the Final Potassium Iodide (“KI”) Solution to Give Each Day 

The chart below tells you how many teaspoons of the final KI solution to give each day. The 

amount is based on the person’s age. Give this amount once a day until your healthcare 

provider or public health official says you may stop.  

Table 79. Teaspoons of KI solution to give to block I-131 based on age 

Age Once Daily Dose of KI Solution 

19 years and older 8 teaspoons 

13 to 18 years (150 pounds or more) 8 teaspoons 

13 to 18 years (149 pounds or less) 4 teaspoons 

4 to 12 years 4 teaspoons 

Older than 1 month to 3 years 2 teaspoons 

Birth to 1 month 1 teaspoon 

Note:  please refer to Table 47. FDA recommended dosage guidelines for 

Potassium Iodide (KI) for dosing instructions using pills, by age 

Storing Any Extra Prepared Potassium Iodide (“KI”) Solution: 

 Store any extra final KI solution mixed in Step 3 in a refrigerator. Any extra KI solution can be 

used another day. After 7 days, throw out any unused KI solution.  
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Expedient radioactive iodine blocking 

Povidone iodine products, such as the well-known Betadine®, or tincture of iodine can be used 

to help block the uptake of radioactive iodine in the thyroid if used externally as a solution 

applied to the skin. In studies conducted by Kenneth L. Miller and others at the Pennsylvania 

State University, both human and animal studies have proven that applying povidone-iodine 

and tincture of iodine solutions to the skin can help to block the uptake of radioactive iodine to 

the thyroid.  

One study on humans showed that with 8 ml of tincture of iodine applied to the abdomen skin, 

the blockage of radioactive iodine was nearly as effective as with oral Potassium Iodide (KI) 

pills. Several caveats are in order, however. First, the passage of the topically applied tincture of 

iodine is not as reliable as that of oral KI and so for some people tested, the blocking effect of 

the skin application of iodine was not as effective as with other people.  Possible reasons for 

the variations in effectiveness were the differences in people’s fat layers and the role of 

perspiration in impeding the passing of topical iodine through the skin. Another caveat is that 

after 24 hours, the oral KI pills effectively blocked 96.9% of the dangerous radioactive iodine 

whereas applications of 8 ml of tincture of iodine on the abdomen blocked only 81.7% and 

applications of 4 ml of tincture of iodine on the forearm blocked only 35.8% of the radioactive 

iodine. A third caveat is that there are many unknowns on where to best apply the external 

iodine, over what portion of the skin and how much to apply, and it’s effects on special groups, 

such as infants.  A fourth and minor problem is that topical iodine can stain clothes and skin. A 

fifth issue is that it is known that external iodine solutions sometimes cause skin rashes or 

irritation.  

Hence, it appears that the oral KI pills are more reliable and effective. However, if KI pills are 

not available, then the topical application of iodine is certainly effective at blocking much of the 

dangerous radioactive iodine. One special case where the application of external iodine to the 

skin might be helpful is with nursing children who will not take KI in solution with formula, milk 

or water, as they may refuse anything other than breast-feeding. In this case, if the mother 

takes oral KI, the child will eventually get potassium through her breastmilk, but this may delay 

the medication for many critical hours. Another way to immediately dose these children with 

stable iodine would be to rub some Povidone iodine solution on their back or stomach (the 

hands and forearm should be avoided to prevent the child accidently sucking and ingesting 

these “topical only” solutions). As always, check with your doctor before trying any topical 

medication, whether prescription or not. 537     

 
537 Effectiveness of skin absorption of tincture of I in blocking radioiodine from the human thyroid gland, 

Kenneth L. Miller and others, Health Physics, June 1989, pgs. 911-914.  
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Medical kits 

During any nuclear emergency, there are likely to many medical needs that can helped by 
having a well-equipped first aid/medical kit.  If you have these basic first aid supplies you are 
better prepared to help your friends and loved ones when they are hurt or are exposed to 
dangerous radioactive substances. 

Knowing how to reduce radiation risks and treat injuries can save lives during a nuclear 
emergency. Simply having the following things (along with basic knowledge of first aid, etc.) can 
help you stop bleeding, prevent infection, and assist in decontamination or removing 
contaminants from within a person’s body. 

Non-prescription drugs & supplements  

[Note: consult your personal physician regarding these] 

• Antacid –Antacid tablets (like Equate or Tums), chewable (200 tabs < $5 per person) 

o Antacids with Calcium Carbonate (typically 750+ mg) can block radioactive 
Strontium-90 (90Sr) {note that 90Sr is typically more of a problem with a nuclear 
weapon detonation than with a nuclear power plant accident, but it can be a 
significant risk in either scenario.}  Vitamin D is also needed to help absorb 
Calcium (you can get this through sunlight or through taking a multivitamin 
supplement, or milk fortified with Vitamin D, etc.) 

o Directions:  Consult with your physician – 2 tablets with each meal may be 
recommended. See previous section on Radioactive Cesium risks and elimination 
in the body for more guidance.   

• Apple Pectin –Can block radioactive cesium (Cs-137) (100 tabs < $10 per person)  

• Aspirin – Pain relief (note: children with viral infections, like the flu, should not use 
Aspirin due to its connection with increased incidence of Reye’s Syndrome) 

• Antibiotics – Long shelf-life antibiotics could save many lives in a prolonged nuclear 
emergency. Examples of those with long shelf lives include: amoxicillin and 
ciprofloxacin.   

• Antibiotic ointment – Triple antibiotic for cuts and wound treatment 

• Anti-diarrhea medications – three types: (1) those that slow intestinal spasms with 
Loperamide (like Imodium), (2) those that thicken stools, like Kaopectate and Pepto-
Bismol, that use bismuth subsalicylate but which increase the chance of Reyes 
Syndrome in children with flu or viral infections and (3) Probiotics, like Lactobacillus 
acidophilus, that help restore helpful bacteria in the intestines that can be killed by 
antibiotics or disease. Also see (immediately following) the bullet on Oral Rehydration 
Solution.   
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• Anti-vomit medications – Vomiting is usually not the problem, but rather the symptom 
of another problem. Sometimes vomiting is useful in that the body is ejecting a poison 
from its system. The main danger with extended vomiting is dehydration.  As always, 
consult your physician. While many reputable doctors at organizations like the Mayo 
Clinic are against using colloidal silver solutions for problems such as bacterial or viral 
ailments, you may want to examine other research, such as at 
http://www.colloidalsciencelab.com/labMesosilver.htm. I am not advocating any 
product, but know that silver particles have effectively killed bacterial and viral 
pathogens outside of the body and can be non-toxic if taken internally in small 
quantities.  

• Burn ointments. Surface (ground-based) nuclear explosions will likely result in large 
numbers of burn injuries for people that are outside at the time of the burst. 

• Ibuprofen – for muscle pain, headaches, and other pain relief  

• Laxative  

• Multivitamin tablets – with Iron, Vitamin B-12, C and E, beta-carotene, and Potassium.  
Iron can block Plutonium uptake. Potassium can help block Cesium uptake.  Vitamin B-
12 can help block Cobalt-60. Vitamin C and E and beta-carotene are antioxidants and 
thus help to reduce free radical activity that can damage cells.  See prior section on 
Radioactive nuclides risk and half-lives for more information.  

• Vitamin C (Sodium Ascorbate). In addition to the reduction of free radical activity 
described in the previous paragraph, Vitamin C in large doses reportedly can be 
effective in countering viral and bacterial infections and in helping the body recover 
from burns and blast related injuries.  The following quote and recommendations 
regarding Vitamin C are from one of the top medical researchers in the field, Robert F. 
Cathcart, M.D.: “Much of the original work with large amounts of vitamin C was done by Fred 
R. Klenner, M.D. … of Reidsville, North Carolina. Klenner found that viral diseases could be cured 
by intravenous sodium ascorbate in amounts up to 200 grams per 24 hours. … In 1970, I 
discovered that the sicker a patient was, the more ascorbic acid he would tolerate by mouth 
before diarrhea was produced. At least 80% of adult patients will tolerate 10 to 15 grams of 
ascorbic acid fine crystals in 1/2 cup water divided into 4 doses per 24 hours without having 
diarrhea. The astonishing finding was that all patients, tolerant of ascorbic acid, can take greater 
amounts of the substance orally without having diarrhea when ill or under stress. This increased 
tolerance is somewhat proportional to the toxicity of the disease being treated. … increasing the 
frequency of doses increases tolerance perhaps to half again as much, but the tolerances of 
sometimes over 200 grams per 24 hours were totally unexpected. Representative doses taken by 
tolerant patients titrating their ascorbic acid intake between the relief of most symptoms and 
the production of diarrhea were as follows: … 
                                                        GRAMS ASCORBIC ACID         NUMBER OF DOSES       
CONDITION                                         PER 24 HOURS                      PER 24 HOURS                      
… viral pneumonia                                  100 - 200+                              12 - 25  
… burn, injury, surgery                             25 - 150+                                6 - 20  
… bacterial infections                               30 - 200+                              10 - 25  

                                                       [Source: http://www.doctoryourself.com/titration.html ] 

http://www.colloidalsciencelab.com/labMesosilver.htm
http://www.orthomed.com/
http://www.orthomed.com/
http://www.doctoryourself.com/titration.html
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• Oral Rehydration Solution.  These can help those who are dehydrated (like Pedialyte). 
Oral rehydration solutions (also known as oral rehydration salts) have been effectively 
used for decades to help save millions of people (especially children) threatened by 
serious dehydration, especially due to severe diarrhea. With moderate to severe 
dehydration, water alone is not sufficient to properly rehydrate an individual. This is 
because key organs in the body, such as the heart, brain, and kidneys need certain 
electrolytes like potassium, chloride, glucose, and sodium to function properly. 

 

• Potassium Gluconate: Supplemental potassium significantly reduces the uptake and 
increases the elimination of ingested 137Cs. See the related section on Radioactive 
Cesium risks and elimination in the body.  

• Potassium Iodide (KI) tablets – to block the uptake of radioactive iodine in the Thyroid 

which can help reduce your long-term risk of cancer.  See the related section on 

Radioactive Iodine risk reduction. 

o Infants to 1 month – 16 mg daily 

o Children to 3 years – 32 mg daily 

o Children 3 – 18 years – 65 mg daily 

o Adults – 130 mg daily 

• Povidone Iodine – if rubbed on the skin can help block the uptake of radioactive Iodine. 

See Expedient radioactive iodine blocking for more details.  

• Prescription medications you take for preexisting conditions, such as asthma, diabetes, 
high blood pressure, etc.  You should periodically rotate medicines to account for 
expiration dates. 

• Sodium bicarbonate (also known as Baking Soda) – can be used in an oral solution to 

block Uranium uptake in the body.  

• Water purification tablets or liquids. See section that follows on Chemical Treatment of 

water.  

 

To make an expedient ORS solution, add the following to 2 quarts (or 

liters) of water: 

• 1 level teaspoon of common table salt (sodium chloride)  

• 13 level teaspoons of common granulated sugar (sucrose)  

• 1 level teaspoon of baking soda (sodium bicarbonate) {if available} 
• 1 teaspoon of Morton Lite Salt® (½ sodium chloride + ½ potassium 

chloride) {if unavailable, then add another ½ teaspoon of table salt 
to the ORS and eat a banana or some apple sauce as soon as 
possible to help replenish the loss of potassium}     
                                             © 2014 Kevin G. Briggs 
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Other medical kit supplies 

• Antiseptic towelettes  

• Bandages in a variety of sizes (those with silver help reduce healing time).  Larger 
bandages are very helpful if people experience blast related injuries from projectiles.  

• Blood pressure cuff.  

• Breathing barrier for performing CPR. 

• Cold compress.  

• Eye wash solution to flush the eyes or as general decontaminant 

• First aid instruction book 

• Masks.  HEPA masks for various face sizes are good, but more expensive. Less expensive 
N95 masks will block fallout particles if you must go outside or are caught outside after 
an explosion.  Some N95 masks can be easily stored in purses, cars, pants pockets, etc., 
and fit most face sizes. A good example of such an N95 mask is the AlphaProTech Critical 
Cover® PFL® N-95 Particulate Respirator.  

• Nitrile exam gloves (100 pairs are < $10).  You can also use Latex, if not allergic, or vinyl 
exam gloves, but if unsure, I would recommend Nitrile. 

• Q-tips 

• Scalpel 

• Soap  

• Scissors  

• Sterile dressings of various sizes (to stop bleeding, cover wounds, etc.) 

• Stethoscope  

• Surgery/Suture kit 

• Thermometer 

• Tube of petroleum jelly or other lubricant 

• Tweezers 
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Appendix E – Water in nuclear emergencies 

Be ready to share your water 

Then the King will say to those on his right, 'Come, you who are blessed by my Father, 

inherit the kingdom prepared for you from the foundation of the world.  For I was 

hungry and you gave me food, I was thirsty and you gave me drink … Then the 

righteous will answer him, saying, 'Lord, when did we see you hungry and feed you, or 

thirsty and give you drink? … And the King will answer them, 'Truly, I say to you, as 

you did it to one of the least of these my brothers, you did it to me.'     

[Jesus, as quoted in Matthew 25:34 – 40, English Standard Version] 

Now, if you are wondering why I started this Appendix with a quote from Jesus, the reason is 

fairly straightforward. God commends those who share their water with the needy, saying that 

as you share with others, it is as if you are sharing with God.  The reverse is also true, if you fail 

to share, it is as if you refused to give God water when He was thirsty (see Matthew 25:42-45).  

God identifies with the needy.  My point is this:  God will hold us accountable on whether we 

are selfish and refuse to make provisions for the needy. In a major nuclear crisis, there may be 

many, many thirsty people.  We need to think ahead about how we will help meet their needs 

while balancing our own. Perhaps fulfilling the second great commandment (Matthew 22:39) to 

“love your neighbor as yourself” may involve preparing to help meet their needs during a crisis 

(which they never thought would come to pass).  God also gives us a promise in Mark 9:41 – 

“Truly I tell you, anyone who gives you a cup of water in my name because you belong to the 

Messiah will certainly not lose their reward.” {New International Version}    

So the question remains:  What would you and your neighbors do if your water supply was 

suddenly unavailable or unsafe for weeks … or longer?  This could easily happen if there was a 

nuclear attack that exposed your area to EMP, since most North American water systems 

require electricity to function. In addition, nuclear fallout could pollute your normal water 

supply so that you couldn’t safely drink the water without it first being decontaminated.  

Some goals related to water supplies during a nuclear crisis 

As you read this Appendix on how to responsibly prepare for your water needs, I hope you will 

prayerfully consider how to accomplish this.  Here are some suggested goals: 

• Prepare to have one month of water stored where you live to meet the needs of you 

and your family. Also consider your closest neighbors who aren’t likely to be prepared.  

• Develop a renewable water supply system that doesn’t rely on commercial power 
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• Develop capabilities to filter and purify water from both water borne diseases as well as 

from radioactive fallout 

Understanding the nuclear related threats to your water supply  

There are three main threats related to your water supply in a nuclear crisis scenario: 

1. Nuclear Electromagnetic Pulse (NEMP) could disrupt power and water control systems 

for weeks to years, depending on whether the scenario involves Source Region EMP 

(SREMP) or High Altitude EMP (HEMP).  SREMP disruptions could lead to water system 

outages of weeks or longer in a city or region.  HEMP disruptions could result in much 

longer outages (up to years) over larger regions or an even entire continental area.     

2. Fallout radiation can contaminate open (uncovered) regional water supplies with 

dangerous levels of radioactive fallout for a few days to several weeks.  This 

contaminated water can be filtered to remove essentially all of the radioactive particles, 

which typically represents about 98% of the contaminated water radiation threat. The 

remaining ~ 2% of radiation that is dissolved in the water can either be removed by 

passing the water through an earth filter or by letting the water sit for a few hours to a 

few days.  After about 7 hours, the overall radiation risk would be reduced by about 

90%.  After about 2 days, the overall radiation risk in the water would be reduced by 

about 99%.  For particularly dangerous isotopes, like Iodine 131, the radiation risk in 

water would be halved in about 8 days.  During those days, the risk of Iodine 131 lodging 

in the body can be greatly reduced by ingesting stable (non-radioactive) iodine, such as 

by taking potassium iodide pills or liquids or by spreading some povidone iodine (like 

Betadine) on your skin.   

3. Natural water-borne pathogens are likely to be a larger problem than radiation in many 

locations after a nuclear weapons detonation.  This is true because the normal water 

purification and distribution systems are likely to be disrupted by EMP and other nuclear 

effects and water supplies are likely to be polluted due to improper (or disrupted) 

sanitation  efforts.  As a result, water borne diseases like cholera, E. coli, polio, 

dysentery, norovirus, hepatitis A, Cryptosporidium, Giardia, etc. can cause sickness 

and/or death if water is not adequately purified.  Outside of the U.S., it is estimated that 

several million people die each year as a result of drinking water contaminated with 

water-borne disease agents. In the aftermath of a nuclear disaster, many people may 

become sick and/or die due to these natural pathogens.  Thankfully, most of these 

threats can be easily and effectively mitigated with a little training and preparation.   
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Determining your water needs 

Water needs of people 

The U.S. government recommends that you store at least one gallon of water per person per 

day for at least three days for drinking and sanitation. 538 While this is a good starting point, a 

three day supply would be insufficient for most areas of the country in the event of an EMP 

attack, a nuclear power plant disaster, or nuclear war or terrorism. Likewise, a one gallon 

allotment of water per person per day could be insufficient in warm to hot climates.  Table 80 

provides some more detailed information regarding the minimum required water for 

humans.539 

Table 80. Minimum daily water required for humans in quarts   

Conditions 

Daily minimum water needs per person 

Cool 

up to 70 °F 

Warm 

up to 90 °F 

Hot 

over 90 °F 

For drinking only:  

- Assumes no water for cooking or 

washing 

- Allows for eating some moist 

food and limited activity  

2 quarts *  

(or about 2 liters or 

0.5 gallons)  

 

6 quarts * 

(or about 6 

liters or 1.5 

gallons) 

8+ quarts * (or 

about 8+ liters 

or 2 gallons) 

For basic needs:  

- Allows for drinking, plus:  

- Allows for cooking dry foods, 

washing utensils, and taking a 

sponge/washcloth bath 

8 quarts *  

(or about 8 liters or 

2 gallons) 

 

12 quarts *  

(or about 12 

liters or 3 

gallons) 

16 quarts * (or 

about 15 liters 

or 4 gallons)  

* Note: Nursing moms may require more. Small  

  children may require less. Nursing infants may  

  not need any water if they nurse adequately.   

© 2014  Kevin Briggs 

 
538 http://www.ready.gov/basic-disaster-supplies-kit  [accessed 2014] 
539 Basic Water Requirements for Human Activities: Meeting Basic Needs by Peter H. Gleick, Water International, 

21 (1996), p. 84. Also, Principles of Protection, Walton McCarthy, 1991, distributed by The American Civil Defense 

Association, p. 242;  also, Making the Best of Basics, James T. Stevens, Gold Leaf Press, 10th Edition, 1997, p. 57- 

58.  It is known that significantly lower water requirements are reported in other documents, such as FEMA’s Attack 

Environment Manual (FEMA 131, June 1987, panel 5), but the more generous water requirements used in this 

document are considered to have a greater safety margin for planning. For comparison, the average absolute 

minimum average daily water requirement to prevent dehydration presented in the referenced FEMA publication is 

1 quart per day at 70 °F (for an “average” group of men, women, and children) versus the 2 liters used in this 

document and recommended by organizations such as the US EPA.  The World Health Organization’s: “The 

management of nutrition in major emergencies” (2000) lists absolute minimum water requirements for healthy 

children on page 150. 

http://www.ready.gov/basic-disaster-supplies-kit
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Table 81 provides some useful liquid unit conversions to help you determine your water needs 

for humans, animals, and even for watering vegetable gardens.   

Table 81. Useful liquid unit equivalents and conversions   

Liquid units 
US Gallons 

(US gal) 
Quarts  

(qt) 
Pints  
(pt) 

Cups  
(c) 

Fluid ounces  
(fl oz) 

Liters  
(L) 

Equivalents → 1/4 1 2 4 32 0.95 

Equivalents → 1/2 2 4 8 64 1.89 

Equivalents → 1 4 8 16 128 3.79 
 

1 cup = 16 tablespoons (tbsp) = 48 teaspoons (tsp) = 8 fl oz  1 tbsp = 3 tsp  
1 tsp = 5 milliliters (ml) 2 cups = 1 pint 4 cups = 1 quart 4 quarts = 1 US gal    

1 liter (L) = 0.264 gal = 1.057 qt = 2.11 pt = 4.23 c = 33.8 fl oz = 67.6 tbsp = 203 tsp 

1 square foot (ft 2) = 144 in 2 1 qt = 57.75  in ³ 1 gal = 231 in ³ 

100 ft 2 x 2.48 qt = 248 qt for 1” watering 100 ft 2 x .62 gal = 62 gal for 1” watering 

© 2014  Kevin Briggs 

Table 82 provides some guidelines for minimum water needs in terms of quarts of water 

required each day for pets, livestock and vegetable gardens.   540  

Table 82. Daily water needs for pets, livestock, and gardens  

Pets and livestock daily water requirements 

o A “rule of thumb” for pets is that they will drink about 1 fl oz of water each day for 
every pound of body weight; hence, a 10 pound cat needs ~ 10 oz / day 

o A 32 pound dog would need about 32 fl oz (which is ~1 qt/day)  
o Horses need up to 40 quarts of water/day, and up to twice as much if working or 

lactating (and due to small stomachs must be given frequent drinks)   
o Cattle and mules: 30 qt/grown animal    
o Goats, sheep, pigs: 20 qt/grown animal 
o Chickens: 20 qt/100 chickens                                                                     © 2014  Kevin Briggs 

Vegetable gardens  

o Example of water needs for a 100 ft 2 vegetable garden needing one inch of water 
per week: 100 ft 2 x 2.48 qt = 248 qt for 1” watering/week (or about 62 gallons per 
week). See Table 83 for more watering info related to vegetables.        © 2014  Kevin 

Briggs 

 
540 Derived from various sources, such as the World Health Organization Technical Note #9 (7.1.05): “Minimum 

water quantity needed for domestic use in emergencies”, by Brian Reed and www.funlovingpets.com and “Peak 

horse health depends on water” by David L. Marshall, V.M.D., 6.22.04. 

http://www.funlovingpets.com/
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Table 83. Watering guidelines for vegetable gardens 541 

 © 2014 Kevin Briggs 
 

 

 
541 Derived from various sources, such as www.vegenag.com  , “Watering Vegetables … how much, how often” and 

http://www.ehow.com/how_12180_water-vegetables.html .  

 

Vegetable Type Watering Amount Comments 

Lettuce, onions, broccoli, 

cauliflower, carrots, and 

peas 

Water 2 times per week 

with 1 inch of water 

each time 

Note: If there is a 1” rain shower 

during week, then only water one 

additional inch.  

Tomatoes and melons 

Water 1 time every 2 

weeks with 1 inch of 

water, unless it hot 

Melons should receive about half this 

much watering in the last month 

before harvesting to improve 

sweetness.  

Peppers, beans, corn, 

squash, cucumbers and 

eggplant  

Water 1 time/week with 

one inch of water 

One good soak per week with one 

inch of water is far better than 

frequent shallow watering. 

General vegetable garden watering guidelines 

1. Remove weeds, as these rob water and can kill your vegetables. You can use anti-weed 
fabric to help control weeds between vegetable plants.   

2. Prepare (loosen) the soil before planting and ensure it has a good mix of organic matter in 
the soil (rather than mainly sand or clay). If the soil isn’t loosened, water may pool on the 
surface, keeping both water and air from reaching the roots.  

3. The best time to water your vegetables is usually in the morning. This helps to prevent loss 
of water due to evaporation during the heat of the afternoon and also helps prevent 
fungal diseases.  

4. Keep track of how much rain occurs each week so that you can adjust your watering 
appropriately.   

5. Soil should be moist down to about 5 or 6 inches from a 1 inch watering. This helps the 
roots to go deep and helps to produce healthy vegetables.  

6. If you use furrows on a hill for watering/irrigation, have them go horizontally along the hill 
versus vertically. You can also create watering reservoirs next to melons or squash by 
sinking a perforated pipe or coffee can next to these vegetables.  

7. Drip irrigation systems are very water efficient and can water individual plants. You can 
make your own by punching holes in a hose near the base of each plant.  

http://www.vegenag.com/
http://www.ehow.com/how_12180_water-vegetables.html
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Plan where you will obtain your water  

This section will help you plan how to obtain safe water during or after a nuclear disaster.    

There are three basic sources for meeting your water needs: 

1. Stored water 

2. Other safe water inside your home 

3. Water sources outside your home  

Stored Water 

If at all possible, you should try to store at least one month of water for your survival needs 

during a nuclear disaster. It’s best to store your water in a place in your home other than the 

garage, as fumes from a garage can penetrate some water containers. Water that is bacteria 

free should store for several years without any problems. Table 84 explains some options, along 

with their pros and cons, for storing water.  

Table 84. Pros and cons of water storage containers   

Container Pros and Cons Other information  

2 liter plastic 
(Polyethylene 
terephthalate, 
or PET) soft 
drink bottles  

Pros:  No (or low) cost. These bottles 

will hold up well over the years. Each 

person can have their own bottle.  

Cons:  No handles. Hard to stack. 

Carefully rinse them out with hot water (if 

use soap, rinse out well). If water is treated 

with chlorine, you don’t need more chlorine. 

If not, then add 2 drops of liquid regular 

liquid bleach as you refill each bottle. 542    

Plastic milk jugs 

 

Pros: Useful for brief storage/ transport  

Cons: Weak, leak, hard to seal, and 

have milk residue; will grow bacteria  

Not recommended for long-term water 

storage due to their biodegradation and milk 

contamination.   

New, food 

grade plastic 

(polyethylene) 

water barrels  

Pros:  Cost-effective. Can safely store 

water for years.   

Cons: Hard to move once filled.  Bulky. 

May burst in freeze if overfilled.  

May need both a bung wrench (to remove 

the screw caps) and a hand pump (or 

electric pump) to remove the water easily. 

Many sizes: 15, 30, 55, 160, 250 gallons, etc. 

© 2014  Kevin Briggs 

 
542 Use only regular liquid bleach that has as its only active ingredient 5.25% sodium hypochlorite. Dry or scented 

forms of bleach can be poisonous.  Also, do not use bleach that is over 2 years old as it loses strength over time. 

Some liquid bleach containers warn, "Not for personal use." You can disregard these warnings if the label states 

sodium hypochlorite is the only active ingredient and if you use the quantities in these instructions. (Source: FEMA, 

www.ready.gov/water  ) 

http://www.ready.gov/water
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Table 84. Pros and cons of water storage containers (continued) 543 

Container Pros and Cons Other information  

Used food grade 55 

gallon drums 

Pros:  Inexpensive. Durable. 

Cons: How clean? Bad taste in water. 

Buyer beware! Previous use can make for 

poor water storage.  May need new cap. 

3, 4, 5, or 6 gallon 

food grade pail  

Pros:  Low cost. Need air-tight lid. 

Cons: Difficult to stack.  

Can buy a lid with a spout. Be sure to buy 

food grade bucket and lid.   

Water stored in 5 

gallon metalized 

food grade bags. 

Pros:  Moveable, stackable, low cost.  

Cons: A bit challenging to fill. Easier 

with two people. Can be punctured.  

Once bag is filled, can be placed in box or 

other container to avoid puncture.  Avoid 

overfill due to freeze and other problems.  

Large, heavy-duty 

food-grade water 

bags or bladders  

Pros: Low – medium cost.  Compact, 

easily stored. Some transportable. 

Cons: Can be punctured. Some can 

be burst by jumping kids (our real-

world experience!). ☺ Needs more 

horizontal space than barrels.  

Water bags and bladders range in sizes 

from around 30 to 300+ gallons. Typically 

come with two openings, one for filling 

and a second with a built-in faucet.  

Several low $ variants use bathtubs for 

support, like WaterBOB & AquaPodKit   

New, food grade 

plastic jugs (less 

than 10 gallons) 

Pros:  Excellent for storage and 

portability (have handles/spouts). 

Cons: Can be expensive. Spout leaks.  

Some are called hedpaks, ecosets, and 

cubitainers. Hedpaks and cubitainers can 

have a separate faucet added.  

Waterbed Cons: Not designed for storing water. Not recommended. Not safe to drink. 

Swimming pool Pros: If use chemical free pool. Also, 

chemically treated water can be used 

if remove Chlorine and chemicals. 

Con: Chlorine levels (typically about 4 

times that of public water) and acid, 

are not good to drink. Outdoor pools 

are also at risk from fallout particles.  

Chemical free systems use ionization, but 

water needs to be purified still.  Chlorine 

& sulfuric acid in pools is unsafe to drink. 

Chlorine risk diminishes with heat, sun: 

http://hbd.org/ajdelange/Brewing_articl

es/BT_Chlorine.pdf.  Boiling or certain 

filters (like Brita) quickly reduce chlorine.     

Other large tanks or 

cisterns, rainwater 

systems, and water 

storage pits (latter 

as in Chapter 8 of 

Kearney’s Nuclear 

War Survival Skills) 

Pros: Can store large volumes of 

water. Cisterns can be used to collect 

and store rainwater.  

Cons: Can be expensive and cisterns 

or pits usually requires some on-site 

engineering,  fabrication, or 

installation 

See sites like the following for more info 

and options for rain barrels and cisterns:  

www.walmart.com 

www.rainwatercollection.com      

http://www.rainharvest.com/  

http://www.ntotank.com/ 

http://www.watertanks.com/  

http://www.oism.org/nwss/s73p919.htm  

© 2014 Kevin Briggs 

  
 

543 http://www.bayteccontainers.com/ and http://beprepared.com/ provide many examples of water storage options, 

like barrels, jugs, or bags. Stores like Walmart and Costco also offer good water storage options.  

http://hbd.org/ajdelange/Brewing_articles/BT_Chlorine.pdf
http://hbd.org/ajdelange/Brewing_articles/BT_Chlorine.pdf
http://www.walmart.com/
http://www.rainwatercollection.com/
http://www.rainharvest.com/
http://www.ntotank.com/
http://www.watertanks.com/
http://www.oism.org/nwss/s73p919.htm
http://www.bayteccontainers.com/
http://beprepared.com/
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Some other considerations for storing water are as follow: 

• Avoid using bottles, barrels, and containers that can't be sealed tightly 

• Avoid using containers made of glass in earthquake and blast-prone areas due to the 

possibility of breakage 

• Do not use containers that have ever held any toxic substance 

• Store water in a cool, dark place (other than the garage) if possible  

Other safe water inside your home 

Thankfully, your home typically will have tens of gallons of safe drinking water naturally stored 

in its existing water systems. The best home water source is normally the water heater (drained 

from the faucet at the bottom) and from draining water from the existing pipes from the lowest 

faucet in the home. To use the water from your hot water heater/tank, be sure the electricity 

or gas is off, and open the drain at the bottom of the tank. Start the water flowing by turning 

off the water intake valve and turning on a hot-water faucet. Do not turn on the gas or 

electricity when the tank is empty. To use the water in your pipes, let air into the plumbing by 

turning on the highest faucet in your house and draining the water from the lowest one.  

Using water from other sources, such as the toilet water upper holding tank is not 

recommended. However, if there is a dire need, water can also be taken from the toilet water 

holding tank (not the bowl!!), but only if no toilet fragrance or other cleaner has been used in 

this upper tank, and this water is then purified with chlorine or other purifier.   It is best if this 

water is then used only for sanitation purposes. 

Waterbeds can hold several hundred gallons of water, but they often contain toxic chemicals 

that are not fully removed by many purifiers (these can originate from fungicides added to the 

bed’s water or chemicals leached from the vinyl). Though not recommended, you can use some 

new waterbeds for storing water. If you use this for water storage, it is recommended that you 

drain it yearly and refill it with fresh water containing two ounces of bleach per 120 gallons. It is 

best if this water is then used only for sanitation (not drinking) purposes.  

Water sources outside your home  

If you find yourself in a situation without an internal supply of clean (stored) water, you can also 

use other outside water sources in a nuclear disaster.  Some of these involve significant risks if 

the water is not decontaminated and purified.  The following list, in order of increasing safety is 

provided for your consideration: 
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• Rainwater is a key source of water for most of North America, but will likely be highly 

contaminated with fallout if a rain event occurs during or shortly after fallout arrives.  

Rainwater and surface water will need to be filtered to remove fallout particles and if 

possible, should also be run through an earth filter to remove any residual dissolved 

radiation in the water.  Filtering out fallout particles should remove about 98% or the 

threat (a simple Brita® filter or a paper coffee filter –  which removes particles above 

about 15 micrometers in size, compared to local fallout which is typically 100 

micrometers or larger544 – should remove most of the threat).  Using a properly 

designed earth filter should help reduce much of the remaining ~2% of the fallout threat 

(that is, the dissolved radioactive elements, like Iodine 131). 545  Earth filters, or other 

filters with pore sizes smaller than a coffee filter, are required for Giardia, etc., as 

described later in this Appendix.  The following figures shows the annual total rainfall (in 

inches) for the Continental USA from 2008 and 2013 respectively, to help with planning 

purposes:  

Figure 266.  Total annual precipitation in the Continental USA for 2008  

 
544 See Hot particle article at http://en.wikipedia.org/wiki/Hot_particle and article on coffee filters at: 

http://en.wikipedia.org/wiki/Coffee_filter  
545 See Kearney’s Nuclear War Survival Skills, Chapter 8, for more information, available at: 

http://www.oism.org/nwss/s73p919.htm   

http://en.wikipedia.org/wiki/Hot_particle
http://en.wikipedia.org/wiki/Coffee_filter
http://www.oism.org/nwss/s73p919.htm
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Figure 267. Total annual precipitation in the Continental USA & Puerto Rico for 2013 

 

I recommend you go to the National Oceanic and Atmospheric Administration’s 

(NOAA’s) Rainfall Scorecard website to find the average rainfall for the nearest city, by 

month and year for your individual planning purpose.  See:  

http://www.srh.noaa.gov/ffc/?n=rainfall_scorecard for more information. 

• Streams, rivers, irrigation canals, and other moving bodies of water.  Just as with 

rainwater collection systems, any open water source that is concentrating fallout 

through rain/surface water runoff will be highly contaminated with radioactive particles 

and other contaminants.  If water from a stream, river, canal, etc., must be used, then 

any fallout particles should be filtered out as described above for rainwater systems.  

• Ponds and lakes.  The deeper the pond or lake, the safer the water generally is to use, 

at least from the perspective of fallout radiation risks.  Water that is muddy should be 

avoided, unless it is filtered carefully, as described in the rainwater recommendations 

above.  Surface water from deep, clear lakes is much safer than water from shallow, 

muddy sources, but should still be purified from waterborne diseases, fallout particles, 

etc.  A good earth filter should accomplish this easily.   

• Hand dug wells and seepage pits.  In the Biblical book of Genesis (7:24), Moses records 

how the Egyptians dug wells beside the Nile River to obtain safe drinking water.  In a 

similar way, hand dug wells near a radiation contaminated water source, like a lake or 

http://www.srh.noaa.gov/ffc/?n=rainfall_scorecard
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stream, can provide earth filtered water that is safer to drink.  Typically, you want 

several feet of earth between you and the polluted water supply, so that there is 

sufficient earth to filter the water effectively.  Obviously, any well that is dug needs to 

be protected from rainwater runoff and other contamination sources.  In addition, 

certain soils, such as sand and gravel, do not work well as water filters since they are too 

porous.  As with all of the methods for obtaining safe water, this water would need to 

be purified before drinking (see the section on Water purification for additional 

information on ways to accomplish this). 

• Swimming pools.  There are millions of swimming pools in North America. Backyard and 

indoor pools are prevalent in many areas, especially warm regions of America and 

represent a significant backup source of water for 10s to 100s of millions of people.  The 

problem with pools in the midst of a nuclear crisis is threefold: (1) if there is any 

radioactive fallout, this can get into an uncovered pool (2) most pools use chlorine and 

other chemicals to keep the water pure and clear (these can be at too high of a level for 

safe drinking) and (3) most pools contain other impurities, such as fecal matter that 

should not be ingested.  To overcome these problems in a nuclear disaster, there are 

three main recommendations: (1) to filter out fallout particles and reduce chlorine and 

other chemicals, a water filter (like Pur or Brita) can greatly reduce the amount of 

Chlorine and other chemicals (note: of the two brands, Pur reportedly removes more 

chemicals and organisms like Giardia and Cryptosporidium); or (2) if you don’t have a 

water filter, you can either make an earthen water filter (as described later in this 

Appendix) or you can just put the water through a clean cloth or coffee filter and then 

into a clear plastic water bottle or clean 2 liter PET (soda) bottle (with the labels 

removed) and keep it out in the direct sun for at least 8 hours of direct sun (the 

ultraviolet {UV} light from the sun will help to kill microorganisms and will break down 

the chlorine), or (3) you can first filter the water through a clean cloth or towel or coffee 

filter and then boil the water for 1 minute.  

• Wells, cisterns, and natural springs. These would generally be the safest source for 

water during a nuclear emergency, especially one involving radioactive fallout.  As long 

as these wells, cisterns, or natural springs are not contaminated by rainwater or other 

surface runoff, they should provide naturally “earth filtered” water.  If an EMP event has 

occurred, wells or other sources of water that require electrical pumps would need a 

hand operated pump or EMP protected power source to operated backup electrical 

pumps.  A backup diesel or propane generator, that isn’t connected to any commercial 

power source, should work well for this purpose as long as it isn’t connected to a long 

power line.  
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All of these sources of water will need to be treated to ensure they are safe to drink as 

described in the sections that follow.  

Water management 

Avoid rationing water 

As described earlier in this Appendix, the amount of water an individual needs is very 

dependent on the temperature, physical activities, health conditions, age, sanitation 

requirements, cooking requirements, etc.  Hence, although the government recommends 

planning on 1 gallon per day, you may need significantly more than this for the people you are 

trying to help.   

People should be allowed to drink at least until their thirst is quenched.  The minimum a person 

should drink is less than one quart (roughly 1 liter or 4 cups) each day.  It water is limited, it is 

better to manage the timing of work (to the cooler parts of the day) and the amount and type 

of work (as heavy labor demands much greater amounts of water and salt).  

Drink stored, covered, and uncontaminated water first; avoid dehydration 

In a nuclear crisis with fallout or radioactive plume risks, you should drink stored, covered water 

first.  If you don’t have stored water, then you should drink the safest water that is available, as 

described previously in this Appendix.   

If additional water purification and treatment is required, make this a high priority, as it is 

dangerous to become dehydrated.  Contrary to what is commonly taught (even at some 

government websites), caffeinated beverages such as tea, sodas, and coffee are not 

significantly dehydrating.  A 2004 report by the National Academy of Sciences concluded that all 

beverages with caffeine and carbonation, contribute to hydration, not dehydration. While 

caffeinated beverages can be a mild diuretic (causing you to urinate more frequently), 

caffeinated beverages typically don’t cause dehydration. 546 On the other hand, in scenarios 

that involve significant physical exertion, dehydration can occur quickly and sports drinks (or 

Oral Rehydration Solutions) help to replace lost electrolytes necessary for the body’s health.   

Signs of dehydration include: 

• Strong thirst (although not always present), dry mouth and possibly a swollen tongue 

• Weakness and/or dizziness and/or confusion and/or cramps 

• Small volumes of urine (~ less than 1 pint), darker urine and/or strong-smelling urine 

 
546 Article titled: HYDRATION: Does it Always Have to be Water?, at www.foodinsight.org, that quotes the 2004 

NAS study,  http://www.foodinsight.org/Content/3848/IFIC%20Hydration%20v2_12-8-11.pdf  

http://www.foodinsight.org/
http://www.foodinsight.org/Content/3848/IFIC%20Hydration%20v2_12-8-11.pdf
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Water purification 

There are three major steps that should be considered when purifying water in a nuclear 

emergency. 

1. Filter the water.  Filter out any particles. Cloudy or muddy water is often polluted with 

chemicals, fecal matter, pathogens, and in a nuclear emergency, can have fallout.  

Hence, the first step in any water purification process is typically to filter out any 

particles present in the water.  Good commercial filters include brands like Pur and 

Monolithic that handle a broad range of natural and nuclear threats, such as fallout 

particles and water-borne pathogens.  A more expensive but very good filter system for 

removing water dangers is Reverse Osmosis (or RO).  Additional information on filtering 

out threats is presented in the next section.   

2. Use natural processes to kill remaining bacteria and virus and other remaining 

pathogens. Natural processes include the use of biosand filters 547 and earth filters (such 

as described in Cresson Kearney’s Nuclear War Survival Skills book that can be found 

online at: http://www.ki4u.com/free_book/s73p919.htm ).  In addition to sand or earth 

filters, you can use UV light to purify water for very little cost (as long as you have 

enough sunlight a clear plastic bottles).  This process is also known as solar water 

disinfection (or SODIS).  For more information, see: www.sodis.ch/index_EN and 

www.cdc.gov/safewater/solardisinfection.html   

3. Use other manmade processes to purify water, such as boiling water, distilling water, 

and using chemicals like iodine, chlorine, and chlorine dioxide (note: chlorine dioxide is 

the preferred method as it is the only one that effectively kills Giardia and 

Cryptosporidium).   These methods are compared in the section that follows, which was 

derived from the Center for Disease Control (CDC) and other cited sources.  

Boiling, disinfectants, filters, and other water purification techniques 

Boiling 

Boiling does not remove fallout, but it does kill water borne pathogens effectively.  Before 

boiling any fallout contaminated water, the water should first be filtered to remove all particles 

(approximately 98% of the fallout threat is from particles).  At a minimum, you should filter the 

water through some clean clothing or a coffee filter or towel, etc.  Better yet, if you have an 

earth filter, as described in Chapter 8 of on line Nuclear War Survival Skills book (or some other 

similarly designed filter that removes radioiodines), you can eliminate essentially all of the 
 

547 See http://www.cawst.org/en/resources/biosand-filter and http://www.sswm.info/category/implementation-

tools/water-purification/hardware/point-use-water-treatment/bio-sand-filtrat  for more information.  

http://www.ki4u.com/free_book/s73p919.htm
http://www.sodis.ch/index_EN
http://www.cdc.gov/safewater/solardisinfection.html
http://www.cawst.org/en/resources/biosand-filter
http://www.sswm.info/category/implementation-tools/water-purification/hardware/point-use-water-treatment/bio-sand-filtrat
http://www.sswm.info/category/implementation-tools/water-purification/hardware/point-use-water-treatment/bio-sand-filtrat
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radioiodine (I-131) threat before boiling.  Note that boiling doesn’t eliminate dangerous 

radioactive iodine.  After filtration, the filtered water can be boiled to kill any residual 

microorganisms.  Boiling is one of the surest methods to make water safe to drink and kill 

disease-causing microorganisms. Boil water that is clear of sediments (that is, not cloudy) 

vigorously for one minute (you don’t need to boil the water for three minutes at altitudes 

above one mile, as some recommend, since the temperatures reached in boiling even at high-

altitudes are sufficient to kill microorganisms like Giardia and Cryptosporidium).  However, if 

the water to be purified is cloudy, you should boil it for 3 minutes (at any altitude) since the 

particles in the water can shield the microscopic organisms. To improve the flat taste of boiled 

water, aerate it by pouring it back and forth from one container to another and allow it to stand 

for a few hours, or add a pinch of salt for each quart or liter of water boiled.  See Table 86 for 

more information regarding boiling and the related process of distillation.   

Chemical Treatment 

If boiling and distillation are not practical due to a lack of fuel or for some other reason, certain 

chemicals will kill or inactivate most harmful, disease-causing organisms. For chemical 

disinfection to be effective, the water must be filtered and settled first. Chlorine and iodine are 

two historical chemical treatments commonly used to purify water. They are only somewhat 

effective in protecting against exposure to Giardia, but are not effective in controlling more 

resistant organisms like Cryptosporidium. Chlorine is generally more effective than iodine in 

controlling Giardia, and both disinfectants are more effective in warm water. See Table 86 for 

more information regarding purification specifics (such as how many drops of chlorine bleach to 

add) and the pros and cons of chlorine and iodine for water purification.  Finally, just as with 

boiling, remember that chemically treating water does not remove any radiation threats.   

The most effective form of chemical water treatment is chlorine dioxide.  Chlorine dioxide has 

been proven to be effective against a broad range of pathogens, including (to a moderate 

degree) Cryptosporidium according to the US Environmental Protection Agency and the CDC, if 

manufacturer instructions are followed.548  The following information is derived from the CDC 

and provides details regarding how to use chlorine and iodine to purify water against 

Cryptosporidium, Giardia, bacteria and viruses.  

 

 
548 See http://beprepared.com/katadyn-micropur-purification-tablets-package-of-20.html and 

http://www.potableaqua.com/products-chlorine-dioxide.php for more information.  

http://www.cdc.gov/healthywater/disease/az.html#Giardia
http://www.cdc.gov/healthywater/disease/az.html#Cryptosporidium
http://www.cdc.gov/healthywater/disease/az.html#Giardia
http://www.cdc.gov/healthywater/disease/az.html#Cryptosporidium
http://beprepared.com/katadyn-micropur-purification-tablets-package-of-20.html
http://www.potableaqua.com/products-chlorine-dioxide.php
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Cryptosporidium (also known as Crypto) 549 

o Potential health effects from ingestion of water contaminated with Cryptosporidium are: 

▪ Gastrointestinal illnesses like diarrhea, vomiting, and stomach cramps/pain 

▪ Dehydration and weight loss 

▪ In 1993, a Crypto outbreak infected over 400,000 in Wisconsin and killed over 100 
people 550 

o Sources of Cryptosporidium in drinking water are: 

▪ Human and animal fecal waste 

o Methods that may remove some or all of Cryptosporidium from drinking water are: 

▪ Boiling (rolling boil for 1 minute) has a very high effectiveness in killing 

Cryptosporidium; 

▪ Filtration has a high effectiveness in removing Cryptosporidium when using an 

absolute less than or equal to 1 micron filter; 

▪ Disinfection with iodine or chlorine is not effective in killing Cryptosporidium; 

▪ Disinfection with chlorine dioxide has a low to moderate effectiveness in killing 

Cryptosporidium; 

▪ Combination filtration and disinfection has a very high effectiveness in removing 

and killing Cryptosporidium when used with chlorine dioxide and an absolute less 

than or equal to 1 micron filter. 

Giardia intestinalis (also known as Giardia lamblia) 551 

o Potential health effects from ingestion of water contaminated with Giardia are: 

▪ Gastrointestinal illness like diarrhea, vomiting, cramps 

▪ Gas, greasy stools that float, dehydration 

o Sources of Giardia in drinking water are: 

▪ Human and animal fecal waste 

o Methods that may remove some or all of Giardia from drinking water are: 

▪ Boiling (Rolling boil for 1 minute) has a very high effectiveness in killing Giardia; 

 
549 Derived from:  http://www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html  
550 http://rrsd.org/crypto.htm Roanoke Rapids Sanitary District  
551 Derived from:  http://www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html 

http://www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html
http://rrsd.org/crypto.htm
http://www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html
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▪ Filtration has a high effectiveness in removing Giardia when using an absolute less 

than or equal to 1 micron filter; 

▪ Disinfection with iodine or chlorine has a low to moderate effectiveness in killing 

Giardia; 

▪ Disinfection with chlorine dioxide has a high effectiveness in killing Giardia; 

▪ Combination filtration and disinfection has a very high effectiveness in removing 

and killing Giardia when used with chlorine dioxide and an absolute less than or 

equal to 1 micron filter. 

Bacteria - (for example, Campylobacter, Salmonella, Shigella, E. coli) 552 

o Potential health effects from ingestion of water contaminated with bacteria are: 

▪ Gastrointestinal illness (for example, diarrhea, vomiting, cramps). 

o Sources of bacteria in drinking water are: 

▪ Human and animal fecal waste. 

o Methods that may remove some or all of bacteria from drinking water are: 

▪ Boiling (Rolling boil for 1 minute) has a very high effectiveness in killing 
bacteria; 

▪ Filtration has a moderate effectiveness in removing bacteria when using an 
absolute less than or equal to 0.3 micron filter; 

▪ Disinfection with iodine or chlorine has a high effectiveness in killing bacteria; 

▪ Disinfection with chlorine dioxide has a high effectiveness in killing bacteria; 

▪ Combination filtration and disinfection has a very high effectiveness in 
removing and killing bacteria when used with iodine, chlorine, or chlorine 
dioxide and an absolute less than or equal to 0.3 micron filter. 

Viruses - (for example, enterovirus, hepatitis A, norovirus, rotavirus) 553 

o Potential health effects from ingestion of water contaminated with viruses are: 

▪ Gastrointestinal illness (for example, diarrhea, vomiting, cramps), hepatitis, 
meningitis. 

o Sources of viruses in drinking water are: 

▪ Human and animal fecal waste. 

 
552 Ibid.  
553 Ibid.  
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o Methods that may remove some or all of viruses from drinking water are: 

▪ Boiling (Rolling boil for 1 minute minimum) has a very high effectiveness in 
killing viruses; 

▪ Filtration is not effective in removing viruses; 

▪ Disinfection with iodine or chlorine has a high effectiveness in killing viruses; 

▪ Disinfection with chlorine dioxide has a high effectiveness in killing viruses; 

▪ Disinfection has a high effectiveness in killing viruses when used with iodine, 
chlorine, or chlorine dioxide. 

Distillation 

While boiling kills essentially all dangerous microbes and chlorination kills most microbes in 

water, distillation will remove microbes (germs) that resist these methods, as well as heavy 

metals, salts and most other chemicals. Distillation involves boiling water and then collection of 

only the vapor that condenses. The condensed vapor will not include salt or most other 

impurities. To distill, fill a pot halfway with water. 

Tie a cup to the handle on the pot’s lid so that the cup will hang right-side-up when the lid is 

upside-down (make sure the cup is not dangling into the water) and boil the water for 20 

minutes. The water that drips from the lid into the cup is distilled. 

Filters 

Water filters can remove harmful, disease-causing organisms from drinking water. Most of the 

portable filters on the market do not effectively remove viruses, thus chemical disinfection of 

water is usually needed after filtering in order to make water safer for drinking. Some portable 

water filters designed to remove Giardia and Cryptosporidium have "absolute" pore sizes of 0.1 

to 1-micrometer and, therefore, may also remove most diarrhea-causing bacteria (0.1 

micrometer absolute). However, viruses are smaller than 0.1 micron and will NOT be removed 

by filters with a pore size of 0.1 or larger. Iodine, or preferably chlorine dioxide, can be added to 

filtered water to kill viruses that may pass through these filters.   

Why worry about water purification?  If there is any disruption in the public water supply, 

disease can spread through impure water. A good rule of thumb is to consider all non-treated 

or non-tested water as impure and capable of causing gastrointestinal (GI) problems. All open-

air water sources like lakes and streams should be considered contaminated. Conventional 

folklore has often stated that cool water from a mountain stream is probably safe – but this is 

wrong!  Many organisms, like Giardia, can survive for long periods of time in cold water and it 

http://www.cdc.gov/healthywater/disease/az.html#Giardia
http://www.cdc.gov/healthywater/disease/az.html#Cryptosporidium
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can be introduced into the water system by birds and small animals. Even water from a spring 

may be polluted with dangerous organisms or man-made contaminants (like pesticides).  

Giardia is the most frequent cause of stomach/intestinal problems associated with drinking 

water in North America. One study on Colorado wildlife showed that 40% of the tested beavers 

and muskrats had Giardia. 554 Other studies have shown that many open-air water supplies in 

the USA contain this parasite 555 and that many animals, like cats556 and dogs as well as humans, 

carry this parasite unknowingly. In the U.S., Giardia is the parasite most commonly identified in 

stool specimens submitted to laboratories. From 1977 - 1979, approximately 4% of 1 million 

stool specimens submitted were positive for Giardia. Other surveys have shown Giardia 

prevalence rates ranging from 1 to 20% depending on factors like location and age. 557 Giardia 

can easily spread anywhere that human fecal matter is present, like daycare centers (due to the 

need to change diapers). For those who want to learn more about Giardia and how to mitigate 

it, see:  www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html. 

Table 85 provides some information on the pore size needed in a filter to strain out specific 

organisms. Sources for this table include: (1) the Center for Disease Control (CDC) at 

http://www.cdc.gov/parasites/crypto/gen_info/filters.html, (2) various articles and test results 

from http://akvopedia.org/wiki/Water_Portal and manufacturers websites, like 

http://www.lifesaversystems.com/resources/technical-information, and (3) WATER 

DISINFECTION, (PAHO/CEPIS/PUB/03.89), World Health Organization, 2003. The major 

conclusion that can be determined from this table and from other studies is that to strain out 

bacteria and parasites, you need to have a 0.2 micron absolute filter or smaller, which is 

possible with many ceramic and carbon filters today. To filter out viruses, you must have a 

minimum of a .025 micron size pore, which is possible with the LifeSaver® series of filters.  

  

 
554 See www.travelhealth.com/purwtr.htm for more information.     
555 See http://www.fc.net/~tdeagan/water/one.html#Back-country water 
556 See http://www.agric.gov.ab.ca/agdex/600/55-6.html 
557 From: GIARDIASIS: By Dennis D. Juranek, Chief, Epidemiology Activity Parasitic Diseases Branch, Division 

of Parasitic Diseases, Centers for Disease Control. (See: http://www.fc.net/~tdeagan/water/one.html) 

http://www.cdc.gov/healthywater/drinking/travel/backcountry_water_treatment.html
http://www.cdc.gov/parasites/crypto/gen_info/filters.html
http://akvopedia.org/wiki/Water_Portal
http://www.lifesaversystems.com/resources/technical-information
http://www.travelhealth.com/purwtr.htm
http://www.agric.gov.ab.ca/agdex/600/55-6.html
http://www.fc.net/~tdeagan/water/one.html
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Table 85. Filter pore sizes needed for water purification 

Organism Pore Size Needed Filter Technology to Accomplish 

Parasites (like Giardia, 
Cryptosporidium, etc.) 

1 micron or less Carbon and ceramic filters with 3 

microns absolute filtering capability 

Bacteria (like Cholera, E. 

coli, Salmonella – that 

causes Typhoid) 

0.2 microns  (smallest 

bacteria are about 

0.2 microns wide) 

Carbon and ceramic filters with ≤ 0.2 

micron absolute filtering capability (such 

as the Monolithic® Water Filter ceramic) 

Viruses (like Polio and 

Hepatitis) 

0.025 microns 

(smallest viruses)   

Reverse Osmosis filter ≤ 0.0001 microns. 

LifeSaver® blocks 0.015+ micron objects. 

 

Filters that use ordinary (or even silver-impregnated) charcoal or carbon help improve the taste 

of water by removing some chemicals and large particles, such as chlorine and dirt, but are not 

intended for use in filtering out harmful microorganisms.  Properly manufactured filters with 

iodide-impregnated resin are effective at killing most species of bacteria and virus present in 

water, however, their effectiveness against Giardia is less well known, especially with cold 

water. Experiments show that many Giardia cysts in cold water (4 C) remain viable after 

passage through filters containing iodide disinfectants. 558 In one study where four filters (First 

Need, H20K, Katadyn, and the Pocket Purifier) were evaluated for their ability to remove 

Giardia cysts, only the First Need and Katadyn filters removed 100% of the cysts. 559 

My personal recommendations to purify drinking water are as follows: 

1. First use pure water stored in sealed containers, such as water bottles. You can also use 

clear water or soda bottles to purify water using sunlight with 6+ hours of direct sun.  

2. Filter water through an expedient earth filter to help remove radiation and other 

contaminants.  Recommend also using LifeSaver® filters to remove pathogens/viruses. 

3. Filter water using LifeSaver® products, which are effective against all pathogens, to 

include viruses.  Other options include the LifeStraw® Family or Community filters.   

Pros and cons of common methods for water purification 

The series of tables that follow provides some pros and cons of some water purification 

techniques, and use the same sources as Table 6.  This list isn’t meant to be exhaustive, but 

should give the reader some ideas as to how best to obtain pure water in a nuclear crisis.   

 
558 Marchin, B.L., Fina, L.R., Lambert, J.L., Fina, G.T. Effect of resin disinfectants--13 and --15 on Giardia muris 

and Giardia lamblia. Appl Environ. Microbiol. 46:965-9, 1983.  
559 Ongerth JE, Johnson RL, Macdonald SC, Frost F, Stibbs HH. Back-country water treatment to prevent 

Giardiasis. American Journal of Public Health 1989; 79(12):1633-7. 
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Table 86. Pros and cons of common methods for water purification 560 

Purification type/description  Pros, cons, and recommendations 

Pasteurization. Used to ensure safe drinks (like 

milk), occurs at 131 F (55 C) for 30 minutes or 

at 149 F (65 C) for 1 minute. Water that is “too 
hot to touch” usually has a temperature of more 

than 131 F and, often, more than 149 F. The 
time required for pasteurization normally occurs 
with momentary boiled water (the time to bring 
to a boil + the time to cool). Boiled tea or coffee 
is normally safe to drink.  Pasteurization doesn’t 
remove radioactive iodine (I-131) from water.  

Pro: Needs less fuel to purify water than boiling.  

Cons: (minor) Pasteurized water is not sterile 

(just as with pasteurized milk). Both typically 

contain some organisms that survive. While there 

are bacterial spores that can survive brief boiling, 

no known intestinal pathogen, like Giardia, 

survives pasteurization. 

Recommendation: Do not use with cloudy water 

or muddy water (instead, boil for 3 minutes). 

Boiling. All common dangerous microorganisms 

are killed with 1 minute of boiling (212 F (100 

C)). Boil for 3 minutes if water is cloudy. Water 

does not need to be boiled longer at higher 

elevations (as some suggest), because even the 

reduced high-altitude boiling point remains well 

above temperatures required to kill dangerous 

organisms. See the rules on pasteurization 

above that in most cases will suffice for safe 

drinking water.  Boiled water tastes better if you 

put oxygen back in it by pouring it back and 

forth in two containers.  

Pros: Safe method for sterilizing water by killing 

dangerous organisms such as cholera or Giardia. 

Cons: Does not remove chemical pollutants, like 

I-131. May require much fuel and a fire resistant 

pot (boiling one quart of water for a minute 

typically requires about two lbs. of wood). Also 

requires time for boiling and cooling.  

Recommendations: If you boil to sterilize your 

water, be sure to store enough fuel (for example, 

roughly 4 lbs. of wood for a day’s minimum 

drinking water). You may want a solar oven or 

other renewable energy driven device for boiling. 

Distillation. Involves collecting the water vapor 

released from boiling water or from heat-

induced evaporation that condenses on a 

surface and is collected in a clean container.  

Distillers can be made from common items like 

clear plastic wrap, a plastic tube, and a cup. 

Pros: Distillation removes fallout and most 
dangerous items in water (note:  but doesn’t 
remove dangerous radioactive iodines, like I-131). 

Cons:  Commercial distillers are expensive and 
require power sources. Expedient distillers have 
limited capacity. They don’t remove radioiodines. 

Recommendation: Learn how to build a distiller. 

Chlorine Dioxide.  One of the best overall 

chemicals for water purification. It can be 

effective against Giardia under most conditions 

and against Cryptosporidium in warmer, clear 

(low turbidity) water. 

Pros: Better than chlorine and iodine for purifying 
water with Giardia and Cryptosporidium. 

Cons: Does not remove radiation risks from 
water. Requires hours of contact time to kill some 
pathogens in water, like Cryptosporidium. 

 
560 Info in this table was derived from: WATER DISINFECTION, (PAHO/CEPIS/PUB/03.89), WHO, 2003, 

www.ready.gov/water and www.cdc.gov and Nuclear War Survival Skills, Chapter 8, by Cresson Kearney. 

http://www.ready.gov/water
http://www.cdc.gov/
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Table 86. Pros and cons of common methods for water purification (Part 2) 

Purification type/description  Pros, cons, and recommendations 

Iodine: Iodine tablets have been used by Army for 

water purification. Kills most dangerous organisms 

(can kill Giardia better than Chlorine does). 

Apparently not effective against Cryptosporidium. A 

typical dose is 1 tablet for 1 quart or liter of clear 

water or 2 for cloudy (I’d recommend 2 because of 

Giardia even in clear water, but always read 

instructions of manufacturer). Tincture of Iodine (2% 

solution) can be added at the rate of 5 – 10 drops (for 

clear – cloudy water) for one quart or liter. Let stand 

for 30+ minutes if clear and warm (or 1 - 8 hours if it 

is cold or cloudy) before using Iodine treated water. 

Can add Vitamin C afterwards to improve taste.   

Pros: Fairly low cost. Tablets are portable. Kills most 

dangerous organisms. Not as affected by dissolved 

organics and high pH as chlorine. Giardia can be 

effectively killed with hour-long exposures. [This can 

also be viewed as a “Con” if you don’t like to wait] 

Cons: Does not remove chemical pollutants. Iodine is 

not effective against Cryptosporidium. Tablets 

typically lose 20% of their potency in 6 months (avoid 

heat/light/moisture). Waiting 30+ minutes or hours. 

Recommendation: Not good for those with thyroid 

disease (can cause “iodism”) and should be avoided 

during pregnancy (can cause goiters in newborns).  

Tablets are useful when traveling.  

Chlorination. Add 2 drops of Clorox bleach per quart 

or liter of water (four drops if the water is cloudy), 

stir and let stand for a minimum of 1 hour (or 8 if 

water is cold). If time constrained, 30 minutes will kill 

most organisms, but not Giardia, the most common 

pathogen in U.S. waters. If the water does not taste 

and smell of chlorine, add another dose and let stand 

another 15 minutes. Stir in 1 – 2 scant teaspoons for 

10 gallons of clear – cloudy water. 561  At pH values of 

7.5+, effectiveness of chlorine is greatly reduced. 

Pros: Very cost effective. Kills most pathogens.  

Cons: Bad taste. Chlorination is not effective against 

Cryptosporidium (but will kill Giardia with extended 

exposures).  Does not remove chemicals. Loses 

roughly 50% potency in 1 year. Waiting 30+ minutes 

for pathogens to die. Effectiveness reduced by high 

pH and dissolved organics (as with cloudy water).   

Recommendation: Buy at least one gallon for 

purification, cleaning dishes, utensils, sanitation, etc. 

Solid Carbon Block Filters: Water is forced through 

pores of a densely compacted carbon block to help 

remove parasites, bacteria, dangerous chemicals, & 

heavy metals. This is not to be confused with granular 

Activated Carbon used in to remove the taste of 

chlorine, but which is not effective in removing 

contaminants and can become a breeding ground for 

bacteria (as can carbon blocks). 

Pros: Can reduce chlorine, taste and odor problems, 

and filters out a wide range of dangerous organisms 

and chemicals. They can serve the purpose of day-to-

day water filtration as well as contingency use with 

the optional hand pump.  

Cons: These units are relatively expensive and can 

become a breeding ground for bacteria.  

 

 
561 If you don’t have a dropper, use a spoon and a square-ended strip of paper or thin cloth about ¼ inch by 2 inches. 

Put the strip in the spoon with an end hanging down about 1/2 inch below the scoop of the spoon. Place bleach in the 

spoon and carefully tip it. Drops the size of those from a medicine dropper will drip off the end of the strip.  
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Table 86. Pros and cons of common methods for water purification (Part 3) 

Purification type/description  Pros, cons, and recommendations 

Fiber (glass or polyethylene) with carbon: These 

filters can be effective at removing protozoa (like 

Giardia) and bacteria, but not viruses. If contain 

iodinated resin, they can kill viruses, if there is 

sufficient contact time. They are commonly 

available through Sporting Goods stores and 

provide immediate, potable water for hikers and 

campers.  One of the best known brands of fiber 

filters is the LifeStraw® family of products. 

Pros: Relatively inexpensive up-front. They can 

reduce chlorine, taste and odor problems, and 

filter out most dangerous organisms. 

Cons: Some units, such as the basic LifeStaw ® 

cannot filter viruses.  These also don’t filter out 

radioactive iodine. 

Recommendations. LifeStraw® can filter out 

pathogens, except viruses.  LifeStraw® Family 

or Community filters can also remove viruses. 

Reverse Osmosis (RO). Reverses the natural flow 

of pure water through a membrane. It does this 

by putting pressure on impure water and forces 

it through a filtering membrane to make pure 

water. Without the pressure, the pure water 

would flow the opposite direction due to 

osmosis.   

Pros:  Removes all pathogens, to include viruses. 

Cons:  Not portable. Doesn’t remove radioiodine. 

Needs water pressure.  Wastes water.  Expensive. 

Recommendation: Cannot use unless you have 

water pressure. If you need commercial power to 

provide water pressure, you have a problem.  

Ceramic Filters: Use a process where water is 

either gravity fed or pumped through a ceramic 

filter media. Effective against parasites (like 

Giardia) and bacteria, but typically doesn’t 

remove viruses. To overcome this, some add 

iodine resins. If contain iodinated resin, they can 

kill viruses, if there is sufficient contact time. 

Some use silver-permeated ceramic to inhibit 

bacterial growth.  

Pros:  Can filter out most bacteria and parasites. 

Pumps can provide immediate water. Low cost.  

Cons: Filter may have hidden cracks or 

deteriorate in time. Ceramic can crack when 

frozen with water inside. Cannot entirely filter 

viruses. Unless used with carbon filters, cannot 

remove radioactive isotopes, like Iodine 131.  

Recommendation: Well-known brands include: 

British Berkefeld®, Monolithic®, and Katadyn®. 

Silver and Copper. Silver & copper have been 

used for centuries as water purifiers. Silver is 

approved by the EPA as a surface disinfectant. 

When settlers moved across the American West, 

it is reported that they would purify a container 

of water by putting a silver dollar in it overnight. 

Some silver solutions on the market have 

claimed that they may be useful for water 

purification. Some silver and copper products 

are also used to purify pool water.  

Pros: Silver and copper have a long history of 

disinfecting water. 

Cons: Colloidal Silver or Copper is relatively 

expensive. Silver and Copper do not remove 

any chemicals or organic/inorganic matter.   

Recommendations:  In addition to the World 

Health Organization research on colloidal silver,  

you can  check for more info on silver/copper 

at: www.purestcolloids.com/learning.php  and  

http://whqlibdoc.who.int/paho/2003/a85637.pdf  

http://www.purestcolloids.com/learning.php
http://whqlibdoc.who.int/paho/2003/a85637.pdf
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Table 86. Pros and cons of common methods for water purification (Part 4) 

Purification type/description  Pros, cons, and recommendations 

Solar disinfection (or SODIS): In areas where 

there is ample direct sunlight, the thermal and 

ultra violet (UV) properties of light from the sun 

can kill all known pathogens (bacteria, protozoa, 

and viruses).  In some studies, the thermal 

heating associated with sunlight pasteurizes the 

water and hence kills the pathogens.  Other 

studies suggest the UV directly and indirectly kill 

pathogens, such as with oxygen free radicals.  

See earlier section on Pasteurization for 

additional helpful information related to SODIS. 

Pros: Can have essentially no cost up front. 

Thermal action can kill via pasteurization.   

Cons: Requires a long time (reportedly 6 or so 

hours of direct sunlight) exposure on bottles. 

Some studies have suggested that the UV-A 

contributes little to killing pathogens. Doesn’t 

remove any radioactive risks. 

Recommendations.  The thermal approach is 

well understood. I wouldn’t rely on UV alone. 

Solar stoves/ovens can help speed process.  

Should filter water prior to remove fallout.   

Slow sand filtration (SSF):  This system has been 

used for centuries to purify water.  It passes 

water through various sand/earth filters to 

remove the cloudiness in the water, as well as to 

remove pathogens.  It consists of a box or tank, a 

sand filter, a biological layer (that traps and 

digests pathogens) is made up of algae, 

plankton, protozoa, bacteria, etc., and the 

regulating control devices.  

Pros: Simple.  Low maintenance.  Removes 

both radiation and pathogens.  No electricity. 

Cons: Slow. Takes up a large area.  Needs to be 

carefully maintained to ensure pathogens 

killed. Must be carefully designed and can take 

weeks for the filter to be ready for use.  At low 

temperatures (below 5° C or 41° F), the SSF 

biological filter can lose 50% of its efficiency.   

Recommendations.  Build in advance.  

Bio-Sand Filter (BSF):  A BSF is a subset of the 

Slow Sand Filter described immediately above.  

This type of filter is generally for home use and is 

usually about 1 meter tall and less than 0.5 

meter wide.   

Pros: Simple.  Low maintenance.  Removes 

both radiation and pathogens.  No electricity. 

Cons: Needs to be carefully maintained. 

Recommendations.  See the following sites: 

www.cawst.org/en/resources/biosand-filter &  

http://www.hydraid.org/  

Expedient Earth Filter:  As described in the book, 

Nuclear War Survival Skills:  1. Punch nail holes 

in the bottom of a plastic bucket or can (punch 

from bottom up within about 2” of the center.  

2. Put ~ 1” of pebbles or small stones on bottom. 

3. Cover the pebbles with cloth. 4. Put about 7” 

of clayey soil taken from at least 4” below 

ground (not just sand or clay), crush it, & put on 

top of cloth. 5. Put porous cloth on top of soil.   

Pros: Simple.  Low maintenance.  Removes 

both radiation and pathogens.  No electricity. 

Cons: Quickly clogs. Replace cloth and soil.  

Recommendations.  See Chapter 8 of Nuclear 

War Survival Skills for additional information on 

this type of expedient water filter.  A filter such 

as this can help remove radioactive fallout and 

iodine as well as other pathogenic impurities.   

http://www.cawst.org/en/resources/biosand-filter
http://www.hydraid.org/
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Appendix F – Food in nuclear emergencies 

Biblical perspectives on food 

The wise store up choice food and olive oil, but fools gulp theirs down. 

(Proverbs 21:20, New International Version) 

“When the Son of Man comes in his glory, and all the angels with him, then he will sit on his 

glorious throne. Before him will be gathered all the nations, and he will separate people one 

from another as a shepherd separates the sheep from the goats. And he will place the sheep 

on his right, but the goats on the left. Then the King will say to those on his right, ‘Come, you 

who are blessed by my Father, inherit the kingdom prepared for you from the foundation of 

the world. For I was hungry and you gave me food … “Then he will say to those on his left, 

‘Depart from me, you cursed, into the eternal fire prepared for the devil and his angels. For I 

was hungry and you gave me no food … Then they also will answer, saying, ‘Lord, when did 

we see you hungry or thirsty or a stranger or naked or sick or in prison, and did not minister to 

you?’ Then he will answer them, saying, ‘Truly, I say to you, as you did not do it to one of the 

least of these, you did not do it to me.’ And these will go away into eternal punishment, but 

the righteous into eternal life.”   (Matthew 25: 31-35, 41-42, 44-46; English Standard Version {ESV}) 

It is as I told Pharaoh; God has shown to Pharaoh what he is about to do. There will come seven 

years of great plenty throughout all the land of Egypt, but after them there will arise seven 

years of famine, and all the plenty will be forgotten in the land of Egypt. The famine will 

consume the land, and the plenty will be unknown in the land by reason of the famine that will 

follow, for it will be very severe. And the doubling of Pharaoh's dream means that the thing is 

fixed by God, and God will shortly bring it about. Now therefore let Pharaoh select a discerning 

and wise man, and set him over the land of Egypt. Let Pharaoh proceed to appoint overseers 

over the land and take one-fifth of the produce of the land of Egypt during the seven plentiful 

years. And let them gather all the food of these good years that are coming and store up grain 

under the authority of Pharaoh for food in the cities, and let them keep it. That food shall be a 

reserve for the land against the seven years of famine that are to occur in the land of Egypt, so 

that the land may not perish through the famine." (Genesis 41:28-36, English Standard Version) 

Go to the ant, you sluggard. Consider her ways, and be wise; which having no chief, overseer, or 

ruler, stores her food in the summer, and gathers her provision in the harvest. (Proverbs 6:6-8) 

Behold, Yahweh's eyes are on those who fear him, on those who hope in his loving kindness; to 

deliver their soul from death, to keep them alive in famine.  (Psalms 33: 18-19) 
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People curse whoever hoards grain, but blessing will be on the head of the one who sells it. 

                                                                                                                                  (Proverbs 11:26)   

The preceding Bible passages provide some important insights into what God considers wise in 

relationship to food.  The first verse, Proverbs 21:20, specifically states that God calls a person 

“wise” who stores up food and olive oil versus eating up all the food they have. The Bible has 

numerous stories of people who are short of food due to either famine or war562 and so 

commends those who prepare in advance for food shortages by stocking up on key supplies.  

The second passage quoted from the Biblical book by Matthew recounts Jesus’ words about 

how we will be judged someday.  In this case, Jesus says that after death, people will be judged 

by whether they shared their food with those in need.  The King (Jesus) commends those who 

shared their food, saying:  Then the King will say to those on his right, ‘Come, you who are 

blessed by my Father, inherit the kingdom prepared for you from the foundation of the world. 

For I was hungry and you gave me food … Likewise, Jesus condemns those who refused to 

share their food, saying:  “Then he will say to those on his left, ‘Depart from me, you cursed, 

into the eternal fire prepared for the devil and his angels. For I was hungry and you gave me 

no food’” Jesus says that when you share your food with the needy, you share it with Him and 

likewise when you withhold food from the needy, He considers it just as if you refused to feed 

Him (that is, Jesus) in time of need.   

The next Bible passage recounts the story of how Joseph, as a leader in Egypt, was forewarned 

by God that there was a seven year famine approaching the world, but that there would be 

seven years of plenty that would proceeded this famine.  God warned Pharaoh to store up food 

during the plentiful years so that people would not starve during the famine.  Hopefully, our 

national leaders will consider the example of Joseph and store up grain and other food for 

future famines that could strike North America due to disasters like nuclear EMP or war. If we 

do so, then we could also continue to feed other countries that depend on being able to 

purchase our food to feed their people. The USA and Canada have traditionally exported much 

of their produce to feed areas of the world that don’t produce enough food.  If we don’t store 

up food for future famines, multitudes could die, not only in the USA and Canada, but also in 

 
562 For example: (1) Abraham moved to Egypt to escape a famine (see Genesis 12:10), (2) similarly, Isaac moved to 

Gerar due to a famine (see Genesis26:1), Israel (Jacob) and his family moved to Egypt in order not to perish during 

a 7 year worldwide famine (see Genesis 41 – 47), King David experienced a famine in Israel due to the God’s 

judgment on behalf of the Gibeonites (see 2 Samuel 21), Jerusalem experienced a famine during the Babylonian 

siege (2 Kings 25) as did Samaria earlier during the time of Elisha (2 Kings 6 and 7), and during the Apostle Paul’s 

time, there was a worldwide famine (Acts 11:28), just to name a few examples from the Bible. 
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other countries that depend on our food exports (such as those in Central America, Northern 

Africa, and the Middle East). 563 

In contrast to the example of Joseph acting as a ruler on behalf of the Egyptians with national 

level programs to store and distribute food, the next verse from Proverbs 6 illustrates how the 

Ant is wise in that it stores food, even without national leadership’s help. If we follow the Ant’s 

example, we will not wait for our government leaders to come up with food storage and 

distribution solutions for times of crisis.  I believe God is showing us the wisdom of taking food 

storage as a personal responsibility.  

The next quote from Psalm 33:18-19 reminds us that God (Yahweh of the Bible) provides for 

those who fear Him and trust in His loving kindness to keep us alive in famine.  This doesn’t 

relieve us of personal responsibilities to prepare for famine.  Indeed, if you don’t personally 

prepare when you could, as recommended by many Scriptures, you are likely to die in a severe 

famine (we reap what we have sown).  Instead, I think that this means we can be generous with 

our food in times of famine and God will miraculously provide for us if we follow the prompting 

of His Spirit when we are asked to share our food.  There are many circumstances where 

sharing your food may not be God’s will.  However, I hope we will all listen to His Spirit, and be 

available to share some of our food in a crisis, like the widow did for Elijah (1 Kings 17).  We 

must balance the verses about giving to the needy with the verses of caring for our families (like 

1 Timothy 5:8).   

One final thought:   We may be directed by God to share (or sell) our food when it seems 

impossible that we can then survive.  God holds our lives in His hand.  God says that people will 

curse those who hoard grain, but will bless those who righteously sell it (Proverbs 11:26).  He 

can give us miraculous flour, oil, and manna; or multiply a few fish and loaves to feed a 

multitude (see Exodus 16 and Matthew 14 and 15).  May He give you His wisdom and loving 

faith if you are called upon someday to share you limited food supplies during a crisis.    

Overall recommendations related to food 

- Store at least two months of food in long term storage containers (like commercially 
canned food or food in air-tight sealed pails with the oxygen removed) 

- Store more food if you are able.  Food will be more valuable than gold in a food crisis. 
You should think now about whether God would have you prepare to feed your 
neighbors, extended family, and others who will be unlikely (or unable) to prepare.  

 
563 www.nationalaglawcenter.org/wp-content/uploads/assets/crs/RL33499.pdf, 

http://en.wikipedia.org/wiki/Food_power, www.theguardian.com/environment/2013/may/07/half-population-food-

imports-2050; http://apps.fas.usda.gov/psdonline/ ; 
www.worldhunger.org/articles/Learn/world%20hunger%20facts%202002.htm#Number_of_hungry_people_in_the_

world  

http://www.nationalaglawcenter.org/wp-content/uploads/assets/crs/RL33499.pdf
http://en.wikipedia.org/wiki/Food_power
http://www.theguardian.com/environment/2013/may/07/half-population-food-imports-2050
http://www.theguardian.com/environment/2013/may/07/half-population-food-imports-2050
http://apps.fas.usda.gov/psdonline/
http://www.worldhunger.org/articles/Learn/world%20hunger%20facts%202002.htm#Number_of_hungry_people_in_the_world
http://www.worldhunger.org/articles/Learn/world%20hunger%20facts%202002.htm#Number_of_hungry_people_in_the_world
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- Our governments should have food storage centers distributed near ever major 
population center.  These should include bulk wheat, beans, rice, salt, and long shelf-life 
vitamins, like Vitamin C crystals stored in low oxygen/light/moisture packaging. 
Transporting food after an EMP attack or other forms of nuclear disasters will be a real 
problem; hence, we need to strongly consider having food stored locally.  

- If you only have a few foods to store and are on a limited budget, I would recommend 
you focus on: 

1. Rice (long-grain, white).  You can obtain low-cost rice in long-storage containers 
from Walmart (like their Augason Farms product) or any good preparedness 
store.  Rice doesn’t require a grinder (unlike wheat berries) and can be stored for 
decades if it is kept from moisture and oxygen.  Another advantage of rice is that 
few people have allergies to it, versus the many people who are allergic to 
wheat. If you are willing to put in some extra effort to reduce costs, a 25 pound 
bag of Blue Ribbon White Long Grain Rice can be obtained for around $11 (in 
2014) at Costco and can be stored in 5 gallon buckets (pails) such as are readily 
available at stores like Walmart for less than $5.  The bucket protects the rice 
from rodents and bugs and moisture.  To ensure this rice will last longer than you 
are likely to live, you should add some oxygen absorbers and a sealed inner 
Mylar bag that properly serves as an oxygen and moisture barrier. See 
http://sorbentsystems.com/longtermfoodstorage.html for some products and 
instructions on how to store food in Mylar bags at a reasonable price.  Note that 
Brown Rice does not have as long of a shelf-life as White Rice.  Note too that 
soaking white rice for one hour before cooking allows moisture to transfer into 
the center and the rice and so that the cooking time is reduced to about 7 
minutes of boiling, versus the 15 minutes of boiling that is required for rice that 
isn’t pre-soaked. Soaking reduces both the fuel/time to cook and improves the 
texture of the rice as it helps the external portion of the kernel from becoming 
mushy.   

2. A variety of beans.  Beans are needed to provide more complete proteins than 
grains alone can provide.  Milk, eggs, and meats can also provide these more 
complete proteins. A variety of beans will make any long-term ration more 
tolerable versus the option of a single type. Beans require a long time to cook 
(and hence, significant fuel), so you may want to look into “ready to eat” bean 
options, such as canned pre-cooked beans.  Canned baked beans, black beans, 
kidney beans, etc., are readily found in stores and should remain tasty and 
nutritional for years beyond the marked/recommended “best by” or expiration 
date, as long as the cans are not dented and are stored in a cool environment.  
For very long term storage, the lowest cost option I found was Walmart’s 
Augason Farms 42 lb pail of Black Turtle Beans.  An interesting book on how to 
prepare beans quickly and creatively is called:  “Country Beans” by Rita Bingham 
(for more information, see www.amazon.com/Country-Beans-cook-beans-
minutes/dp/1882314115/ref=sr_1_1?ie=UTF8&qid=1397189255&sr=8-
1&keywords=country+beans ).     

http://sorbentsystems.com/longtermfoodstorage.html
http://www.amazon.com/Country-Beans-cook-beans-minutes/dp/1882314115/ref=sr_1_1?ie=UTF8&qid=1397189255&sr=8-1&keywords=country+beans
http://www.amazon.com/Country-Beans-cook-beans-minutes/dp/1882314115/ref=sr_1_1?ie=UTF8&qid=1397189255&sr=8-1&keywords=country+beans
http://www.amazon.com/Country-Beans-cook-beans-minutes/dp/1882314115/ref=sr_1_1?ie=UTF8&qid=1397189255&sr=8-1&keywords=country+beans
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3. Oil.  Many experts recommend coconut oil for both health and shelf-life reasons. 
Refined coconut oil should last well over a year if unopened.  Coconut oil that 
has not been refined and uses a cold press process reportedly can last for 
decades before going rancid. Examples include: Organic Coconut Oil Nature's 
Way, Nutiva Extra-Virgin Coconut Oil, and Virgin Coconut Oil Whole Kernel Dr. 
Bronner's. Extra virgin olive oil is also considered healthy in that it is cold-
pressed only once which preserves the polyphenol levels. Extra virgin olive oil 
generally should not be stored for more than 2 years and can become rancid 
earlier if it is exposed to heat, light, or air.  

4. A variety of other grains.  A constant diet of rice can become a problem over 
time. I recommend you also add some quick rolled oats and corn meal (such as 
can be found at many preparedness stores or online at Walmart.com with an 
Augason Farm with a 30 year shelf-life).  In addition, if you have a hand-powered 
wheat grinder (or an EMP protected power source for your electric wheat 
grinder), you can look into storing Red and White Wheat berries in pails, such as 
found at Walmart.com or numerous other preparedness stores.  Wheat berries 
and cornmeal all have essentially indefinite shelf lives if stored in a cool location 
and are in a low-oxygen/moisture container that is unopened.  Processed wheat 
flour can also be stored for a decade or longer, if it is stored in a pail or can 
without oxygen and with low moisture at cool temperatures. There are many 
other great grains to consider for food storage, such as Rye, Spelt, Triticale, and 
Kamut (that contain gluten) and Amaranth, Millet and Quinoa (that don’t have 
gluten). See http://wholegrainscouncil.org/whole-grains-101/definition-of-
whole-grains and www.rainydayfoods.com or www.pleasanthillgrain.com for 
more information.  

5. Salt.  Adults will desire about ¾ of a tablespoon (1/3rd oz.) of salt each day if they 
are involved in demanding physical activity.  This salt will also make their food 
taste better.  Salt has essentially an indefinite shelf-life.  It should be protected 
against moisture to prevent it from turning into a solid mass.  

6.  Vitamins.  People will need multiple vitamins and minerals in the aftermath of a 
nuclear war or EMP attack.  Crystalized vitamin C will help to prevent people 
from coming down with scurvy and has a long shelf-life if it is stored in a low 
oxygen/light/moisture package at room temperature.  Chewable, multi-vitamins 
are recommended if you have children.  Vitamins and minerals are required to 
help prevent disease and also can help to block or mitigate certain types of 
radiation.  See Appendix D – Antidotes & Medical Kits for more information.    

7. Other foods. While grains, beans, salt, and multivitamins provide many of the 
essential nutrients for good health, a balanced diet will usually also include: 
fruits, vegetables, and animal products (eggs, milk, and meat). While some 
people avoid animal products, they need vitamin B-12 which only comes from 
animal sources like milk, eggs, or meat.  Likewise, vegetables and fruits are rich 
in phytonutrients like carotenoids and flavonoids which many experts believe are 
used by the body to fight various diseases.  

http://wholegrainscouncil.org/whole-grains-101/definition-of-whole-grains
http://wholegrainscouncil.org/whole-grains-101/definition-of-whole-grains
http://www.rainydayfoods.com/
http://www.pleasanthillgrain.com/
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Food storage options matrix 

The table that follows provides some pros and cons related to common food storage options.   

Table 87. Comparison of food storage options 

 
MREs (Meals 
Ready to Eat) 

Freeze Dried (FD) 
Dehydrated in 
cans or pails 

Canned food/ 
dry goods (dg) 

Bulk Grains and 
Beans 

Taste & look Good taste Great taste/look Good taste Good taste Great  

Nutrition 
OK for up to 3 
weeks 

Great, if variety is 
balanced 

Good, if variety 
is balanced  

Good, if 
balanced 

Good, if grains + 
beans + vitamins 

Ease of use 

Very easy – 
open pouch, 
heat (if desired) 
and eat 

Very easy – just 
add water & wait 
10 minutes 

Requires time & 
work to re-
hydrate, cook 
and clean up 

Need can 
opener. 
Generally 
easy.  

Wheat berries 
need grinder. 
Must cook: rice, 
cornmeal, oats… 

Pre-cooked? Yes Yes No, generally Yes: can. No: dg No 

Shelf life at  
70 ° F  

Best used 
within 40 
months at 70° 
F. Can last 
much longer 
but lose flavor.  
No chemical 
preservatives 
are used.   

Nitrogen sealed 
cans or pails: 30+ 
years. Pouch: 7 
years is typical 
“best use” 
timeframe. FD 
food is usually 
quite safe past 
“best use” date. 

4 to 30+ years 
for low oxygen, 
sealed cans or 
pails, depending 
on food item.  6 
months to 3 
years after can 
/pail is opened if 
cool/dry.  

Typically tasty 
for 1+ years. 
Fats turn 
rancid in time. 
Carbs and low 
acid/fat foods 
can be safe 
and nutritious 
for 10+ years.   

Most whole 
grains can be 
safely stored for 
30+ years if in 
low oxygen, dry 
pails or cans. All 
purpose flour: 
10+ years if 
stored properly. 

Price for 
meal 

(in US dollars 
$s in 2014) 

~ $9+/meal (no 
shipping): 
includes heater, 
main + side 
dish, drink, 
desserts, PBJ, 
utensil, & wipe. 

$6 - $12 /meal 
(without shipping) 
FD is typically 
more expensive 
than most other 
storage options 
for same calories 

$2+/meal for mix 
of dehydrated + 
some freeze 
dried with one 
month supplies 
(e.g., Walmart) 
Need water/heat 

Less than 
$2/meal for 
Ramen and 
Mac & cheese. 
Canned food 
meals usually 
start at ~ $5.  

Less than 
$1/meal with 
bulk grains + 
beans + vitamin 
with a one year 
supply stored in 
airtight pails.  

Add water? No Yes Yes Item dependent Yes 

Compact?  No Yes Yes Generally no. Yes 

Weight Heavy Light Light Usually heavy Light - Moderate 

Comments: 
May cause 
constipation. See 
www.mreinfo.com  

High quality long-
term food storage. 

Economical. 
Requires training.  

Fatty or acidic 
items need 
regular rotation.  

Wheat berries 
need grain mill. 
Need variety.  

© 2014  Kevin G. Briggs 
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Relative cost, calories, and shelf-life of common food storage items  

Table 88. Alphabetical list of common storage food item costs, calories, and shelf-life 

A-Z Food 
items 
(container)  

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Apple sauce 
(Pack of 12) 
jars 
with sulfites 

Walmart
/ Gefen 18 300 5,400 

Yes, if 
over 
$50 

$   
37.12 $  2.06 2.70 $  13.75 1+ 

Apple Slices, 
Dehydrated 
(#10 can) 
with sulfites 

Walmart
/ 

Augason 1.2 1,600 1,920 

Yes, if 
over 
$50 

$   
13.27 $ 11.06 0.96 $  13.82 25+ 

Apple Slices, 
Dehydrated 
(#10 can) 
with sulfites 

Sam's 
Club/ 

Augason 2.4 1,600 3,840 Yes 

$   
37.98 $ 15.83 1.92 $  19.78 25+ 

Apple Slices, 
Dehydrated 
(pail but no 
inner Mylar 
bag) with 
sulfites 

Sam's 
Club/ 

Augason 9 1,600 14,400 Yes 

$   
95.98 $  10.66 7.20 $  13.33 25 

Banana chips 
(#10 can); 
honey 

Walmart
/ 

Augason 2.125 2,352 4,998 

Yes, if 
over 
$50 

$      
8.87 $    4.17 2.50 $     3.55 10 

Banana chips 
(#10 can); 
honey 

Augason 
Farm 
direct 2.125 2,352 4,998 

$     
7.99 

$   
10.85 $    5.11 2.50 $     7.54 10 

Banana chips 
(2 each, #10 
cans); honey 

Sam's 
Club/ 

Augason 4.25 2,372 10,080 Yes 

$   
24.98 $    5.88 5.04 $     4.96 10 

Banana chips 
(pail but no 
inner Mylar 
bag); honey 

Sam's 
Club/ 

Augason 14 2,352 32,928 Yes 

$   
51.98 $    3.71 16.46 $     3.16 10 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Beans, Baked 
(in #10 can), 
ready to eat 

Walmart
/ Bush's 7.313 492 3,600 

Yes, if 
over 
$50 

$      
6.78 $    0.93 1.80 $     3.77 3 

Beans, Black 
(pack of 12, 
15oz cans), 
ready to eat 

Walmart
/ 

Progresso 11.25 513 5,775 

Yes, if 
over 
$50 

$   
16.16 $    1.44 2.89 $     5.60 3 

Beans, Black 
Turtle, dry 
(#10 can) 

Walmart
/ 

Augason 5 1,479 7,395 

Yes, if 
over 
$50 

$      
9.00 $    1.80 3.70 $     2.43 30 

Beans, Black 
Turtle (pail 
but no inner 
Mylar bag) 

Walmart
/ 

Augason 42 1,479 62,118 

Yes, if 
over 
$50 

$   
62.06 $    1.48 31.06 $     2.00 30 

Beans, Black 
Turtle (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 42 1,479 62,118 Yes 

$   
69.98 $    1.67 31.06 $     2.25 30 

Beans, Black,  
precooked 
(pail + 10 
pouches)  

Costco/ 
Food for 
Health 17.63 1,589 28,000 

Yes, if 
memb

er 

$   
74.99 $    4.25 14.00 $     5.36 20 

Beans, 
Kidney, dry 
(#10 can) 

Walmart
/ 

Augason 5 800 4,000 

Yes, if 
over 
$50 

$      
9.00 $    1.80 2.00 $     4.50 30 

Beans, Pinto, 
dry (#10 can) 

Walmart
/ 

Augason 5 728 3,640 

Yes, if 
over 
$50 

$      
8.00 $    1.60 1.82 $  4.40 30 

Beans, Pinto, 
dry (pail but 
no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 41 738 30,258 Yes 

$   
59.98 $    1.46 15.13 $     3.96 30 

Beans, Pinto, 
dry (pail but 
no inner 
Mylar bag) 

Walmart
/ 

Augason 41 738 30,258 

Yes, if 
over 
$50 

$   
61.77 $    1.51 15.13 $     4.08 30 

Beans, Pinto, 
dry 
precooked 
(pail + 10 
pouches)  

Costco/ 
Food for 
Health 17.63 1,589 28,000 

Yes, if 
memb

er 

$   
69.99 $    3.97 14.00 $     5.00 20 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Beans, Red, 
dry 
precooked 
(pail + 10 
pouches) 

Costco/ 
Food for 
Health 17.63 1,589 28,000 

Yes, if 
memb

er 

$   
74.99 $    4.25 14.00 $     5.36 20 

Butter 
Powder (#10 
can) 

Walmart
/ 

Augason 2.25 3,178 7,151 

Yes, if 
over 
$50 

$   
15.00 $    6.67 3.58 $     4.20 10 

Butter 
Powder (#10 
can) 

Sam's 
Club/ 

Augason 4.5 3,178 14,301 Yes 

$   
51.98 $  11.55 7.15 $     7.27 10 

Cheese Blend 
Powder 

Walmart
/ 

Augason 3.25 1,588 5,160 

Yes, if 
over 
$50 

$   
15.98 $    4.92 2.58 $     6.19 10 

Chicken 
Alternative, 
Vegetarian Meat 
Substitute  

(#10 can) 

Walmart
/ 

Augason 2.375 1,567 3,722 

Yes, if 
over 
$50 

$      
8.00 $    3.37 1.86 $     4.30 10 

Chicken 
Alternative, 
Vegetarian Meat 

Substitute (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 22 1,567 34,474 Yes 

$   
87.98 $    4.00 17.24 $     5.10 10 

Chicken 
Breast 
Chunks, 
Freeze Dried 
(#10 can) 

Walmart
/ 

Augason 1 1,950 1,950 

Yes, if 
over 
$51 

$   
34.00 $  34.00 0.98 $  34.87 25 

Chicken 
Breast, White 
Premium 
(12.5 oz can)  

Walmart
/ Tyson's 0.78 384 300 

Yes, if 
over 
$50 

$      
2.64 $    3.38 0.15 $  17.60 3 

Chicken 
Breast, White 
Premium 
(12.5 oz can)  

Walmart
/ 

Swanson 0.78 384 300 

Yes, if 
over 
$50 

$      
2.74 $    3.51 0.15 $  18.27 3 

Chicken, 
Freeze Dried 
(six #10 cans) 

Costco
/ 

Nutristore 6.9 1,739 12,000 Yes 

$ 
189.99 $  27.53 6.00 $  31.67 25 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 

as of 
04/14 

Days  
(2,000 
kcal / 
day) 

$s 
(with 
ship)/ 
day for 

2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Corn and Peas, 
Freeze Dried 
(pail but no 
inner Mylar bag) 

Sam's 
Club/ 

Augason 10 1,680 16,800 Yes 

$ 
119.98 $  12.00 8.40 

$  
14.28 30 

Corn, Dent Corn 
(pail but no 
inner Mylar bag) 

Sam's 
Club/ 

Augason 20 1,620 32,400 Yes 

$   
30.98 $    1.55 16.20 

$     
1.91 25 

Corn, Sweet 
Freeze Dried 
(#10 can)  

Walmart
/ 

Augason 1 1,434 1,434 

Yes, if 
over 
$50 

$   
11.00 $  11.00 0.72 

$   
15.34 30 

Corn, Sweet 
Freeze Dried 
(#10 can)  

Augason 
Farm 
direct 1 1,434 1,434 

No, 
$7.99 

$   
16.49 $  16.49 0.72 

$   
34.14 30 

Corn, Sweet 
Whole Kernel 
(#10 can) 

Walmart 
/ Libby's 6.00 320 1,920 

Yes, if 
over 
$50 

$      
4.08 $    0.68 0.96 

$   
12.57 3 

Corn, Sweet 
Whole Kernel (6 
15.25 oz cans) 

Walmart 
/ Del 

Monte 5.72 220 1,260 

Yes, if 
over 
$50 

$      
5.78 $    1.01 0.63 

$   
21.86 3 

Cornmeal (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 38 1,642 62,396 Yes 

$   
40.98 $    1.08 31.20 

$     
1.31 30 

Cornmeal (pail 
but no inner 
Mylar bag) 

Walmart
/ 

Augason 22 1,642 36,124 

Yes, if 
over 
$50 

$   
24.00 $    1.09 18.06 

$     
1.33 30 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Eggs, Dried 
Whole (#10 
can) 

Walmart
/ 

Augason 2.063 2,442 5,037 

Yes, if 
over 
$50 

$   
16.00 $    7.76 2.52 $     6.35 10 

Eggs, Dried 
Whole (#10 
cans - 2 pack) 

Sam's 
Club/ 

Augason 4.13 2,442 10,073 Yes 

$   
32.98 $    8.00 5.04 $     6.55 10 

Eggs, Dried 
Whole (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 18 2,442 43,956 Yes 

$ 
154.98 $    8.61 21.98 $     7.05 10 

Eggs, 
Scrambled 
(#10 can) 

Walmart
/ 

Augason 2.25 2,453 5,520 

Yes, if 
over 
$50 

$   
21.00 $    9.33 2.76 $     7.61 10 

Eggs, 
Scrambled 
(Two #10 
cans) 

Sam's 
Club/ 

Augason 4.50 2,453 11,040 Yes 

$   
54.98 $  12.22 5.52 $     9.96 10 

Flour, 
Enriched 
Unbleached 
(pail but no 
inner Mylar 
bag) 

Sam's 
Club/ 

Augason 35 1,637 57,295 Yes 

$   
36.98 $    1.06 28.65 $     1.29 10 

Flour, 
Enriched 
Unbleached 
(pail but no 
inner Mylar 
bag) 

Walmart
/ 

Augason 35 1,511 52,900 

Yes, if 
over 
$50 

$   
36.22 $    1.03 26.45 $     1.37 10 

Flour, 
Enriched 
Unbleached 
(pail with 
inner Mylar 
bag) 

Costco/ 
THRIVE 36 1,653 59,520 

Yes, if 
memb

er 

$   
47.99 $    1.33 29.76 $     1.61 5 

Fruit Cocktail, 
one #10 can 

Walmart
/ Del 

Monte 6.63 254 1,680 

Yes, if 
over 
$50 

$      
5.97 $    0.90 0.84 $     7.11 2 

Green beans 
(in #10 can) 

Walmart
/ Del 

Monte 6 80 480 

Yes, if 
over 
$50 

$      
3.97 $    0.66 0.24 $   16.54 3 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Honey 
Powder (#10 
can) 

Walmart
/ 

Augason 3 1,700 5,100 

Yes, if 
over 
$50 

$      
9.00 $    3.00 2.55 $     3.53 30 

Honey 
Powder (#10 
can)  

Sam's 
Club/ 

Augason 6 1,700 10,200 

Yes, if 
over 
$50 

$   
29.98 $    5.00 5.10 $     5.88 30 

Jelly, Red 
Raspberry 18 
oz 

Walmart
/ Great 
Value 1.13 1,156 1,300 

Yes, if 
over 
$50 

$      
2.78 $    2.47 0.65 $     4.28 2 

Jelly, 
Strawberry 
Jam 32 oz 

Walmart
/ 

Smucker
s 2 1,125 2,250 

Yes, if 
over 
$50 

$      
2.98 $    1.49 1.13 $     2.65 2 

Jelly, 
Strawberry 
Preserves 32 
oz  

Walmart
/ Great 
Value 2 1,125 2,250 

Yes, if 
over 
$50 

$      
2.92 $    1.46 1.13 $     2.60 2 

Lentils (#10 
can) 

Walmart
/ 

Augason 5 965 4,825 

Yes, if 
over 
$50 

$      
6.00 $    1.20 2.41 $     2.49 30 

Lentils (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 40 965 38,600 Yes 

$   
64.98 $    1.62 19.30 $     3.37 30 

Low Fat Milk 
alternative, 
Chocolate, 
Morning 
Moo's (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 37 1,812 67,044 Yes 

$   
99.98 $    2.70 33.52 $     2.98 15 

Macaroni & 
Cheese (5 
pack) 

Walmart
/ Kraft 2.27 1,721 3,900 

Yes, if 
over 
$50 

$      
4.50 $    1.99 1.95 $     2.31 2 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Milk 
alternative, 
low fat 
Morning 
Moo's (#10 
can) 

Walmart
/ 

Augason 3.5 1,814 6,349 

Yes, if 
over 
$50 

$   
10.00 $    2.86 3.17 $     3.15 25 

Milk 
alternative, 
low fat 
Morning 
Moo's (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 37 1,814 67,118 Yes 

$ 
109.98 $    2.97 33.56 $     3.28 25 

Milk, Instant 
Nonfat Dry,  
one #10 can 

Walmart
/ 

Augason 1.813 1,643 2,979 

Yes, if 
over 
$50 

$      
8.00 $    4.41 1.49 $     5.37 20 

Milk, Instant 
Nonfat Dry, 6 
#10 cans 

Sam's 
Club/ 

Augason 18.13 1,643 29,788 Yes 

$   
69.98 $    3.86 14.89 $     4.70 10 

Oats, Quick 
Rolled (pail, 
but no inner 
Mylar bag) 

Walmart
/ 

Augason 10 1,765 17,650 

Yes, if 
over 
$50 

$   
12.98 $    1.30 8.83 $     1.47 30 

Oats, Quick 
Rolled (pail, 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 23 1,765 40,595 Yes 

$   
31.98 $    1.39 20.30 $     1.58 30 

Oats, Quick 
Rolled (pail, 
with inner 
Mylar bag) 

Costco/ 
Food for 
Health 23 1,696 39,000 

Yes, if 
memb

er 

$   
39.99 $    1.74 19.50 $     2.05 20 

Oats, Rolled 
(pail, but no 
inner Mylar 
bag) 

Walmart
/ 

Augason 10 1,926 19,260 

Yes, if 
over 
$50 

$   
13.73 $    1.37 9.63 $     1.43 30 

Oil, Coconut 
30 fl oz 

Walmart
/ LouAna 1.88 3,840 7,200 

Yes, if 
over 
$50 $5.98 $3.19 3.60 $1.66 2 

Oil, Olive, 
Extra Virgin 
101 oz 

Walmart
/ Great 
Value 6.31 3,802 24,000 

Yes, if 
over 
$50 $19.28 $3.05 12.00 $1.61 1 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Onions, 
chopped (#10 
can) 

Walmart
/ 

Augason 1.438 1,513 2,175 

Yes, if 
over 
$50 

$      
7.00 $    4.87 1.09 $     6.44 25 

Pancake Mix, 
Butter Milk 
(pail but no 
inner Mylar 
bag) 

Sam's 
Club/ 

Augason 31 1,595 49,445 Yes 

$   
44.98 $    1.45 24.72 $     1.82 10 

Pancake Mix, 
Butter Milk 
(pail but no 
inner Mylar 
bag) 

Augason 
Farm 
direct 31 1,595 49,445 

No, 
$11.9
9 to 

22032 

$   
70.69 $    2.28 24.72 $     3.34 10 

Peaches, 
Sliced in 
syrup #10 
can 

Walmart
/ Del 

Monte 6.63 254 1,680 

Yes, if 
over 
$50 

$      
5.48 $    0.83 0.84 $     6.52 2 

Peanut 
Butter, 40 oz 

Walmart
/ Great 
Value 2.5 2,660 6,650 

Yes, if 
over 
$50 

$      
5.24 $    2.10 3.33 $     1.58 2 

Peanut 
Butter, 40 oz 

Walmart
/ Skippy 2.5 2,660 6,650 

Yes, if 
over 
$50 

$      
5.72 $    2.29 3.33 $     1.72 2 

Peanut 
Butter, 40 oz 
(2 pack) 

Walmart
/ Jif 5 2,660 13,300 

Yes, if 
over 
$50 

$   
11.62 $    2.32 6.65 $     1.75 2 

Peas, Freeze-
Dried 

Walmart
/ 

Augason 1 1,520 1,520 

Yes, if 
over 
$50 

$   
13.00 $  13.00 0.76 $   17.11 30 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Potato, 
Dehydrated 
Diced (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 10 1,680 16,800 Yes 

$   
37.98 $    3.80 8.40 $     4.52 25 

Potato, 
Dehydrated 
Slices (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 10 1,582 15,820 Yes 

$   
32.98 $    3.30 7.91 $     4.17 25 

Potato, 
Dehydrated 
Slices (pail 
but no inner 
Mylar bag) 

Walmart
/ 

Augason 1.25 1,582 1,978 

Yes, if 
over 
$50 

$      
5.00 $    4.00 0.99 $     5.06 25 

Potato, 
Dehydrated, 
Dices (#10 
can) 

Walmart
/ 

Augason 1.938 1,680 3,255 

Yes, if 
over 
$50 

$      
6.00 $    3.10 1.63 $     3.69 25 

Potato, 
Shreds (#10 
can) 

Walmart
/ 

Augason 1.438 1,606 2,309 

Yes, if 
over 
$50 

$      
6.00 $    4.17 1.15 $     5.20 25 

Potato, 
Shreds (pail 
but no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 10 1,606 16,060 Yes 

$   
41.98 $    4.20 8.03 $     5.23 25 

Ramen 
Noodle Beef 
Soup (12 
count) 

Walmart
/ 

Maruchan 2.25 2,027 4,560 

Yes, if 
over 
$50 

$      
2.22 $    0.99 2.28 $     0.97 1 

Ramen 
Noodle 
Chicken Soup 
(12 count) 

Walmart
/ 

Maruchan 2.25 2,027 4,560 

Yes, if 
over 
$50 

$      
2.22 $    0.99 2.28 $     0.97 1 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Rice, Brown  
Long Grain 
(pail but no 
inner Mylar 
bag) 

Sam's 
Club/ 

Augason 43 1,678 72,154 Yes 

$   
52.98 $    1.23 36.08 $     1.47 7 

Rice, Brown 
(pail but no 
inner Mylar 
bag) 

Walmart
/ 

Augason 26 1,664 43,264 

Yes, if 
over 
$50 

$   
23.30 $    0.90 21.63 $     1.08 7 

Rice, Brown 
Long Grain 
(pail but no 
inner Mylar 
bag) 

Walmart
/ 

Augason 26 1,678 43,628 

Yes, if 
over 
$50 

$   
21.18 $    0.81 21.81 $     0.97 7 

Rice, White 
(pail with 
Mylar bag 
lining) 

Costco/ 
THRIVE 42 1,357 57,000 

Yes, 
for 

memb
ers 

$   
54.99 $    1.31 28.50 $     1.93 25 

Rice, White 
(pail, but no 
inner Mylar 
bag) 

Walmart
/ 

Augason 28 1,451 40,630 

Yes, if 
over 
$50 

$   
26.14 $    0.93 20.32 $     1.29 30 

Rice, White 
Long Grain 

Walmart
/ Great 
Value 20 1,616 32,320 

Yes, if 
over 
$01 

$      
9.98 $    0.50 16.16 $     0.62 10 

Salt, Iodized 
(#10 can) 

Walmart
/ 

Augason 6.5 -  

Yes, if 
over 
$50 

$      
4.00 $    0.62   30 

Salt, Iodized 
(pail but no 
inner Mylar 
bag) 

Sam's 
Club/ 

Augason 50 - - Yes 

$   
39.98 $    0.80   30 

Soup, Cream 
of Mushroom 
(12 Pack) 50 
oz 

Walmart
/ 

Campbell
's 37.5 352.00 13,200 

Yes, if 
over 
$50 

$   
70.22 $    1.87 6.60 $  10.64 2 

Soup, Creamy 
Mushroom 
(12 Pack) 18 
oz 

Walmart
/ 

Progresso 16.08 223.88 3,600 

Yes, if 
over 
$50 

$   
35.36 $    2.20 1.80 $  19.64 2 

Soup, 
Tomato 50 oz 
pack of 12 

Walmart
/ 

Campbell's 37.5 316.80 11,880 

Yes, if 
over 
$50 

$   
48.32 $    1.29 5.94 $     8.13 2 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Strawberries, 
Freeze Dried 
#10 can 

Walmart
/ 

Augason 0.4 1,800 720 

Yes, if 
over 
$50 

$   
13.00 $  32.50 0.36 $  36.11 30 

Sugar, 
Granulated 
(pail but no 
inner Mylar 
bag) 

Walmart
/ 

Augason 30 1,701 51,030 

Yes, if 
over 
$50 

$   
30.00 $    1.00 25.52 $     1.18 30 

Sugar, 
Granulated 
(pail but no 
inner Mylar 
bag) 

Sam's 
Club/ 

Augason 45 1,701 76,545 Yes 

$   
65.98 $    1.47 38.27 $     1.72 30 

Tomato 
Ketchup, 64 
oz 

Walmart
/ Heinz 4 530 2,120 

Yes, if 
over 
$50 

$      
3.98 $    1.00 1.06 $     3.75 2 

Tomatoes, 
Peeled Diced 
with Basil 
Pack of 12, 
28 oz cans 

Walmart
/ Cento 21 100 2,100 

Yes, if 
over 
$50 

$   
31.77 $    1.51 1.05 $  30.26 1 

Tomatoes, 
Peeled 
Marzano 
with Basil, 28 
oz can 

Walmart
/ Cento 1.75 100 175 

Yes, if 
over 
$50 

$      
3.83 $    2.19 0.09 $  43.77 1 

Tomatoes, 
Puree 28 oz 
(12 pack) 

Walmart
/ Cento 21 186 3,900 

Yes, if 
over 
$50 

$   
29.12 $    1.39 1.95 $  14.93 1 

Tuna in 
water, chunk 
light, four 5 
oz cans 

Walmart
/ Starkist 1 320 320 

Yes, if 
over 
$50 

$      
3.48 $    3.48 0.16 $  21.75 2 

Tuna in 
water, chunk 
light, one 12 
oz can 

Walmart
/ Chicken 

of the 
Sea 0.75 400 300 

Yes, if 
over 
$50 

$      
2.48 $    3.31 0.15 $  16.53 2 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 
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A-Z Food 
items 
(container) 

Source 
/ 

Brand 

Food 
weight 

(lb) 
Calories 

kcal/lb 

~ Total 
calories 

(kcals) 

Is 
ship 

free? 

Item 
Cost = 
$s (no 
ship $) 
04/2014 

$/ lbs. 
(no 

ship) – 
as of 

04/14 

Days  
(2,000 
kcal / 
day) 

$s (with 
ship)/ 
day for 
2,000 
kcals  

Shelf-
life or 
“best 
by” in 
years* 

Wheat, Hard 
Red (pail but 
no inner 
Mylar bag) 

Walmart
/ 

Augason 26 1,492 38,792 

Yes, if 
over 
$50 

$   
14.45 $    0.56 19.40 $     0.74 30 

Wheat, Hard 
Red (pail but 
no inner 
Mylar bag) 

Sam's 
Club/ 

Augason 45 1,492 67,140 Yes 

$   
35.98 $    0.80 33.57 $     1.07 30 

Wheat, Hard 
White berries 
(pail but no 
inner Mylar 
bag) 

Walmart
/ 

Augason 26 1,551 40,326 

Yes, if 
over 
$50 

$   
13.96 $    0.54 20.16 $     0.69 30 

Wheat, Hard 
White berries 
(pail but no 
inner Mylar 
bag)  

Sam's 
Club/ 

Augason 45 1,551 69,795 Yes 

$   
35.98 $    0.80 34.90 $     1.03 30 

Yam in syrup, 
40 oz can  

Walmart
/ Bruce's 2.5 532 1,330 

Yes, if 
over 
$50 

$      
2.28 $    0.91 0.67 $     3.43 2 

* Assumes store at ~ 70 °F.  Most food is safe far beyond “best by” or labeled “shelf-life” if properly stored. © 2014  K. Briggs 

 

Nuclear War Survival Skills - Food (Chapter 9) 

The following Chapter on Food from Nuclear War Survival Skills (Chapter 9) is very helpful in 
planning for your food and nutrition needs in a nuclear crisis.  I’ve changed a few places in the 
Chapter where there were inaccuracies or where information has been updated based on 
changed federal guidance. Otherwise, the following copyright notice still applies.   

Copyright note from Nuclear War Survival Skills 
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MINIMUM NEEDS 

The average American is accustomed to eating regularly and abundantly. He may not realize that 

for most people food would not be essential for survival during the first two or three weeks 

following a nuclear attack. Exceptions would be infants, small children, and the aged and sick, 

some of whom might die within a week without proper nourishment. Other things are more 

important for short-term survival: adequate shelter against the dangers from blast and fallout, an 

adequate supply of air, and enough water. 

The average American also may not realize that small daily amounts of a few unprocessed staple 

foods would enable him to survive for many months, or even for years. A healthy person if he is 

determined to live and if he learns how to prepare and use whole-grain wheat or corn can 

maintain his health for several months. If beans are also available and are substituted for some of 

the grain, the ration would be improved and could maintain health for many months. 

The nutritional information given in this chapter is taken from a July, 1979 publication, 

Maintaining Nutritional Adequacy During a Prolonged Food Crisis. This book brings together 

from worldwide sources the nutritional facts needed to help unprepared people use 

unaccustomed foods advantageously during the prolonged crisis that would follow a heavy 

nuclear attack. The practical know-how which will be given in this chapter regarding the 

expedient processing and cooking of basic grains and beans is based on old ways which are 

mostly unknown to modern Americans. These methods have been improved and field-tested by 

civil defense researchers at Oak Ridge National Laboratory. 

LOSS OF HIGH-PROTEIN ANIMAL FOODS 

A massive nuclear attack would eliminate the luxurious, complicated American system of food 

production, processing, and distribution. Extensive, heavy fallout and the inability of farmers to 

feed their animals would kill most of the cattle, hogs, and chickens that are the basis of our high-

protein diet. The livestock most likely to survive despite their owners' inability to care for them 

would be cattle on pasture. However, these grazing animals would swallow large numbers of 

fallout particles along with grass, and many would drink contaminated water. Their digestive 

tracts would suffer severe radiation damage. Also, they would suffer radiation burns from fallout 

particles. Thus in an outdoor area where the total dose from gamma radiation emitted within a 

few days from fallout particles on the ground might be only 150 R, most grazing animals 

probably would be killed by the combined effects of external gamma- ray radiation, beta burns, 

and internal radiation. 

PRECAUTIONS WHEN EATING MEAT 

In areas where the fallout would not be enough to sicken animals, their meat would be safe food. 

In fallout areas, however, animals that have eaten or drunk fallout-contaminated food or water 
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will have concentrated radioactive atoms and molecules in their internal organs. The thyroid 

gland, kidneys, and liver especially should not be eaten. 

If an animal appears to be sick, it should not be eaten. The animal might be suffering from a 

sickening or fatal radiation dose and might have developed a bacterial infection as a result of this 

dose. Meat contaminated with the toxins produced by some kinds of bacteria could cause severe 

illness or death if eaten, even if thoroughly cooked. 

Under crisis conditions, all meat should be cooked until it is extremely well done - cooked long 

past the time when it loses the last of its pink color. To be sure that the center of each piece of 

meat is raised to boiling temperature, the meat should be cut into pieces that are less than 1/2-

inch thick before cooking. This precaution also reduces cooking time and saves fuel. 

SURVIVAL OF BREEDING STOCK 

Extensive areas of the United States would not receive fallout heavy enough to kill grazing 

animals. The millions of surviving animals would provide some food and the fertile breeding 

stock needed for national recovery. The loss of fertility caused by severe radiation doses is rarely 

permanent. Extensive experiments with animals have shown that the offspring of severely 

irradiated animals are healthy and fertile. 

LIVING ON BASIC PLANT FOODS 

Even if almost all food-producing animals were lost, most surviving Americans should be able to 

live on the foods that enable most of the world's population to live and multiply: grains, beans, 

and vegetables. And because of the remarkable productivity of American agriculture, there 

usually would be enough grain and beans in storage to supply surviving Americans with 

sufficient food for at least a year following a heavy nuclear attack. The problem would be to get 

the unprocessed foods, which are stored in food-producing regions, to the majority of survivors 

who would be outside these regions. 

Surprisingly little transportation would be needed to carry adequate quantities of these 

unprocessed foods to survivors in famine areas. A single large trailer truck can haul 40,000 

pounds of wheat enough to keep 40,000 people from feeling hunger pains for a day. More than 

enough such trucks and the fuel needed to carry basic foods to food-short areas would survive a 

massive nuclear attack. It is likely that reasonably strong American leadership and morale would 

prevail so that, after the first few weeks, millions of the survivors in starving areas should receive 

basic unprocessed foods. 

Eating food produced in the years after a large attack would cause an increase in the cancer rate, 

due primarily to its content of radioactive strontium and cesium from fallout-contaminated soil. 

Over the first 30 years following an attack, this increase would be a small fraction of the number 

of additional cancer deaths that would result from external radiation. Cancer deaths would be one 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

719 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

of the tragic, delayed costs of a nuclear war, but all together would not be numerous enough to 

endanger the long-term survival of the population. 

LIVE OFF THE LAND? 

Very few survivors of a heavy attack would be in areas where they could live off the land like 

primitive hunters and gatherers. In extensive areas where fallout would not be heavy enough to 

kill human beings, wild creatures would die from the combined effects 'of external gamma 

radiation, swallowed fallout particles, and beta burns on their bodies. Survival plans should not 

include dependence on hunting, fishing, or gathering wild plants. 

FOOD FOR SHELTER OCCUPANTS 

Most people would need very little food to live several weeks; however, the time when survivors 

of blast and fallout would leave their shelters would mark the beginning of a much longer period 

of privation and hard manual labor. Therefore, to maintain physical strength and morale, persons 

in shelters ideally should have enough healthful food to provide well-balanced, adequate meals 

for many weeks. 

In most American homes there are only enough ready-to-eat, concentrated foods to last a few 

days. Obviously, it would be an important survival advantage to keep on hand a two-week 

supply of easily transportable foods. In any case, occupants of shelters would be uncertain about 

when they could get more food and would have to make hard decisions about how much to eat 

each day. … 

During the first few weeks of a food crisis, lack of vitamins and other essentials of a well-

balanced diet would not be of primary importance to previously well-nourished people. Healthful 

foods with enough calories to provide adequate energy would meet short-term needs. If water is 

in short supply, high-protein foods such as meat are best eaten only in moderation, since a person 

eating high-protein foods requires more water than is needed when consuming an equal number 

of calories from foods high in carbohydrates. 

EXPEDIENT PROCESSING OF GRAINS AND SOYBEANS 

Whole-kernel grains or soybeans cannot be eaten in sufficient quantities to maintain vigor and 

health if merely boiled or parched. A little boiled whole-kernel wheat is a pleasantly chewy 

breakfast cereal, but experimenters at Oak Ridge got sore tongues and very loose bowels when 

they tried to eat enough boiled whole-kernel wheat to supply even half of their daily energy 

needs. Some pioneers, however, ate large quantities of whole-kernel wheat without harmful 

results after boiling and simmering it for many hours. Even the most primitive peoples who 

subsist primarily on grains grind or pound them into a meal or paste before cooking. (Rice is the 

only important exception.) Few Americans know how to process whole-kernel grains and 

soybeans (our largest food reserves) into meal. This ignorance could be fatal to survivors of a 

nuclear attack. 



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

720 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

Making an expedient metate, the hollowed-out grinding stone of Mexican Indians, proved 

impractical under simulated post-attack conditions. Pounding grain into meal with a rock or a 

capped, solid-ended piece of pipe is extremely slow work. The best expedient means developed 

and field-tested for pounding grain or beans into meal and flour is an improvised 3-pipe grain 

mill. Instructions for making and using this effective grain-pounding device follow. 

Improvised Grain Mill 

The grain mill described can efficiently pound whole-grain wheat, corn, etc., into meal and flour 

thereby greatly improving digestibility and 

avoiding the diarrhea and sore mouths that would 

result from eating large quantities of unground 

grain. 

TO BUILD: 

(1) Cut 3 lengths of pipe, each 30 inches long; 3/4-

inch-diameter steel pipe (such as ordinary water 

pipe) is best. 

(2) Cut the working ends of the pipe off squarely. 

Remove all roughness, leaving the full-wall 

thickness. Each working end should have the full 

diameter of the pipe. 

(3) In preparation for binding the three pieces of pipe 

together into a firm bundle, encircle each piece of 

pipe with cushioning, slip-preventing tape, string 

or cloth in the locations illustrated. 

(4) Tape or otherwise bind the 3 pipes into a secure 

bundle so that their working ends are as even as 

possible and are in the same plane resting evenly 

on a flat surface. 

(5) Cut the top smoothly out of a large can. A 4-inch-

diameter, 7-inch-high fruit-juice can is ideal. If 

you do not have a can, improvise something to 

keep grain together while pounding it.  
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TO MAKE MEAL AND FLOUR: 

(1) Put clean, dry grain ONE INCH DEEP in the can. 

(2) To prevent blistering your hands, wear gloves, or wrap cloth around the upper part of the bundle of 

pipes. 

(3) Place the can (or open-ended cylinder) on a hard, smooth, solid surface, such as concrete. 

(4) To pound the grain, sit with the can held between your feet. Move the bundle of pipes straight up and 

down about 3 inches, with a rapid stroke. 

(5) If the can is 4 inches in diameter, in 4 minutes you should be able to pound 1-1/2 lb. (one cup) of 

whole-kernel wheat into 1/5 lb. of fine meal and flour, and 3/10 lb. of coarse meal and fine-cracked 

wheat. 

(6) To separate the pounded grain into fine meal, flour, coarse meal, and fine-cracked wheat, use a sieve 

made of window screen. 

(7) To separate flour for feeding small children, place some pounded grain in an 18 X 18-inch piece of 

fine nylon net, gather the edges of the net together so as to hold the grain, and shake this bag-like 

container. 

(8) To make flour fine enough for babies, pound fine meal and coarse flour still finer, and sieve it 

through a piece of cheesecloth or similar material. 

As soon as fallout decay permits travel, the grain-grinding machines on tens of thousands of hog 

and cattle farms should be used for milling grain for survivors. It is vitally important to national 

recovery and individual survival to get back as soon as possible to labor-saving, mechanized 

ways of doing essential work. 

In an ORNL experiment, a farmer used a John Deere Grinder-Mixer powered by a 100-hp tractor 

to grind large samples of wheat and barley. When it is used to grind rather coarse meal for hogs, 

this machine is rated at 12 tons per hour. Set to grind a finer meal-flour mixture for human 

consumption, it ground both hard wheat and feed barley at a rate of about 9 tons per hour. This is 

2400 times as fast as using muscle power to operate even the best expedient grain mill. With its 

finest screen installed, this large machine can produce about 3 tons of whole wheat flour per 

hour. 

Unlike wheat and corn, the kernels of barley, grain sorghums, and oats have rough, fibrous hulls 

that must be removed from the digestible parts to produce an acceptable food. Moistening the 

grain will toughen such hulls and make them easier to remove. If the grain is promptly pounded 
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or ground into meal, the toughened hulls will break into larger pieces than will the hulls of 

undampened grain. A small amount of water, weighing about 2% of the weight of the grain, 

should be used to dampen the grain. For 3 pounds of grain (about 6 cups), sprinkle with about 

one ounce (28 grams, or about 2 tablespoons) of water, while stirring constantly to moisten all 

the kernels. After about 5 minutes of stirring, the grain will appear dry. The small amount of 

water will have dampened and toughened the hulls, but the edible parts- inside will have 

remained dry. Larger pieces of hull are easier to remove after grinding than smaller pieces. 

One way to remove ground-up hulls from meal is by flotation. Put some of the meal-hulls 

mixture about 1 inch deep in a pan or pot, cover the mixture with water, and stir. Skim off the 

floating hulls, then pour off the water and more hulls. Sunken pieces of hulls that settle on top of 

the heavier meal can be removed with one's fingers as the last of the water is poured off. To 

produce a barley meal good for very small children, the small pieces of hulls must again be 

separated by flotation. 

Figure 9.1 illustrates sieving fine, dry barley-meal and the smaller pieces of hulls from the 

coarser meal and the larger pieces. The sieve was a piece of window screen that measured inches 

before its sides were folded up and form an open-topped box. 

Fig. 9.1. Sieving ground barley through a 

window-screen sieve.  

To lessen their laxative effects, all grains 

should be ground as finely as possible, and 

most of the hulls should be removed. Grains 

also will be digested more easily if they are 

finely ground. The occupants of crowded 

shelters should be especially careful to avoid 

foods that cause diarrhea. 

COOKING WITH MINIMUM FUEL 

In areas of heavy fallout, people would have 

to remain continuously in crowded shelters 

for many days. Then they would have to stay 

in the shelters most of each 24 hours for 

weeks. Most shelter occupants soon would consume all of their ready-to-eat foods; therefore, 

they should have portable, efficient cook stoves. A cook stove is important for another reason: to 

help maintain morale. Even in warm weather, people need some hot food and drink for the 

comforting effect and to promote a sense of well-being. This is particularly true when people are 

under stress. The Bucket Stove pictured on the following pages (Figs. 9.2 and 9.3) was the most 

satisfactory of several models of expedient stoves developed at Oak Ridge and later field-tested. 
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• Bucket Stove 

If operated properly, this stove burns only about 1/2 pound of dry wood or newspaper to heat 3 

quarts of water from 600 F to boiling. 

Materials required for the stove: 

* A metal bucket or can, 12- to 16-quart sizes preferred. The illustrations show a 14-quart 

bucket and a 6-quart pot. 

* Nine all-metal coat hangers for the parts made of wire. (To secure the separate parts of the 

movable coat-hanger wire grate, 2 feet of finer wire is helpful.) 

* A 6 X 10-inch piece of a large fruit-juice can, for a damper. 

Construction: 

With a chisel (or a sharpened screw driver) and a hammer, cut a 4-1/2 X 4-1/2-inch hole in the 

side of the bucket about 1-1/2 inches above its bottom. To avoid denting the side of the bucket 

when chiseling out the hole, place the bucket over the end of a log or similar solid object. 

To make the damper, cut a 6-inch-wide by 10-inch-high piece out of a large fruit-juice can or 

from similar light metal. Then make the two coat-hanger-wire springs illustrated, and attach 

them to the piece of metal by bending and hammering the outer 1 inch of the two 6-inch-long 

sides over and around the two spring wires. This damper can be slid up and down, to open and 

close the hole in the bucket. The springs hold it in any desired position. (If materials for making 

this damper are not available, the air supply can be regulated fairly well by placing a brick, rock, 

or piece of metal so that it will block off part of the hole in the side of the bucket.) 

To make a support for the pot, punch 4 holes in the sides of the bucket, equally spaced around it 

and about 3-1/2 inches below the bucket's top. Then run a coat-hanger wire through each of the 

two pairs of holes on opposite sides of the bucket. Bend these two wires over the top of the 

bucket, as illustrated, so that their four ends form free-ended springs to hold the cooking pot 

centered in the bucket. Pressure on the pot from these four free-ended, sliding springs does not 

hinder putting it into the stove or taking it out. 

Bend and twist 4 or 5 coat hangers to make the movable grate, best made with the approximate 

dimensions given in Fig. 9.2. 

For adjusting the burning pieces of fuel on the grate, make a pair of 12-inch-long tongs of coat-

hanger wire, as illustrated by Fig. 9.3. 
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To lessen heat losses through the sides and bottom of the bucket, cover the bottom with about 1 

inch of dry sand or earth. Then line part of the inside and bottom with two thicknesses of heavy-

duty aluminum foil, if available. 

To make it easier to place the pot in the stove or take it out without spilling its contents, replace 

the original bucket handle with a longer piece of strong wire. 

Operation: 

The Bucket Stove owes its efficiency to: (1) the adjustable air supply that flows up through the 

burning fuel, (2) the movable grate that lets the operator keep the maximum amount of flame in 

contact with the bottom of the cooking pot, and (3) the space between the sides of the pot and the 

inside of the bucket that keeps the rising hot gases in close contact with the sides of the pot. 

In a shelter, a Bucket Stove should be placed as near as practical to an air exhaust opening before 

a fire is started in it. 
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Fig. 9.2. Bucket-stove with adjustable damper and movable wire grate. Photo 1397-78A  
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Fig. 9.3. Bucket-stove with its sliding damper partly closed. Foot-long tongs of coat hanger 

wire are especially useful when burning twisted half-pages of newspaper.  

 

If wood is to be burned, cut and split dry wood into small pieces approximately 1/2 inch square 

and 6 inches long. Start the fire with paper and small slivers of wood, placing some under the 

wire grate. To keep fuel from getting damp in a humid shelter, keep it in a large plastic bag. 

If newspaper is to be burned, use half-pages folded and twisted into 5-inch-long "sticks," as 

illustrated. Using the wire tongs, feed a paper "stick" into the fire about every half-minute. 

Add fuel and adjust the damper to keep the flame high enough to reach the bottom of the pot, but 

not so high as to go up the sides of the pot. 
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To use the Bucket Stove for heating in very cold weather, remove the pot and any insulation 

around the sides of the bucket; burn somewhat more fuel per minute. 

If used with the Fireless Cooker described on the following pages, a Bucket Stove can be used to 

thoroughly cook beans, grain, or tough meat in water. Three quarts of such food can be cooked 

with less fuel than is required to soft-boil an egg over a small campfire. 

• Fireless Cooker 

Fig. 9.4. Boiling-hot pot of food being placed in an expedient Fireless Cooker.  

 

A Fireless Cooker cooks by keeping a lidded pot of boiling-hot food so well insulated all around 

that it loses heat very slowly. Figure 9.4 shows one of these simple fuel-saving devices made 

from a bushel basket filled with insulating newspapers, with a towel-lined cavity in the center. 

The Cavity is the size of the 6-quart pot. A towel in this cavity goes all around the pot and will 

be placed over it to restrict air circulation. If the boiling-hot pot of food is then covered with 

newspapers about 4 inches thick, the temperature will remain for hours so near boiling that in 4 

or 5 hours even slow-cooking food will be ready to eat. 

The essential materials for making an effective Fireless Cooker are enough of any good 

insulating materials (blankets, coats, paper, hay that is dry and pliable) to cover the boiling-hot 

pot all over with at least 3 or 4 inches of insulation. A container to keep the insulating materials 

in place around the pot is useful. 
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Wheat, other grains, and small pieces of tough meat can be thoroughly cooked by boiling them 

briskly for only about 5 minutes, then insulating the pot in a Fireless Cooker for 4 or 5 hours, or 

overnight. Whole beans should be boiled for 10 to 15 minutes before they are placed in a Fireless 

Cooker. 

COOKING GRAIN AND BEANS WHEN SHORT OF FUEL OR POTS 

• Cooking Grain Alone 

When whole grains are pounded or ground by expedient means, the result usually is a mixture of 

coarse meal, fine meal, and a little flour. Under shelter conditions, the best way to cook such 

meal is first to bring the water to a boil (3 parts of water for 1 part of meal). Add 1 teaspoon (5 

grams) of salt per pound of dry meal. Remove the pot from the fire (or stop adding fuel to a 

Bucket Stove) and quickly stir the meal into the hot water. (If the meal is stirred into briskly 

boiling water, lumping becomes a worse problem.) Then, while stirring constantly, again bring 

the pot to a rolling boil. Since the meal is just beginning to swell, more unabsorbed water 

remains, so there is less sticking and scorching than if the meal were added to cold water and 

then brought to a boil. 

If any type of Fireless Cooker is available, the hot cereal only has to be boiled and stirred long 

enough so that no thin, watery part remains. This usually takes about 5 minutes. Continue to 

cook, either in the Fireless Cooker for at least 4 or 5 hours, or by boiling for an additional 15 or 

20 minutes. 

When it is necessary to boil grain meal for many minutes, minimize sticking and scorching by 

cooking 1 part of dry meal with at least 4 parts of water. However, cooking a thinner hot cereal 

has a disadvantage during a food crisis: an increased volume of food must be eaten to satisfy 

one's energy needs. 

If grain were the only food available, few Americans doing physical work could eat enough of it 

to maintain their weight at first, until their digestive tracts enlarged from eating the very bulky 

foods. This adaptation could take a few months. Small children could not adjust adequately to an 

all-grain diet: for them, concentrated foods such as fats also are needed to provide enough 

calories to maintain growth and health. 

• Cooking Grain and Beans Together 

When soybeans are being used to supplement the lower quality proteins of grain and when fuel 

or pots are in short supply, first grind or pound the beans into a fine meal. To further reduce 

cooking time, soak the bean meal for a couple of hours, keeping it covered with water as it 

swells. Next put the soaked bean meal into a pot containing about 3 times as much water as the 

combined volume of a mixture of 1 part of dry bean meal and 3 or 4 parts of dry grain meal. 
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Gently boil the bean meal for about 15 minutes, stirring frequently, before adding the grain meal 

and completing the cooking. 

Stop boiling and add the grain meal while stirring constantly. Again bring the pot to a boil, 

stirring to prevent sticking and scorching, and boil until the meal has swelled enough to have 

absorbed all the water. After salting, boil the grain-bean mush for another 15 minutes or more 

before eating, or put it in a fireless cooker for at least 4 or 5 hours. 

Soybeans boiled alone have a taste that most people find objectionable. Also, whole soybeans 

must be boiled for a couple of hours to soften them sufficiently. But if soybeans are pounded or 

ground into a fine meal, and then 1 part of the soybean meal is boiled with 4 parts of meal made 

from corn or another grain, the soybeans give a pleasant sweetish taste to the resulting mush. The 

unpleasant soybean taste is eliminated. If cooked as described above, soybeans and other beans 

or dried peas can be made digestible and palatable with minimum cooking. 

100% GRAIN AND 100% BEAN DIETS 

A diet consisting solely of wheat, corn, or rice, and salt has most of the essential nutrients. The 

critical deficiencies would be vitamins A, C, and D. Such a grain-based diet can serve adults and 

older children as their '"staff of life" for months. Table 9.1 shows how less than 1-3/4pounds of 

whole wheat or dry yellow corn satisfies most of the essential nutritional requirements of a long-

term emergency ration. [The nutritional values that are deficient are printed in bold type, to make 

an easier comparison with the Emergency Recommendations, also printed in bold type. Food 

energy is given in kilocalories (kcal), commonly called calories (Cal).] Expedient ways of 

supplying the nutrients missing from these rations are described in a following section of this 

chapter. 

Other common whole grains would serve about as well as wheat and yellow corn. At least 1/6 oz 

of salt per day (about 5 grams) is essential for any ration that is to be eaten for more than a few' 

days, but 1/3 oz. (about 10 g or 3/4 tablespoon) should be available to allow for increased salt 

needs and to make grain and beans more palatable. This additional salt would be consumed as 

needed. 

To repeat: few Americans at first would be able to eat the 3 or 4 quarts of thick mush that would 

be necessary with a ration consisting solely of whole-kernel wheat or corn. Only healthy 

Americans determined to survive would be likely to fare well for months on such unaccustomed 

and monotonous food as an all-grain diet. Eating two or more different kinds of grain and 

cooking in different ways would make an all-grain diet both more acceptable and more 

nourishing. 

Not many people would be able to eat 27 oz (dry weight before cooking) of beans in a day, and 

fewer yet could eat a daily ration of almost 23 oz of soybeans. Beans as single-food diets are not 
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recommended because their large protein content requires the drinking of more fluids. Roasted 

peanuts would provide a better single-food ration. 

GRAIN SUPPLEMENTED WITH BEANS 

People who live on essentially vegetarian diets eat a little of their higher-quality protein food at 

every meal, along with the grain that is their main source of nutrition. Thus Mexicans eat some 

beans along with their corn tortillas, and Chinese eat a little fermented soybean food or a bit of 

meat or fish with a bowl of rice. 

Table 9.1. Daily rations of 100% grain, beans, or peanuts a) 

 

a) Salt (1/3oz., or 10 g., or 3/4 tablespoon) should be available. This would be consumed as needed. 

b) White corn supplies no Vitamin A, whereas yellow corn supplies 49 RE (retinol equivalent, a 

measure of Vitamin A value) per 100 g dry weight. Most corn in the United States is yellow corn. 

c) If a diet contains some animal protein such as meat, eggs, or milk, the recommended protein would 

be less than 55 g per day. If most of the protein is from milk or eggs, only 41 g per day is 

recommended. 

d) The niacin in corn is not fully available unless the corn is treated with an alkali, such as the lime or 

ashes Mexicans (and many Americans) add to the water in which corn kernels are soaked or boiled. 

e) Kevin Briggs note:  The table below updates Vitamin D Recommended Dietary Allowances (RDAs) 

from what was published in the Nuclear War Survival Skills book.  I have inserted the following table 

to maintain accuracy as of 2014 from the U.S. Department of Health & Human Services (Table derived 

from: http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/ ).    

  

http://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/
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Recommended Dietary Allowances (RDAs) for Vitamin D 

Age Male Female    Pregnancy Lactation 

0–12 months* 400 IU 

(10 mcg) 

400 IU 

(10 mcg) 

    

1–13 years 600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

    

14–18 years 600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

19–50 years 600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

51–70 years 600 IU 

(15 mcg) 

600 IU 

(15 mcg) 

    

>70 years 800 IU 

(20 mcg) 

800 IU 

(20 mcg) 

    

* Adequate Intake (AI) 

 

Nutritionists have found that grains are low in some of the essential amino acids that the human 

body needs to build its proteins. For long-term good health, the essential amino acids must be 

supplied in the right proportions with each meal by eating some foods with more complete 

proteins than grains have. Therefore, in a prolonged food crisis one should strive to eat at every 

meal at least a little of any higher-quality protein foods that are available. These include ordinary 

beans, soybeans, milk powder, meat, and eggs. 

Table 9.2 shows that by adding 7.0 oz (200 g) of red beans (or other common dried beans) to 

21.1 oz (600 g) of either whole wheat or yellow corn, with salt added, you can produce rations 

that contain adequate amounts of all the important nutrients except vitamin C, vitamin A, vitamin 

D, and fat. If 5.3 oz (150 g) of soybeans are substituted for the red beans, the fat requirement is 

satisfied. The 600 g of yellow corn contains enough carotene to enable the body to produce more 

than half the emergency recommendation of vitamin A. The small deficiencies in riboflavin 

would not cause sickness. 

Other abundant grains, such as grain sorghums or barley, may be used instead of the wheat or 

corn shown in Table 9.2 to produce fairly well-balanced rations. Other legumes would serve to 

supplement grain about as well as red beans. (Peanuts are the exception: although higher in 

energy (fat) than any other unprocessed food, the quality of their protein is not as high as that of 

other legumes.) 
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EXPEDIENT WAYS TO SUPPLY DEFICIENT ESSENTIAL NUTRIENTS 

• Vitamin C 

A deficiency of vitamin C (ascorbic acid) causes scurvy. This deadly scourge would be the first 

nutritional disease to afflict people having only grain and/or beans and lacking the know-how 

needed to sprout them and produce enough vitamin C. Within only 4 to 6 weeks of eating a 

ration containing no vitamin C, the first symptom of scurvy would appear: swollen and bleeding 

gums. This would be followed by weakness, then large bruises, hemorrhages, and wounds that 

would not heal. Finally, death from hemorrhages and heart failure would result. 

The simplest and least expensive way to make sure that you, your family and neighbors do not 

suffer or die post-attack from scurvy is to buy one kilogram (1,000,000 milligrams) of pure 

vitamin C, which is the crystalline "ascorbic acid" form. Unlike vitamin C tablets, pure vitamin 

C crystals do not deteriorate. … An ample daily dose is 25 milligrams, about 0.0009 ounce. Ten 

grams (about one third ounce) is enough for a whole year for one person who is eating only 

unsprouted grain and/or other foods providing no vitamin C. One gram (1,000 mg) of crystalline 

ascorbic acid is 1/4 teaspoonful. If you do not have a 1/4 teaspoon, put one level teaspoonful of 

the crystals on a piece of paper, and divide the little pile into 4 equal parts; each will be 

approximately 1,000 mg. One of these 1,000 mg piles can easily be divided into 4 tiny piles, 

each 250 mg. A 250 mg pile provides 10 ample daily doses of 25 mg each. If your family has a 

1,000,000 mg supply, taking a 50 mg daily dose of pure crystalline ascorbic acid may be 

preferred, either sprinkled on food or dissolved in water. 
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Table 9.2. Daily rations of whole wheat or yellow corn supplemented with soybeans or red 

beans. Recommended daily salt ration, including salt in food: ¾ tablespoon (⅓ oz, or 10 g). 

 

a) White corn supplies no vitamin A, whereas yellow corn supplies 49RE (retinol equivalent, a measure 

of vitamin A value) per 100g dry weight. Most corn in the United States is yellow corn. 

b) If a diet contains animal protein such as meat, eggs or milk, the recommended protein would be less 

than 55g per day. If all the protein is from milk or eggs, only 41g per day is required. 

c) The niacin in corn is not fully available unless corn is treated with an alkali, such as the lime or ashes 

added by Mexicans and Americans in the South and Southwest to the water in which they soak or boil 

corn kernels. 

d) See Kevin Briggs Note e) on preceding Table 9.1 for the latest information on Vitamin D RDAs.  

 

One good expedient way to prevent or cure scurvy is to eat sprouted seeds not just the sprouts. 

Sprouted beans prevented scurvy during a famine in India. Captain James Cook was able to keep 

his sailors from developing scurvy during a three-year voyage by having them drink an 

unfermented beer made from dried, sprouted barley. For centuries the Chinese have prevented 

scurvy during the long winters of northern China by consuming sprouted beans. 

Only 10 mg of vitamin C taken each day (l/5 of the smallest vitamin C tablet) is enough to 

prevent scurvy. If a little over an ounce (about 30 grams) of dry beans or dry wheat is sprouted 

until the sprouts are a little longer than the seeds, the sprouted seeds will supply 10 to 15 mg of 

vitamin C. Such sprouting, if done at normal room temperature, requires about 48 hours. To 

prevent sickness and to make sprouted beans more digestible, the sprouted seeds should be 

boiled in water for not longer than 2 minutes. Longer cooking will destroy too much vitamin C. 
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Usual sprouting methods produce longer sprouts than are necessary when production of enough 

vitamin C is the objective. These methods involve rinsing the sprouting seeds several times a day 

in safe water. Since even survivors not confined to shelters are likely to be short of water, the 

method illustrated in Fig. 9.5 should be used. First the seeds to be sprouted are picked clean of 

trash and broken seeds. Then the seeds are covered with water and soaked for about 12 hours. 

Next, the water is drained off and the soaked, swollen seeds are placed on the inside of a plastic 

bag or ajar, in a layer no more than an inch deep. If a plastic bag is used, you should make two 

loose rolls of paper, crumple them a little, dampen them, and place them inside the bag, along its 

sides. As shown in Fig. 9.5, these two dampened paper rolls keep the plastic from resting on the 

seeds and form an air passage down the center of the bag. Wet paper should be placed in the 

mouth of the bag or jar so as to leave an air opening of only about 1 square inch. If this paper is 

kept moist, the seeds will remain sufficiently damp while receiving enough circulating air to 

prevent molding. They will sprout sufficiently after about 48 hours at normal room temperature. 

Fig. 9.5. Sprouting with minimum water.  

 

Sprouting seeds also increases their content of riboflavin, niacin, and folic acid. Sprouted beans 

are more digestible than raw, unsprouted beans, but not as easily digested or nourishing as are 

sprouted beans that have been boiled or sauteed for a couple of minutes. Sprouting is not a 

substitute for cooking. Contrary to the claims of some health food publications, sprouting does 

not increase the protein content of seeds, nor does it improve protein quality. Furthermore, 

sprouting reduces the caloric value of seeds. The warmth generated by germinating seeds reduces 

their energy value somewhat, as compared to unsprouted seeds. 

• Vitamin A 

Well-nourished adults have enough vitamin A stored in their livers to prevent vitamin A 

deficiency problems for several months, even if their diet during that time contains none of this 

essential vitamin. Children would be affected by deficiencies sooner than adults. The first 

symptom is an inability to see well in dim light. Continuing deficiency causes changes in body 
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tissues. In infants and children, lack of vitamin A can result in stunted growth and serious eye 

problems even blindness. Therefore, a survival diet should be balanced with respect to vitamin A 

as soon as possible, with children having priority. 

Milk, butter, and margarine are common vitamin A sources that would not be available to most 

survivors. If these were no longer available, yellow corn, carrots, and green, leafy vegetables 

(including dandelion greens) would be the best sources. If these foods were not obtainable, the 

next best source would be sprouted whole-kernel wheat or other grains if seeds could be sprouted 

for three days in the light, so that the sprouts are green. Although better than no source, sprouting 

is not a very satisfactory way to meet vitamin A requirements. The development of fibrous roots 

makes 3-day sprouted wheat kernels difficult to eat. And one must eat a large amount of seeds 

with green sprouts and roots to satisfy the recommended daily emergency requirements up to 51-

1/2 cups of 5-day sprouted alfalfa seeds. Survivors of a nuclear attack would wish they had kept 

an emergency store of multivitamin pills. 

• Vitamin D 

Without vitamin D, calcium is not adequately absorbed. As a result, infants and children would 

develop rickets (a disease of defective bone mineralization). A massive nuclear attack would cut 

off the vast majority of Americans from their main source of vitamin D, fortified milk. 

Vitamin D can be formed in the body if the skin is exposed to the ultraviolet rays of the sun. 

Infants should be exposed to sunlight Very cautiously, initially for only a few minutes especially 

after a massive nuclear attack. Such an attack possibly could cause atmospheric changes that 

would permit more ultraviolet light to reach the earth's surface, causing sunburn in the U.S. as 

severe as on the equator today. In cold weather, maximum exposure of skin to sunlight is best 

done in a shallow pit shielded from the wind. Exposure in a shallow pit would give about 90 

percent protection from gamma radiation from fallout particles on the surrounding ground. 

• Niacin and Calcium 

Niacin deficiency causes pellagra, a disease that results in weakness, a rash on skin exposed to 

the sun, severe diarrhea, and mental deterioration. If a typical modern American had a diet 

primarily of corn and lacked the foods that normally supply niacin, symptoms of pellagra would 

first appear in about 6 months. Since corn is by far our largest crop the U.S. production in 1985 

was about 425 billion pounds the skillful treatment of corn would be important to post-attack 

survival and recovery. 

During the first part of this century, pellagra killed thousands of Americans in the South each 

year. These people had corn for their principal staple and ate few animal protein foods or beans.  

Yet Mexicans, who eat even more corn than did those Southerners -- and have even fewer foods 

of animal origin -- do not suffer from pellagra. 
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The Mexicans' freedom from pellagra is mainly due to their traditional method of soaking and 

boiling their dried corn in a lime-water solution. They use either dry, unslaked lime (calcium 

oxide, a dangerously corrosive substance made by roasting limestone) or dry, slaked lime 

(calcium hydroxide, made by adding water to unslaked lime). Dry lime weighing about 1% as 

much as the dry corn is added to the soak water, producing an alkaline solution. Wood ashes also 

can be used instead of lime to make an alkali solution. The alkali treatment of corn makes the 

niacin available to the human body. Tables 9.1 and 9.2 show corn as having adequate niacin. 

However, the niacin in dried corn is not readily available to the body unless the corn has received 

an alkali treatment. 

Treating corn with lime has another nutritional advantage: the low calcium content of corn is 

significantly increased. 

• Fat 

The emergency recommendation for fat is slightly over 1 ounce per day (30 g) of fat or cooking 

oil. This amount of fat provides only 10% of the calories in the emergency diet, which does not 

specify a greater amount because fats would be in very short supply after a nuclear attack. This 

amount is very low when compared to the average diet eaten in this country, in which fat 

provides about 40% of the calories. It would be difficult for many Americans to consume 

sufficient calories to maintain normal weight and morale without a higher fat intake; more fat 

should be made available as soon as possible. Increased fat intake is especially important for 

young children, to provide calories needed for normal growth and development. Oak Ridge 

National Laboratory field tests have shown that toddlers and old people, especially, prefer 

considerably more oil added to grain mush than the emergency recommendation of 10%. 

• Vitamin B-12 and Animal Protein 

Vitamin B-12 is the only essential nutrient that is available in nature solely from animal sources. 

Since a normal person has a 2 to 4-year supply of vitamin B-12 stored in his liver, a deficiency 

should not develop before enough food of animal origin would again be available. 

Many adults who are strict vegetarians keep in good health for years without any animal sources 

of food by using grains and beans together. It is more difficult to maintain normal growth and 

development in young children on vegetarian diets. When sufficient animal sources of food are 

available, enough should be provided to supply 7 grams of animal protein daily. This could be 

provided by about 1.4 ounces (38 g) of lean meat, 0.7 ounce (20 g) of nonfat dry milk, or one 

medium-sized egg. When supplies are limited, young children should be given priority. Again: a 

little of these high-grade supplementary protein foods should be eaten with every meal. 
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• Iron 

Most people live out their lives without benefit of an iron supplement. However, many pregnant 

and nursing women and some children need supplemental iron to prevent anemia. One tested 

expedient way to make more iron available is to use iron pots and pans, especially for cooking 

acid foods such as tomatoes. Another is to place plain iron nails (not galvanized nails) in vinegar 

until small amounts of iron begin to float to the surface. This usually takes 2 to 4 weeks. Then a 

teaspoon of iron-vinegar solution will contain about 30 to 60 mg of iron, enough for a daily 

supplement. The emergency recommendation is 10 mg per day. A teaspoon of the iron-vinegar 

solution is best taken in a glass of water. The iron content of fruit, such as an apple, can be 

increased by placing iron nails in it for a few days. 

FOOD RESERVES 

Russia, China, and other countries that make serious preparations to survive disasters store large 

quantities of food primarily grain---both in farming areas and near population centers. In 

contrast, the usually large U.S. stocks of grain and soybeans are an unplanned survival resource 

resulting from the production of more food than Americans can eat or sell abroad. The high 

productivity of U.S. agriculture is another unplanned survival asset. Providing enough calories 

and other essential nutrients for 100 million surviving Americans would necessitate the annual 

raising of only about 12% of our 1985 crop of corn, wheat, grain sorghum, and soybeans - if 

nothing else were produced. 

In 1985, the U.S. production of corn, wheat, soybeans, and grain sorghum totaled about 625 

billion pounds - about 7 pounds per day for one year for every American. A total of 2 pounds per 

person per day of these basic staples, in the proportions shown in Table 9.2, would be sufficient 

to provide the essentials of an adequate vegetarian diet weighing about 27 ounces. (Grain 

sorghum is not listed in Table 9.2; it has approximately the same food value as corn.) The 

remaining 5 ounces of the 2 pounds would feed enough chickens to meet a survivor's minimum 

long-term requirement for animal protein. 

If corn, wheat, grain sorghum, and soybeans were the only crops raised, the annual production 

would need to be only 730 pounds per person. Our 1985 annual production would have supplied 

every adult, child, and infant in a population of 100 million with 6250 pounds of these four 

staples. This is more than 8 times enough to maintain good nutrition by Chinese standards. 

Recovery from a massive nuclear attack would depend largely on sufficient food reserves being 

available to enable survivors to concentrate on restoring the essentials of mechanized farming. 

Enough housing would remain intact or could be built to provide adequate shelter for the first 

few crucial years; enough clothing and fabrics would be available. But if survivors were forced 

by hunger to expend their energies attempting primitive subsistence farming, many deaths from 

starvation would occur and the prospects for national recovery would be greatly reduced. 
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Americans' greatest survival asset at the end of 1985 was about 17 billion bushels (about 850 

billion pounds) of wheat, corn, grain sorghums, and soybeans in storage, mostly on farms. If 200 

million Americans were to survive a limited nuclear attack and if only half of this stored food 

reserve could be delivered to the needy, each survivor would have adequate food for over 3 

years, by Chinese nutritional standards. 

In view of the crucial importance of large food reserves to the prospects for individual and 

national survival, it is to be hoped that U.S, food surpluses and large annual carry-overs will 

continue. 

A BASIC SURVIVAL RATION TO STORE 

A ration composed of the basic foods listed below in Table 9.3 provides about 2600 calories per 

day and is nutritionally balanced. It keeps better than a ration of typical American foods, requires 

much less space to store or transport, and is much less expensive. The author and some friends 

have stored enough of these basic foods to last their families several months during a crisis, and 

have eaten large quantities of these foods with satisfaction over the past 20 years. (A different 

emergency ration should be stored for infants and very small children, as will be explained in the 

following section.) Field tests have indicated that the majority of Americans would find these 

basic foods acceptable under crisis conditions. In normal times, however, no one should store 

this or any other emergency food supply until after he has prepared, eaten, and found its 

components satisfactory. 

Unprocessed grains and beans provide adequate nourishment for many millions of the world's 

people who have little else to eat. Dry grains and beans are very compact: a 5-gallon can holds 

about 38 pounds of hard wheat. Yet when cooked, dry whole grains become bulky and give a 

well-fed feeling a distinct advantage if it is necessary to go on short rations during a prolonged 

crisis. 
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Table 9.3. A basic survival ration for multi-year storage 

 

This basic ration has two disadvantages: (1) it requires cooking, and (2) Americans are 

unaccustomed to such a diet. Cooking difficulties can be minimized by having a grain-grinding 

device, a bucket stove with a few pounds of dry wood or newspapers for fuel, and the know-how 

to make a "fireless cooker" by using available insulating materials such as extra clothing. The 

disadvantage of starting to eat unaccustomed foods at a stressful time can be lessened by eating 

more whole grains and beans in normal times thereby, incidentally, saving money and improving 

a typical American diet by reducing fat and increasing bulk and fiber. 

When storing enough of this ration to last for several months or a year, it is best to select several 

kinds of beans for variety and improved nutrition. If soybeans are included, take into account the 

differences between soybeans and common beans, as noted earlier in this chapter. 

In many areas it is difficult to buy wheat and beans at prices nearly as low as the farmer receives 

for these commodities. However, in an increasing number of communities, at least one store sells 

whole-grain wheat and beans in large sacks at reasonable prices. Mormons, who store food for a 

range of possible personal and national disasters, are often the best sources of information about 

where to get basic foods in quantity, at reasonable cost. Soon after purchase, bulk foods should 

be removed from sacks (but not necessarily from sealed-plastic liner-bags) and sealed in metal 

containers or in thick-walled plastic containers for storage. Especially in the more humid parts of 

the United States, grain and beans should be frequently checked for moisture. If necessary, these 

foods should be dried out and rid of insects as described later in this chapter. 

Vegetable oil stores as well in plastic bottles as in glass ones. The toughness and lightness of 

plastic bottles make them better than glass for carrying when evacuating or for using in a shelter. 

Since a pound of oil provides about 2-1/4 times as much energy as does a pound of sugar, dry 

grain, or milk powder, storing additional vegetable oil is an efficient way to improve a grain diet 

and make it more like the 40%-fat diet of typical Americans. 
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All multivitamin pills providing 5000 International Units (1500 mg retinol equivalent) vitamin 

A, 400 IU (10 mcg) of vitamin D, and 50 to 100 mg of vitamin C, must meet U.S. Government 

standards, so the least expensive usually are quite adequate. Storage in a refrigerator greatly 

lengthens the time before vitamin pills must be replaced with fresh ones. Because vitamin C is so 

essential, yet very inexpensive and long-lasting, it is prudent to store a large bottle. 

It would be wise to have on hand ready-to-eat, compact foods for use during a week or two in a 

shelter, in addition to those normally kept in the kitchen. It is not necessary to buy expensive 

"survival foods" or the special dehydrated foods carried by many backpackers. All large food 

stores sell the following concentrated foods: non-fat milk powder, canned peanuts, compact 

ready-to-eat dry cereals such as Grape Nuts, canned meat and fish, white sugar, vegetable oil in 

plastic bottles, iodized salt, and daily multivitamin pills. If shelter occupants have a way to boil 

water (see Figs. 9.2 and 9.3, Bucket Stove), it is advisable to include rice, noodles, and an 

"instant" cooked cereal such as oatmeal or wheat along with coffee and tea for those who 

habitually drink these beverages. 

Parched grain is a ready-to-eat food that has been used for thousands of years. Whole-kernel 

wheat, corn, and rice can be parched by the following method: Place the kernels about 1/4-inch 

deep in a pan, a skillet, or a tin can while shaking it over a flame, hot coals, or a red hot electric 

burner. The kernels will puff and brown slightly when parched. These parched grains are not 

difficult to chew and can be pounded to a meal more easily than can the raw kernels. Parched 

grain-stores well if kept dry and free of insects. 

EMERGENCY FOOD FOR BABIES 

Infants and very small children would be the first victims of starvation after a heavy nuclear 

attack, unless special preparations are made on their behalf. Our huge stocks of unprocessed 

foods, which could prevent the majority of unprepared survivors from dying of hunger, would 

not be suitable for the very young. They need foods that are more concentrated and less rough. 

Most American mothers do not nurse their infants, and if a family's supply of baby foods were 

exhausted the parents might experience the agony of seeing their baby slowly starve. 

Few Americans have watched babies starving. In China, I saw anguish on starving mothers' faces 

as they patted and squeezed their flat breasts, trying to get a little more milk into their weak 

babies' mouths. I saw this unforgettable tragedy in the midst of tens of thousands of Chinese 

evacuating on foot before a ruthless Japanese army during World War II.  

Years later, my wife and I stored several hundred pounds of milk powder while our five children 

were small. I believe that parents who fear the use of nuclear weapons will be glad to bear the 

small expense of keeping on hand the emergency baby foods listed in Table 9.4, below. (More 

detailed descriptions of these and many other foods, with instructions for their use, are given in 
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an Oak Ridge National Laboratory report, Maintaining Nutritional Adequacy During A 

Prolonged Food Crisis, ORNL-5352, 1979. …) 

To make a formula adequate for a 24-hour period, the quantities of instant non-fat dry milk, 

vegetable cooking oil, and sugar listed in the "Per Day" column of Table 9.4 should be added to 

4 cups of safe water. This formula can be prepared daily in cool weather or when a refrigerator is 

available. In warm or hot weather, or under unsanitary conditions, it is safer to make a formula 3 

times a day. To do so, add 1/3 cup plus 2 teaspoons (a little less than one ounce) of instant nonfat 

milk powder to 1-1/3 cups (2/3 pint) of boiled water, and stir thoroughly. Then add 1 tablespoon 

(about 1/3 ounce, or 9 grams) of vegetable oil and 2 teaspoons of sugar, and stir. (If regular 

bakers' milk powder is used, 1/4 cup is enough when making one-third of the daily formula, 3 

times a day.) If baby bottles are not at hand, milk can be spoon-fed to an infant. 

Especially during a war crisis, the best and most dependable food for an infant is mother's milk 

provided the mother is assured an adequate diet. The possibility of disaster is one more reason 

why a mother should nurse her baby for a full year. Storing additional high-protein foods and 

fats for a nursing mother usually will be better insurance against her infant getting sick or 

starving than keeping adequate stocks of baby foods and the equipment necessary for sanitary 

feeding after evacuation or an attack. 

To give a daily vitamin supplement to a baby, a multivitamin pill should be crushed to a fine 

powder between two spoons and dissolved in a small amount of fluid, so that the baby can easily 

swallow it. If an infant does not receive adequate amounts of vitamins A, D, and C, he will 

develop deficiency symptoms in 1 to 3 months, depending on the amounts stored in his body. 

Vitamin C deficiency, the first to appear, can be prevented by giving an infant 15 mg of vitamin 

C each day (about 1/3 of a 50-mg vitamin C tablet, pulverized) or customary foods containing 

vitamin C, such as orange juice. Lacking these sources, the juice squeezed from sprouted grains 

or legumes can be used. If no vitamin pills or foods rich in vitamin D are available, exposure of 

the baby's skin to sunlight will cause his body to produce vitamin D. It would be wise to wait 

about 30 days after an attack before exposing the baby to sunlight. After that, short exposures 

would be safe except in areas of extremely heavy fallout. As a further precaution, the baby can 

be placed in an open, shallow pit that will provide shielding from radiation given off by fallout 

particles on the ground. Initial exposure should be very short, no more than 10 minutes.  
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Table 9.4. Emergency food supply for one baby 

 

If sufficient milk is not obtainable, even infants younger than six months should be given solid 

food. Solid foods for babies must be pureed to a fine texture. Using a modern baby food grinder 

makes pureeing quick and easy work. Under crisis conditions, a grinder should be cleaned and 

disinfected like other baby-feeding utensils, as described later in this section. 

Several expedient methods are available: the food can be pressed through a sieve, mashed with a 

fork or spoon, or squeezed through a porous cloth. Good sanitation must be maintained; all foods 

should be brought to a boil after pureeing to insure that the food is safe from bacteria. 

A pureed solid baby food can be made by first boiling together 3 parts of a cereal grain and 1 

part of beans until they are soft. Then the mixture should be pressed through a sieve. The sieve 

catches the tough hulls from the grain kernels and the skins from the beans. The grain-beans 

combination will provide needed calories and a well-supplemented protein. The beans also 

supply the additional iron that a baby needs by the time he is 6 months old. Flours made from 

whole grains or beans, as previously described, also can be used; however, these may contain 

more rough material. 

Some grains are preferable to others. It is easier to sieve cooked corn kernels than cooked wheat 

kernels. Since wheat is the grain most likely to cause allergies, it should not be fed to an infant 

until he is 6 to 7 months old if other grains, such as rice or corn, are available. Small children 

also need more protein than can be supplied by grains alone. As a substitute for milk, some bean 

food should be provided at every meal. If the available diet is deficient in a concentrated energy 

source such as fat or sugar, a child's feedings should be increased to 4 or 5 times a day, to enable 

him to assimilate more. Whenever possible, a small child should have a daily diet that contains at 

⅓ 
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least one ounce of fat (3 tablespoons, without scraping the spoon). This would provide more than 

10% of a young child's calories in the form of fat, which would be beneficial. 

If under emergency conditions it is not practical to boil infant feeding utensils, they can be 

sterilized with a bleach solution. Add one teaspoon of ordinary household bleach to a quart of 

water. (Ordinary household bleach contains 5.25% sodium hypochlorite as its only active 

ingredient and supplies approximately 5% available chlorine. If the strength of the bleach is 

unknown, add 3 teaspoons per quart.) Directions for safe feeding without boiling follow: 

The Utensils 

(Include at least one 1-quart and one 1-pint Mason jar, for keeping prepared formula sterile until 

used.) 

1. Immediately after feeding, wash the inside and outside of all utensils used to prepare 

the formula and to feed the infant. 

2. Fill a covered container with clean, cold water and add the appropriate amount of 

chlorine bleach. 

3. Totally immerse all utensils until the next feeding (3 or 4 hours). Be sure that the 

bottle, if used, is filled with bleach solution. Keep container covered. 

At Feeding Time 

1. Wash hands before preparing food. 

2. Remove utensils from the disinfectant chlorine solution and drain, but do not rinse or 

dry. 

3. Prepare formula; feed the baby. 

4. Immediately after feeding, wash utensils in clean water and immerse again in the 

disinfectant solution. 

5. Prepare fresh chlorine solution each day. 

STORAGE OF FOODS 

Whole grains and white sugar can be stored successfully for decades; dried beans, non-fat milk 

powder, and vegetable oil can be stored for several years. Some rules for good storage follow:  

• Keep food dry. The most dependable way to assure continuing dryness is to store dry grain 

in metal containers, such as ordinary 5-gallon metal storage cans or 55-gallon metal drums 
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with gasketed lids. Filled 5-gallon cans are light enough to be easily carried in an automobile 

when evacuating. 

Particularly in humid areas, grain which seems to be dry often is not dry enough to store for a 

long period. To be sure that grain is dry enough to store for years, use a drying agent. The 

best drying agent for this purpose is silica gel with color indicator. The gel is blue when it is 

capable of absorbing water and pink when it needs to be heated to become an effective 

drying agent again. 

Silica gel is inexpensive if bought from chemical supply firms located in most cities. By 

heating it in a hot oven or in a can over a fire until it turns blue again, silica gel can be used 

repeatedly for years. 

The best containers for the silica gel used to dry grain (or to determine its dryness) are 

homemade cloth envelopes large enough for a heaping cupful of the gel. A clear plastic 

window should be stitched in, through which color changes can be observed. Put an envelope 

of silica gel on top of the grain in a 5-gallon can filled to within a couple of inches of its top. 

Then close the can tightly. Even a rather loose-fitting lid can be sealed tightly with tape. If 

after a few days the silica gel is still blue, the grain is dry enough. If the silica gel has turned 

pink, repeat the process with fresh envelopes until it can be seen that the grain is dry. 

• Keep grains and beans free of weevils, other insects, and rodents. Dry ice (carbon 

dioxide) is the safest means still widely available to the public for ridding grain and beans of 

insects. Place about 4 inches of dry ice on top of the grain in a 5-gallon metal container. Put 

the lid on somewhat loosely, so that air in the grain can be driven out of the can. (This will 

happen as the dry ice vaporizes and the heavy carbon dioxide gas sinks into the grain and 

displaces the air around the kernels.) After an hour or two, tighten the lid and seal it with 

tape. After one month, all insects in this carbon-dioxide atmosphere will have died from lack 

of oxygen. 

• Store foods in the coolest available place, out of the light. Remember that the storage life 

of most foods is cut in half by an increase of 18 F (10 C) in storage temperature.30 Thus 48 

months of storage at 52 degrees F is equivalent to 24 months at 70 degrees F, and to 12 

months at 88 degrees F. 

Illustrative of the importance of cool storage are my experiences in storing nonfat milk 

powder in an earth- covered, cool shelter. In steel drums I stored unopened 100-pound bags 

of compact, non-fat milk powder that I bought from bakeries. The cost per pound was much 

less than I would have paid for the largest packages sold in supermarkets. After 7 years 

storage at temperatures of about 50 degrees F the year around, my milk powder was still 

good as good as it would have been if stored in a normally air-conditioned and heated home 

for about 3 years. 
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• Do not place stored metal containers directly on the floor. To avoid possible condensation 

of moisture and the rusting that results, place containers on spaced boards. For long term 

storage in damp permanent shelters or damp basements, use solid-plastic containers with 

thick walls. 

• Rotate stored foods. Eat the oldest food of each type and replace it with fresh food. 

Although cooking oil and non-fat milk powder remain edible after several years of storage at 

room temperature, these and most other dry foods are more nourishing and taste better if 

stored for no more than 2 years. Most canned foods taste better if kept no more than one year. 

Exceptions are whole grains and white sugar, which stay good for decades if stored properly. 

• Store plenty of salt. In our modern world salt is so abundant and cheap that most Americans 

do not realize that in many areas soon after a major nuclear attack salt would become a hard-

to-get essential nutrient. Persons working hard without salt would suffer cramps and feel 

exhausted within a few days. Most famine relief shipments of grain probably would not 

include salt. So store enough salt both to salt your family's food for months and to trade for 

other necessities. 

SEEDS 

For thousands of years storing seeds has been an essential part of the survival preparations made 

by millions of prudent people fearing attack. Seeds are hopes for future food and the defeat of 

famine, that lethal follower of disastrous wars. 

Among the most impressive sounds I ever heard were faint, distant rattles of small stones, heard 

on a quiet, black, freezing night in 1944. An air raid was expected before dawn. I was standing 

on one of the bare hills outside Kunming, China, trying to pinpoint the sources of lights that 

Japanese agents had used just before previous air raids to guide attacking bombers to blacked-out 

Kunming. Puzzled by sounds of cautious digging starting at about 2:00AM, I asked my 

interpreter if he knew what was going on. He told me that farmers walked most of the night to 

make sure that no one was following them, and were burying sealed jars of seeds in secret 

places, far enough from homes so that probably no one would hear them digging.  

My interpreter did not need to tell me that if the advancing Japanese troops succeeded in taking 

Kunming they would ruthlessly strip the surrounding countryside of all food they could find. 

Then those prudent farmers would have seeds and hope in a starving land. 

If you doubt that enough of our current 'oversupply" of stored whole grains, soybeans, milk 

powder, etc. would reach you after a nuclear attack, you should store seeds known to grow well 

in your area. 

When getting your supply of survival seeds, remember: 
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• Grains and beans are the best plant sources of energy and protein. 

• Even if you have enough vitamins for several months, you may not be able to buy more 

until long after a nuclear war. 

• The deadly curses of scurvy, vitamin A deficiencies, and pellagra can be prevented by 

eating the plants, seeds, and sprouted seeds described earlier in this chapter. 

• Plants grown from hybrid seeds give larger yields, but do not produce as productive seeds 

as do plants grown from good non-hybrid seeds. 

• Seeds of proven productivity in your locality may be more valuable than money after a 

major nuclear attack. 

• You should get mostly non-hybrid and store seeds, after learning from experienced local 

gardeners which are best. 
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Appendix G – Radiation meters 

Who needs a nuclear radiation meter? 

A radiation meter could help save your life someday. Dangerous nuclear radiation cannot 

generally be detected by any human senses in real time. Hence, radiation detectors/meters are 

normally necessary to determine the levels of radiation you are being exposed to in an 

emergency situation. With a properly functioning radiation meter, you can determine whether 

or not there is any radiation risk to consider, and if so, whether or not you need to seek shelter 

immediately or can perform some other important activities outside of shelter. With this meter, 

you can also determine where the least amount of radiation will be received within a home or 

shelter. Without a radiation detector, you must either rely on others for this information or, 

failing that, learn to live with great uncertainty in a dangerous radiation environment (while 

dealing with the possible guilt of not taking the time to buy some equipment that could have 

saved people’s lives).   

So who needs radiation detection equipment? Well, this question/answer can be greatly 

debated based on (1) perceptions of various threats, (2) detection options, and (3) trade-offs 

between the economics of adequately detecting the radiation threat versus spending 

time/money to prepare for other aspects of potential emergencies. As to the various threats, I 

believe that everyone in the U.S. faces a significant risk within their lifetime of being exposed to 

moderate to high levels of radiation, primarily due to nuclear terrorism or war. As to the 

detection options, there are two fundamental issues to consider. One is whether or not you 

want to rely on others, such as the government, to provide you with accurate radiation risk 

information. I would not recommend this option, unless you have no choice. The reason for this 

opinion is that the government is severely limited in how well it can measure and report the 

radiation risk where you are living, especially in a crisis. So if you can, I would recommend that 

you purchase some form of reliable radiation detection equipment.  

This brings us to the second issue to consider: what radiation detection equipment should I buy 

and learn to use? The following sections will help you to decide whether or not you want to buy 

a new or used radiation detector, and will explain the pros and cons of various types of 

radiation detection equipment. Ultimately, there will be a trade-off between the quality of 

detector purchased versus the other options for preparing for disasters that compete for your 

limited resources of time and money. Up front, let me say that there are many dangers with 

buying “cheap” surplus equipment, if this equipment is not certified as being accurate on a 

regular basis. Throughout this section, I will provide some details on the various pros and cons 

of differing radiation detection equipment.  
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Categories of radiation detection equipment 

There are two general “functional” classes of radiation detection equipment: (1) radiation rate 

meters and (2) dosimeters. Radiation rate meters go by many names, such as: “dose rate 

meter”, “survey meter”, “radiac” 564, “fallout monitors”, and even “Geiger counters”.  These 

radiation rate meters, as the name implies, measure the rate of exposure to dangerous 

radiation, typically in units such as R/hr (that is, roentgens/hour) or Sv/hr (Sieverts/hour).  

Dosimeters are typically small instruments that measure the accumulated dose received by the 

dosimeter since its last charging. Some instruments, especially newer electronic radiacs, can be 

used as both radiation rate meters and dosimeters.  

Just as there are two general “functional” classes of radiation detection equipment, this 

equipment can also be further categorized by two general “range” classes: (1) low-level 

radiation detectors and (2) high-level radiation detectors. For most emergency scenarios 

involving a nuclear power plant or nuclear terrorism or war, the high-level radiation detectors 

would be the most essential pieces of equipment versus a very sensitive, low-level range 

radiation detector. High-level range radiation detectors typically measure at rates of R/hr or 

Sv/hr or in doses of rads or roentgens or Sieverts. Low-level range radiation detection 

equipment that have scales in the milliroentgen (mR) or millisieverts (mSv) are of little value in 

high radiation environments and can give false (low) indications when oversaturated by high 

background radiation.    

In additional to the two major “functional” and “sensitivity” classes, there are two “survivable” 

classes of radiation detection equipment: (1) “survivable” and (2) “non-survivable”. “Survivable 

equipment is protected against (and designed to work in) a wide range of weather and threat 

environments, to include rain, temperature extremes, Radio Frequency Interference (RFI), and 

Electromagnetic Pulses (EMP). Non-survivable radiation detection equipment is typically used in 

a commercial environment, and almost always has no protection against things such as nuclear 

weapons induced EMP, although they may have protection against RFI.565 My recommendation 

to readers is to try to buy survivable radiation detection equipment, if at all possible.  

There are many other ways to classify radiation detection equipment. For example, they can be 

classified by the type of detector used (such as Geiger Müler tubes, ion chambers, films, pin 

diodes, and PMOS-FETs), by whether they have internal memories for data logging and output 

 
564 “Radiac” stands for Radioactivity Detection, Indication, And Computation 
565 Many sales people associated with electronic radiation detection equipment do not know the 

difference between RFI and EMP protection. Unless equipment is specifically designed to withstand 

EMP, and has been tested, it may be very unreliable or rendered inoperable after a high altitude EMP 

generating burst.  
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to computers, or by the types of radiation they detect (for example, prompt gamma, residual 

gamma, x-ray, neutron, proton, alpha, and beta). In general, the most useful high range 

detectors for emergency purposes are those that measure both prompt and residual gamma, as 

well as neutron radiation. But as a minimum for emergencies, detectors should be able to 

measure high levels of residual gamma radiation accurately.  Prompt gammas and neutrons are 

emitted by nuclear explosions as initial nuclear radiation and are important for determining 

one’s total dose in combination with the delayed gammas associated with fallout. Beta 

detectors are useful for determining where fallout exists, whether from a nuclear plant accident 

or nuclear detonation. 

Surplus Civil Defense (CD) survey/rate meters: capabilities and issues 

When professionally calibrated and certified, used or surplus Civil Defense survey meters can 

be a relatively inexpensive and effective means of providing a family or business with a reliable 

radiation detector. However, there are many CD survey meters being sold today that are either 

not working or are providing dangerously false readings. Just because a survey meter is “new in 

the box” does not mean it will work or provide accurate readings. Also, many feel that if the 

“circuit test” works, the unit is working. This is simply not the case. The largest shop in the 

nation (that I am aware of) that sells used radiation meters found that only about 1 out of 

three (or 1/3rd) of their surplus CD survey meters that passed the circuit check actually was 

working well enough to even be considered for calibration! 566  

If you buy a meter without knowing whether it has passed the circuit check test and is certified 

as being recently calibrated, you are most likely to end up with an instrument that has value 

only based on the weight of the metal in the case (in other words, it is almost worthless). “New-

in-the-box” surplus meters actually tend to work less well than those that have been used and 

were regularly maintained and certified by FEMA or some state civil defense organization. My 

recommendation is that you only buy used or surplus meters that have been recently calibrated 

by a certified ISO 9002 test lab. One company that has been selling surplus meters that meet 

this requirement is Ki4U (see http://www.ki4u.com/products1.php).  

As Cresson Kearny pointed out in his excellent book, Nuclear War Survival Skills: “No U.S. 

Government agency or other Government facility advises the public regarding sources of the 

best available radiation-measuring instruments for use in time of war, or warns concerned 

individuals that certain instruments are either incapable of measuring adequately high dose 

rates or doses for wartime use, or are dangerously inaccurate. For example, a dose rate meter 

that in 1982 sold nationwide was tested in that year at Oak Ridge National Laboratory to 
 

566 See the informative web site: www.ki4u  for current pricing, warranty, and certification information 

on surplus Civil Defense meters.  

http://www.ki4u.com/products1.php
http://www.ki4u/
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determine its accuracy for measuring gamma radiation. This instrument was reasonably 

accurate at low dose rates, but at the high dose rates of life or death importance in a nuclear 

war its readings were dangerously low: When it should have read 150 R/hr, it read 13.9 R/hr. 

Another dose rate meter of this same model, tested in California by Dr. Bruce Clayton, read 

only 16 R/hr when it should have read 400 R/hr. Obviously, if this model were used and 

trusted by a person doing rescue work for hours outdoors in heavy fallout, while believing 

that he was receiving a non-incapacitating dose he actually would be getting a fatal dose!” 567 

Surplus Civil Defense (CD) radiation meters 568 

Introduction. This section provides detailed information on the most common surplus Civil 

Defense Survey meters. Operational instructions are included here, as many people have 

meters without instructions and so that the reader can understand the use of these old meters 

relative to some of the newer ones.  

CD V-700 Low Range Rate Meter 
Figure 268. CD V-700 meter 

General. The CD V-700 has a range of 0-50 mR/hr, and hence is a 

low range instrument. It uses a Geiger-Mueller (GM) tube that 

measures gamma dose rates and detects the presence of beta (it 

can only be calibrated for gamma, not beta). It can be used (1) in 

long term clean-up and decontamination operations, (2) for 

personnel monitoring, and (3) for indicating the degree of 

radioactive contamination in food, water, hair, clothes, etc. The CD 

V-700 is designed for low level measurements and has limited usefulness in areas of high 

contamination (especially since it jams in these high radiation areas). It is EMP and weather 

protected.  

The probe of CD V-700 has a section in the center which rotates. When you turn this section, 

you will eventually see a “window” through the detector wall. When this “beta window” is 

opened, you detect both high-energy beta and gamma radiation. When the probe shield on the 

CD V-700 is closed, beta is stopped and only the gamma dose rate is measured. However, the 

difference in the unshielded reading and the shielded reading, which represents the beta 

contribution, can be interpreted only in a general way by qualified radiological personnel. 

 
567 Nuclear War Survival Skills, Cresson Kearny, Oregon Institute of Science and Medicine, 1986, pg. 95.  
568 Much of the information in this section and ones to follow is derived/extracted from the FEMA Manual SM 

320.01 APRIL 1998 (SUPERCEDES OCT 1993) titled: “Fundamentals Course for Radiological Monitors” and the 

DOD Handbook for Radiological Monitors, April 1963.  



Nuclear Risks and Preparedness  © 2014 Kevin Briggs 

751 
This electronic edition is for free distribution and not for resale. 

Views expressed herein are those of Kevin Briggs, and not necessarily of any group or government agency. 

If an audible indication is desired, a headphone may be attached to the connector at the lower 

left corner of the instrument cover. Most operators should disregard the c/m scale on the 

meter. 

Controls. There is only one control on the CD V-700. This control, a selector switch, can be 

moved to the OFF position and three ranges labeled X 100 (times 100), X 10 (times 10), and X l 

(times 1). On the X l range, the measured dose rate is read directly from the meter. On the X10 

and X 100 ranges, the meter readings must be multiplied by 10 and 100 respectively to obtain 

the measured dose rate. 

Battery Installation: Step 1: Turn OFF meter.  A GM tube requires high voltage for operation.  If 

you do not remember to shut off this meter before installing the two batteries, you may be 

reminded of this with a strong electrical shock. Step 2:  Remove the battery support bar to 

install the two “D” cell batteries. Check the polarity. Reassemble.  

Operational Check. Prior to use, the CD V-700 should be checked to assure that it is operating 

properly. The “operational check’’ should be performed in a radiation free area as follows: (1) 

turn the selector switch to the X 10 range and allow at least 30 seconds for warm up, (2) rotate 

the shield on the probe to the fully open position, and (3) place the open area of the probe as 

close as possible to the operational check source located on the instrument case. The meter 

should read between 1.5 and 2.5 mr/hr (about halfway up the meter face scale). That tells you 

the batteries are operating and that, on the “X10” scale, the meter is responding properly to 

the radiation. If the reading is not within this interval and if the CDV-700 has been recently 

calibrated, the reading from the check source should be noted. This reading should remain the 

same during future operational checks. The operational check source should be used to 

determine that the CDV-700 is operating properly. Its use does not replace the need for 

calibrating the instrument. During an emergency, the presence of external radiation from 

fallout may prohibit the performance of an operational check. In this event, the monitor should 

assume a calibrated CD V-700 is operating properly if it indicates radiation levels above normal 

background. The CD V-700 is equipped with a headphone jack.  The headphones are very useful 

because they allow you to check for the presence of radiation without looking at the meter face 

(the response to radiation is audible only if speaker or headphones are used).  Try them on and 

perform the meter check. 

Jamming. One particular operating characteristic of the CD V-700 with which the monitor 

should be familiar is “jamming” or “saturation.” Radiation dose rates from 50 mr/hr to 1 r/hr 

will produce off-scale readings. However, when dose rates materially exceed 1 R/hr, the CDV-

700 may ‘jam” or “saturate” and read zero or less than full scale. A higher range instrument is 

required for measurement of dose rates higher than 50 mr/hr. 
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Care: Turn the meter off and remove batteries for storage. Batteries may corrode and damage 

the unit. For storage, place the end of the GM tube with the wire over the center of the meter 

rather than hanging over the outer end. This prevents loosening of the contact between the 

tube and wire. 

Instrument Use: The probe may remain in the handle clip (and held waist high) while 

conducting a survey or may be held in your hand while surveying. Never dangle the probe by 

the cord. When entering areas with unknown radiation levels, use both high and low range 

instruments in tandem (as a double check) {good high range meters are the CD V-715 and V-

717 that will be described in the immediately following sections}. Begin with the survey meter 

on the X1 range.  If radiation is detected, switch to the X10 range.  If the needle rises again, 

switch to the X100 scale.  Multiply the actual meter face reading by the range (X1, X10, X100) to 

determine an exposure rate in mR/hr. If the needle peaks above its range, earphones squeal, 

and needle then drops to low end of the scale (or to zero), it is most likely that the instrument 

has been “saturated.” You will then need to depend upon a high range meter for continued 

radiation detection and accurate reading.  

CD V-715 High Range Rate Meter 

General. The CD V-715, with a range of 0-500 R/hr, is a very popular and useful survey meter 

for radiation emergencies. It measures gamma dose rates only using an ionization chamber, but 

is popular because of its light weight (just over 3 pounds), simplicity of operation, and 

protection against EMP and water (it even floats). It can be used for the major radiation 

detection survey requirements in the period immediately following a nuclear weapon attack or 

major nuclear power plant disaster. Instrument accuracy on each of its four ranges is within +/- 

20% of the true dose rate from Cs 137 or Co 60 gamma radiation. The CD V-715 has no beta 

detection capability. 

Controls. Two controls are provided on the CDV-7l5. One control, a selector switch has seven 

positions: CIRCUIT CHECK, OFF, ZERO, and X 100 (times 100), X 10 (times 10), X 1 (times 1) and X 

0.1 (times 0.1) ranges. On the X1 range, the measured dose rate is read directly from the meter. 

On the X 0.1, X 10, and X 100 ranges, the meter readings must be multiplied by a factor of 0.1, 

10, or 100 respectively in order to obtain the measured dose rate. A second control, the zero 

control, is used to adjust the meter reading to zero during the operational check, and to adjust 

for “zero drift” during long periods of operation. 

Battery Installation and Life: Step 1:  Turn the meter OFF. Step 2: Open unit by snapping open 

the pull catch at each end of the case and separating the top from the case bottom. This 

exposes the battery box. Install the “D” size battery (observe polarity).  Only one is required as 
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this instrument is of lower voltage than the CD V-700. Step 3: Close the instrument by aligning 

the top with the case bottom and squeezing together gently. Snap the pull catches closed. 

Battery life should be around 150 hours of continuous use (note: turn off the meter when not in 

use to preserve battery life).  

Operational Check. Prior to use, the CDV-715 should be checked to assure that it is operating 

properly. The ‘‘operational check” is performed as follows: (1) turn the selector switch to the 

ZERO position, allow at least two minutes for warm up (even though the instructions with the 

meter say 1 minute, you should wait two or more). With the switch still on “zero,” adjust the 

needle’s position with the knob on the left of the handle until it is located over “0” on the 

meter face.  “Zeroing the meter” assures accuracy of future readings. When zeroing the meter, 

the detector does not respond to radiation, so this zeroing can be done even in a radiation 

area. A low or dead battery is indicated by inability to zero the instrument.  (2) Turn and hold 

the selector switch to the CIRCUIT CHECK position to test the strength of your battery, the 

proper installation of the battery, and the meter circuits. This position is spring-loaded to return 

to “OFF”. You should observe a needle deflection on the meter face to near the red area 

marked “CIRCUIT CHECK”. If there is no deflection, either the battery is low or trouble exists 

within the circuitry. Note that even if the circuit check response is satisfactory, the instrument 

still may not respond to radiation properly because neither the ion chamber or its output signal 

being delivered to the grid of the electrometer tube is checked. 569 (3) Test the operation of 

each range by slowly rotating the selector switch to each position and waiting to observe the 

meter deflection.  Assuming you are not in a radiation field at the time, the needle should not 

move further than three of the smallest increments upscale (0.3 on the face) on the “X100,” 

“X10,” and “X1” scales and six increments (0.6 on the meter face) on the “X0.1” scale.  

Range Selection and Reading in Radiation: In the presence of known or suspected radiation, 

turn the selector switch to the “X100”, “X10”, “X1”, or “X0.1” range as necessary to obtain an 

upscale reading on the meter. Readings should not be taken when the pointer is in the lower 

portion of the scale, below the half-way line mark (0.5) between the 0 and 1 division on the 

meter face that reads 0 to 5. If the pointer is in this lower 10% of the meter scale, the operator 

should turn to the next most sensitive range until the pointer indicates in the upper portion of 

the scale.  

The meter reading observed must be multiplied by the factor indicated by the position of the 

range selector switch to obtain the radiation dose rate in R/hr. For example, if the meter 

reading is 4 and the range is X100, then the radiation intensity is 400 R/hr (and, by the way, you 

 
569 A defective ion chamber or a break in the signal path or a dirty connector can result in the instrument 

not properly measuring radiation or in some cases not provide any response to radiation.  
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had better seek shelter immediately). If the meter reads 4 and you are on the X10 range, the 

radiation intensity is 40 R/hr.  

Where to buy: Proper calibration is essential for these high-range rate meters. Hence, I 

recommend www.ki4u.com, where you can buy these meters with a recent certificate of 

calibration for a very reasonable cost.  

CD V-717 High Range Rate Meter with External Probe 

General.  The CD V-717 is a modification of the CD V-715 and measures gamma radiation dose 

rates as high as 500 roentgens per hour (R/hr). This modification provides a remote reading 

capability for the fallout monitoring stations. The operating characteristics are identical to the 

CDV-715, except that the removable ionization chamber may be placed outside the shelter in 

an unshielded area and protected from possible contamination by placing it in a bag or cover of 

light-weight material. The CD V-717 consists of three case sections. The top section contains the 

meter and almost all of the circuitry. The bottom section contains the ion chamber and 

provides for storage of the 25 feet of cable and the storage spool. The center section provides 

for electrically connecting the circuit board on the top section to the chamber from the bottom 

section. The instrument may be operated as a handheld portable type survey instrument when 

all case sections are locked together, or, the bottom section of the case may be removed and 

the 25 foot triaxial cable employed to allow remote operation of the ion chamber detector. 

Readings may then be observed from within a sheltered area. This model is also EMP protected, 

will float in water, and is just over 5 pounds. 

Battery Installation and Life: Step 1:  Turn the meter OFF. Step 2: Open unit by snapping open 

the pull catch at each end of the case and separating the top from the center section. Pull the 

case top straight up from the center case section, so as not to cause the circuit board to seize 

on the barrel of the feed-thru connector. This exposes the battery box. Install the “D” size 

battery (observe polarity).  Only one is required as this instrument is of lower voltage than the 

CD V-700. Step 3: Close the instrument by aligning the top with the case center section and 

squeezing together gently. Snap the pull catches closed. Battery life should be around 150 

hours of continuous use (note: turn off the meter when not in use to preserve battery life).  

  

http://www.ki4u.com/
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Figure 269. Remote Operation Using the Cable Assembly on the CD V-717 

 

Remote Operation Using the Cable Probe:  

1. Release the draw pull catches holding the bottom case section to the center case section, 

and separate the two case sections.  

2. Remove the cable from its stored position behind the ion chamber and carefully unwind it 

from the spool so as to avoid kinking and tangling it.  

3. Connect the threaded cable plug to the ion chamber hermetic seal connector and slide the 

push fit cable plug onto the bulkhead feed-thru connector on the bottom of the center case.  

4. See Figure 269 for how to rest the upper portion of the meter on a table, etc., to prevent 

sharp bends where the cable enters the connector.  

5. Place the bottom case section containing the ion chamber upside down at any point within 

cable reach where it is desired to monitor the radiation environment, such as outside of a 

shelter.  

Range Selection and Reading in Radiation: The time required to obtain a satisfactory dose rate 

indication is considerably increased when using the cable with the remote detector. Allow at 

least 4 minutes for the meter to reach a steady value when using the X0.1 range, 50 seconds 

when on the X1 range, and 9 seconds on the other two ranges.  

Just as with the CD V-715, in the presence of known or suspected radiation, turn the selector 

switch to the “X100”, “X10” , “X1”, or “X0.1” range as necessary to obtain an upscale reading on 

the meter. Readings should not be taken when the pointer is in the lower portion of the scale, 

below the half-way line mark (0.5) between the 0 and 1 division on the meter face that reads 0 
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to 5. If the pointer is in this lower 10% of the meter scale, the operator should turn to the next 

most sensitive range until the pointer indicates in the upper portion of the scale.  

Figure 270. CD V-717, 750, and 742 

 

The meter reading observed must be multiplied by 

the factor indicated by the position of the range 

selector switch to obtain the radiation dose rate in 

R/hr. For example, if the meter reading is 4 and the 

range is X100, then the radiation intensity is 400 

R/hr (and, by the way, you had better seek shelter 

immediately). If the meter reads 4 and you are on 

the X10 range, the radiation intensity is 40 R/hr.  

If in a nuclear war or terrorism environment, after 

the early period of high fallout radiation dose rates, 

and the requirement for a remote reading 

instrument diminishes, the removable ionization 

chamber should be checked for contamination with 

the CDV-700 or equivalent low-range meter; 

decontaminated, if necessary, and returned to the 

case. The CDV-717 may then be used for other monitoring operations. 

CD V-736 Pen Style Rate Meter 

The CD V-736 is a surplus Civil Defense rate meter that looks similar to many of the pen/pocket 

dosimeters on the market (such as the CD V-742 pictured in Figure 270) and measures residual 

gamma radiation from fallout. It has two scales that can be read when the CD V-736 is pointed 

towards a light source. The upper scale goes to 120 R/hr and is read after one minute of when 

the unit is charged and zeroed by a CD V-750 (or equivalent) charging unit. If the upper scale 

reading is less than 10 R/hr, the lower scale should be read in 10 minutes (the lower scale is 

more sensitive and goes to 12 R/hr. Arrow-Tech makes a modern version of a pen style rater 

meter.   

  

CD V-717 

CDV-750 CD V-742 
Copyright © 2014, Kevin Briggs 

CD V-750 
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Surplus Civil Defense (CD) Dosimeters 

General. Properly operating, surplus CD pen dosimeters can be used to measure you body’s 

total exposure to gamma and some x-ray radiation (with an accuracy of +/- 20%). They are 

called “pen” or “pocket” dosimeters, because they resemble the shape of a pen and can be 

clipped to your pocket. There are several common Civil Defense dosimeters available through 

surplus channels, such as the CD V-138 (with a range of 0 – 200 mR), the CD V-730 (with a range 

of 0 – 20 R), the CD V-740 (with a range of 0 - 100 R) 570, the CD V-742 (with a range of 0-200 R), 

and the CD V-746 (0 – 600R). The CD V-742 is particularly easy to find in the surplus buying 

channels, and if recently tested and certified, should reliably measure accumulated high range 

gamma exposure doses to people and shelter occupants. It can be read by holding it toward any 

light source sufficient to see the scale and hairline. These dosimeters are EMP hard and 

weather resistant. 

Figure 271. Charging a dosimeter 

Operation of Dosimeter and Charger: 571 

1. Point the dosimeter at a light source – even 

a match, candle, or flashlight will do – and 

observe the position of the hairline 

indicator. If the line is visible and positioned 

less than mid-scale, you can either record 

the reading or rezero the unit. If the line is 

at or above mid-scale or not visible, the 

unit must be rezeroed. To rezero, a 

dosimeter charger is required.  

2. To operate the Dosimeter Charger such as 

the CD V-750 or V-756 (or others such as 

the more modern Jordan 750-5 or NDS Products ND-100 chargers), make sure the battery is 

installed in the charger first (note: handheld piezoelectric dosimeter chargers, such as the 

one offered by Arrow-Tech or the CD V-50 Model 6, don’t require a battery -- their 

operation is somewhat different than what is described below.).  

3. Position the charger on a flat surface such as a table. Unscrew the cap on the charging 

contact and place the end of the dosimeter (opposite the pocket clip and eye piece) on the 

charging pedestal. When applying some slight downward pressure, a light should come on 

 
570 The reader is warned that CD V-740 dosimeter should not be purchased without a certificate of 

calibration, in that most available units do not pass the electrical leakage or calibration tests.  
571 Much of this material was derived from the rate meter and dosimeter instruction MP-72, August 1976.  

Even a child, with 

practice, can 

charge a dosimeter 

Copyright © 2014, Kevin Briggs 
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while looking into the eyepiece. If the light does not come on, check the battery, light bulb, 

and battery contacts.  

4. Once you have verified that the light source is working, apply firm, downward pressure until 

the dosimeter will not go any further, and you should see a meter scale and a line while 

looking through the dosimeter. If no line is visible (while continuing to hold the dosimeter 

firmly down on the charging pedestal) rotate the control knob, usually located in the upper 

right hand corner, until a line appears. The line will normally appear from the right hand 

side of the scale and the charging unit control knob will be required to move the line left 

until it centers over the zero mark.  

5. After zeroing the dosimeter in the fully down charging position, lift the dosimeter to the 

viewing position, which is almost all the way up and is where the light originally came on. 

Check the hairline position. If the hairline has moved, move the dosimeter back to the 

charging position and rezero the meter. You may have to re-accomplish this several times as 

the hairline has a tendency to jump up scale. You should always check the dosimeter after 

it is fully removed from the charger to ensure that the hairline is over the zero mark. 

Common problem: If the needle regularly jumps past zero when you remove it from the 

charger, you can redo the zeroing and compensate by setting the needle just off the ZERO 

line and allow for the “jump.” 

6. To use the dosimeter, note the time and value of the initial reading (with the scale in the 

horizontal position)572 while pointing the dosimeter at a light source. After a set amount of 

time of wearing the dosimeter, note again whether the dosimeter reading has changed 

much, and if so, how much. If you think or know that you are in a dangerously radioactive 

environment, the time between measurements should be relatively short (a few minutes or 

less). Keep the dosimeter with you at all times. Regularly record the time and scale reading 

thereafter, as long as you are in a radiation hazard zone.  

Initial Check. There is no “operational check” for dosimeters similar to the check for survey 

meters. However, when dosimeters are bought or received, you should zero them, and check 

their electrical leakage characteristics. The leakage characteristics may be checked by zeroing 

the dosimeters and placing them in a normal background radiation environment for 5 days. If 

the leakage rate exceeds 5% of full scale per 5 days, the dosimeter should not be used provided 

other dosimeters are available. For example, on a CD V-742 scale from one to 200 R, if the 

reading was over 10R on the scale, this dosimeter should not be used if other dosimeters are 

available. If no other dosimeters are available, the leakage rate should be determined and the 

contribution from electrical leakage can be subtracted from the dose as measured by the 
 

572 If you hold the dosimeter in such a way as to make the scale line up vertically with the earth, gravity 

will act on the hairline indicator and cause a slightly more positive or negative reading, depending on 

which side of the scale is lowest.  
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leaking dosimeter (note: this is near to impossible to do if you are in the midst of a radiation 

emergency, since you cannot easily know if the dosimeter is being tested in a normal 

background radiation environment). In general, if you own a dosimeter that does not pass this 

test, it is better to just buy a new “surplus” one that has been checked and certified.   

Storage. Most civil defense dosimeters will require a ‘‘soak in’’ charge after long-term storage 

in an uncharged condition. Consequently, such dosimeters should be charged and the reading 

observed for a few hours before using them. A second charging may be required before the 

dosimeters are ready for use. When not in use, dosimeters should be charged and stored in a 

dry place. When performing periodic checks (for example, annually) of these instruments, 

dosimeters should be read, recharged to zero, and checked again in 5 days (as mentioned in the 

Initial Check paragraph above) to ensure they are still working.  

Reliability of Surplus Dosimeters: Unless a used dosimeter has been recently tested and 

calibrated before you buy or obtain it, you do not know how whether it will reliably record the 

radiation it absorbs. The only way to know if the dosimeter is working is to check it against a 

known calibration source. Since most of us do not own such radiative materials and test 

equipment, readers are advised to either buy a professionally calibrated and cared for 

dosimeter, or to use the services of Arrow –Tech to test and calibrate your existing dosimeter 

(see http://www.dosimeter.com/calibration to arrange for a check of your existing pen 

dosimeter for a nominal charge).  

CD V-750 and CD V-756 Pen Dosimeter and Rate Meter Chargers 

Figure 272. CD V-750 Dosimeter Charger 

 

General. The CDV-750 and CD V-756 dosimeter 

chargers are used to charge (zero) and read 

civil defense pen/pocket style dosimeters. 

These two charging units are functionally 

similar. The CD V 756 unit I own is brownish 

with black plastic knobs and was manufactured 

by Bendix, but yellow CD versions are available. 

The CD V 750 units I own are yellow with the 

standard Civil Defense symbol on them, use 

metal knobs, and were made by Industrial 

Electronic Hardware Corporation.  

http://www.dosimeter.com/calibration
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If no light source is available, a dosimeter may be read on a charger as follows: (1) remove the 

dust cover from the charging receptacle, (2) place the dosimeter on the charging contact, and 

(3) press lightly to light the lamp. Do not press firmly, since the hairline may change position if 

the charging switch is closed. 

Common problem with these chargers: If the needle in the dosimeter often jumps slightly 

past zero when you remove it from the charger, redo the zeroing and compensate by setting 

the needle just off the ZERO line and allow for the “jump.”  

Piezoelectric CD V-750 Model 6 Pen Dosimeter/Rate Meter Charger  

Figure 273. CD V-750 Model 6 Charger 

General. This $300+ charger (2014 price) 

may be used to zero all self-reading pocket 

dosimeters and is self-powered (requires 

no batteries) and does not experience the 

“needle jumping off of zero” problem as 

frequently as can occur when a dosimeter 

is removed from a CD V-50 or 56 style 

charger. The fact that it does not require 

batteries obviously has its advantages 

when considering the long-term storage of 

the unit. This unit is also available to the 

public and is called the Radiation Alert 

Charger and is made by S.E. International 

Inc. (1- 800-293-5759) and is also 

distributed by Arrow-Tech.   

The Kearny Fallout Meter (KFM) 

The KFM was invented in 1977 by Cresson Kearny when he worked at Oak Ridge National Labs. 

It is still the only radiation meter that is made up of common household items and can be 

assembled within about 6 hours (or less if you use a kit) by a family (this time includes the time 

to train people on how to use it). The following description of this meter is quoted/adapted 

from the excellent book, Nuclear War Survival Skills, by C. Kearny.  573 

 
573 “Copyright © 1986 by Cresson H. Kearny. The copyrighted material quoted here may be reproduced without 

obtaining permission from anyone, provided: (1) all copyrighted material is reproduced full-scale (except for 

microfiche reproductions), and (2) the part of this copyright notice within quotation marks is printed along with the 

copyrighted material.” 

 
Graphic adapted from: FEMA, SM 320. Mod IV.  
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“A KFM is a simple electroscope-ionization chamber fallout meter with which fallout 

radiation can be measured accurately. To use a KFM, an electrostatic charge must first 

be placed on its two separate aluminum-foil leaves. These leaves are insulated by being 

suspended separately on clean, dry insulating threads. 

To take accurate readings, the air inside a KFM must be kept very dry by means of drying 

agents such as dehydrated gypsum (easily made by heating gypsum wallboard, 

"sheetrock") or silica-gel. (Do not use calcium chloride or other salt.) Pieces of drying 

agent are placed on the bottom of the ionization chamber (the housing can) of a KFM. 

An electrostatic charge is transferred from a homemade electrostatic charging device to 

the two aluminum-foil leaves of a KFM by means of its charging-wire. The charging-wire 

extends out through the transparent plastic cover of the KFM. 

When the two KFM leaves are charged electrostatically, their like charges (both positive 

or both negative) cause them to be forced apart. When fallout gamma radiation (that is 

similar to X rays but more energetic) strikes the air inside the ionization chamber of a 

KFM, it produces charged ions in this enclosed air. These charged ions cause part or all 

of the electrostatic charge on the aluminum-foil leaves to be discharged. As a result of 

losing charge, the two KFM leaves move closer together. 

If a KFM is made with the specified dimensions and of the specified materials, its 

accuracy is automatically and permanently established. Unlike most radiation measuring 

instruments, a KFM never needs to be calibrated or tested with a radiation source, if 

made and maintained as specified.  

Low-cost, EMP-protected dosimeter cards/stickers 

Many years ago I was sitting at a conference in Washington DC about Iodine 131 risks and 

protection, I happened to get into a sidebar discussion with a military officer about how great it 

would be if we had EMP-protected dosimeters that were easier to use than the current pen 

dosimeters.  He got a big grin on his face, pulled out his wallet, and said something like:  “you 

mean, something like this!”  It turns out that he was the project lead for developing credit card 

size dosimeters for the military!  These cards have a film that changes color based on the 

overall gamma dose received.  I personally now have two of these in my wallet.  One is the size 

of a postage stamp and is a bit hard to read (with my aging eyesight ☺).  The other is a credit 

card sized dosimeter that is much easier to read. Since that time, the Department of Homeland 
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Security has put out a report574 about this product, which I will quote in part in the paragraphs 

that follow. 

“The Self-indicating Instant Radiation Alert Dosimeter (SIRAD) campaign investigated the 

suitability of a credit-card format, human-readable radiation dosimeter as a dose control 

tool for preparedness and response to a terrorist event involving radioactive material. 

The device could fill a technology gap for first responders since they do not routinely 

carry radiation dosimetry. 

The SIRAD is a passive, disposable dosimeter that changes color upon exposure to a 

medically significant radiation dose. Its convenient format and low cost ($10-20) would 

allow for predistribution and provide immediate indication of any significant radiation 

exposure. This would provide reduced responder anxiety and response delays when 

exposure is low, and support for tactical response decisions when exposure is high. 

Deployed description 

The SIRAD model tested has a color matching scale indicating doses from 5-200 rad. In 

the field test component of this campaign SIRADs were distributed to emergency 

responders in New Jersey, New York, and Illinois, along with a back-up 

thermoluminescent dosimeter (TLD) for dose verification and a 24-hour hotline for 

assistance in case of a color change. Regulations for human subjects research were 

followed. Other components of the campaign assessed the response of SIRAD to 

laboratory irradiations and physical stresses and investigated variations in visual 

interpretations of the color scale. Results were evaluated in terms of personnel 

dosimetry consensus standards, ANSI N13.11 and N322, which provide a general 

framework to quantify performance, though not written for SIRAD and not a pre-

requisite for its use. 

Key outcomes 

The overall outcome is that the SIRAD demonstrated generally acceptable performance 

for homeland security mission needs. Incidence of loss or damage to the device during 

field deployment was low, false positive rates were less than one percent, and field 

conditions and physical stresses did not seem to compromise performance. The response 

to laboratory controlled irradiations was acceptable: SIRAD passed one out of three of 

the ANSI N13.11 accident categories (category IC, photons of low energy, 73 keV) and 

showed a 30 percent positive bias to 662 keV photons, thus tending to err on the side of 

caution. It responded to electrons but showed negligible neutron response. Visual 

 
574 DHS/S&T/SED/CMTB-2007-003, Self-Indicating Instant Radiation Alert Dosimeter (SIRAD) Test Results, Final 

Report, February 22, 2007.   
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interpretation of the color reference scale was variable but appears adequate for tactical 

applications in identifying high doses compared to a response worker guideline. 

… This campaign investigated a radiation dosimeter that is disposable and field 

readable. The Self-indicating Instant Radiation Alert Dosimeter (SIRAD) is the size of a 

credit card, with a radiation sensitive strip that turns shades of blue when it is exposed to 

medically significant levels of ionizing radiation (5-200 rad*). See Figure 1. If routinely 

carried by emergency responders, it could provide early indication of a significant 

radiation component after a terrorist event and measure individual responder dose for 

planning lifesaving operations. It could also reassure first responders of a lack of 

radiation, which could avoid response delays due to fear of radiation. Pre-distributed 

SIRADs could provide early data on the ground to assess the scope of a radiation event. 

This data could assist identifying those in the public that potentially received a 

significant radiation dose as well as help to reassure the worried well in order to 

appropriately allocate response resources. The SIRAD could also be issued after a 

radiation event has been identified as emergency back-up dosimetry. 

SIRAD dosimeters are not as sensitive as those used for routine occupational monitoring, 

which measure lower doses (for example, from 30 millirem† - 500 rad). The lowest dose 

on the SIRAD scale is closer to an annual occupational dose limit. While the SIRAD is not 

appropriate for occupational dose of record, for homeland security applications the 

SIRAD could be carried as a precaution by those not normally occupationally exposed to 

radiation but who could be at the scene of an event. 

Figure 1. Front of SIRAD card. The image on the left shows a protective cover flap, and the one on the 
right shows the underlying SIRAD card with its radiation sensitive strip and color-matching scale. It was 
developed by Dr. Gordhan Patel, JPLabs (www.jplabs.com) with support in 2003-2005 from the Technical 
Support Working Group (U.S. Departments of Homeland Security, Defense, Justice, and State). Its early 

development (1995-1997) was supported by the U.S. Navy.”575 

 

 
575 Ibid.  
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Sources for more information on radiation meters and dosimeters 

Here are some well-known sources for more information and/or products involving radiation 
meters and dosimeters: 
 
www.ki4u.com   
 
www.kicanada.com  
 
http://www.dosimeter.com/direct-reading-dosimeters/direct-reading-dosimeter-w746-0-600r-
with-sapphire-window/  
 
www.ludlums.com  
 
www.berkeleynucleonics.com  
 
http://seintl.com/radiation_detectors/radiation_detectors_and_geiger_counters.html  
 
  
 
  

http://www.ki4u.com/
http://www.kicanada.com/
http://www.dosimeter.com/direct-reading-dosimeters/direct-reading-dosimeter-w746-0-600r-with-sapphire-window/
http://www.dosimeter.com/direct-reading-dosimeters/direct-reading-dosimeter-w746-0-600r-with-sapphire-window/
http://www.ludlums.com/
http://www.berkeleynucleonics.com/
http://seintl.com/radiation_detectors/radiation_detectors_and_geiger_counters.html
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Appendix H – Spiritual Preparedness  

In this last appendix, I want to take a few pages to consider some additional passages from the 

Bible that will hopefully help you to: (1) make responsible preparations, (2) reduce fear, and (3) 

have hope.   

Responsible preparedness 

If you wait to take action, I’m afraid you may deeply regret your choice to wait and rely on 

others.  God warns us that:  “The prudent see danger and take refuge, but the simple keep 

going and pay the penalty.” 576  Likewise, He says “If anyone does not take care of his own 

relatives, especially his immediate family, he has denied the faith and is worse than an 

unbeliever.” 577  The first verse is a call to prudent action.  Both are a warning to those who 

don’t take refuge from danger (which includes making preparations to survive) and to care for 

their family.  

In addition to our families, the second greatest commandment expands our responsibilities 

beyond our families.  Jesus quotes the command from Leviticus 19:18: You shall love your 

neighbor as yourself.578  In the story of the Good Samaritan, Jesus further explains this 

command.  The Bible recounts this story as follows (note: all verses are taken from the ESV): 

And behold, a lawyer stood up to put him to the test, saying, “Teacher, what shall I do to 

inherit eternal life?” He said to him, “What is written in the Law? How do you read it?” 

And he answered, “You shall love the Lord your God with all your heart and with all your 

soul and with all your strength and with all your mind, and your neighbor as yourself.” 

And he said to him, “You have answered correctly; do this, and you will live.” But he, 

desiring to justify himself, said to Jesus, “And who is my neighbor?” Jesus replied, “A 

man was going down from Jerusalem to Jericho, and he fell among robbers, who 

stripped him and beat him and departed, leaving him half dead. Now by chance a 

priest was going down that road, and when he saw him he passed by on the other 

side. So likewise a Levite, when he came to the place and saw him, passed by on the 

other side. But a Samaritan, as he journeyed, came to where he was, and when he saw 

him, he had compassion. He went to him and bound up his wounds, pouring on oil and 

wine. Then he set him on his own animal and brought him to an inn and took care of 

him. And the next day he took out two denarii and gave them to the innkeeper, 

saying, ‘Take care of him, and whatever more you spend, I will repay you when I come 

 
576 Proverbs 27:12 – New International Version   
577 1 Timothy 5:8 – International Standard Version 
578 Jesus quotes Leviticus 19:18 as recorded in Mark 12:31 (English Standard Version (ESV)). 
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back.’ Which of these three, do you think, proved to be a neighbor to the man who fell 

among the robbers?” He said, “The one who showed him mercy.” And Jesus said to him, 

“You go, and do likewise.”    (Luke 10:25-37, English Standard Version) 

This story of the Good Samaritan shows that our neighbors are not only those who live or work 

around us, but can include anyone who we unexpectedly meet who is in need.  In the aftermath 

of a major nuclear disaster, we may have many needy people come across our path, to include 

those who’ve been injured and need medical attention as well as care for an extended period.  

God says that we should be like the Good Samaritan, even to folks we may not normally 

associate with.  Perhaps Jesus used the Samaritan example to show that we need to look 

beyond political, cultural, and religious differences when it comes to loving our neighbor.  It is 

important to note that the Samaritans and Jews generally did not associate with each other and 

according to biblical accounts and Josephus (a historian in Jesus’ time); there was much hostility 

between the Jews and Samaritans.579   

In the future, when a nuclear bomb detonates (or some other nuclear crisis occurs), I hope 

you’ll be able to take comfort that you’ve appropriately prepared to care for those you love and 

for your “neighbors”, as defined by Jesus.  A major goal of spiritual preparedness is to have a 

clear conscience no matter what happens or who we meet up with along the way.  

Reducing fear 

Reading a book like this can lead to a lot of reasonable concerns or fears.  Fear is not necessarily 

a bad thing.  A fear of heights keeps us from recklessly walking along the edge of the Grand 

Canyon.  A fear of getting mugged keeps us from walking down dark and historically dangerous 

paths by ourselves.  These are reasonable fears that lead to responsible decisions and actions.  

My hope is that this book leads people to take appropriate actions to real risks.   

But there is a different type of fear that Jesus commands us not to embrace.  That fear is one 

where we forget that God is with us and will keep watch over us in love if we put our hope in 

Him.  Some scriptures that apply are: 

And do not fear those who kill the body but cannot kill the soul. Rather fear him 

who can destroy both soul and body in hell. Are not two sparrows sold for a 

penny? And not one of them will fall to the ground apart from your Father. But 

even the hairs of your head are all numbered. Fear not, therefore; you are of more 

value than many sparrows. So everyone who acknowledges me before men, I also 

 
579 Sources: (1) International Standard Bible Encyclopedia, James Orr, M.A., D.D., General Editor, 1915; (2) Mark 

A. Powell, "Introducing the New Testament: A Historical, Literary, and Theological Survey" 'Ch.01 The People of 

Palestine at the Time of Jesus', Baker Academic, 2009 
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will acknowledge before my Father who is in heaven, but whoever denies me 

before men, I also will deny before my Father who is in heaven. (Matthew 10:28-

33, ESV) 

… fear not, for I am with you; be not dismayed, for I am your God; I will strengthen you, I 
will help you, I will uphold you with my righteous right hand. (Isaiah 41:10, ESV) 

… do not be anxious about anything, but in everything by prayer and supplication with 
thanksgiving let your requests be made known to God. And the peace of God, which 
surpasses all understanding, will guard your hearts and your minds in Christ Jesus. 
(Philippians 4:6-7, ESV) 

The above shows that if we put our hope in God, we don’t have to be anxious or feel a sense of 

dread or terror.  Instead, we can have peace and God’s help in determining what actions we 

should take to protect our family and neighbors.  We can make decisions and take actions that 

are a faith-filled response to God in light of reasonable concerns.  We then can have a mind at 

rest knowing we’ve done our part to fulfill God’s commands to love.   

I don’t agree with those who say that putting our trust in God requires us to take no action.  On 

the contrary, I think putting our trust in God should spur us on to take risks and to vigorously 

work to protect our family and country.  I think the Scriptures are full of examples of civil and 

military leaders who were commended for building defenses and/or working hard to protect 

their family and nation.  Some notable biblical examples of those who took risks and expended 

great efforts to protect their family and/or nation include:  Joseph, Moses, Joshua, David, Elijah, 

Hezekiah, Daniel, Esther, and Nehemiah. These biblical heroes all put their trust in God, but also 

put their faith into action.   

In the USA, we have placed the words, “In God We Trust” on our coins and dollars.  I hope that 

our national leaders, at all levels of government, will back up this trust in God with responsible 

actions. I hope they will: (1) build up our defensive walls, like Nehemiah; (2) establish localized, 

long-term food storage/supplies, like Joseph; and (3) protect our water supplies, like Hezekiah.  

Modern equivalents to building our walls would include:  (1) active missile defenses capable of 

protecting our population against ballistic and cruise missiles coming from any direction, (2) 

civil defense sheltering like Switzerland along with a viable public alert and warning capability 

that can operate through an EMP event, and (3) EMP protection of our critical infrastructures 

(electric, banking, communications, Internet, transportation, etc.) like the Russians and portions 

of the U.S. military have accomplished.  Modern equivalents of Joseph’s food storage program 

would be to develop protected grain and key nutritional supplies580 in or near major population 

 
580 Protected grains would include wheat, corn, and rice stored so as to prolong their shelf-life for many decades.  

Likewise key nutritional supplies would include things like crystalized vitamin C.  
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centers.  Modern equivalents of Hezekiah’s water tunnel would include building EMP resilient 

water systems, such as wells, cisterns, and rainwater recovery systems, along with the 

necessary resilient purification systems.  We cannot recover effectively from an EMP or nuclear 

attack without protected food, water, and critical supplies 581 that are in or near to population 

centers.  

I will end this subsection with another biblical warning to those who don’t prepare and work 

hard to protect their loved ones when adequately warned: 

Whoever is slack in his work is a brother to him who destroys. (Proverbs 18:9, ESV) 

Ultimate hope 

While taking responsible actions can help protect your family and friends from physical harm, 

these actions provide no guarantee of your ultimate safety.  They reduce your risk, but certainly 

don’t eliminate risk.   

I believe there is only one sure way to ultimately protect yourself.  Unless your hope is firmly 

placed in Yahweh582, the Sovereign God of creation as described in the Bible, you cannot have 

abiding peace or protection.  With Yahweh, there is no circumstance (to include nuclear war 

and disasters) that can rob you of the full fruit of His Spirit, which is love, joy, peace, patience … 

(see Galatians 5:22).  Without Yahweh, no one can have true peace or spiritual protection.   

As Jesus said:  

Peace I leave with you; my peace I give to you. Not as the world gives do I give to you. 

Let not your hearts be troubled, neither let them be afraid.  (John 14:27, ESV) 

The peace that Jesus offers can only be had if you become His follower and put your trust fully 

in His atoning sacrifice on the cross on your behalf to save you from your sins.  What follows are 

some verses that can help you with finding ultimate peace and protection in a fallen world. 

1. All have sinned and need Jesus as their Savior.  The apostle Paul said:  “For all have sinned 

and fall short of the glory of God” (Romans 3:23).  He goes on to say:  “For the wages of sin 

 
581 Critical supplies would include things like fuel for cooking and medical supplies like potassium iodide, insulin, 

and antibiotics.  
582 Yahweh (יהוה) is the personal name of God, meaning “I am” and recorded in the Bible as used by Eve, Enosh, 

Noah, Abraham and Sarah, Isaac and Rebekah, Jacob, Leah and Rachel, Moses and Pharaoh, and many, many other 

people in the Bible. It is recorded over 6,800 times in the Old Testament.  Yahweh is often denoted as “LORD” in 

modern English versions out of reverence for God’s personal name; but “LORD” is actually a generic name for not 

only the one true God, but also is used for other gods, hence, it is not an accurate substitution for the name 

“Yahweh.”  Note too that Yahweh is a phonetic spelling of the four Hebrew letters, (יהוה), and in reality may be 

pronounced more like “Yahveh” or something similar.    
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is death, but the free gift of God is eternal life in Jesus Christ our Lord.” (Romans 6:23)  While 

the gift of life in Christ is free, it requires making the hard decision to follow Jesus as Lord.  It 

appears that most people will reject His gift of salvation in Christ and take the “easy” way of 

avoiding Christ’s lordship, for Matthew records Jesus’ words:  “Enter by the narrow gate. 

For the gate is wide and the way is easy that leads to destruction, and those who enter by 

it are many.  For the gate is narrow and the way is hard that leads to life, and those who 

find it are few.” (Matthew 7:13-14)  John then quotes Jesus’ description of Himself as the 

door/gate of salvation: “So Jesus again said to them, “Truly, truly, I say to you, I am the 

door of the sheep.  All who came before me are thieves and robbers, but the sheep did not 

listen to them.  I am the door. If anyone enters by me, he will be saved and will go in and 

out and find pasture.  The thief comes only to steal and kill and destroy. I came that they 

may have life and have it abundantly.”” (John 10:7-10)  Luke quotes Peter who shows that 

Jesus is the only (narrow) way to salvation:  “This Jesus is the stone that was rejected by you, 

the builders, which has become the cornerstone.  And there is salvation in no one else, for 

there is no other name under heaven given among people by which we must be saved." 

(Acts 4:12)  And Jesus says: "I am the way, and the truth, and the life. No one comes to the 

Father except through me.” (John 14:6)  As to our need for a Savior, Paul says the following 

to the Corinthian church: “Or do you not know that the unrighteous will not inherit the 

kingdom of God? Do not be deceived: neither the sexually immoral, nor idolaters, nor 

adulterers, nor those who practice homosexuality, nor thieves, nor the greedy, nor 

drunkards, nor revilers, nor swindlers will inherit the kingdom of God. And such were some 

of you. But you were washed, you were sanctified, you were justified in the name of the Lord 

Jesus Christ and by the Spirit of our God.” (1 Corinthians 6:9-11)  The apostle John quotes 

Jesus as follows in Revelation: “And he said to me, "It is done! I am the Alpha and the 

Omega, the beginning and the end. To the thirsty I will give from the spring of the water 

of life without payment.  The one who conquers will have this heritage, and I will be his 

God and he will be my son. But as for the cowardly, the faithless, the detestable, as for 

murderers, the sexually immoral, sorcerers, idolaters, and all liars, their portion will be in 

the lake that burns with fire and sulfur, which is the second death." (Revelation 21:6-8)  

And perhaps some of the best known verses in the Bible from John show Father God’s heart 

for us:  “For God so loved the world, that He gave His only Son, that whoever believes in 

Him should not perish, but have eternal life.  For God did not send his Son into the world 

to condemn the world, but in order that the world might be saved through him.  Whoever 

believes in him is not condemned, but whoever does not believe is condemned already, 

because he has not believed in the name of the only Son of God.”  (John 3:16-18)   

2. Jesus paid the penalty for our sins in order to rescue us from God’s holy wrath.  When 

John the Baptist first sees Jesus, he proclaims the purpose of His coming: "Behold, the Lamb 
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of God, who takes away the sin of the world!” (John 1:29b)  And hundreds of years earlier, 

Isaiah had prophesied that the Messiah (that is, Christ) would come to atone for our sins:  

“But he was pierced for our transgressions. He was bruised for our iniquities. The 

punishment that brought our peace was on him; and by his wounds we are healed. All we 

like sheep have gone astray. Everyone has turned to his own way; and Yahweh has laid on 

him the iniquity of us all. He was oppressed, yet when he was afflicted he didn’t open his 

mouth. As a lamb that is led to the slaughter, and as a sheep that before its shearers is 

mute, so he didn’t open his mouth. He was taken away by oppression and judgment; and as 

for his generation, who considered that he was cut off out of the land of the living and 

stricken for the disobedience of my people?  They made his grave with the wicked, and with 

a rich man in his death; although he had done no violence, neither was any deceit in his 

mouth. Yet it was the will of Yahweh to crush him.  He caused him to suffer when his soul 

was laid down as an offering for guilt.  He shall see his children. He shall prolong his days, 

and the will of Yahweh shall prosper in his hand. After the suffering of his soul, he will see 

the light583 and be satisfied.  My righteous servant will justify many by the knowledge of 

himself; and he will bear their iniquities.”  (Isaiah 53:5-11) And Jesus on many occasions 

explained that His purpose was to come to die to pay the penalty for our sins, such as 

recorded in Matthew: “From that time Jesus began to show his disciples that he must go to 

Jerusalem and suffer many things from the elders and chief priests and scribes, and be killed, 

and on the third day be raised.  And Peter took him aside and began to rebuke him, saying, 

"Far be it from you, Lord! This shall never happen to you."   But he turned and said to Peter, 

“Get behind me, Satan! You are a hindrance to me. For you are not setting your mind on 

the things of God, but on the things of man.” Then Jesus told his disciples, "If anyone would 

come after me, let him deny himself and take up his cross and follow me. For whoever 

would save his life will lose it, but whoever loses his life for my sake will find it. For what 

will it profit a man if he gains the whole world and forfeits his soul? Or what shall a man 

give in return for his soul?   For the Son of Man is going to come with his angels in the 

glory of his Father, and then he will repay each person according to what he has done.” 

(Matthew 16:21-27)  And Luke records how Jesus rebuked two of his disciples when they 

did were slow to believe what the prophets had said about Him: “And he said to them, “O 

foolish ones, and slow of heart to believe all that the prophets have spoken! Was it not 

necessary that the Christ should suffer these things and enter into his glory?” (Luke  24:25-

26)   And Paul in his letter to the Romans says: “… for all have sinned and fall short of the 

glory of God, and are justified by his grace as a gift, through the redemption that is in Christ 

Jesus, whom God put forward as a propitiation 584 by his blood, to be received by faith. This 

 
583 Isaiah 53:11 So read the Dead Sea Scrolls and Septuagint. Masoretic text omits “the light”. [WEB] 
584 Propitiation:  In theology, the atonement or atoning sacrifice offered to God to assuage his wrath and 
render him propitious to sinners. Christ is the propitiation for the sins of men. (Webster’s Dictionary) 
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was to show God's righteousness, because in his divine forbearance he had passed over 

former sins.  It was to show his righteousness at the present time, so that he might be just 

and the justifier of the one who has faith in Jesus. Then what becomes of our boasting? It is 

excluded. By what kind of law? By a law of works? No, but by the law of faith. For we hold 

that one is justified by faith apart from works of the law.”  (Romans 3:23-28)  And the 

author of Hebrews later states: “But when Christ appeared as a high priest of the good 

things that have come, then through the greater and more perfect tent (not made with 

hands, that is, not of this creation) he entered once for all into the holy places, not by means 

of the blood of goats and calves but by means of his own blood, thus securing an eternal 

redemption.  For if the blood of goats and bulls, and the sprinkling of defiled persons with 

the ashes of a heifer, sanctify for the purification of the flesh,  how much more will the blood 

of Christ, who through the eternal Spirit offered himself without blemish to God, purify our 

conscience from dead works to serve the living God. Therefore he is the mediator of a new 

covenant, so that those who are called may receive the promised eternal inheritance, since a 

death has occurred that redeems them from the transgressions committed under the first 

covenant.” (Hebrews 9:11-15)  Jesus says: “This is my commandment, that you love one 

another as I have loved you.  Greater love has no one than this, that one lays down their 

life for their friends.” (John 15:12-13)  

3. Jesus will be our Judge someday, but if we put our trust in His atoning sacrifice on the 

cross for our sins and obey Him as our Lord, He will not condemn us to hell, but will give 

us the gift of eternal life.   In Hebrews 9:27, God says:  “And just as it is appointed for 

people to die once, after this comes judgment.”  Jesus talked about the judgment as follows:  

“The Father judges no one, but has given all judgment to the Son, that all may honor the 

Son, just as they honor the Father. Whoever does not honor the Son does not honor the 

Father who sent him. Truly, truly, I say to you, whoever hears my word and believes him 

who sent me has eternal life. He does not come into judgment, but has passed from death 

to life.  "Truly, truly, I say to you, an hour is coming, and is now here, when the dead will 

hear the voice of the Son of God, and those who hear will live.  For as the Father has life in 

himself, so he has granted the Son also to have life in himself.  And he has given him 

authority to execute judgment, because he is the Son of Man. Do not marvel at this, for an 

hour is coming when all who are in the tombs will hear his voice and come out, those who 

have done good to the resurrection of life, and those who have done evil to the 

resurrection of judgment.”  (John 5:22-25)  Jesus then talks of the Day of His Judgment as 

follows:  "When the Son of Man comes in his glory, and all the angels with him, then he 

will sit on his glorious throne. Before him will be gathered all the nations, and he will 

separate people one from another as a shepherd separates the sheep from the goats. And 

he will place the sheep on his right, but the goats on the left. Then the King will say to 
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those on his right, 'Come, you who are blessed by my Father, inherit the kingdom 

prepared for you from the foundation of the world. For I was hungry and you gave me 

food, I was thirsty and you gave me drink, I was a stranger and you welcomed me,  I was 

naked and you clothed me, I was sick and you visited me, I was in prison and you came to 

me.'   Then the righteous will answer him, saying, 'Lord, when did we see you hungry and 

feed you, or thirsty and give you drink?  And when did we see you a stranger and welcome 

you, or naked and clothe you?   And when did we see you sick or in prison and visit you?'  

And the King will answer them, 'Truly, I say to you, as you did it to one of the least of 

these my brothers, you did it to me.'  "Then he will say to those on his left, 'Depart from 

me, you cursed, into the eternal fire prepared for the devil and his angels.  For I was 

hungry and you gave me no food, I was thirsty and you gave me no drink, I was a stranger 

and you did not welcome me, naked and you did not clothe me, sick and in prison and you 

did not visit me.'  Then they also will answer, saying, 'Lord, when did we see you hungry or 

thirsty or a stranger or naked or sick or in prison, and did not minister to you?' Then he 

will answer them, saying, 'Truly, I say to you, as you did not do it to one of the least of 

these, you did not do it to me.' And these will go away into agelong discipline, but the 

righteous into eternal life.” (Matthew 25:31-46)  And in Revelation, John the apostle talks 

about the Great White Throne of Judgment and of the Book of Life:  “Then I saw a great 

white throne and him who was seated on it. From his presence earth and sky fled away, and 

no place was found for them. And I saw the dead, great and small, standing before the 

throne, and books were opened. Then another book was opened, which is the book of life. 

And the dead were judged by what was written in the books, according to what they had 

done. And the sea gave up the dead who were in it, Death and Hades gave up the dead who 

were in them, and they were judged, each one of them, according to what they had done. 

Then Death and Hades were thrown into the lake of fire. This is the second death, the lake of 

fire. And if anyone's name was not found written in the book of life, he was thrown into the 

lake of fire.”  (Revelation 20:11-15)  Earlier, Jesus had an encouraging talk with Martha 

regarding what we need to do to avoid eternal death:  “So the sisters sent to him, saying, 

"Lord, he whom you love is ill." But when Jesus heard it he said, "This illness does not lead 

to death. It is for the glory of God, so that the Son of God may be glorified through it." 

Now Jesus loved Martha and her sister and Lazarus. So, when he heard that Lazarus was ill, 

he stayed two days longer in the place where he was. Then after this he said to the disciples, 

"Let us go to Judea again." The disciples said to him, "Rabbi, the Jews were just now seeking 

to stone you, and are you going there again?" Jesus answered, "Are there not twelve hours 

in the day? If anyone walks in the day, he does not stumble, because he sees the light of 

this world. But if anyone walks in the night, he stumbles, because the light is not in him." 

After saying these things, he said to them, "Our friend Lazarus has fallen asleep, but I go to 

awaken him." The disciples said to him, "Lord, if he has fallen asleep, he will recover." Now 
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Jesus had spoken of his death, but they thought that he meant taking rest in sleep. Then 

Jesus told them plainly, "Lazarus has died, and for your sake I am glad that I was not there, 

so that you may believe. But let us go to him." So Thomas, called the Twin, said to his 

fellow disciples, "Let us also go, that we may die with him." Now when Jesus came, he found 

that Lazarus had already been in the tomb four days. Bethany was near Jerusalem, about 

two miles off, and many of the Jews had come to Martha and Mary to console them 

concerning their brother. So when Martha heard that Jesus was coming, she went and met 

him, but Mary remained seated in the house. Martha said to Jesus, "Lord, if you had been 

here, my brother would not have died. But even now I know that whatever you ask from 

God, God will give you." Jesus said to her, "Your brother will rise again." Martha said to 

him, "I know that he will rise again in the resurrection on the last day." Jesus said to her, "I 

am the resurrection and the life. Whoever believes in me, though he die, yet shall he live, 

and everyone who lives and believes in me shall never die. Do you believe this?" She said 

to him, "Yes, Lord; I believe that you are the Christ, the Son of God, who is coming into the 

world." (John 11:3-27)  And Paul clarifies our need to put our trust in Jesus as follows:  “… 

because, if you confess with your mouth that Jesus is Lord and believe in your heart that God 

raised him from the dead, you will be saved. For with the heart one believes and is justified, 

and with the mouth one confesses and is saved. For the Scripture says, "Everyone who 

believes in him will not be put to shame." For there is no distinction between Jew and Greek; 

for the same Lord is Lord of all, bestowing his riches on all who call on him. For "everyone 

who calls on the name of the Lord will be saved."  (Romans 10:9-13) 
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Endnotes 

 
 

i Flash Blindness:  http://www.fas.org/nuke/guide/usa/doctrine/dod/fm8-9/1ch4.htm [Accessed 
11/4/2012] ARMY FIELD MANUAL 8-9, Washington, D.C., 1 February 1996, CHAPTER 4, BIOLOGICAL 
EFFECTS OF A NUCLEAR EXPLOSION, Section 412. Eye Injuries: “(2) During the daylight hours, flash 
blindness does not persist for more than about 2 minutes, but generally is of the order of seconds. At 
night, when the pupil is dilated for dark adaptation, flash blindness will affect personnel at greater 
ranges and will last for longer periods of time. Partial recovery, such that personnel could function in 
lighted areas, may be expected within 3 to 10 minutes. Impairment of dark adaptation and night vision 
will persist for longer periods, however, and may seriously reduce combat effectiveness. It may require 
15-35 minutes for recovery of night adaptation, depending upon the amount of light energy absorbed.” 
/// Second reference related to flash blindness: http://www.atomicarchive.com/Effects/effects13.shtml 
[Accessed on 11/4/2012] {This project is part of the National Science Digital Library funded by the 
Division of Undergraduate Education, National Science Foundation Grant 0434253}: “During the daylight 
hours, flash blindness does not persist for more than 2 minutes, but generally lasts a few seconds. At 
night, when the pupil is dilated, flash blindness will last for a longer period of time. A 1-megaton 
explosion can cause flash blindness at distances as great as 13 miles on a clear day, or 53 miles on a 
clear night. If the intensity is great enough, a permanent retinal burn will result.” /// Third reference for 
flash blindness:  http://training.fema.gov/emiweb/downloads/is3unit4.pdf When flashblind, people are 

unable to see what is going on around them or what they are doing. A 6 kiloton blast could cause 

flashblindness 0.5 miles (0.8 km) away on a clear day, or 20 miles (32 km) away at night. Many people in 

Hiroshima and Nagasaki were blinded for several minutes. Some cases of flashblindness lasted up to three 

hours, and one person suffered permanent blindness. A nighttime blast probably would have caused more 

severe blinding effects due to the degree of pupil enlargement and focusing actions of the eye. 
ii 50% chance of survival if flat at 7 psi:  http://training.fema.gov/emiweb/downloads/is3unit4.pdf   
Weapons tests suggest that a typical residence will be collapsed by an overpressure of about 5 psi (0.35 

kg/cm2). People standing in such a residence have a 50 percent chance of being killed by an overpressure 

of 3.5 psi (0.25 kg/cm2), but people who are lying down at the moment the blast wave hits have a 50 

percent chance of surviving a 7 psi (0.5 kg/cm2) overpressure. [Note:  If assume virtually all die if 

standing at 7 psi, then about 50% chance improvement if lying flat.]  

iii Thermal Pulse:  Nuclear War Survival Skills, Updated and Expanded 1987 Edition, by Cresson H. Kearny, (original 
edition published by Oak Ridge National Laboratories in 1979), quote from page 24:  “Look down and away from 
the probable source, and quickly get behind anything that will shield you from most of the thermal pulse's burning 
heat and intense light. A thermal pulse delivers its heat and light for several seconds- for more than 11 seconds if it 
is from a 1 -megaton surface burst and for approximately 44 seconds if from a 20- megaton surface burst.”  [Online 
version of this report accessed at www.oism.org/nwss/s73p913.htm on 12 November 2012] /// Second reference 
related to thermal pulse:  http://www.fas.org/nuke/intro/nuke/thermal.htm [Accessed on 11/4/2012]  Federation 
of American Scientists (FAS), Nuclear Weapon Thermal Effects:  “About 99 percent of the total thermal energy is 
contained in the second pulse. The duration of this pulse depends on the yield of the weapon and the height of 
burst (HOB); it ranges from only about 0.4 s for a 1 kT airburst to more than 20 s for a 10 MT explosion.”  

iv Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), by B. 
R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL) and K. K. Millage of Applied 

http://www.fas.org/nuke/guide/usa/doctrine/dod/fm8-9/1ch4.htm
http://www.atomicarchive.com/Effects/effects13.shtml
http://training.fema.gov/emiweb/downloads/is3unit4.pdf
http://training.fema.gov/emiweb/downloads/is3unit4.pdf
http://www.oism.org/nwss/s73p913.htm
http://www.fas.org/nuke/intro/nuke/thermal.htm
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Research Associates and L. D. Brandt of Sandia National Laboratories, LLNL-TR-512111, funded by the U.S. 
Department of Homeland Security, Federal Emergency Management Agency, November 2011, page 6. 

v How long to wait for the blast to pass:  The largest nuclear weapon in any current arsenal reported in the open 
press is the 4 to 5 megaton Chinese warhead on their DF-5A Intercontinental Ballistic Missile (ICBM).  See the 
following report for details:  Chinese nuclear forces, 2011 by Hans M. Kristensen and Robert S. Norris, Bulletin of 
the Atomic Scientists, November/December 2011 vol. 67 no. 6, pages 81-87. 
[http://bos.sagepub.com/content/67/6/81.full.pdf+html on 12 November 2012].  The “Flash to Bang” time 
calculated by the LLNL Hotspot 2.07.2 code where glass will no longer likely shatter from a 5 MT warhead is just 
less than 100 seconds. Specifically, Hotspot calculated for a 5 MT warhead that “Injuries associated with shattered 
glass windows can occur out to a distance of  32.40 km (20.12 miles)” and that the “Flash to Bang” range from the 
burst point at 100 seconds is about 21 miles. The HotSpot Health Physics codes were created to provide 
emergency response personnel and emergency planners with a fast, field-portable set of software tools for 
evaluating incidents involving radioactive material and are UNCLASSIFIED and available to the public.  
vi http://www.ready.gov/nuclear-blast : “Remove your clothing to keep radioactive material from spreading. 

Removing the outer layer of clothing can remove up to 90% of radioactive material.” [Accessed on 11/28/2012] 
vii http://www.ready.gov/nuclear-blast : “Wash your hair with shampoo or soap and water. Do not use conditioner in 

your hair because it will bind radioactive material to your hair, keeping it from rinsing out easily.” The heaviest fallout 
would be limited to the area at or downwind from the explosion and 80 percent of the fallout would occur during the 

first 24 hours.” [Accessed on 11/28/2012] 

viii Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), by B. 
R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL) and K. K. Millage of Applied 
Research Associates and L. D. Brandt of Sandia National Laboratories, LLNL-TR-512111, funded by the U.S. 
Department of Homeland Security, Federal Emergency Management Agency, November 2011, page 6. 

ix Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), by B. 
R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL) and K. K. Millage of Applied 
Research Associates and L. D. Brandt of Sandia National Laboratories, LLNL-TR-512111, funded by the U.S. 
Department of Homeland Security, Federal Emergency Management Agency, November 2011, page 5:  “Dust and 
debris may cloud the air for miles, and fallout that produces potentially lethal levels of radiation to those outdoors 
falls in the immediate area and up to 20 miles downwind.” [Kevin Briggs’ note:  This is for a relatively low-yield 10 
kT nuclear weapon detonation; larger yield weapons could produce dangerous fallout out to greater distances] 
x http://www.ready.gov/nuclear-blast : “The heaviest fallout would be limited to the area at or downwind from the 
explosion and 80 percent of the fallout would occur during the first 24 hours.” [Accessed on 11/28/2012] 

xi Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), by B. 
R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL) and K. K. Millage of Applied 
Research Associates and L. D. Brandt of Sandia National Laboratories, LLNL-TR-512111, funded by the U.S. 
Department of Homeland Security, Federal Emergency Management Agency, November 2011, page 21 (upper 
graphics); lower graphic PFs derived from Table 4. Summary of recent protection factor analysis, page 22. [Kevin 
Briggs note:  Additional PF can be obtained by laying down flat along a lower edge, if there is no fallout dust on the 
floor of the shelter. The soil blocks the radiation, typically over 1/100th for 3 feet of earth and over 1/1,000th for 4 
feet of earth, where the gamma has to pass through this earth to reach you. ] 

xii http://www.who.int/ionizing_radiation/chernobyl/backgrounder/en/index.html : From the World Health 
Organization online report, Health effects of the Chernobyl accident: an overview, April 2006:  “A large increase in 
the incidence of thyroid cancer has occurred among people who were young children and adolescents at the time 
of the accident and lived in the most contaminated areas of Belarus, the Russian Federation and Ukraine. This was 
due to the high levels of radioactive iodine released from the Chernobyl reactor in the early days after the 
accident. …  In Belarus, the Russian Federation and Ukraine nearly 5,000 cases of thyroid cancer have now been 
diagnosed to date among children who were aged up to 18 years at the time of the accident.”  [Accessed on 
11/28/2012] /// 
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm080542.pdf   The 
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following quote is from the FDA report: Potassium Iodide as a Thyroid Blocking Agent in Radiation Emergencies , 
December 2001, page 4:  “The Chernobyl reactor accident resulted in massive releases of 131I and other 
radioiodines. Beginning approximately 4 years after the accident, a sharp increase in the incidence of thyroid 
cancer among children and adolescents in Belarus and Ukraine (areas covered by the radioactive plume) was 
observed. In some regions, for the first 4 years of this striking increase, observed cases of thyroid cancer among 
children aged 0 through 4 years at the time of the accident exceeded expected number of cases by 30- to 60-fold. 
During the ensuing years, in the most heavily affected areas, incidence is as much as 100-fold compared to pre-
Chernobyl rates (Robbins and Schneider 2000; Gavrilin et al., 1999; Likhtarev et al., 1993; Zvonova and Balonov 
1993). The majority of cases occurred in children who apparently received less than 30 cGy to the thyroid 
(Astakhova et al., 1998). A few cases occurred in children exposed to estimated doses of < 1 cGy; however, the 
uncertainty of these estimates confounded by medical radiation exposures leaves doubt as to the causal role of 
these doses of radioiodine (Souchkevitch and Tsyb 1996).” [Accessed on 11/28/2012] /// 
http://www.nap.edu/openbook.php?record_id=6283&page=47 Committee on Thyroid Screening Related to I-131 

Exposure, Institute of Medicine, Committee on Exposure of the American People to I-131 from the Nevada Atomic 

Bomb Tests, National Research Council. "3 Health Risks of I-131 Exposure." Exposure of the American People to 
Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health 
Implications. Washington, DC: The National Academies Press, 1999.: “For several reasons, persons exposed to I-
131 as children are uniquely at risk for carcinogenic effects. First, children drink more milk relative to their body 
size than do adults. Second, the same amount or a higher fraction of internalized iodine is concentrated in the 
smaller thyroid glands of children; therefore the radiation dose to the thyroid in children is higher than it is in 
adults. Finally, studies of children whose thyroid glands were exposed to external radiation suggest a strong 
inverse relationship between age at exposure and the carcinogenic effects of radiation on the thyroid. Over the 
age of 15, little increase in thyroid cancers has been observed. Below the age of 15, thyroid cancer increased by a 
factor of approximately 2 for every 5 years' decrease in age. Not only is the frequency of malignant nodules 
increased by thyroid irradiation, but benign nodules also occur with greater than usual frequency after irradiation 
(Wong and others 1996).   Stable iodine and its radioactive isotopes are water-soluble and readily absorbed, either 
from the gastrointestinal tract after ingestion or through the lungs after inhalation.” [Accessed on 11/28/2012] ///   
http://en.wikipedia.org/wiki/Nevada_Test_Site#Cancer_and_test_site :“In a report by the National Cancer 
Institute, released in 1997, it was determined that ninety atmospheric tests at the Nevada Test Site (NTS) 
deposited high levels of radioactive iodine-131 (5.5 exabecquerels) across a large portion of the contiguous United 
States, especially in the years 1952, 1953, 1955, and 1957—doses large enough, they determined, to produce 
10,000 to 75,000 cases of thyroid cancer. The Radiation Exposure Compensation Act of 1990 allowed for people 
living downwind of NTS for at least two years in particular Nevada, Arizona or Utah counties, between 21 January 
1951 and 31 October 1958, or 30 June and 31 July 1962, and suffering from certain cancers or other serious 
illnesses deemed to have been caused by fallout exposure to receive compensation of $50,000. By January 2006, 
over 10,500 claims had been approved, and around 3,000 denied, for a total amount of over $525 million in 
compensation dispensed to "downwinders".” [Accessed on 11/28/2012] 
xiii Derived/extracted from: The Effects of Nuclear Weapons, DoD, S. Glasstone, 1977, pgs. 592-593. 
xiv http://www.optimox.com/pics/Iodine/pdfs/IOD23.pdf contains an article from THE ORIGINAL INTERNIST 

June 2008, pgs. 77-79:  The Bioavailability of Iodine Applied to the Skin by Guy E. Abraham, MD that stated:  “The 
best study of the bioavailability of iodine applied to the skin in normal human subjects was reported by Miller, et 
al, in 1989. The purpose of Miller’s study was to assess the effectiveness of skin application of iodine in blocking 
radioiodide uptake by the thyroid gland. The subjects used in this study were 24 adult male volunteers aged from 
21 to 51 years. These subjects were divided into four groups of six subjects each. One group served as control and 
did not receive stable iodine. The other subjects in the remaining three groups received respectively 130 mg KI 
orally equivalent to approximately 100 mg iodide; 80 mg iodine (tincture) on the skin; and 160 mg iodine on the 
skin. All 24 subjects ingested 131I labeled NaI and radioiodide thyroid uptake was measured at 2 hours, 6 hours, 
and 24 hours post-ingestion of radioactive iodide. … One can conclude that skin application of iodine is an 
effective, if not efficient and practical, way for supplementation of iodine with an expected bioavailability of 6-12% 
of the total iodine applied to the skin. The serum iodide levels were 10 times higher at 2 hours post-intervention 
with oral ingestion of 100 mg iodide than with 160 mg iodine applied to the skin.” [Accessed on 11/28/2012]  
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///  Miller KL, Coen PE, et al. “Effectiveness of skin absorption of tincture of I in blocking radioiodine from the 
human thyroid gland.” Health Physics, 1989; 56:911-914 /// 

http://www.thefreelibrary.com/Tincture+of+iodine+keeps+radiation+away.-a04053119 in article titled:  
Tincture of iodine keeps radiation away states:  “In fact, says Kenneth Miller, director of health physics at the 

Hershey Medical Center, his team's decision to look at skin absorption of household iodine sources resulted from 
discussions over how they would have tried to manage potassium iodide's distribution in the immediate hours 

after the neighboring Three Mile Island accident in 1979. … In their study, the Hershey team injected 2 
microcuries of iodine-131 into 72 rats. Haft got no further treatment; the others were treated with one 
of the following: a paw dipped in tincture of iodine or providone iodine (an over-the-counter germicidal 

solution), skin swabbing with tincture of iodine (some with a covering bandage) or oral administration of 
potassium iodide. Writing in the November HEALTH PHYSICS, Miller and his colleagues report that all 
skin applications of household iodine solutions were comparable to oral potassium iodide in blocking 
thyroid uptake of iodine-131; they limited the gland's accumulation to between 3 and 10 percent.  While 
cautioning that these were animal studies, Miller told SCIENCE NEWS, "We think there is a fairly good 
possibility that this technique will also work in humans." Moreover, since these skin compounds are 
approved for human use, and since the effective dose in rats suggests human skin swabbing need only 
cover an area the size of a hand or scraped knee, Miller sees little concern over safety. His team is now 
preparing to conduct the necessary human tests.”” [Accessed on 11/28/2012]  ///  

xv Key Planning Factors: Response to an Improvised Nuclear Device (IND) in the National Capital Region (NCR), by B. 
R. Buddemeier and J. E. Valentine of Lawrence Livermore National Laboratory (LLNL) and K. K. Millage of Applied 
Research Associates and L. D. Brandt of Sandia National Laboratories, LLNL-TR-512111, funded by the U.S. 
Department of Homeland Security, Federal Emergency Management Agency, November 2011, page 38.  

xvi http://inspectapedia.com/hazmat/CO2gashaz.htm [Accessed on 11/10/2012], Toxicity of Carbon Dioxide Gas 
Exposure, CO2 Poisoning Symptoms, Carbon Dioxide Exposure Limits, and Links to Toxic Gas Testing Procedures by 
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Daniel Friedman. “1,000,000 ppm of a gas = 100 % concentration of the gas, and 10,000 ppm of a gas in air = a 1% 
concentration.  At 1% concentration of carbon dioxide CO2 (10,000 parts per million or ppm) and under continuous 
exposure at that level, such as in an auditorium filled with occupants and poor fresh air ventilation, some 
occupants are likely to feel drowsy.  The concentration of carbon dioxide must be over about 2% (20,000 ppm) 
before most people are aware of its presence unless the odor of an associated material (auto exhaust or 
fermenting yeast, for instance) is present at lower concentrations. Above 2%, carbon dioxide may cause a feeling 
of heaviness in the chest and/or more frequent and deeper respirations. If exposure continues at that level for 
several hours, minimal "acidosis" (an acid condition of the blood) may occur but more frequently is absent. 
Breathing rate doubles at 3% CO2 and is four times the normal rate at 5% CO2.” 

xvii Soviet Post-Strike Civil Defense Rescue, Damage-Limiting, Repair and Restoration, Final Report, FEMA, Dr. Leon 
Goure, August, 1982, p. S-3.   
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Some recent, disturbing, Russian propaganda about the so-called U.S. 

plan to launch a nuclear first strike against Russia and China in 2016: 

 

Russia Today (RT) news [Russia’s official English language news service] 

The Truth Seeker with Daniel Bushell 

Aired on 1 June 2014 

[Broadcast begins with a video of President Obama giving a speech in Prague]:  “So today, I 

state clearly and with conviction, America’s commitment to seek the peace and security of a 

world without nuclear weapons.” (Obama in Prague speech, Euractiv (2009)).   

[Daniel Bushell of RT then provides the following commentary]:  “Obama’s duplicity is perhaps 

historically unparalleled. As soon as he envisioned a planet without nuclear weapons, he 

mushroomed nuclear weapons spending to levels above the height of the Cold War. He’s 

expanded the infamous Bush doctrine of a nuclear strike against any country regardless of 

international law.  Full spectrum dominance is the official term used by his administration, 

meaning “control everything, everywhere, on sea, land, air, space, and outer space”  … The one 

remaining power with the capacity to stop what the Pentagon calls full spectrum dominance … 

is Russia.”   

[Daniel Bushell of RT continues]:  “By design or coincidence the crisis in Ukraine provided the 

perfect excuse for US military control of the region … Ten days ago, the administration tested 

its Star Wars system for Eastern Europe which will now be rolled out starting in Romania … 

Obama brands his system “the stronger, smarter, and swifter version of Ronald Reagan’s initial 

Star Wars program.”  Under the plan, the U.S. attacks Russia with nuclear weapons while NATO 

missile defense in Eastern Europe mops up any attempted response.  NSNBC news (NSNBC.me) 

writes that most likely and understandable Russia interprets NATO’s Star Wars deployment on 

its boarders as an unofficial declaration of war.    Aerospace analysts told Global Research that 

U.S. Space Command is planning a nuclear first strike on Russia as well as one on China in 

2016.” 

[Daniel Bushell of RT then has commentary on U.S. plans for assassinating European leaders 

who don’t support U.S. policy.  He then repeats the above dialogue and introduces Bruce 

Gagnon], stating:  “Bruce Gagnon (Brunswick, Maine) of the Global Networks Against Weapons 
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in Space joins us. Thank you very much for coming on. What do we know about the first strike 

plans.”  

[Bruce Gagnon then answers]  “This is in the planning process today. The U.S. Space Command 

practicing engaging in a first strike attack, and this is the key element here is that these are first 

strike attack planning. These so-called missile defense systems are key elements in U.S. first 

strike attack planning.  The idea is to hit China or Russia first, with a first strike, and then when 

they try to fire their nuclear retaliatory capability, it is then that these so-called missile defense 

systems would be used to pick off any retaliatory strike. So after a first strike sword is thrust 

into the heart of China or Russia, then the missile defense shield would be used to pick off any 

retaliation, giving the U.S. a “successful first strike attack.”   It has nothing at all to do with 

defense. It has nothing to do with freedom or democracy or any of those words that are used 

all the time to disguise the true intentions.   It’s all about full spectrum dominance.” 

[Daniel Bushell of RT then continues] “…  Today, the U.S. is controlled by just fixed mainstream 

media, all totally subordinate to the White House. The result is an Orwellian silence on perhaps 

the most dangerous issue today.  Europeans may decide they want their leaders chosen by 

NATO or even that they support nuclear strikes on China and Russia.  Since the U.S. controlled 

mainstreams never even informed the public these apocalyptic plans are on the agenda, the 

first people may hear of it would be this [RT then displays pictures of nuclear weapons 

detonations].  Seek truth from facts.  This is the truth seeker.”     
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