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Introduction 

The late Congressman Clifford Allen of Tennessee spent his last 

Thanksgiving Day composing a press release about the severe 

underestimates of radiation released into the biosphere from the 

nuclear fuel cycle. He had just received some alarming information, a 

copy of the memo written by Dr. Walter Jordan, a member of the 

Atomic Safety and Licensing Board and a former Assistant Director 

of Oak Ridge National Laboratories. In 1977, in what has come to be 

known as the "Jordan Memorandum," Dr. Jordan disclosed that the 

estimates of the releases of radon gas from the nuclear fuel cycle had 

been 100,000 times too low. Dr. Jordan's figures showed that as 

many as one hundred deaths could eventually result from each day 

that the nuclear power industry continued in operation. 

With Congressman Allen as he composed his press release was 

Jeannine Honicker, a Nashville businesswoman. Jeannine's daughter, 

Linda, had contracted leukemia at age nineteen, but recovered after a 

difficult and complicated bone marrow transplant. Jeannine's 

husband, Dolph, News Editor for the Nashville Tennessean, had 

written Linda's story for the Reader's Digest. 

In the process of learning about leukemia, Jeannine discovered 

something else. Leukemia is one disease which has been shown to be 

caused by radiation. According to health physicists, a doubling of the 

spontaneous rate of leukemias might be part of the price we would 

pay if we used nuclear-generated electricity. Jeannine was among 

more than thirty intervenors in the licensing process for the world's 

largest nuclear plant at Hartsville, Tennessee. Joining with nuclear 

opponents in ten southern states, she helped to found Catfish 

Alliance. Following Clifford Allen's death, she ran for his seat in 

Congress, unsuccessfully. 

In early 1977 Jeannine met Stephen Gaskin, founder of The Farm, 

a religious community in Summertown, Tennessee, and Albert 

Bates, a paralegal associated with Farm Legal. They agreed to help 

prepare a case against the Nuclear Regulatory Commission. 

-7 ƴ 



 

Jeannine Honicker 

On July 29, 1978, a Petition for Emergency and Remedial Action 

was filed with the Nuclear Regulatory Commission, citing the Jordan 

Memorandum and other recent government disclosures and asking 

that the Commission suspend the licenses of the nuclear industry 

pending a complete investigation of the biological effects of low-

level ionizing radiation. 

When the Commission did not respond on an emergency basis, a 

suit was filed in Federal Court in Nashville, seeking an injunction to 

shut down the nuclear fuel cycle. The following telegram was sent 

on September 5, 1978: 

To The Clerk, The Nuclear Regulatory Commission:  

RECEIVED YOUR LETTER DATED AUGUST 30TH, TAKING MY 

PETITION UNDER 2.206 BUT NOT UNDER 2.204. THIS IS 

TO NOTIFY YOU THAT I WILL AP PEAR BEFORE NASHVILLE 

DISTRICT COURT AT 8:15 AM WEDNESDAY MORNING, 

SEPTEMBER 6TH, TO SEEK AN ORDER RESTRAINING YOU 

FROM VIOLATING MY CIVIL RIGHTS AND DAMAGING THE 

PUBLIC HEALTH.  

JEANNINE HONICKER 

'Title 10, section 2.206 of the code of Federal Regulations refers to 

regulatory requests, section 2.204 gives the NRC the authority to 

order an immediate shutdown. 
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A temporary restraining order was requested on the basis of the 

NRC's own figures concerning releases of radiation and the 

likelihood that a large number of people might eventually die from 

each day of continued operation. The Court declined to issue the 

temporary restraining order but set a preliminary evidentiary hearing 

for October 2, 1978. 

The complaint filed in Federal Court asked the Judge for the 

following relief: 

I. That the court order the permanent injunction of the 

U.S. Nuclear Regulatory Commission in the following 

specifics: 

(1) The Commission shall revoke the licenses of 

all nuclear fuel cycle facilities over which it holds 

jurisdiction. 

(2) The Commission shall take charge of all 

nuclear material, including uranium ore, fuel cycle 

process stages, and fission products, and safeguard them 

so as to minimize the future hazard. 

(3) The Commission shall continue to authorize 

efforts to isolate these dangerous materials from the 

biosphere. 

(4) The Commission shall isolate the tailings 

from mining, milling, and enrichment facilities from the 

biosphere in such a manner as to neutralize the risk to 

future generations of fatal exposure or chronic health 

effects. 

(5) The Commission shall direct the exhumation 

of shallow land burial sites for nuclear materials and 

shall dispose of these materials in a manner consistent 

with its duty to the public health. 

(6) The Commission shall, in a safe and cautious 

fashion, order the decommissioning and dismantling of 

all existing facilities which handle fuel cycle materials, 

and isolate all hazardous radioactive materials from the 

biosphere. 

(7) The Commission shall issue such rules and 

orders as shall be required to maximally protect the 

public and occupational workers from all possible risks 

associated with exposure to radiation during 

transportation   of  materials   to   repositories.      All 



persons engaged in the emergency clean-up should be 

beyond childbearing age, should be informed of the risk, 

should be paid according to degree of hazardous work, 

and should receive complete medical care and future 

compensation. Non-human automated systems, now 

commercially available, are encouraged for use 

whenever practical. 

(8) The Commission shall order repayment to the 

plaintiff for all expenses incurred in bringing this matter 

to the attention of the Commission and invoking the 

Commission's existing duty. 

(9) In all other ways possible, the Commission 

shall mitigate the damages and lessen the impact of the 

emergency conditions already created. 

(10) The Commission shall begin substantial 

action at once by issuing orders or initiating pro 

ceedings which may be required to address the 

emergency. 

II. That the court issue a temporary restraining 

order requiring that the Commission comply with the 

first two of the above specifics at once, pending a full 

hearing on the complaint. 

III.  That a hearing be held to enable the court to issue 

a preliminary injunction requiring of the U.S. Nuclear 

Regulatory Commission all of the above specified relief, 

and that such injunction issue. 

IV. For all other relief that the court deems proper. 

Two of the most respected authorities on radiation sciences 

appeared at this October 2nd hearing as witnesses for Jeannine 

Honicker. They were Dr. John W. Gofman, Professor Emeritus of 

Biology at the University of California, Berkeley, and Dr. Ernest J. 

Sternglass, Professor of Radiation Physics at the University of 

Pittsburgh. Their testimony lasted about four hours. A third witness, 

Dr. Chauncey Kepford, traveled from Pennsylvania with Dr. 

Sternglass but was not allowed to testify on this occasion. Dr. 

Kepford would have testified as to the Jordan Memorandum and the 

underestimated effects of the radon gas emitted wherever uranium is 

processed. 
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The first decision in this case went back to 5,000-year-old Biblical 

Law. October 2, 1978, was also Rosh Hashanah, the Jewish New 

Year. Attorneys for the Nuclear Regulatory Commission had asked 

the Court to postpone proceedings, since two of their attorneys and 

at least one material witness were of Jewish faith. Dr. Sternglass and 

Jeannine's attorney, Joel Kachinsky (both also Jewish), were 

opposed to the delay: A life and death matter should take precedence 

over even a High Holiday. 

Judge Morton dismissed the NRC motion and held proceedings as 

scheduled on October 2. Except for some unnecessary repetitions 

and digressions, the following is a record of those proceedings. 

You are invited to judge for yourself. 
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Judge:    Honorable L. Clure Morton, Chief Judge 

Nashville United States District Court 

For the Plaintiff: 
Plaintiff:    Jeannine Honicker 
Farm Legal:    Joel Kachinsky, Albert Bates 

For the Defendants: 
Nuclear Regulatory Commission:    Stephen Eilperin, 

Leo Slaggie, Sheldon Trubatch United States of 

America:    Irvin Kilcrease, Jr. 
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TESTIMONY  

TRANSCRIPT OF PROCEEDINGS 

October 2, 1978 

BY THE CLERK: Case No. 78-3371, NA-CV, 

Jeannine Honicker versus Joseph M. Hendrie, et al. 

Is the plaintiff ready? 

BY MR. KACHINSKY: The plaintiff is ready. 

BY THE CLERK: Is the defendant ready? 

BY MR. KILCREASE: Defendant is ready. If 

Your Honor please, may I approach the podium? 

BY THE COURT: All right. 

BY MR. KILCREASE: For the record, I am Irvin 

H. Kilcrease, Jr., Assistant United States Attorney, and, if 

Your Honor please, at this time I would like to make some 

introductions of attorneys who will be, with the Court's 

permission, will be representing the Nuclear Regulatory 

Commission. 

If they will come around at this time. If Your Honor please, 

I move the admission of the following attorneys for the 

specific purpose of representing the Nuclear Regulatory 

Commission and the United States government in this case. 

BY THE COURT:    You mean they don't trust 

you? 
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BY MR. KILCREASE: I'm just going to be sitting 

with them. 

The first one on my left, if Your Honor please, is Steven F. 

Eilperin. He's a member of the Bar of the State of New York. 

BY THE COURT: Will you spell his name please? 

BY MR. KILCREASE: E-i-1-p-e-r-i-n, Steven F. 

of the Bar of New York and Federal District Court of the 

District of Columbia. 

The next person is Mr. Leo Slaggie. He's a member of the 

Supreme Court of the State of California. 

And the third person is Mr. Sheldon L. Trubatch. He's a 

member of the Supreme Court of New York. 

BY THE COURT: Motion granted. Delighted to 

have you, gentlemen. 

BY MR. KILCREASE: If your Honor please, one 

other matter, Mr. Leo Slaggie has a hearing problem, and we 

would ask permission of the Court that he be permitted to 

move around to positions where he can hear various witnesses. 

BY THE COURT: He can sit-he can designate one 

place where he's going to sit and stay there. 

BY MR. KILCREASE:    All right. 

BY THE COURT: If he wants to sit over here, we 

will draw him a chair up over here, but now 
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I'm not  going  to have people  running around  the courtroom 

back and forth.   It interferes with my sleep. 

BY MR. KILCREASE: All right, I will confer with 

him and find out where the best position is. 

BY THE COURT: I would suggestðwe will turn the 

hearing thing up substantially, but I would suggest probably 

right over here in a seat right here would be where the 

Marshal usually sits. The Marshal will bring up another chair 

over there, and he can keep the Marshal awake. All right, 

anything further? 

BY MR. KILCREASE: Yes, sir, we filed a motion 

to dismiss on September 29th, this past Friday. 

There was a memorandum in support of that motion, and 

we stated in the motion that the exhibits mentioned in the 

memorandum would be produced at this hearing. 

I furnished Plaintiffs counsel with a copy, and I want to 

pass this ð file this with the Clerk. 

BY THE COURT:    All right, sir. 

BY MR. KILCREASE: All right, I'm asking the 

Marshal to pass ðthis is not an exhibit. It is just a pertinent 

part of the Federal Register, Volume 43. I passed it around. I 

want to present the Court with a copy ð 

BY THE COURT: All right. 
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DR. JOHN WILLIAM GOFMAN, having 

been first duly sworn, was thereupon called as a witness 

and testified as follows, to wit: 
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DIRECT EXAMINATION  

BY MR. KACHINSKY: I have fourteen exhibits I 

would like to have the Clerk mark that I will use in 

questioning the witness. 

BY THE COURT: Have you shown those exhibits 

to defense counsel? 

BY MR. KACHINSKY:    No, Your Honor. 

BY THE COURT: Pass them over. Let defense 

counsel look at them right now. 

BY MR.  KACHINSKY: 

\s* Would you please tell the Court your name 

and address? 

/JL . My    name    is    John     William    Gofman, 

G-o-f-m-a-n, and my address is 1045 Clayton 

Street, San Francisco, California. 

v^.        And what is your occupation? 

BY THE COURT: Mr. Kachinsky, have you read 

the rules, the local rules of this Court that are in printed form? 

BY   MR.    KACHINSKY:       Yes,    I   have, Your 

Honor. 
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Biography of John W. Gofman, M.D., Ph.D. 

Education 
A.B. Chemistry, Oberlin College, 1939 
Ph.D. Nuclear Chemistry, Univ. of Calif., Berkeley, 1943 
M.D., School of Medicine, Univ. of Calif., San Francisco, 1946 
Internship in Internal Med., Univ. of Calif. Hosp., San Francisco, 1946-47 

Positions 
Academic appointment, Div. of Medical Physics, Dept. of Physics, U.C. 

Berkeley, 1947; advancement to Full Professor, 1954; Emeritus, 1973. 

Concurrent appointment (1947 on), Instructor or Lecturer in Medicine, 
Dept. of Medicine, Univ. of Calif., San Francisco. Medical Director, Lawrence 

Livermore Laboratory, 1954-1957; Associate 
Director, 1963-1969. Founder and First Director, Biomedical Research 

Division, Lawrence 
Livermore Laboratory, 1963-1965. Chairman, Committee for 

Nuclear Responsibility (current). 

Honors and Awards 
Gold-Headed Cane Award, 1946, to graduating seniorforqualities as a 

physician, U.C. Medical School 
Modern Medicine Award, 1954, for outstanding contributions to heart disease 

research 
Lyman Duff Lectureship Award (Amer. Heart Assoc), for research in 

atherosclerosis and coronary heart disease 
Stouffer Prize, 1972, for outstanding research contributions in 

arteriosclerosis 
One of the 25 Leading Cardiologist Researchers of the Past Quarter-Century, 

American College of Cardiology, 1974 

Patents 
Å Discovery of Fissionability of Uranium-233 

Å Two Processes for Isolation of Plutonium 

Books Published 

What We Do Know About Heart Attacks 
Dietary Prevention and Treatment of Heart Disease (with A.V. Nichols 

and V. Dobbin) Coronary 

Heart Disease 
Population Control through Nuclear Pollution (with A. Tamplin) Poisoned Power: 

The Case Against Nuclear Power (with A. Tamplin) 

Other Publications 
Approximately 150 scientific articles encompassing the following fields: 

Å Lipoproteins, atherosclerosis, coronary heart disease 

Å Trace elements by X-ray spectroscopy 

Å Chromosomes and cancer 

Å Medical effects of ionizing radiation 

Å Nuclear power, the hazards of plutonium and other sources of ionizing 

radiation 



BY THE COURT: Those rules provide that you will 

give a summary of all of this background information and ask 

one question and ask the witness if that's correct. Do you have 

all that information that you can recite? 

BY MR. KACHINSKY: Yes, I do, and Exhibit No. 5 

is a biographical sketch. 

BY THE COURT: Let Exhibit No. 5 be filed as an 

exhibit and go on to a pertinent question then. Let Exhibit No. 

5ðdo you have it over there? Let it be filed. I will read that. 

You don't have to go into that. Exhibit No. 5 is a vitae, all 

right. 

[Marked and filed Exhibit No. 5 in evidence] 

BY THE COURT:    Go ahead, sir. 

BY MR. KACHINSKY:    [Continuing] 

\J* Okay, as a result of your education and 

experience in relevant areas, do you feel qualified 

to answer questions on radiation physics and biology? 

A. 

a 

Yes, Sir. 

Could you tell us briefly what is radiation? 
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l\ . Radiation is one form of energy.    We have 

radiation ranging in wave length all the way from 

very long wave length to very short wave length, and the types 

of radiation we are concerned about here are those of very 

short wave length in the form of X-rays and gamma rays; and 

in addition these can be generated by machines, for example, 

X-ray generators, or they can come from natural and man-

made substances. 

In addition to that form of radiation, we have particles that 

can be emitted by radioactive substances, such as electrons, 

which we call either beta rays or positrons. 

We have alpha particles which are charged nuclei of 

helium. 

These are all forms of radiation; either waves in nature or 

particles. Actually the waves are also regarded as particulate 

for some purposes. 

Vg/. Okay.    How does radiation affect living 

organisms? 

x\. In general, ionizing radiation affects living 

organisms in a destructive manner. It causes, as it 

goes through the cells of living organisms, the ripping away of 

electrons from the molecules or atoms in which they are 

present and thus altering those atoms and molecules to some 

other form. 

In addition to ripping away electrons from atoms and 

molecules, it can often displace electrons from one energy 

state in the molecule to another. All of these have the effect of 

altering the naturally occurring substances in a biological 

organism. 
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Q, And what is the effect of radiation on cells and 

genes? 

A  

There are probably many effects. The major one that we are 

concerned about in cells is upon the genetic material or genes 

which reside in the nucleus of cells in the form of a long 

chain-like molecule that is twisted around and is called DNA, 

and radiation can break that chain, which is one very important 

effect. It can also alter the chemical structure of some of the 

submolecules of that chain, and if those submolecules of the 

chain are altered, the information contained in the cell's 

genetic environment or genetic endowment is simply changed 

and it won't do the right things thereafter. It would do different 

things from what it normally does. 

o. And how is radiation connected to cancer? 

l\. We cannot be sure of the  mechanism  by 

which radiation is connected to cancer, but we can 

be absolutely certain from the evidence that has been adduced 

that radiation is one of the causes of human and animal cancer. 

As I said, we do not know the exact mechanism. The 

leading speculations are that radiation by its ability to either 

break or rejoin in an abnormal way these chains of genetic 

information in the cell lead to an alteration in the control 

mechanism for the cells. 

Ordinarily human organisms and other animals are very 

remarkable in that we do not have cells going on 
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to reproduce wildly. 

A man's liver grows to a certain size, and, indeed, when 

some cells are injured, it replaces those cells, but it doesn't 

replace an infinite amount of those cells. The same is true for 

the lining of the intestinal tract. The same is true in the bone 

marrow for the blood cells. 

We think of cancer primarily as a cell that no longer 

responds to the control mechanisms that tell it not to keep 

reproducing, and then we get a mass growing and invading 

other tissues. 

We think the information in the cell to cause this non-

proliferation when it's not needed to be a control mechanism 

that is in those chains that I spoke of, and the genes are 

organized into forty-six structures in a normal cell in humans, 

called chromosomes. 

It is entirely possible, though not proven, that one of those 

chains is the regulator of telling the cell when to divide and 

when not to; and if you injure that regulator, that cell no longer 

has the information to tell it not to divide in appropriate 

circumstances, and that itself can be cancer or leukemia. 

However, I would like to say it is a speculation that this 

regulator gene mechanism is the mechanism; but most 

scientists think the defect that leads to cancer is some injury to 

the genes or chromosomes in the nucleus of the cell. 

\s»        And how long would it take for this cancer to 

develop? 
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A  

If the injury to a cell, for example, when you were irradiated is 

immediate within fractions of a second, that injury is there, 

and the type of injury that can lead to cancer has been 

produced and is essentially irreversible. Certain forms of 

injury are reversible, but we are concerned about the 

unrepaired or irreversible injury, and we know that occurs and 

that's immediate. 

So the cell, the person has the injury right away. It's not a 

question of the injury developing later. He has been injured 

the moment the cell has been irradiated. 

Thereafter the only way you detect a cancer is when there is 

enough of it to be felt or seen or detected by an X-ray 

examination as a spot on a lung. Now, that takes, generally 

speaking, an amount of cancer of at least of the order of about 

one gram, about a four-hundredth of a pound, and when you 

have one gram of cancer, you already have about a billion 

cells. 

So, when you ask me how long does the cancer take to 

develop, in essence the cell that is predestined to cancer from 

the injury it received immediately is there right at the time of 

the radiation. 

How long it takes for one cell to divide to two and two to 

divide to four and even further changes in that cell, as it goes 

on to become that billion or more that it takes to be detectable, 

can be very variable. 

We can see in experimental animals cancers in months or 

less than a year. 

In the human, certain forms of leukemia have been proven 

as early as three to five years after the irradiation. 

Most of the solid forms of cancer, when we think of lung   

cancer,   kidney   cancer,   brain   cancer,    colon 
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cancer, breast cancer, we think of periods more like ten, 

fifteen, twenty years. 

But I would like to point out that it's a fallacy to think that 

nothing is happening between the initial injury and ten years. 

When we say that we see the cancer provably at ten years, it 

means for the number of people that have been studied in a 

given observation, that it was only possible to prove it 

definitively at ten years. If you had a hundred times as many 

people, you might have proved the cancer's existence in two 

years or even one year. 

a Can   leukemia   or   cancer   be   specifically 

identified as caused by ionizing radiation? 

A  

There is no reasonable doubt in my mind or to my knowledge 

from the scientific literature on the part of anyone that 

radiation is a cause of leukemia or cancer. 

Now, the way you asked the question, I believe, is can it be 

identified? 

A specific cancer or leukemia does not raise a little flag 

which indicates that radiation was the causation, and since 

there are other causes of cancer besides radiation, we cannot 

specify that a given cancer was totally caused by radiation. 

But the evidence beyond any reasonable doubt is if you 

take any two groups of humans, otherwise identical, irradiate 

one group and not irradiate the other, there will be provably 

more cancers and leukemias in the irradiated group than in the 

non-irradiated group. 

And,   moreover,   if   you   have   a   human   subset, 
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as for example occurred in Hiroshima and Nagasaki survivors, 

where there were people who were at various distances from 

the radiation source, mainly the radiation from the nuclear 

weapon, we can subdivide those people into those who had 

successively higher amounts of radiation and the number of 

cancers goes up the more the radiations. So, that is the nature 

of the proof, and it is beyond a reasonable doubt. 

\Jj> What   is   the   effect   of  radiation   on   the 

developing fetus? 

M\ . Radiation injures,  as I mentioned  earlier, 

the genetic material, and it's that material that is 

guiding the cells in a developing fetus to form the various 

organs and tissues that have to be formed to go from an ovum 

all the way to an embryo and finally to a fully developed 

human. There is considerable evidence in a variety of types of 

studies which indicate that the developing fetus is more 

sensitive to ionizing radiation in terms of the effects caused 

than are children, and children more sensitive than adults, and 

even within the developing fetus in the first trimester of 

pregnancy, the fetus is much more sensitive to radiation injury 

than in the third trimester of pregnancy. 

So what would be the result of this effect? 

The result we have now of studies confirmed 

around the world,  based  upon very large 

population samples initiated over twenty years ago by 

Dr. Alice Stewart in Great Britain and which have 

proved   beyond   statistical   doubt   that   for   fetuses 
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irradiated just by a very small dose of diagnostic X-rays in the 

third trimester of pregnancy of about a fifty per cent increase 

in the incidence of cancer, cancer fatalities of all types, 

leukemia of all types, during the first ten years of life, just 

from the amount of radiation received from a diagnostic study 

of the mother; and for fetuses in the first trimester, the 

sensitivity is something on the order of ten to fifteen times as 

high. 

And, moreover, Dr. Stewart's work has shown by 

comparing women that had, just for a variety of reasons but 

not related to their health, one, two, three, four or five X-ray 

films during that examination, that the number of cancers and 

leukemia in the children of those women goes up in proportion 

to the amount of radiation the woman had, all at very low 

doses of total amount of radiation. 

a 

A. 

a 

What   is   the   result   of  radiation   in   the 

overall population and/or the gene pool? 

And/or the gene pool, did you say? 

Yeah, the overall population and the gene pool? 

x\ . There areðfirst of all, if we are talking about 

a massive irradiation dose in terms of the unit that 

is usually used, rem of roentgen or the rad, when you're 

talking about irradiation doses in the neighborhood of three 

hundred to four hundred rems, if you do this all at one sitting 

in a fraction of  a   second   or   a  few  minutes   or   an   hour,   

you 
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would kill fifty per cent of the people outright. 

But the concerns, I think we are discussing primarily in the 

nuclear fuel cycle or what we refer to as the effects of 

radiation at more modest doses, and the effects of radiation at 

those more modest and even low doses is very serious, but it's 

of a different type, not immediate type deaths, but rather the 

occurrence of extra cases of death due to leukemia, the 

occurrence of extra cases of death due to every major form of 

cancer. 

And for those people who are still in their reproductive 

years, either male or female, we have the injury that can occur 

either to the sperm-generating cells in the testes and to the 

ovum-generating cells in the ovary, and injury to the genes 

there can provoke hereditary changes and diseases and deaths 

in generations for many generations beyond that of the 

irradiated individuals. 

So we refer to two types of injury due to low and modest 

doses of radiation; somatic, meaning those that occur in this 

generation, and those are cancer and leukemia; and genetic, 

meaning those effects that will occur in subsequent 

generations as a result of the irradiation of this generation. 

Q, Could you briefly explain how the nuclear fuel 

cycle zvorks? 

A  

The nuclear fuel cycle is essentially a system 

devised to extract some of the energy that is 

potentially available from such substances as uranium 

or plutonium or thorium. 

In  the  case  of  the  nuclear  fuel   cycle   currently 

in place, we are using one of the forms of the uranium 
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that  occurs  in  nature,   the   so-called   uranium   235 

isotope. 

This in nature is only seven-tenths of a per cent of uranium, 

and in the fuel cycle in place in the United States, we must 

first enrich that uranium to about two to four per cent uranium 

235. 

So the steps you have are first to somewhere find the source 

of ore that is rich enough in uranium to be worth extracting, 

namely the money and energy costs of getting uranium out 

being such that you think you can get more energy back. 

You must isolate the uranium from that ore and leave over 

the mountain of residues that are radioactive from that ore. 

Then in the United States cycle in place now, you must go 

through, at this moment, the process mostly used is gaseous 

diffusion, to separate the lighter uranium 235 from the 238 and 

thereby enrich it, and then place it in a device known as a 

reactor, which is a configuration in which, if your arrangement 

is correct, you can get uranium 235 nuclei to undergo fission. 

And in undergoing fission, they produce neutrons, the same 

as the neutrons that initiated the fission. 

And if you have things arranged properly, there are enough 

neutrons left over after everything else that might steal one of 

the neutrons in the reactor to keep the chain reaction going. 

And for every uranium 235 that we fission, we get about 

two hundred million electron volts of energy, and that's a large 

amount of energy per nucleus, and will produce radioactive 

by-products called fissionable products, which have long, long 

half-lives and will have to be isolated. 

At the same time, from some of the major components  in  

the  nuclear  fuel   cycle,   mainly   the 
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THE NUCLEAR FUEL CYCLE 

A ONE YEAR SUPPLY OF URANIUM FOR A SINGLE 

REACTOR BEGINS AS 272,000 TONS OF RAW ORE, 

AND TRAVELS OVER 100,000 SHIPPING MILES 

BEFORE BECOMING 70 METRIC TONS OF HIGHLY 

IRRADIATED WASTE, AND MORE THAN 300,000 

METRIC TONS OF LONG-LIVED WASTES. 

1000 Megawatts of Electricity     <J- 

ENOUGH FOR A CITY OF 750,000 PEOPLE 
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EXISTING  MOVEMENT 
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ROUTINE EMISSION OF 

WASTES TO ENVIRONMENT 
 

SHALLOW BURIAL OF LONG-

LIVED WASTES 
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