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ADSTRACT

This document is an interim report summarizing Phase I of
a study designed to evaluate the feasibility of conducting
an epidemiologic investigation of the health effects of
exposure to low-level ionizing radiation. During Phase I
of the project, we identified 173 population groups world-
wide with exposure to low-level radiation. Basic descrip-
tive information was collected on these candidate study
groups. Only a small percent (lin) of the groups identified
were rejected from further feasibility consideration in
Phase II. Groups were not suitable for study if either
they lacked personal identification information, or their
radiation exposure was outside of the limits of our opera-
tional definition of low-level. Also, if a candidate
population was unique and composed of relatively few sub-
jecte, it was excluded from further evaluation because of
inadequate size. During Phase II we will further investigate
the remaining 154 population groups to determine those
most likely to provide information on the health effects of
low-level radiation exposure from occupational, environ-
mental, and medical sources.

.
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SUMMARY |

:
>

'.

This interim report summarizes Phase I of a study designed
to evaluate the feasibility of conducting an epidemiologic ,

investigation of the health effects of exposure to low- |

1evel ionizing radiation. The two major aspects of i
,

*

'Phase I were: (1) evaluation of the strengths and limi-
tations of epidemiologic methods and (2) evaluation of !

problems specific to radiation health research, including-

identification of potential population groups for study.
Five types of epidemiologic research designs were identi- ,

fled: cohort, case-control, nested, cross-sectional, and .

ecological. The main emphasis in any study design for |
non-experimental epidemiologic research is comparability
of subjects. The relative merits of different study
designs, therefore, depend largely on the nature of the
comparison groups and the quality of the data. Comparisons
are usually made between the health experience of two
groups (one group exposed to radiation and another group, {c/ :
not exposed), or between the exposure histories of two f

groups (cases and controls). The comparability of groups FC '

can be affected by biases in selection and observation \P'j '

of subjects. Furthermore, confounding (mixing of effects) M#(M *>

ypY , fcan bias the analysis of any epidemiologic study unless '

-proper precautions are taken both in study design and ,

data analysis. .

,

The quality of the data depends on adequate diagnostic |

criteria, accurate and precise information on radiation
dose, dose rate and dose fractionation, a sufficient
inter, val between radiation exposure and potential develop- '

ment of delayed health ef fects, and adequate measurement
|

of ef fect modifiers and confounding f acte n. In addit on4

L
an epidemiologic study must include a large enougn immber

-

'

E
of subjects to detect a health effect if there indeed is

This is especially important in the context of low-' one.
level radiation because low levels of exposure generally
lead to a small increase in health effects. The study size
requirements for detecting such weak effects are extremely
large. Thus studies of insufficient size might not detect
a real health effect if it were small. Likewise, if a

>

strong health ef fect were detected in a small study it
.

would likely be incorrect, and might reflect errors in
L study design rather than any specific health risk from

radiation.p

|

|
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For the purpose of ovaluating potential populations for study, :

we adopted an operational definition of low-level radiation
according to the guidelines for maximum permissible dose

<

equivalents for occupational exposure recommended by the !
Hational Council on Radiation Protection and Measurements in
1971. In fact, most occupational and environmental radiation ;

exposures f all f ar below the maximum pernissible limits.
'

We realize, however, that much can be learned from studying
populations that received as much as four or five times these
levels of axposure.

We assembled a list of 173 candidate study populations world- ;

wide using three different approaches: survey of the litera-
ture, mail inquires to a variety of individuals and groups
concerned with radiation protection, and review of on-going
federally supported research. Population groups with radi--

ation exposure from occupational, medical and environmental
sources were identified.

'

Pour criteria were used in Phase I for preliminary evaluation
of the feasibility for epidemiologic study of each of the cand- ,

idate populations. The criteria concerned: (1) the exist-
ence or potential existence of personal data, (2) the like-
lihood that radiation exposure was within the operational

_

lim.its of low-level, yet also substantial enough to permit '

detection by currently available methods of dosimetry, (3) '

the estimated size of the population group, and (4) the
extent of potential confounding effects.

,

Candidate populations were excluded from further consider-.

ation in Phase II if they failed to satisfy a most generous
'

interpretation of any one of these four criteria. Of the -

-

173 candidate groups identified worldwide, 19 (114) were
axcluded from follow-up during tne 60 days in Phase I.

During Phase II, we will conduct more intensive investigation
of several of the most promising candidate groups. For
occupational exposures, we will concentrate on medical radi-
ation workers (professional and para-professional) and work-
ers involved in all phases of the nuclear fuel cycle, in~
cluding miners and workers in fabrications and power plants,
with special attention to Three Mile Island. For environ-
mental exposures, we plan to investigate populations exposed
in areas with high natural radioactivity (suen as the mon-
azite sands in Brazil where good dosimetry is available), as

vi

.

-, - , ~ . - - ,- , - -e, - , - ,
-



, , - _

.

p
'

i

|

;

well as areas with technologically-enhanced background, such |
as residential areas near nuclear weapons and nuclear power !
plants. Regular visitors to health spas such as Bad Gastein '

in Austria also are recommended for follow-up in Phase II. ;

For medical exposures, the prenatal of fects of maternal I

irradiation and the possible health ef fects to adults from
both diagnostic or therapeutic radiation merit further invest-
igation. Those exposed to f allout from nuclear testing:

were considered for study; however, the methodologic problems
,

in dosimetry appeared to be overwhelming. !
'

At the end of Phase II we will recommend several options for
epidemiologic research. Stud populations will be selected
to provide data to answer one or both of the following ;

questions j
|

(1) Is there any health effect from exposure to low-level
,

ionizing radiation?
i

(2) What is the shape of the dose-response curve for low- ]IcVel radiation? <

)
!
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A STUDY TO DETERMINE THE FEASIBILITY OF CONDUCTING EPIDE-'-

MIOLOGIC INVESTIGATION OF THE HEALTH ETTECTS Of LOW-LEVEL
>

IONIZING RADI ATION.

l

I. INTRODUCTION y

.

This study was conducted under contract to the U.S.
Nuclear Regulatory Commission. The workscope was di-
vided into two phases: Phase I, a preliminary analysis, .

' and Phase II, a detailed scientific consideration of |,-
'

feasibility and cost based on field examination of role-
vant population characteristics. Phase I was accomplished >

L

in two months. Thirteen months remain for completion of <

Phase II.

Phase I was composed of four tasks: (1) identify various
methods of conducting epidemiologic research relevent to '

the effects of low-level ionizing radiation, (2) provide
an evaluation of the strengths and limitations of epide- -

miologic methods to estimate the risk of health effects :

from exposure to low-level ionizing radiation in !

excess of " normal" background levels, (3) assess the likeli- '

hood that epidemiologic studies can distinguish incremental *

radiation-induced health effects from conditions and
disorders normally occurring and identify population groups
that may be suitable for study (candidate study populations), ,

(4) determine which populations identified in Task 3 are
most suitable for epidemiologic studies of the health
effects of low-level ionizing radiation. Task 1 is
summarized in Chapter 2: Task 2 is summarized in Chapter 3.
Task 3 is summarized in Chapters 4 and 5: Task 4 can be-

found in Chapter 5, part C.
-

.

This docunient' is an i'nterim report summarizing Phase I
research. A comprehensive list of candidatt.- pvpulaticas
was developed. Furthermore, certain candidate populations
were excluded from Phase II follow-up if they failed to
meet any one of the basic feasibility criteria described
in Section V. A.3.

.

II .< THE NATURE OF EPIDEMIOLOGIC DATA
*

,

Epidemiology is the discipline which studies the occurrence
I.

of human illness; most epidemiologic inquiry calls for,

|- -5 non-experimental research designs. The main emphasis in
non-experimental epidemiologic research, as in experiments,'

is on comparability of subiects. In an experimental study,
comparability is achieved without difficulty by selecting4

homogeneous subjects and by randomly allocating subjects
!

.

|

,

e

l
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to treatment groups. In non-experimental studies, compar- 1

ability is often more difficult to achieve. In an obser- i

vational setting (non-experimental), randomization of i

treatment or exposure is not possible. Epidemiologists, i

therefore, must :eek to exert as much control as possible i

over which data are collected and how-the data are collec'ted )
-and analyzed. Central to this control is making sure that 3

comparable methods were used in collecting data from the ;

two or more groups being compared.

|
I A. STUDY DESIGN

iEpidemiologic studies can be classified according to their
design and the timing of the initiation of the study. Five
types of study designs are reviewed: cohort, case-control,
nested, cross-sectional, and ecologic. The timing of the ;

'

study can be either retrospective or prospective. However,
simply referring to a study as retrospective or prospec- ;

tive leads to confusion, especially in discussing retro- ,

spective cohort studies. Since retrospective and prospec- .

tive are timing terms, they should not be used to designate
a basic type of study.

.

;

1. Cohort Studies

A cohort study begins with a group of people without
the disease under investigation. Its members are
classified according to their level of exposure;
then, after a certain period of time has elapsed,

,

the diseased people within each category are counted'

and the rates of disease frequency are compared among
,,

exposure categories. These are sometimes called
follow-up studies. The timing in a cohort study
can be retrospective, prospective r or mixed (hyorid).,

y r. , w. *

In a retrospective follow-up or reconstructed cohort
study, the members are identified from records made |
sometime in the past. The period of follow-up has
already occurred and the resultant health experience ;

of the cohort can be evaluated at the time the study -

j

L is initiated. In a prospective follow-up study, the
study subjects do_not have the disease under study at
the time the study is initiated. Their health exper-
ience is followed into the future. In a hybrid (mixed)
study, exposure occurred in the past and/or present and
health is monitored on into the future. Thus, the
total period of follow-up has not been completed when
a hybrid study is initiated.

|

"
-2-
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There are several major differences between a oros-
pective cohort _ study and a retrospective cohort or
hybrid cohort study:
1. Retrospective and hybrid cohort studies tend to be -

shorter in duration since all or part of.the follow- ;

up period has already elapsed when the study begins. :

!

2. in a retrospective cohort study, usually much less
detail on a subject's characteristics or exposures |

is available. In a prospective cohort study, the |

investigator can collect data on smoking, drinking, ,

diet, current health, etc., whereas in a ,

retrospective cohort study, the only information,

that is usually available is a rough idea of a ,

person's history (e.g. , medical record) .
~

;

3. In a prospective cohort study, the investigator '

usually compares disease rates between two or
more groups (e.g., smoker versus non-smoker,

heavy drinker versus moderate drinker versus non- '

drinker). In a retrospective cohort study, there
frequently is no formal comparison group. Instead,

mortality or morbidity rates for the exposed group i

are compared to such rates for the general popu-
'

lation.
f

4. In prospective cohort studies, it is today's expo- ;

sures that are being evaluated in retrospective
~

cohort studies, the exposures of perhaps 30 to 50 '

!years ago are being evaluated.
.

An important advantage of prospective follow-up studies
i

is that they afford the investigator more control over*

the data' that is being collected. ona,can usually

closely evaluate the quality-of the data as''ac11'au
specify the exact nature of the data being collected.
However, prospective studies are both more costly and
time-consuming than retrospective studies. They fre-

quently require many years for completion.
While there is no question that a prospective co-

L
! hort study can provide more reliable data, the short-

comings of retrospective cohort studits do not render
them useless. Mortality rates for general populations
have been shown empirically to be useful bases of
comparison. Today's exposures frequently are similar
to yesterday's.

-3-
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2. Case-Control Studies j

Case-control studies are frequently called retro-
spective studies because one is looking backward from
disease to exposure. In fact, they are a type of i

retrospective study. In a case-control study, the i

investigator selects persons with the disease of L

interect as * cases" and other persons as " controls."
Not infrequently more than one disease is of inter- '

est so that there may be a number of different diseases
within the case group. The controls may be either ;

persons with other diseases or persons with no known i

disease. In principle, cases are persons with a |
'specific disease and the controls are persons without

that disease. . |

In general, case-control studies evaluate a number
of exposures in relation to one disease whereas cohort
studies evaluate a number of diseases in relation to '
one exposure. A rule of thumb is that if the disease
has a long induction period and occurs infrequently, !

a case-control study is more efficient because persons
with the disease can be sought out and selectively
enrolled. Likewise, if the exposure is rare, a cohort
study is more efficient because exposed persons can be

~

;

selectively identified. Case-control studies tend to
be done using hospital populations because that
is where persons with disesse are found.

Two general types of control groups are used in'

case-control studies: hospital controls and popu-
lation controls. As emphasized earlier, epidemiol-
ogists.are always concerned with comparability. .

i, Hospital cases and controls are similar in that each
group consists of persons in the hospital. The type i

of data available and tne inizieu - the. dsta gutnering
process tend to be comparable for both groups. How-
ever, sometimes there is the concern that a disease .

group is admitted to a hospital selectively. For
example, persons with cancer all tend to be hospital-
ized, while only certain persons with arthritis enter
the hospital. For a study of cancer patients, popula-
tion controls may be preferable since their demo-
graphic characteristics and day-to-day habits may be
more comparable to the cases. Neithe*r type of control >

group is inherently preferable to the other. The choice
of control group depends on the situation in a given
study.

-
..

6
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3. Nested Design

Once a cohort has been identified and followed-up,*

either ret:ospectively or prospectively, it becomes
possible to conduct a case-control study within the
cohort, using information on all the cases that have
been assembled. Comparable controls are selected
from the pool of non-diseased people in the cohort.
Controls may be selected by a representative sampling
procedure or they may be matched according to poten-
tial confounding factors. For example, if one wanted.-

to study the effect of low-level radiation on leukemia,
it might be desirable to select cases and controls
matched on age so that age differences would not
distort the case-control comparison.

e

The nested design can be a '.'ery cost-efficient means
of conducting an epidemiologic study because the sub-
jects have already been assembled for another study.
Thus, an investigator might conduct a cohort study of
nuclear power plant workers in order to evaluate the

.

occurrence of lung cancer. At the end of the follow-
up period, the. investigator may find that he has
collected information on an unusually large number of'

cases of multiple myeloma. To determine whether
multiple myelomas are associated with radiation expo-

the investigator might wish to conduct a specialsure,
caso-control comparison (nested study).

4. Cross-Sectional Studios
In a cross-sectional study, persons are selected
irrespective of their exposure or disease status.,. *

'

l~
Exposure and disease are measured essentially at the
same point in tima, rurther, the time ;eqm :e: ,

between the onset of exposure and the onset of disease
cannot be inferred.

i The data resulting.from a cross-sectional study can be'

treated in the same way as data from a cohort study or
case-control study. That is, disease rates can be compared
between exposed and non-exposed groups, or exposure
percentages can be compared between diseased and
non-diseased groups. In using data from a cross-
sectional study, however, it may be difficult to
determine whether the exposure led to the disease or<

the disease led to the exposure.

-5-
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The inability to establish the exposure-disease time -!
sequence is the defining characteristic of a cross- -

sectional study. This characteristic often makes ;

the interpretation of cross-sectional studies diffi- :

cult. For example, suppose drug histories may be i

obtained on all persons entering a hospital. Disease :
is diagnosed at essentially the same time. In eval-
uating the association between aspirin use and arthritis, |

it should be straight-forward to establish that the |
disease (arthritis) led to the exposure (aspirin) .
Ilowever, consider diagnostic radiation and breast '

cancer. It is thought by some that diagnostic x-rays i

may lead to breast cancer. Persons with symptomatic
cancer may go for repeated diagnostic x-rays. Thus, I

it would be difficult to establish the meaning of l

cross-sectional data relating x-rays to the develop-
ment of breast cancer, for this reason, cross-
sectional studies are relatively uncommon. In epide- :
miology it is desirable to determine the time sequence !

of the association being evaluated.

Although cross-sectional data contain no inherent
misinformation, data should be carefully evaluated to '

determine whether or not it is indeed cross-sectional.
If the time sequence between exposure and disease
cannot be determined, an extra degree of caution must :
be maintained in interpreting any association or t

non-association. The passage of time may be necessary |
to enable the collection of data in a longitudinal i

manner to supplement the results of a cross-sectional
study.

S '. Ecologic Studies

In cohort and case-control studies, ~ tu, anit ,|-- --

' ~ m6asurement is the individual. In' ecologic studies,' " - -

the unit of measurement is the group. Groups are
classified according to their rate of exposure and
their rate of disease. An ecologic study is some-
times called a correlation study because the inves-
tigator usually correlates the exposure rates with
disease rates. For example, Trigerio (1) classified
the U.S. population according to altitude (as a proxy *

measure for cosmic radiation) and cortelated these
exposure rates with general mortality rates and cancer-
specific mortality rates for various locations.

>

|

|
!
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The maior shortcoming of this type of retrospective ,

study is sometimes called the " ecologic fallacy,"
referring to the fact that a correlation of rates ;

does not ensure that the exposed people were actually .

-

those who developed the disease. In the Frigerio
example, the mortality and morbidity experience that |

was recorded might actually reflect the health exper-
ience of recent immigrants. Where these people were i

-

diagnosed or where they died may have been different i

from where they spent most of their lifetime. .

Because ecologic studies use the group as the unit of
measurement, they are not useful in instances where
confounding effects may be difficult to control in
the analysis. When the effects are likely to be small,
as in the study of low-level radiation, substantial
confounding is more likely to be present. For regu-
latory purposes, it is essential to distinguish between ,

the effects of radiation and other carcinogenic
exposures.

B. MEASURES OF EFFECT
.

There are two types of effect measures absolute measures ,

(differences in rates) and relative measures (ratios of
rates). Absolute measures are more revealing about the
public health consequences of a given characteristic or
exposure; relative risk estimates are more useful for
investigating the etiology of disease. For example,
consider smoking as a cause of disease. The relative
risk for lung cancer given smoking is approximately ten.
The relative risk for coronary disease given smoking is
about two. Iloweve r , the absolute effect is greater for

4corona'r'y dihease' than for lung cancer because the ine. -
dence of coronary disease is greater. Thun '.not - peq .n*0
will die from coronary disease due to smoking than from
lung cancer due to smoking.

.

Comparative rates used in absolute and relative measuresf
.,

of effect are estimated according to the incidence or'

prevalence of a disease or condition. Data on incidence
of disease and exposure come from cohort studies.
Exposure incidence rates also can be estimated from
case-control studies. ,

Incidence measures the rate of development of new cases
of disease. Synonyms for incidence are incidence density |

and the force of morbidity. Cases that were prevalent
(existing at the time the study began) would not be
included in determining incidence. In case-control com-

|

1
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; parisons c;<posure histories should not be compared ;

according to mean levels of exposure. This method was i'

9 sed in early analyses of the Hanford data (2). The
uses of mean levels of exposure distorted the information
bncause, while it appeared that excess disease occurred
among workers whose mean levels of exposure were low,
the excess cases actually occurred among a few workers ;

,

whose. exposure levels were unusually high. Information
on the full range of exposures was lost by the use of ;1

means.
,

Data from cross-sectional studies are used tu calculate ;

the prevalence rate of a disease or condition. The
prevalence rate is the number of cases divided by the
total size of the study population. Prevalence rates
reflect both incidence and duration of disease. Thus

'

the incidence rate may be low while the prevalence rate
is high if the disease is largely non-fatal and good
treatment is available.

C. THE ART OF COMPARISON
.

|

The choice of reference groups or comparison groups is e

extremely important. The decision as to whether an
exposure or characteristic is a cause of diuease or a
correlate of disease depends on the comparison. Concep-
tually the comparison group should refer to the absence
of exposure, but this is not always meaningful. Consi-
der whether the Japanese diet leads to an increased rate
of stomach cancer. What should the comparison group be -- '

diet in the United States? Whereas dietary patterns in
the U.S. may not lead to an increase in the rate of
s'tomach cancer, they may lead to an increased risk of
something else (coronary disease, for example).

The choice of a comparison group is especially important-.-

in studying the health effects of radiation. One cannot
find a reference group that has zero exposure to ionizing
radiation because varying levels of background radiation
are present everywhere. A reference group should be
selected to reflect levels of background radiation ;

i that are similar to the study group.

Comparison groups can be selected from within a study
(internal controls) , or the results can be standardized
to an external group, such as the U.S. population in a

j given year. The use of internal controls permits compar-
ison of disease rates according to different levels ofE

,

exposure. The utility of standardized rate ratios depends

-8-
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on the choice of the standard. When standard rates for |
the U.S. are compared with disease rates for occupational ;

cohorts, the " healthy worker offect" is usually evident. ;

That is, the werkers may appear to be experiencing less ,

disease than the standard population. This is due to the !

fact that the reference group includes both sick and
healthy people whereas the study group (workers) includes i

only people who are healthy enough to hold a job.
-

.

.,

III. STRENGTHS AND LIMITATIONS OF EPIDEMIOLOGIC METHODS

The overwhelming limitation in any evaluation of the :
i

health effects of low-level radiation on humans is the
possibility that the effect is weak. In order to detect,

weak effects, very large numbers of persons must be
studied. Even then, it may be that weak effects simply '

,

cannot be demonstrated.
'

There is the added problem in non-experimental studies '

of disentangling any effect of low-level radiation'from
those effects due to other factors. Even though an
association may be apparent between radiation exposure
and a given health effect, it is necessary to consider ;

alternative explanations. To the extent that data are'

available, analyses can be done to assess the impact of
other factors. .There are always additional factors that
may be associated with disease but on which no information
is available. It becomes a matter of judgement whether
any association may be explained by these factors. :

On the other hand, the basic strength of epidemiologici '

methods in the evaluation of the effects of low-levelradiation on humans is that information is being obtained .

'

,

directly on' people. There is no need to extravolete
| from animal models. Although this advantage cannot be

|
quantified, it is important.

! The following section will describe some issues of compar-
ability which are central to the evaluation of epidemio-
logic research. The quality of the data will be considered '

with special emphasis on dosimetry. Finally, the interpre-
tation of epidemiologic data will be dis; cussed.

I

L A. COMPARABILITY
*

If non-comparable criteria are used to select entrants
into two groups of a study, the data cannot be used to
measure any postulated association between radiation expo-

,

<
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sure and disease because of selection bias. If data are
,

collected on two groups using non-comparable methods, t

the data may contain incorrect information as to exposure i

and disease because of observation bias. Selection bias
and observation bias result because gf deficiencies in :
study design and data collection. Although not always i

preventable, these sources of bias should be considered :
in the design of a study and efforts made to minimize :
their' effects.

i

1. Selection Bias

Selection cias occurs only in study design. For I
it to occur, the disease must have taken place at the j
time a person is enrolled into the study. Selection -

bias cannot be controlled; it must be prevented. j
i

consider a study where a group of persons with disease
is identified and a second group of controls is
selected (a case-control study) . Since at the time
of entrance into the study group the disease has
occurred, seicetion bias is possible. It results ;

from the selective admission of exposed persons into |
the diseased group. It may also result from the '

selective admission of exposed persons into the con- i

trols, of non-exposed persons into the cases or of ,

non-exposed persons into the controls. The central i

f9 ate.re is that dif ferent criteria relating to expo-
sure are used for entrance into each of the two groups.

An analogous situation exists when the initial study :

groups are exposed and non-exposed persons (a cohort ;
,

study). Selection bias may occur only in retrospective
cohort studies -- those where past records are used
to define the study group and t sease ht.c ') ,* A ,-

occurred when individuals are entered into the study."'

Selection bias results if there is non-comparable i

admission of diseased (or non-diseased) persons into ,

the exposed (or non-exposed) group. Note that there
'

must be a difference in the selection criteria between
the two groups in order for bias to result.

2. Observation Bias *

In cohort studies, observation bias results when ,

information on disease outcome is obtained in a non-
comparable manner from exposed and non-exposed groups.
In case-control studies, observation bias results i
when information on exposure is obtain6d in a non- *

comparable manner from cases and controls.

:
'
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IAn obvious way to provent observation bias in a
cohort-study is not to know the exposure status
of study individuals when information on disease is ,

obtained. Any errors in measurement will be made
- equally in members of the exposed and non-exposed
groups. Likewise, in a case-control study, no
observation bias is possible if neither the patient .

nor the data collector know the diagnosis when infor- |
'mation on exposure is collected. This characteristic

of data collection is terned blindness. ;

Frequently, blindness is not possible in a case-'

control study. The patient knows his diagnosis or
the interviewer knows which patients are cases and
which are controls. To minimize observation bias in
such a situation, objectivity is sought in obtaining

:in fo rma tion. Questions aro a,sked which require
objective answers (closed-ended) rather than subjective +

answers (open-ended). While this does not prevent'

observation bias, it tends to minimize it.

3. Confounding

In contrast to selection and observation biases, con-
founding is potentially present in all data. Usually
confounding can be removed by proper analytic tech- i

niques. ;
I

In evaluating an association between one variable !

(exposure) and a second (disease), confounding resulta ,

when there exists a third variable which is a cause >

of the disease and also is associated with the expo-
sure. For example, cigarette smoking is a cause of-

lung' cancer. Also, many uranium miners smoke cigarettes.
Archer et al. (3) looked at the relationshit be,aer

.

uranium mining and lung cancer. An association was-

seen in that the rate of lung cancer in miners was
higher than the rate in non-miners. However, the ,

!relationship between mining and lung cancer was
confounded by cigarette smoking. When the subjects
were classified according to smoking, the association
between mining and development of lung cancer was ,

'

present in both groups, and the incidence of lung
cancer increased with increasing radiation exposure
among groups with similar smoking habits. Smokers,

however, appeared to have a shorter " induction-
latent" period for lung cancer than non-cigarette ,

smoking miners. Thus, in order for a third variable
to be confounding, it must be associated both with

-11-
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exporure and disease. If some variable is associated |
with disease but not with exposure, or vice versa, it :

cannot be confounding. !
!

If there are characteristics of persons which are
associated with both radiation exposure and disease, ;

the data relating exposure to disease may convey an :
appearance of association because of confounding, or
a mixing of effects. Confounding is possible in all
studies. In experimental studies, such bias tends to
be minimized, but not necessarily-controlled, because ;

of random assignment of exposure. In non-experimental |
studies, however it is never possible to know the
effects of confounding. All that is possible is to |
collect information on known or suspected confounding
factors in order to measure any bias introduced. Con- '

founding does not result from any error of the inves- .

tigator. -i

In contrast to confounding, effect modification reflects
an inherent property of biology. A variable may be
an effect modifier if the outcome (effect) varies !

according to the variable (e.g., sex). A confounding
factor may or may not be an effect modifier. An -,

understanding of confounding and effect modification ,

J is essential in the design and analysis of epidemiologic i

1 studies.
.

i

There are procedures designed to minimize confounding :#

i both in the design of a study and during data analysis.
They include randomization, matching, and stratifi-
cation. When designing a study, one can plan to.

control for confounding by: ,(1) random allocation of ,

subjects to various modes of intervention or to control i'

*groups (applies primarily to experimental studies and
intervention trials), or.(2) matening subjecte. -

'according to potentia 1' confounding variables, such as' <
.

age and sex. Matching can also be done during data
analysis, although this method is generally less
efficient. One cannot be assured that suitable
matched controls will be available, Lost hoct thus,
information may be lost by not using all the data in
the analysis. Stratification according to confounding
factors or standardization techniques can also be
used to control for confounding in the analysis of
data.

B
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B. DATA QUALITY

In epidemiologic studies, the quality of data refers to !

three types of dats: measure of exposure (radiation),
measure of outcome (disease), and measure of confounding

n
factors. There is great variability in the quality of
data on radiation. However, the value of all epidemio-
logic studies is limited by the power of a sample sizeo

to test for an exposure ef fect and to precisely estimate ,

>
that effect.

,

In addition to adequato sample size, the 1977 UNSCEAR
Report-(4) lists several features that are important >

in evaluating the quality of data in an epidemiologic
study. They are:

1) Adequate diagnostic criteria
2) Adequate information on radiation dose, '

dosa rate, and dose fractionation *
3) Sufficient intervals between exposure and

potential cancer development ,

+

4) Suitable comparison groups
t

Ne would add to their list a fifth criterion: i

5) Adequate measurement of effect modifiers
and potential confounding f actors.

:

L Power and Study Size Estimation

The study sample size must be large enough to detect
an effect if there indeed is one. Power is the like-
lihood that the null hypothesis will be rejected if it
is false. The power of a given sample size should be*

considered prior to beginning any epidemiolonic atudy.
'

|

'

Once the data have been collected, power is ne Ic..scr
.

meaningful. Instead confidence limits should be '
I placed around the point estimate of ef fect to reflect

the precision of the estimate. As a general rule,
sample size is inversely proportional to the squarei

of the excess risk due to exposure. Thus, "if a
sample of 1,000 persons is necessary to determine the

|-
effect of a 100 rad exposure, and if that effect is,

L
proportional to dose, 100,000 persont are needed for a
10 rad exposure, and 10 million for 1 rad" (6). The

. following example presented by Dr. Charles Land
| illustrates this point with reference to breast cancer
I

I Dose rate is the speed with which a given dose of radia-*

tion is delivered. Dose fractionation is the process by
which a given dose is delivered in two or more fraction-
ations (i.e., 10 rad delivered as 10 one-rad doses) (5).

.

'

.
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" Suppose tnat half of a. sample of N women,have received
a single mammographic examination resulting:in one,

,

rad' average tissue dose to|both breasts. Suppose the-
exposed'and'non-exposed women are otherwise comparable
and suppose, for simplicity, that all were 35 years

-

old at: the time' of exposure, and that there are 20
years of follow-up information with respect'to breast- *

cancer' incidence for each woman. Ignoring the first
10 years' as being too soon for any radiation-inducedo.
breast cancers to-appear, about 1,910 breast cancers r

per ndllion women per year would normally be ' expected '

during the second 10 years, plus, in the exposed,
about 6 excess cancers per million per year, according
to tha-1972 BEIR Report. 1

'Figure 1 shows-that a sampic of nearly 100 million
women would be needed for statistical power of even
50%, and that for a sample of 10 million women the
chances of obtaining a negative estimate are somewhat
higher (25%) than the 17% chance of obtaining a
statistically significant estimate at tho'5% level...

Obviously a sample of 100 million women would be -

impractical.. A case-control approach would require r

about 2 million breast cancer cases and controls,
assuming equal proportions of exposed and non-exposed.
wome- in the population, and this is also an imprac-
tical requirement. However, if the average breast
tissue doses were increased to 10 rad only 1 million
women would be required, or 20,000 cases and controls,
and at 100 rad only 10,000 women, or 200 cases and~
controls, would be-needed."

There are ample statistical grounds for predicting'

that the large sample size requirements of studies of
low-level radiatien and breact cac:er ma) to lude-.

' # - + ' definitive' risk estimates from'epidemiologic studies,'

even if the risk of cancer proves to be much greater
at low doses.than current high dose extrapolations
predict. Examples of study size requirements and other
types' of possible health risks are presented in :

'

Section III. B. 1.

Although such studies cannot provide definitive results,
epidemiologic studies of the health, effects of low-
level radiation in humans should be conducted. These
studies may be useful in describing the upper limits

& for estimates of cancer risk at given doses. For

.
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I, example,-if one or more studies of adequate size ;

found no detectable risk of a carcinogenic effect |
from exposure in the 30 to 50 rad range, then it
would be'unlikely that a detectable risk exists at-
lower doses.

>

2. Radiation Exposure and Absorbed Dose
i

The quality of. data on the health effects of radiation :
is limited by the accuracy of. radiation exposure data
and absorbed dose. The unit associated with exposure
is the Roentgen ,(R) . Absorbed dose refers to the a

Lenergy deposited per unit mass in'some -specific material
of interest. The absorbed dose, although harder to
measure, is probably a better indicator of the bio-+

-logical. impact of radiation than exposure. The unit
used for absorbed dose is the rad. *

Exposure to internal emitters. of ten is expressed by
the concentration of the radioactive material in the ,

source 1of the activity for some period of time. For
inhaled emitters this would be in units of cure
hours per liter of air. In the case of the airborne
emitter, radon, the unit of working level- mgnth,
(Wud): is sometimes used. The working level is an
indication of the amount of alpha particle energy
available from radon and its radioactive _ daughters
per liter of air.. A working level month results from

<

being exposed to a working level for the period of a
'

working month (170 hours).

Since various radiations are dif ferentially ef fective -,

(per rad) in causing biological effects, their equiva--
lent. doses, normalized to gamma rays, are given in
termniof dose equivalent with the' unit rum. The

| factor that describes the differential effectiveness
I of various types of radiation is the relative biological

effectiveness (RBE). As an example, for a particular
E effect where the RDE for alpha particles is 10, an
L absorbed dose of 1 rad of alpha particles is equivalent ,

to an absorbed dose of -10 rad of gamma rays. I

As broadly used in radiation protection, the equiva-
lent of RBE is called the quality factor. Practical
quality factors are presented in Table 1.

,

'.

Defined in Glossary*-
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TABLE 1

Practical Quality Factors

Radiation Type Rounded QF

X rays, gamma rays, electrons or 1

positrons , ' Energy > 0. 03 MeV
Electrons or positrons, Energy 40.03 MeV 1*

'
3

'

Neutrons, Energy (>10 kevNeutrons, Energy 10 kev 10
Protons 1-10** '

Alpha ~ particles 1-20
Fission fragments, recoil nuclei 20

*In 1966 the ICRP recommended a value of 1.7 for the QF--

of low energy electrons or protons. We believe that a
rounded value of 1 is more commensurate with the-accuracy
of our knowledge and the requirements of radiation pro-
tection. (In' 1969 the ICRP amended its 1966 recommendations, ,

specifying that the QF should be taken as 1 for - all /~, [ +' e *, T
and x radiations and for conversion electrons.)'

**Use the higher ve.lue for round-off or calculate by the
i methods of ICRP Publication 4.

Source: National Council-on Radiation Protection and Measure-
ments, Basic Radiation Protection Criteria, NCRP Rep -
ort No.~39, 1971.*

* * - - '

. ,

I
||
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Although the quality factor for any given radiation is
often considered to be constant for all tissues, all

,

dose rates, and all kinds,of biological effects, the '
. . '

RBE, in fact, may not be cor,stant (7,8,9,10). For
this reason, the use of dose equivalent must be treated
with caution since a particular quality factor may

,

underestimate or overestimata the true dose equivalentg ,
,

' by as-much as an order of magnitude. The RBE for
cancer. induction by neutrons can be estimated by
comparing cancer incidence from Hiroshima with that- !

from Nagasaki, since those irradiated at Hiroshima ,

received exposure from both neutrons and gamma rays
whereas those irradiated at Nagasaki primarily received
gamma rays. For both thyroid cancer and breast cancer,
the-RBE values are one. In contrast, the RBE values
appear to be greater than unity by as much as orders

j of magnitude for chronic granulocytic leukemia and t

L lung cancer (8).
H ,

| It should be noted that the RBE may change with dose or
"

dose rate, owing to the diminished effectiveness of
gamma rays. Thus in going from a single dose of'
10 rad to 1 rad of neutrons, the effect per unit dose
will remain constant, but the effect per unit dose of

'

gamma rays may fall, and the. RBE will rise accordingly.
' The higher RBE of neutrons at low dosage postulated by '

some investigators, therefore, represents a diminished
hazard from gamma rays rather than a heightened one
from neutrons (9,10).

Measurements of radiation exposure and absorbed '

dose are limited by the accuracy of. current methods
of dosimetry in the low dose range. For measuring

,

external irradiation, film badges and thermolumin-
escent dosimeters (TLD) represent the state-of-the-*

. art as currently,used in occupatlonaa'and medical -

. . ,

settings. As packaged, the-dosimeters measure expo-
sure to x-rays, gamma rays, and energetic beta part-
icles. These dosimeters do not accurately measure
total radiation dose because they do not measure dose
to any given organ, nor do they reflect what addi-
tional radiation dose mignt arise from inhaled or
ingested radioactivity. In the range below 0.2 rad
per year, readings from these dosimeters could differ
from the actual dose levels by 100%. Between 0.2 rad
to 1 rad per year, the uncertainty decreases to a
level of approximately 25% of the actual dose for
x-ray and gamma rays in an energy range from 15 to
660 kev (11). If external exposure is complicated by
the presence of beta radiation, then the uncertainty
increases.

t.
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At doses above 1 rad per year, the uncertainty in dose ]
estimation is approximately 10%.- These estimates

Ireflect'the maximum accuracy of such exposure measure-
ments. In actual use, personnel dosimeters tend to
beLdirectionally dependent and may be partially shielded'

from the radiation-source by the wearer. .Further, they
measure the approximate dose to the surface of the skin, ,

rather than the dose to internal organs. For all of l

these reasons, estimates of radiation dose from the
dosimeter readings will tend to be inaccurate.

For abscrbed-dose due to internal exposures, film
badges and the like will not yield dose information.
Such data are obtained-from either radio-analysis of
urine and fecal material (12) or whole body counting
(13,14). Such examinations are not routine, but
their potential importance should be evaluated.'

Whole body counters have been used to measure the
amount of an isotope in:the body. The total dose
to the individual can be estimated with this proce-
dure. Radio-analysis of waste material is more .|
difficult because-of the large inter-person variation
in the rate that' isotopes are eliminated. There may
be some records of such' bio-assays for individuals
with suspected internal exposure; estimating dose
from this -information, however, is very dif ficult

. because the accuracy of the estimate depends on'what
is known about the retention and excretion of radio-
active material for the exposed individual.

- Environmental measurements are often available for b
airborne radioactive concentrations and radioactivity :!

in water. However, these measuredents by themselves
are not sufficient for describing population expo--

*
!To define radiation dese.to populations from,

.sure.; these measurements would require knowledge of where
individuals were in relation to measured radicactivity
and the amount of time they were exposed. These

L considerations introduce a large uncertainty.
1

'

In the case of medical exposure, the dose per patient
can be estimated from the characteristics of the .

machine, the exposure factors of a particular pro-
cedure, and the physical characteristics of the patients
(e.g. , distance from the skin to the organ of interest) .
In general, radiologic practice complies with FDA
regulations, and hospitals have established procedures
for routine examinations. It is, therefore, possible
to estimate the radiologic dose for a given person
provided an accurate medical history can be obtained.L

L

.
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,~An approximate dose can be estimated based on the
assumption sof a :" typical- procedure" carried out on
an'" average patient." However, doses from typical
procedures may vary by an order of magnitude from
one institution to another.

.The sensitivity and accuracy of the dose measure-
ments in the low level-range affect the feenibility

~

of studying'the health effects of low-level radia-
tion. If dosimetry is, in fact, a limiting factor in . ,

the 0 to 1 rad range, then either more accurate
dosimeters should be incorporated in future. studies
or efforts should be concentrated on the accurate,

description of health ~ effects in the 1 to 10 rad
range and even in the 10 to 50 rad range in order
to improve the accuracy of risk estimate extrapo -

1lation to the very low dose range.
1

Caution should be used in interpreting dosimetry.
-

The demonstration of a statistical association between i
,

radiation exposure and cancer or other disease does j

not prove a causal relationship. The total environ- i

ment'must be examined in order to rule out the !

presence of other noxious agents which may be asso- l
ciated with radiation exposure. !

! !
<

IC. INTERPRETATION OF EPIDEMIOLOGIC RESEARCH

The_ collection and analysis of epidemiologic data com- l
prise the science of epidemiology. Knowledge of these 1

metnods is necessary in order to conduct epidemiologic |
research. Proficiency is gained primarily by~ practice. |

'

} The results of epidemiologic studies must be interpreted
!

L by epidemiologists and non-epidemiologists alike.
:It. is necessary to view the resu,1ts of any1sgi.-ni.ific _jl ...- ;

study, epidemiologic or otherwi'e', in the'c'ontext of )
L s'c

other-information. No one study is likely to provide a !

definitive answer to some' question for all time. A .

modicum of caution must always be maintained. In the |

absence of a clear-cut interpretation of the data, action !

should be prudent and err on the side of safety.

''

Perhaps the best way to evaluate whether an association i

seen in an epidemiologic study is spuridus is to replicate
the study in another group with a similar exposure.

!Preferably, the replication should be done by another
investigator in a different setting. If the results

H have general biologic plausibility and if similar asso-
,g '

clations' are seen in different studies of different
groups done by different investigators, then the belief
that the associations are causal is strengthened.

-20-
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IV . . CAN CPIDEMIOLOGIC STUDIES DETECT THE HEALTH RISKS FROM
LO'.1-LEVEL IONIZING RADI ATION7. :

1

16 THE' EPIDEMIOLOGY OF RADIATION-INDUCED DISEASES IN THE ,

LOW-LEVEL RANGE

Probably the largest source of data on the health effects
of low-level radiation comes from the Life Span Study
of Japanese survivors of the atomic bombs (15). Table
2 shows the observed.and expected number of neoplasms by -

site, listed separately for the two cities. Expected
numbers were derived from data on all deaths in Japan.
The sample of survivors.from Nagasaki, although smaller
in number, predominantly reflects the consequences of

. exposure to gamma radiation. In Hiroshima, there was a
mixture of neutrons and gamma'radiat on. The estimatesi

presented in Table 2 differ dramatica.ly from health
risks evident from much higher doses of radiation, For

example, there was no detectable increase in leukemia or
cancer of the thyroid. Note that the low dose risk
estimates for neoplasia presented here reflect direct
observation of low-dose radiation effects in humans.
More recently, Lyon et al. (16) reported an excess of
leukemia in children In~ Utah counties subjected to high~

,

exposure from Nevada nuclear test fallout. However, it

has not been possible to reconstruct the doses of radia- _'

tion, and the statistical va.11dity of the conclusions
drawn has been questioned (17).

;

The health effects observed among survivors of the atomic
bomb and people exposed to f allout may not accurately
represent the extent of_ health effects that may occur to
people exposed to ionizing _ radiation in a less dramatic

For occupational exposures, an excess of multipleway.
myeloma and cancer of the-pancreas was noted in the study
population at the Hanford nuclear facility in Washington <

State. However, no excess of leukemia was observed among ,

those workers. In an re-analysis of these data, Hutchison
et al. (18) noted in their review of Mancuso, Stewart, and
EneaTe's work (2) that the statistically significant'asso-
ciation for cases of pancreatic cancer hinged on 5 of the
32 exposed cases having accumulated doses over 10 rad as
compared with 1.4 such cases expected; for multiple myeloma,
3 of 8 cases had accumulated doses over 10 rad as compared
with 0.4 expected. In neither case is there evidence of a
graded tumor response with increasing dose; instead, there
is simply an abrupt increase in the ratio of observed to
expected among those with doses exceeding 10 rad.

-21-
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'

Observed' and Expected Neoplasms by Site of Hiroshima and Nagasaki
Residents Exposed to 1-9 rad.

1950-1974
t

HIROSHIMA NAGASAKI

OBS OBS
SITES OBS. CKP. /EXP OBS. EXP. /EXP

<

i

Leukemia 4 10.1- 0.4 5 5.8 0.9

Thyroid 17 21.4 0.8 12. 13.1 0.9

Female Breast 22 28.8 0.8 9 12.7 0.7
'

Trachea, Bronchus, Lung 49 52.2 0.9 20 19.8 1.0

Digestive Organs,
Peritonium 318 319.5 1.0 125 125.7 -1.0

Stomach '197 204.2 1.0 75 75.2 1.0

Esophagus 9 15.5 0.6 'S 7.9 0.6

Cervix Uteri. Uterus 66 60.9 1.1 34 29.0 1.2

ovary, Tube, Ligament 3 6.9 0.4 1 1.5 |0.7

Bladder. Urinary 9 16.2 0.6' 3 4.7 0.6
.

Prostate 7 11.1 0.6 3 3.4 0.9

.

,

. . .

Reference G.W.'Beebe, H. Kato, and C.E. Land: " Mortality ~ Experience
of Atomic Bomb Survivors 1950-1974," Life Span Study Report
#8. Radiation Effects Research Foundation. Technical
Report RERF TR 1-77.
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Diagnostic medical x-rays-of pregnant women have been
!associated with increased-incidence of childhood cancersx

in - the. exposed of f spring - (19,20,21) . Also, exposure to

diagnostic-radiation has been claimed to be the cause of
excess-leukemia in adults. However, Dr. Bross' analysis i~

of the Tri-State Leukemia. Study (22) has been strongly: ,
-

criticized. Boice and Land (23) pointed out ' hatL the
nature of the: case-control design makes it~ impossible to

' distinguish between past events that were causally related i
*to leukemia and events consequent to the disease, e.g.,.

where x-ray exposures reported by subjects had been given t

for early manifestation of disease,
,

Low-level ionizing radiation also has been studied as a
possible cause of reproductive impairment, with decreased:
birth weight, microencephaly, Down's syndrome and abnormal-

'

ities of the eye studied as possible consequences (24,25,
26,27). Temporary sterility in men has' been noted
af ter single doses as low as 50 rem (28) However, no

studies to date show solid evidence for an associationof these types of health risks and low-level radiation. -

The health effects of low-level radiation exposure have
not been precisely determined, because of the difficulty i

of identifying infrequent events that are not unique.
,

Detecting causal relationships is further complicated -by
variation in background radiation. It has been estimated
that background radiation averages approximately 150 mrems
per year (29) .

1

Most of what is known about the health effects of radiation
comes from studies of high levels of exposure. The
" classical" studies in man have dealt with the survivors.

of the atomic bomb' explosions in Japan. nopulations '

exposed to fallout from bomb tescing in ws ne rs.k .1
Islands,.and patients who have received diagnostic or
therapeutic radiation. Owing largely to the higher dose
ranges in these studies, reasonably consistent estimates
of increased risk have been obtained for leukemia and *

cancers'of thyroid, female breast, lung, and bone with
indications for increased risk of cancer in a variety.of
other tissues as well.

,

|
In addition to cancer, ionizing radiation is known to

L induce genetic offects including specific locus mutations
and chromosomal abnormalities. From an operational i

'

point of view, genetic effects fall into two categories:
germ line mutations that are induced in the parent and' I

whose phenotypic effects are seen in the progeny, and j

somatic cell mutations that are induced in an individual j

|

,

i
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and also observed in him. Specific locus mutations due
to irradiation have not been demonstrated in germ cells
of man. Largo doses, of.courso, induce chromosome break-

.

!

age and thus engender grossly abnormal germ cells that !
~

1lead _to an increase in the abortion rate, especially
carly in pregnancy.1 Accurate determination of the
' abortion rate is so; difficult that it would be'imprac-

tical to use an increment.in abortions as an indicator
of radiation-damage at low level exposure. The bio- 1

.

chemical determination of specific locus mutations is a
possible line of study, owing to the development of
" production line" techniques for the separation of blood ,

proteins.
, ,

Chromosomal abnormalities have been detected in the
.

lymphocytes of patients treated for cancer (30) and also
* in groups:who_have been exposed to the atomic bomb and

examined more than 20 years later (31,32). Most recently,-
an increase has been reported in chromosomal aberrations
in the lymphocytes of nuclear shipyard' workers exposed
almost exclusively to gamma rays in the range from below ,

1 rem to above 30 rems (33). These studies suggest that
such a cytogeneticLindicator _might provide new informa-
tion. The previous studies had indicated such a possi-
bility, but it was. considered doubtful that the method )

could be applied in the low level range of exposure at:a-
practical cost. The development of automated chromosome
counting and characterization methods is under way,
however, and it is a possibility that in the near future
such methods might be available for use in epidemiologic
studies (34,35).e

The traditional method used to estimate the risk to health
from- low-level radiation is linear extrapolation from
human high dose range data. Some recent studies claim to

L have Jirect ef fect estimates in the low, dose, : acge that
L r.u -

. - are much higher than those derived from extrapolation
.

(2,16,23,36). These recent claims, in turn, have been
seriously questioned (17,37). Public concern as to whether
the recent claims are to be accepted or rejected may affect
the extent.of what can be done in the future to study the +

| subject more definitively.
.

L A detailed evaluation of the suitability of studying
various health consequences of low-level * ionizing radia-

| tion will be conducted during Phase II of the project..

Both somatic and genetic effects will be considered.
|
,

E

I-

#

.
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B. OUESTIONS FOR EPIDEMIOLOGIC RESEARCH

We-recognize that the decision as to which'populationst It _ merit further study will be influenced by other factors'
| in addition to epidemiologic considerations. Therefore,,

we intend to provide several study recommendations in our ,

final report. The populations selected for study should, ,
,

provide. suitable data to answer.one or both of the
-following questions:

..

(1) 'Is there any evidence of a health ef fect from-
low-level radiation exposure?

.!

(2) What is-the shape of the dose-response curve ,

for low-level radiation?
It is of interest to note the different requirements ,

necessary to answer these two questions. The first ,

question may-be answered in the absence of specific
measurements of exposure. Even though datalon health
effects could not be related to radiation dose, it is .

"

.important first to establish whether there is an increased-
health risk from low-level radiation. This question, -

although imprecise, is important in terms of public
health. Consider, for example, the regulatoryfagency ,

that must decide whether radioactive waste disposal sites
pose a serious health rink to-residents in the surrounding
areas. Although no data _on population exposure may be ,

available, the question of possible risks to health still
must be evaluated.
Answers to the question about the shape of theidose--

r,esponse curve for low-level radiation depend largely

L
on dosimetry. If exposure to low-level ionizing radia-,

tion does pose a serious risk to health- tra.- it won.i dE

be important'to describe precisely the dose-response
relationship in order to help regulatory agencies set
appropriate standards for permissible levels of exposure.

L
Both' cohort and case-control studies might be appro-

'priate-research methods for the first research question. '

,

The second question, however, would more likely be
addressed by case-control studies. Although the case-
control design has certain limitations, such studies are
relatively quick and inexpensive to conduct.

"

C. EXAMPLES OF STUDY SIZE REQUIREMENTS

We have selected two examples to illustrate the study
>

size requirements to detect an incremental health effect

i
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due to low-level lonizing radiation. ' Study size require-
,

ments for cohort studies of breast cancer were presented
in Section II. B.1. Below are estimates for study size

,

e requirements for cohort studies and case-control studies
with different levels of-power ~to detect a relatively
small excess risk for leukemia-and'for gross congenital
malformations. These computations were performed on a
programmable calculator according to the procedure des-
cribed in Rothman and Boice (38). : Relative risks (RR)
of 1.5 and 2 have been presented. Also note that an allo--
cation ratio of 5:1 was used~inLboth examples. The
allocation ratio refers to the ratio of controls to

a cases or unexposed subjects to exposed subjects. When caser
or exposed subjects are limited in number, the -information
yield of a. study can be improved by selecting multiple i

controls for each case. The allocation ratio depends on
the cost and availability of controls or unexposed sub-
jects. The allocation ratio of 5:1 presented in the ,

examples was an arbitrary selection.
'

'

The data presented.in Figures 2 and 3 show power values
for a range of study. sizes for cohort and case-control
studies. of leukemia and diagnostic medical x-rays (both
dental and chest). The low power of even very large
cohort studies of such a-rare disease makes this study

' ''- design undesirable. On the other hand, the study size
requirements for a case-control study are much more
within the realm of possibility. 3

Figures 4 and 5 show power and study size relationships
for cohort and case-control studies of gross congenital

,

malformation and maternal x-rays. The parameter,.Po
(the proportion of. unexposed children born with con-
genital malformations),- was estimated from data recorded

L on birth and death certificates in New Ycrk F t : :.c ,-
,

L exclusive of ' New York City- (25) . The term P _ refers to1
the proportion of exposed subjects who develop disease.
This estimate -probably underestimated- the~ prevalence of

m congenital abnormalities by using only information on
' gross abnormalities evident at birth.

>

e

,-

o 1

8
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- V.. IDENTIFICATION OF CANDIDATE POPULATIONS
.

'

A. METHODS-
,

1. ' Definition of Low-Level Radiation
,-

An operational definition of " low-level" was neces-' '

sary in order to define the . scope of our project. .

h1 adopted operational criteria for low-level radia-
tion according to what has been utilized by regulatory :

agencies as shown in Table 3. This recommendation .

Iprovides maximum permissible occupational dose; levels;
we applied.this operational definition to other
populations, e.g., residential, as appropriate. We q

recognize that most residential and occupational -

radiation exposure will fall far.below these limits.
On the other hand, much can be learned from. studying-

. populations receiving as-much as four or five times
this level of exposure. Therefore, we included such

'
populations in'the list of candidate populations even
when'their oxposures exceeded the guidelines pre- *

sented in Table 3.
'

Although federal regulations - are written in terms of
quarterly and annual. rates of exposure, not total
exposure, we wish to emphasize that low annual dose
rates can lead to relatively high cumulative expo-

L sures. Note that a person employed in the nuclear

L power industry from age 18 to age 50 might accumulate
E

as.much as 160 rem from his work. .During Phase It, s'
L we plan to gather information on both the annual dose

rate and the number of years of exposure for candidate-
study populations. ,_,

|
4

2. Candidate Population Selection

1 We assembled a list of candidate study populations
L
L using three different approaches: literature survey,

L
mail inquiries to individuals and groups concerned |

with radiation protection, and review of on-going
federally supported research. The literature review
was restricted to studies of humans wJth exposures to

. low-level ionizing radiation. Our review was largely
L drawn from several recent references: a draft of"

the BEIR III report supplied by the Nuclear Regulatory
Commission (42), the 1977 report of the United Nations
Scientific Committee on the Effects of Atomic Radia-
tion (43), and the 1979 report of Interagency Task'

. .4
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'i TABLE 3 ,

Maximum Permissible Dose Equivalent for occupational Exposure

fombined whole body occupational exposure

Prospective annual limit 5 rea in cny one year
c

Retrospective annual'11mit 10-15 rea in any one year !

Long time accumulation to
age N years (N-18) X 5- rem

(Not applicable to children)

Partial body exposure

Skin 15 rea in any.one year
Hands 75 rem in any one year
yorearma 30 ran in any one year

!- Other organs, tissues, and
organ systems 15 rem in any one year

Fertile women (with respect
..

to fetus) 0.5 rem in gestation
*

period

SOURCE: Basic Radiation Protection Criteria,. National
Council on Radiation Protection and Measurements,

Report No. 39, 1971.

.

9
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1 Force on.the Health Effects of Ionizing Radiation 7

(5). The list of people whom we contacted by mail,<
.

as well as a copy of our general letter, is presented >

in' Appendix A.- A current review of on-going federally
'

supported research on the health effects of radiation
lwas kindly supplied to us by Dr. Lowe of the National

Institutes of Health.
.

3. Feasibility Study criteria

\ Five general areas were identified as general criteria-
for evaluating'the feasibility of each candidate

E study population. These criteria are personal
data, radiation exposure data, size of the group,
potential confounding factors, and suitable biolo-
gical end-poir.c for study.
The existence or potential existence of personal '

_,

data is essential for an epidemiologic study.of indi-
viduale. We attempted to find out if data exist '

that. identify people exposed to low-level radiation,
either healthy people or people with possible
radiation-induced diseases. If no data currently

exist, we considered whether it would be possible to t

initiato' follow-up. Any candidate populations that ;

did not appear to have personal data, nor the poten-
tial for such data collection, were excluded from
Phase II of the feasibility study.

-

'

Accurate information on radiation exposure was the
. second criterion for- feasibility evaluation. Candi-'

date study populations were eliminated from Phase II
|follow-up if their exposures exceeded our operational,

definition of low-level. Note that f: Phass i fellow-

uo we included some populations with annual exposures
. that exceeded'5 rem if low dose exposures occurred.at

an internal organ of interest.

Further, we eliminated candidate populations whose j

exposures were too low to be measured by current
methods of dosimetry. One approach to identifying,

| an appropriate lower limit for detectgble exposure! would be to use the appropriate level of background
radiation (100 mrem). However, without having con-
ducted a thorough examination of the quality of dosi-

.

metry in the low dose range during Phase I, we chose
to adopt a much ~ nore conservative lower limit as a
preliminary criterion for Phase I. The EPA has directed
that beginning in 1980, the dose received by any member
of the public from the uranium fuel cycle shall not be

' - more than 25 mrem whole body, 75 mrem thyroid, and
'

s
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' 25-mrom other organn (radon and.its daughters excepted) '

(44).. Although it is not apparent how such a stan-
dard could be. maintained or upheld using presently
available methods.of dosimetry, we selected'25 mrem i

-

'

as the operational limit for detectable levels of-

exposure in our Phase I evaluation.

It was difficult to estimate precisely the size of
many of the candidate populations within the time -

constraints of Phase I. Therefore, we classified the
F groups crudely according to three. categories: (1) t

small and unique, (2) small, not unique, and-(3) r
-

large (greater than 10,000) . Only population groups
that were small and unique were eliminated from Phase

.i
II follow-up. Individual candidate populations that
were small'and similar to other groups were included -r

I in Phase II follow-up because data- from such groups
,

potentially might-be pooled in a larger study.
The remaining two feasibility criteria, potential

'

confounding factors and suitable. biological end-points
for study, were not evaluated in Phase I. Although
they are-important, they require in-depth evaluation
and will be addressed more thoroughly.in Phase II of

*

this project.

B. CLASSIFICATION OF CANDIDATE POPULATIONS

Candidate populations were categorized into occupational
and non-occupational groups, occupational groups were
, classified into six subgroups: ' medicine, industry,
nuclear fuel cycle, government, education, and technolo-
'gically enhanced. Non-occupational groups were classi-
fled according- to environmental exposures and medical
exposures. Environmental populations then were cate-

,

'

L- gorized by the same six subgroups as the occupational
~

L populations.- Medical groups were divided into exposure-
L to diagnostic radiation and exposure to therapeutic
' radiation. Appropriate population registry information

was included where appropriate.

C. CANDIDATE POPULATION EVALUATION
:

.

Table 4 shows the classification of candidate population
i

groups and the-referent page number. Some dose range'

data were estimated based on best available information;
,

these estimated doses are followed by the notation (est.) .
In addition, some dose data are for general categories-

L rather than specific populations. More specific informa-
tion will be gathered in Phase II.

|

o
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TABLE 4 ;

' Classification of Candidate Populations ]
- )

Category Page No..

42
I. OCCUPATIONAL.

A. Medicing 42

1.- Hospital / Clinic 42 ']-c -
,

.a . ' Radionuclides
1) Nuclear medicine technicians i

'

2) Radiopharmacists
3) Radiotherapists and

-technicians
4) Dnbalmers

- 5) Hospital incinerator
operators

6) Teletherapists
7) -Nursing perscnnel

b. Electronic Sources- ;

1) Radiologists
2) X-ray technologists

'

3) Dermatologists
4) Dentists
5) Cardiologists

2. Private Practice 43 .

I a. Radionuclides
b. Electronic Sources

1) X-ray technologists
;

2) Radiologists'

: 3)- Dentists
H 4) Dental hygienists and*

,,
' assistants ,

,

5) Veterinarians
6). Osteopaths ,

L 7) Chiropractors
8) Podiatrists

45B. Industry.
'

l .- Industrial Radiography 45
*

a. Radionuclides,

1) Well loggers
2) Non-destructive testers
3) Gamma ray source inspectors

n 2. Other Industrial 45

a. Radionuclides
1) Sewage treatment plant

workers

-35-
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TABLE 4 (cont . )_'

' ' Category Page No.

b. Electronic Sources- J

1) Video display tube operators 1

'

2) Television repairmen
3) S<eed . sterilizers

-

4) Airport baggage x-ray inspectors
5) Plasma torch operators

3. Manuf acturing and Distribution 46 >

a. Radionuclides ~ ~ -;

1) Smoke detector makers
2) Radiopharmaceutical-manu- ;

facturers
3) Radium dial painters

,

4) Luminizers (tritium,
primarily)

5) Radium mill workers 1

6) -Thorium alloy workers
7) Radioactive cargo handlers-

b. Electronic Sources
'

1) Cathode and video tube
makers

2) Klystron tube makers
3) X-ray equipment manufacturers ,

C. Nuclear Fuel Cycle 48
,

481. Mining ,

a. Uranium miners ;

2.' . Milling and Refining 48

,, Uran,ium millers, ja... * ** '

b. Dye workers .
-

,

c. Uranium refiners
,

t

3. Fabrication '49 +

a. Gaseous diffusion' plant workers

b. Feed plant workers
c.- Savannah River Plant workers
d. Hanford Production Operations

workers ,

e. Idaho Chemical Processing Plant
workers

>

504. Operation
a. Nuclear plant workers (see

Appendix B)

e

l
'

-36-
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TABLE 4 (cont . )

Category Page No.
1

5. Processing and Re-processing 50 |4

a. Plutonium processin9 plant- |
workers (see Appendix C)

'

b. Uranium re-processing workers
~ '6. ; Transportation 51. !

a. High-level waste transport
_

workers

E 7. Waste 51-
a.- Waste disposal site. workers

, '

(see Appendix D)

8. 'Researchiand Development. 51-

a. Research' facilities workers
(see Appendix C) ,

,

D. Government 52 '

l. Radionuclides 52
'

a. Non-destructive testers''

2.1 Electronic Sources 52

'

3. . Military- 52
L a. Atomic veterans ,

'

.b. Nevada test site employees
c. Weapons assembly workersh'
d. Nuclear-powered ship-workers

-4. Research and Development (see ,
54'

(Appendix B).
a. Research Lab. workers ,

|: E. Education 54
1;

1. Radionuclides 54
a. Laboratory technicians

L 2. Electronic Sources 54*

,

L a. X-ray spectroscopists
b. X-ray diffraction workers,

c. Experimental nuclear physicists
U d. Electron microscopists

-37-
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. TABLE 4 (cont.)

: Category Page No.

n . .

F. Technologic' ally ' Enhanced - Natural' Background $$

1. - Miners- 55
a. Coal miners
b. Hard rock miners

b' c. Phosphate miners
d. Lead / zinc miners

L e. Iron miners-
L f. Fluorspar miners
1

0 2. Airline Personnel 56
J' a. Pilots
Ib. Flight attendants
a

3. Other 56 - i
*

a. Fertilizer manufacturers
b. Underground document storage

workers ;

c.- Sailors
d. Submariners s

e. . Health Spa workers

G. ' Registries 57 |
1

1. Uranium Registry 57
'a. Uranium workers
b. Uranium miners
c. Uranium: mill workers

,

'2. Transuranium-Registry 57-

3.- Radiation workers .(U.K. ) 5~' +

,

, .

II. NON-OCCUPATIONAL 58
L

A.- Environmental 58

1. Natural Background 58
a. Reindeer and caribou eaters ,

(Eskimos and Laplanders) *

b. Shellfish eaters (Japan, especially)
c. Monazite sands residents
d. Residents in high altitude

areas
e. Residents in areas of high"

granite content

-38-
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1
TABLE 4 (cont . )

- Category Page No.'
1

e f.. Residents and visitors'to Bad 1
Gastein, Austria j

.g. Residents in,high radon-water i

areas ,

=h. Populations with few x-rays or
radiation treatment

i. Rural populations (Orinoco basin, ,

Brazil) j
:

2. -Technologically-Enhanced Natural 62 j
Background

.

,

a. Residents near coal-fired ;

power plants
b. Frequent air travelers
c. Brick or cement versus wooden

housing communities
.d. Residents of phospho-gypsum

houses
,

.3. . Industry 64 io >

a. Uranium manufacturing communities
-(e.g., Canonsburg, PA)

b. Tritium manufacturing communities
(e.g . , Tucson, AZ)

c. Radioactive hospital effluent -
>

|;

ufr communities
d. Residents near illegal radioactive

3

waste-disposal sites !
-

'd . Nuclear Fuel Cycle 65
:

a.- Mining . .

1) Uranium miners' families'

J b. Milling.

L 1) Uranium millers' families
L 2) Mill tailings communities

? 3) Uranium tailings housing
residents

b
c. Fabrication

1) Residents near, downwind or
downstream from fabrica6 ion'

p plants (see Appendix C) -
H

2) Seaweed eaters downwind from
Windscale (England)

L

,

1 -39-
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~ TABLE 4 (cont.)

Category Page'No.. |

d. . Operation
1) Residents near nuclear power. ,

plants (see Appendix 8)- |,

2) Visitors to-nuclear plants j

- e. Processing and Re-processing i

1) Residents near processing a

plants (see Appendix C)-
. f. Transportation '

,

'

- 9.- Waste Disposal _.
1)- Residents near waste disposal-

sites (see Appendix D)
h. Research and Development

, . 1) Residents near nuclear re-
' search facilities (see +

|

L (Appendix C)
i

-5. Government 70- (o

a.. Military fallout from Atomic Bomb ;

or its tests
1) Faeroe Island residents during a

fallout
2) Nevada testLsite residents
3). Milk-drinking children'in-

Utah and Nevada
4)| Japanese Atomic Bomb _

"
survivors

r

' '5) Marsha11' Island test site-
L residents-
| 6) Fall-out residents in Utah, 4

New York, and Minnesota'
-

,

b. Research and Development
. 1) Residents near nuclear re-

,
E s'earch facilities (s e'e .

.

|' . Appendix C)

6. Education 72

a. -Residents near, downwind or downstream
l' -from research reactors (see
h Appendix C)

,

B. Medical 73,

1: 73 i1. Diagnostic '

a. Maternal pelvimetry _and x-ray
offspring

b. Cardiac fluoroscopy and cathe-
terization patients (especially
children)

-40-
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I
TA,BLE 4 (cont . ),

Category Page No. ]
'

'

c. ' Scoliosis x-rayfpatients-
. d. Urography patients|

'
3

e. Mammography patients (organ -|
doses)

f. . Thorotrast patients; .;

g. Dental x-ray-patients
h. -Chest:x-ray screening i

?
i.. Barium meal and enema patients

'(organ doses)
.

"

-j . Congenital hip. dislocation'and
Legg-Perthe's Disease patients- ;

ik. Neurologic x-ray patients
p

L
.

-(organ doses)
'

E
. 1. Chiropracters' patients. ;

,

m. Lumbar spine screening. u

|, n. Stomach ulcer x-ray patients |
,

(kidney dose).
'

o. Multiple fluoroscopy of tuber-
,

! culosis patients
1;

83 .

H 2. . Therapeutic . '"

L la . - Acne, hirsutism, and skin. disease
x-ray patients

!o
h b. Thyroid cancer and thyroid
' disease I131' patients

c. Postpartum mastitis-x-ray patients
*

|- d. Tinea capitis patients ;

!Benign gynecologic x-ray patientse..

f. Ankylosing spondylitis x-ray ;

patients
L

-

L g. Arthritis-x-ray patients
' ;h. Thymic enlargement and~ upper respir~

atory problem patients
i. Brachytherapy patients

! j. Radioactive implant patients'
: families. J

1

k. Wearers of uranium-fabricated
-dentures

1. Pacemaker patients with nuclear-
*powered pacemakers

Polycythamia vera radioactive phos-m.
phorus patients

n. Cervical cancer x-ray patients
T

3. U.S. Tumor Registries 91

-o
-41-
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;
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.

4

4

f

' Size mediation
'

po11one- '

I. Occorretions .
, Up in

" |Fhese ;i w
Cd **

] KI?
Population Ee #i Source of Docee,

" o =""at"oe.criptio. 3 2 "5 E o w e.r. na ,.

u.
u

., o, 3
e o

,.. : -
,w a tr - o >. . i

E SS j a~ M I Ec
_ n v ;

i

A. Medicine '

1. H<, spital /Clienic Average
t

; a. Radionuclides 45 res K beta, gasuna 330 mres/yr X All dose estimates from'

sources. EFA Draft, Jan., 1979
1 x-ray,

i u 1) Nuclear medi- Yes
a

cine technicians
~ ~

i
'

2) Radio pharma- Yes - -

cists
i

I 3) Radiotherapiste Yes - -

and technic, tans
;

i 4) Embalmers Yes X beta, gast:ma X standlers of radioactive-

k cadavers, sources
i '

i 5) Hospital In- 7 g -- --

! cinerator Opera- "

i
' tors
i L I
1 0
! |
! e

!
i

!
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_
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.

!

'
<

six. modi. tion vono.-
; l* '

op in .

d h,

< a c. g c '317
$ ,YPopulation , A Source of Dose .

,j Description .: eg g o Exposure Rangea

i 8. .
3' ? n s*
> .

2 88a g X 3 1 3n, ..

6) Teletherspists

i 7) Nursing personnel !

i
b. Electronic 45 Yes X x-ray 330 mrad /yr X

Sources
!

:

1 1) Radiologists 46 Yes X x-ray X on-going study
|

-,

! u
'

!.
2) X-ray technol- Yes X x-ray 0-5 rad /yr Xogists (est.)
3) Denmatologists 47 Yes x-ray

,

X on-going study |
' -

l
'

4) Dentists Yes I ox-ray - X *

; 5) Cardiologis'ts 47 Ys t'

X on-going stw4yx-ray '-,

,

( 2. Private Practice

| a. Radionuclides 45 Yes
'

beta, genen 370 ares /yr X many not certified;l
'

g sources, x-ray doubtful dosimetry
i b. Electronic 45 Yes E X x-ray 370 mradlyr X many not certified;' ;Sources j doubtful dosimetry

f.; b
.

I
.

.

|
|
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'
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' I

k
'

*;

Size Rediatson
'

'rollow. R*

'

_.

' ', Up in
a" Phase.,

g C 117"^

Population IU A Source of Dosee
Description S *

g Exposure Range.e

; le 5- 2*
ma so tr -< o x e
E SS f .A E I E

~
C
2

>

1) Z-ray achnol- X x-ray. 0-5 rad /yr X
4ogists (,,g,)

2) Radiologists 48 Yes X x-ray X--

t

| 3) Dentists 45 Yes X x-ray 180 meadlyr X -

4
'

4) Dental hygienista 45 Yes X -- - X
and assistants

.

5) Veterinarians 45 Yes X x-ray 420 erad/yr X

6) Osteopaths Yes X -- -- X

7) Chiropractors 45 Yes K x-ray 10 mrad /yr X Exposure too low to
be detected

1

! 8) Podiatrists 45 Yes
.

30 :nrad/yr X
'

X x-ray
, .

4

i
i -

I -

| I
1 _
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| Size Radiation fro 11one-
.

I
'

Up in
'

d! Phase.s
i g4 ggy ;

da c.

8$ 5* Source of Dose IPopulation .
. o oa : .e cmmme--e .
] Description g ag g g Euposure mangea

3 ., . o. Ai . a. .
w e &

.~
n o u m

j a sa y s : s a :
i

B. Industry !

1. Industrial Radio- t
1

graphy
,

j a. Radionuclides 45 Yes X beta, gasena 440 oree/yr X
, e sources *

A t
; 1) 1 Jell-loggers 7 - -- *

i tn
; a

! 2) Non-destructive 7 -- --
t

testers
! [
| 3) > ray 7 - __ |
| source inspectors !
! !

| 2. Other Indust, rial
;

t

;

; a. 'madionuclides 45 Yes E beta, gassen 449 ares /yr X !
sources

:"

1) Sewage treat- 7 __ __ g i
| sent plant work-

, i

; ers . ).

.s.

.

{ b. Electronic 45 7
,

[ K x-ray 400 mead /yr I i
! Sources

, ,

! -

1- 4 !;
1

I
:
i

t

k

. |
e i
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Size medlation
'

Folloer-
! * I; Up in

h" M
g' C II7

"-* *

es )# |E.Population e Source of Dose
!' n cription g ggo p Commenteg g x=po.or. man,.. -

,

5-" 2. tr!- :, 2- - o >. .
E bE cj I E E En

1) Video display tube 49 No X x-ray 0-1700 mead / 1 transient population;
operatore yr older machines,

2) Television repair- 7 X- -

i sen
,

?*

E

a 3) Seed sterilizers ?
'

X- -,
; m

a

4) Airport baggage 50 Yes X x-ray 422 stad/yr X extrapolated from MIOSM |x-ray inspectors study data '

I

5) Plasma torch 7 - - K !j

operators !, ,

?
,

| 3. Manufacturing and
|

| j Distribution '

a. Radionuclides 45 Yes X beta, gasm 650 aces /yr X2 ,.

, . , sources
31) Smoke detector 7 - -
'

I
makers

4

'

2) Radiopharmaceu- Yes
!

- I-

tical askers
'

.

i

!

|
4

g. p , + g- +..o ., w._ sw,4 w,,. ..=mmea*..,y-c mwr .ap.,__,_e_w-wc,. , , _ _ = _ __.._m_ _m_m,- _ _,4..u_ m___m.2_mmm. ,mm~.s--
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Size nadiation Follow-4

'

Up im
U Mee8*
g c ggy -

s -4 o

8= 45 Source of Dose ,

#Population e

;j g r=po r. m ,. * **o cription j gj .
,

w e e o, 3e o. = E= v 4 o >, e

E EE f fA E I Ej ,

3) Radium dial 51 Yes X 226,, 0-2,500 uC1/yi X on-going study; lases- -
-

j painters ted dose j
,

d L

U.K. dial painters 52 Yes X 226 X on-going study in-

h
England

!' 4) Luminizers 53 Yes X 3 490-1,600 X
I

*

) Y (primarily tritium) area /yr
! .

>

I
.

5) Radium mill 54 7 X on-going study '- -

workers

! I

i 6) Thorium alloy 54 Yes X X on-going study- -

| workers 55
,

,

7) Radioactive c' ergo 56 7 A gesuna sources, 0-446 stad/ X dose from NIOSM servey f
! handlers x-ray yr |
,i

^ i x-ray 200 mead /yr X ;

*

5 b. Electronic sources 45 7
,,y .

'

,

:
f1) Cathode ray tube ? g - * -

,

*makers
,

. 6

|
~

1

1 - -
'

.'?
{ 5 i

i
! -

I
,

.. .
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Size Redistion rollow-
*

- Up in
E - Phase.-.

^ $ ,111an g
Population 8e A Source of Dosee ,

2 Exposure amme.peecription g g g g.

3; 2. * *
h a o s ew e

2 83 'c j ; E 2 :

2) Klystron tube ? - - X
makers

3) X-ray equipment 7 -- -- X

manufacturers

C. Nuclear Fuel Cycle
,

s.
m 1. Mining
s

a. Uranium miners 57- Yes X alpha, radon 0-10 rad /yr X recent mining is at t

64 daughters or low dose; registry 3

0-10 LU /yr data available and-

(est.) several studies on-
going |

2. Milling a re- t5 Yes X alpha, gamma, 2-4.7 res/yr X
'

^

fining radon daugh-
ters [

!

NUREC EIS, April, 19711 '

a. Uranium millers 65,62Tes X - --

b. Dye workers ? - --

X on going researchc. Uranium refiners 66 Yes X alpha, gamma --

radon daugh- ;

ters

,
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,5;ize nadiation 'Follone-
'

i * Up in
E

d| Y
hw,

'

-4 e- g II7
8e E" Source of DosePopulation ei

Description E Sf '
o Exposure Range

*
e

* 8< e e 3*3 Pr :: s 3 e
*

i 2 88 fj X 8 ,1 3
i

3. Fabrication 45 Yes X alpha, garena 560 aree/yr X
fission pro-
ducts

,

f a. Gaseous Diffusion Yes X uranium and average 70 X current workers-5,535
' '

Plant workers daughters eree/yr . . total probably
Oak Ridge, TN 67 Yes X greater than 10,000,in<- --

1 68 cluded in DOE health &
i e mortality study
; e

! Paducah, KY 68 Yes X - -- X current workforce,
( 2,375 , ;

; Portsmouth, OH 68 Yes X - __ X !
'

t

*

b. Feed Materials Yes X uranium and X I-

y daughters fPlant workers
Ashtabula. OH 68 Yes iX - - i

i

Fernald, OH 67 Yes - X - - X included in DOE health,

.

| 68 and mortality study |i

1 .

*

| [
t

y * 5.

!.
'

!

,

' '

, -. _ , , . - ~ - ~ , . . . - . - ~ , - , - - , . , , . .-._,.,._,,,,--._e,...,n..,-., -. . ....,..,_w,n,-n-,,.-



- _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ . _ __

..

7 ..
f
:
$

1,
<

.

t

5

i

Size Radiation Folloer- l
'' Up im,

! O h
4N cg II7

Population e M Source of Dose .

,Description c e e o Exposure RangeE *e n., o '

Ee $ I.e a ,

- - a - o > .
E 8S h h | $ $ $

'

c. Savannah River 68 Yes X varied X--

Plant workers
; Aiken, SC

tj d. Hanford Production 68- Yes X varied --
X

i Operations workers 71
! 8 Richland. WA

.

It un
o

.'
c. Idaho Chemical 68 Yes X uranium and -

|Processing Plant daughters X
!

,

{ workers
,

|t *
,

j 4. Operat;xn 45 '

[l

t

!
'

a. Nuclear power Yes K primarily 760 ares /yr I large pool of workers I
plant work'ers gacuna & neu- with dosimetry (See

a

'

trons Appendix B)
; 5. Processing and 45 Yes X -- 70 - 560
! Re processing

~ " g
! - -

aren/yr many low dose (See'-

Appendix C) |i a. Plutonium process- 72 Yes X
i ing workers 73 - - I en-going study! '

:

! b. Uranium re- I7 x - -

processing workers

;
p

! [
! i
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Size Radiation Folloer- ]* ;

Up in
iA h LM

y cao <

gx7
Ee A Source of DosePopulation e

iDescription y e] j g Exposure Range *e

2 2. 9 2
*

-
- - 9 - o >, .
2 88 | X E 1 2c

i n

: 6. Transportation 74 Yes X alpha, gamma, 540 ares /yr X doubtful dosimetry;
;- neutron sourcet need to determine '

questification
}t

a. High-level waste 7 -- -

transporters
I,

i tn .

{ Y 7. Waste
1

!a. Waste disposal 45 ? X alpha, beta, X See Appendix D !
-,

site workers gamma

i- 8. Research and 45 Yes X alpha, beta. 300 mrea/yr X healthy worker effect,Development gamma, neu- ,

on-going research
, trone

, a. Research lab 67 Yes . X (See Appendix B)
- -

workers

i
!

.

I i i

i t :

! .

- 1 it

.

! :
r
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i

t

a

| Size Radiation follow-
_,

i

h''
Up in

! O N"
< -. o e c II7

2m N Source of DosePopulation e
2 Exposure Range

,
Description

E ud =. E
1 o> ou o e o, 34 e a. = :s .-.

% v o- a o >. =

E 8S ^c{ % E E E
'

;

<

D. Covernment

1. Radionuclide 45 Yes X beta, gamma 400 ares /yr X
workers sources,

|
.

a. Non-dest.a'uctive Ye8 -- --

8 testers;
to

| 2. Electronic Source 45 Yes X x-ray 120 mrad /yr see section I.B.
'

workers 75 \

i

j 3. Military 45 Yes K alp a, fissio* 200 meen/yr Xh
products.

i a. Atomic Veterans 76- Yes X alpha, fiss- 0-5+ree/yr X limited personal data,
{ 78 ion products (est.) on-going research

'
,
,

! .,

b. Nevada Test Site 68 Yes K varied - in- - X on-going research,

; employees 77 :
.

,,
; cludes nuclear

weapons fall-
4

out

c. Weapons assembly Yes X Plutonium, -- I4

! workers uraniaan and
! Rocky Flats, CO 68 Yes X their daughten s
i |

I
I
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; Size Radiation frollow- ~I

g 'Up in

d Phase +a,

| g II?d * C

$e a: Source of Does
"

i Population e ,
2 o ga u teseecription g ,y g g r.=posure mann !';

,l 6u o v
3e a, e o a : ,

i *s v tr' -4 o > . ,

i & 88a g t R E : ,

1 n
|

4
i

Pantex Plant 68 Yes X varied - X -

'

workers TX
i.

} Pinellas Plant 68 Yes X neutron. -- X
'

| wrkers othere varied

; St. Petersburg, exposure
,

., pg,4 i-

*

j Mound Facility 67 Yes X varied -- X included in DOE health
,

j workers 68 and mortality study |
' Miamisburg, OH

|

:
| Y-12 Plant work- 67 Yes X varied X locluded in DOE health'- ,

j ers 68 and mortality study- [
] Ook Ridge, TN ,

!
-

|
| Savannah River 68 Yes X tritfue, pos- X r--

Weapons Facility sibly others !
j workers,

,

Aiken, SC ; !
! [

-

!
I d. Nuclear-powered 36 Yes | I gamme, fiss- 0-5 res/yr X on-going resserch I

{ ship workers 79 8 fon products (est.) :
3 80 |
3

*

; e

a . L ,

?

:

i
>

.

i
, - - ,.1 -e . . . . , cr..- - --.4.- - . . ~ . - ~- . - - . 4.-- ~ -_.~=m_. _ _ _ - - - _ _ _ _ _ _ _ _ -
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i '

s ;
Size Radiation

'

pollow-
,

*l '

E
- Up in

O ,Fhase-
b 'g-4 & KI?# ?$e 5 Source of DosePopulation e
o I'm eo

3dDescription c E o Exposure mangee
ue ou o e o., 3e o. = E -4

w v s o x .

E Sb h h ; E $ $

4. Research and 45 Yes K alpha, garuna , X see above I.C.8.a.--

Development fission pro- !

ducts
a. Research lab 81 Yes K -- - X

workers 82
I:

v,i E. _ Education
' 1. Radionuclides 45 Yes X beta, gamma 270 arcelyr X many transient

sources workers
;

a. Laboratory tech- 7' -- -
- '

t

nicians,

!
'

2. Electronic sources 45 Yes X x-ray 60 mrad /yr K
*

f a. x-ray spectros-
,

Yed - --

! copists '

;
l

. .

%

I
~

,

!b. x-cay diffraction Yes -- -

workers
,,

c. Nuclear physi- Yes - - I

cists -

s

d. Electron micros- 7 -- -

;
copists "

.

_ ., . _ . . . . . .,. . . . . _ . ..._. _ ,. ..._.....m. . _ . . , , , , _ , _ . , - . . . . . _ _ _ . . . . _ . . . _ . _ , _ _ . . . _ .
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Sir. andiation
'

pollow-' '
~

f up in !

: .Y.-e e- g ggy i

8$ 4 Source of Doe.
*Population ,

o cription j [j j g e . =. m ,.
i

'~*.

E E 3 I n 3 k .
a sa n n ; a a :

F. Technologically-
Enhanced Natural Back- -

i
ground i

1. Miners 83 7 X redon daugh- bronchial X on-going study
84 ters epitelium does i

$ O-6 Rad /yr
{y 0-6 WLM/yr ;

(est.)

a. Coal miners - - !
:
!

ib. Hard-rock miners 85 7 I - -- X Canadian study proposeq l

, 6

c. Phosphate miners X- --

d. Lead / Ziac miners 86 7 X -- - X
l
,

i

e. Iron miners 87 Yes *I - -- X

,

{X
- -f. Fluorspar miners 88 Yes X

.

-

6 u_c



_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _______ _ - _- _____ _ . - _ .

.

. . .

*

i,

j

| Size Radiation
'

'Folloer-
# l 17p in!

d h'

Phase- . |
-. n e e 11, -

,

3% 5 sourc. or o.s.
*

; poput tion. .
Description { Sj j *o :--- : x e mangee _

t :- 5 *, 2
^

'

-
* *> tr a o x .1

E 8S h f. N E E E '[
,

2. Aicline personnel 89 Yes K cosmic, beta 0-1.6 ren/yr X no personal desteetry
! gamma, neutror

,

t
,

'

; a. Pilots Yes X -- - X
!

e ;

j E b. Flight attendants Yes i X
'

X '
-- -

! 8

4
~

3. Other
!.,

a. Ferti zer manu- 7- - - X ;
~

facturers,

~

b. Undergroand docu- 7 ~ - X

ment storgge work- )
ers y i

c. Sailors 7- , - - X 1.ess then normal back-
- ground |

d. Submariners Yee
,

X Lees than normal back- [- -

ground

e. Health Spa workers Yes X 210,, 0.7-40 res/yr X Italism feasibility i

(Europe) study |
J

. |

l
,

i .I
!

:. .. _ _ _ . . . _ . . ~ . . _ - . _ . . . . . , _ . . . . _ . . . _ . . _ _ _ _ . . . _ _ _ ~ _ . . _ . . _ . _ _ _ . _ _ _ _ . _.
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Size I andiation
'

Woll e .

~
' gp g,re'

;

E Phase i
d

Y 117 |ji d*

$e E Source of Dose
#Population e'

.o a webescription g gg g g Exposure mange -}a
,

; u . e o, j -e a. e , -
% v E' d o >. e | !

E 85 j N I I E 'c
m ,

,

5 f

i G. Registries ;-

!,

i i
| :
i

! 1. Uranium Registry 90 i
| 8

us

j y a. Uranium workers Yes alpha, gamma Hanford Environmental ,

j Mealth Foundation ;

I i

'. b. Uranium miners Yes alpha, gamma l'niv. of New Mezico j.

c. Uranium mill Yes alpha, gamma. NIOSM - Salt Lake City,

; workers

! *

i 2. Transuranium 91 Yes - Hanford Environmental i

| Registry Health Foundation j
' i
i I

| 3. Rsdiation workers 92 Yes alpha, beta, United Kingdom regie- !

| $ gamma, x-ray, try ,j

{
'

neutron j

.

i

i

I.
'

. ! [
'

i
'

>;

!

i .
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size Radiation Follow- ~I
I *II. Non-Occupational UP la

E. ph,
4

! l" '
*

g gr7a*

$e e Source of DoesPopulation o ,

2 g g
,

o erAntio. g g r=po r. m ,..

Vu . o 3*3 S s s .

& 88 f g X R 1 3
!

A. Environmental '

I 1. Natural Back- 93
i ground

) a. Reindeer and 43, ? K 210Pb, 210Po 50 times nor- K Fossible pooling of
Caribou eaters 94 - (alpha dose) mal 137 sources from Finland,
(Eskimos and I.ap- 98 and possibly ** *, 210 * '

vi landers) 137 through Fo; and Noruey '

" g
t 4 times normal i: 8 food chain MO !

I (lichens to Pb. :.

j j_ reindeer to From 210 ,, j7
"*" 4.2 mrad /yr i

to testes; !
18 mrad /yr tot '

*

! Liver;<,

I 5.8 mrad /yr to: *

a e

i
. A lung; j

l
-

| 12 mrad /yr to !
;

. .I Haversian |

; ,
',", -:anals of

bones
.

-
!

'
4

!
,

*

!
-

,

4 ,

!
* ,

s - , . . . . - . - - . . -~- .. . . . . . <v. . . . . - - - . . . . ...-m. ... ._.,.. .- - .. ..._.-..~_.~.,l
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iA S .re Radiation Folloor-

~4 *E
Up ini ;jj'

rhose
grI

.
'

II7w*
4 i

Ie ef fiource of Doom iPopulation ,:

p Commuents'

gE 4E {
o

# f g
*

: 2 ^3 & d s E '
.

; 2 88 f | | R i ?
:

b. Japanese shellfish 99 No X 210 45 I Fopulation hard tog 3*
g Q follow. No estimates |caters 94

Co of dose levels

54 , in fish,

- t

i flesh F

i !
4 i
i a c. Monazite sands 100 7 .X Thorium in 0.2-2.6 rad /yr I Difficult for out- |
.j $ residents - 101 monazite siders to condect !

; 8 Residents of coast- 43 sands; pos- (1.3 rad /yr research j

f al Kerala, India 94 sible 226,, from gasms,
' 200 mrad /yrggg

from beta) ;

~

Residents of Es- 43 7 2 Thorium in 0.3-0.5 radlyr X Medical records asy
,

| piritos Santos, 94 monazite not be available j
i Brazil * 101 sands I

|-

Residents of Morro 43 7 X Alkaline in- 0-1.6 rad /yr X Unique and small f
de Ferro, 94 trusions

Brazil 101
r

I 1

I' . !4

.

.

I

f

i

'
1
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size mediation Follow-

g Up in
,

b Y
. Phase '

g II?-4 *
'

I e Source of. DoesPopulation .
2 ,

Description c :g '. g o Exposure mange ;=

8 3* 'S & O s s .

2 83 ) g X R 1 3 ;

| d. Residente in high 43 7 K Cosmic radia- 0.2-0.4 rad /yr X Confounding from anoxia ;
! altitude areas 101 tion and cos- -

(Denver, parts of nogenic nu-
j the Andes Moun- clides
: taind, etc.) i

J.
.! e. Residents in areas 102- 7 K Uranium daugh- 145 mrad /yr X Small gradient of dif- !,

e of high granite 104 ter content ferences between areas. >

l ? content (Northern in Conway low areas have 130 :New England, Ire- granite erad/yr >
! land)
. ~ r

{ f. Residents and 94 7j K High radon 8-20 times K May be difficult to F

,

; visitor.s to Bad 101 ; levels in normal redon define population of-
'

Castein, Austria ground water exposure interest
|

| ,
_

and therms 1 External ex-<

gallery posure: 100-< *

180 erad/yr. ,

^

:
'

, .. ,

3

|

4

I

__ _ _- _ .. - _ . . - . . . _ _ . .,_. - __ . _ _ . _m. __. __ ___ _._ _ _ _ _ _ _ _ _ _ _ _ . _ . _ . .
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. Size mediation
'

bile

,f, Phase
W A*

,g1

*e ae

3 ". I "a 117
i voy.rees m g s rce er o

, _,
S Exposure Range -

{
Descr y tam g g g

E
=

3, = e 3
i

~ 4 *2 & O s x .

g 2 3 1 32 88'
a
n

j g. Residents of high 101 7 X 222,, 226,, 0-M mrM/yr hg cancer my be good
; radon water areas * 8 " "228 and

Helsink1 Ra4

Finland area U in ground;

j water

i Towa and Illinois 101 7 X 226 8-30 pCi/1 K Water-softening devices
j i high radon areas 105 may remove much of

e 106 226.
4 : Ra.
J

| h. Populations with-
i out x-ray or radia-

| tion treatment

Mormons Yers X X Church members do not
'

'
emoke but 35E live in
Utah and eey get some

! diagnostic x-rays
i
j Seventh Day Adven- 7 K ,, . Church seebers do notK

} tists smoke'

1

1

i I
.

J

i
j

.

,. .-r+ y , , , , . _ *.w.. , ,w e ee... . w ~ ==,6 , o y er -, *w w .-%
- a ,ea _ - w.-+..._%<, _ e...__o..mm-, rM
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i1 Size Radiation Follow -
* Up in

d $ ma
II7

Population g aj I [e
1 -e o

- -c. oc no.e ,
n==cri tion E * We RangeP g g g g

,

5 E* $ 0 g d .

a az ; g a
-

:

i

Christian Scientista No X No diagnostic X Have expressed lack of
{ x-rays cooperation with any
i Uniquely low study

i exposure.

i. Rural Populations No X Only natural 70-100 mrad /yr I No confounding by med-'

Orinoco Basin, background ical radiation exposure
,

i m Brazil
u
a

; 2. Technologically-
enhanced Natural 7|
Background J

...

226 i l 4x10~ K Alpha activity may bej a. Residents near coal- 43 T- K

**$*,.ncoa
- * **# # ****3

hi ber than from nu-| fired power plants 107 In air; b*
* ' Pb,'

108 ? 2x10 man-
;. Th, and U model for effluents<

d.
from reactors- gg

!
~~

- [- K External gae- 300-400 prad/h r K May be difficult tob. Frequent air tra- 43
vellers me and new- at 12 km identify P*Pulatloa of

trons from laterest-
cosmic rays

7

i

4

I

e ..-~.w.... .
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L[ze Radiation Follene-
* Up in

2 h M
-4 c- c XI? |

*

8= M " '
Source of DosePoEnalation e

4 o h.atso
2EDescription a o Exposure Range.e

Ee u o< ,

I 3E ,e &
* '

e
- o s ., ~

I E 85 j % E I Ic
n

,

!

! c. Residents of cement 43 7 X Internal 0.03-6 pC1/ X Dose depends specific-1

! or brick houses 109 222,, 222,,c ac.; ally a catent of
wella, time spent in-110 exposure 0.135 mrad /hr ,

; side, ver,tilation, t
,

i breating rate, etc.

g d. Residents of phos- 43 7 X 222 and 0.2 pC1/1 X Same problems as above
h

P ogypsum houses 222h dau@t% Rn # "#*i w
;

external 7 mrad /hr i
,

226,, exte nal ;i

226 i

: Ra ;
,

j e. Smokers 43 7 X Internal lung 50-80 mead /yr X Confounded by other ,

{ 111 dose from to basal cell toxic substances,

112 210,, layer of bron- ,

chial epith-

| elium
i

i

l I

l
d

4
;

i

:

I
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Follow 3Size mediation ;

Up in*

O
' h

*

g c II74o
'

8e A Source of Dose! Population e
e as Comosets$wo

| Description c as o o Exposure Range i

e s. ma z o ,

Ze ! 2 J. e ,

~ > e - o >. .
,

j E E EE 85 ~ !c A" i
!

3. Industry |
-

1

a. Uranium Manufac- 113 7 X External from X No estimates of pos-'

turing Commu- uranium sible exposure [
nities Internal - Rn
(e.g. Canons- to daughters
burgh, PA.)~

4
4 ,, <

I b. Tritium Manufac- 114 7 7 Internal Beta X No personal dosteetry ,:

turing Commu- 3 data available; very |from H'

nitles W low dosee, ,

! (e.g. Tucson, !- !

*~ '

Ariz.)
1. ,!

i c. Radioactive hos- 7- - External ex- Very low I Shortlived isotopes

| pital effluent t
' posure ,

; areas g; ;

3 ,
.

, ,
7 External ex- low - X These dumps are gen- |d. Residents near 115 No'

| dumps used by *{ posure from erally " illegal" !
'

industries deal- dumped mate- making research dif- |
ing with radio- rials ficult
active substances ,

(e.g. NY state) (
_

.

.e

. - - .. . . . _. . ... . . _ . . _ . - - , . _ . . - _ . _ . _ . . . _ , . . . . - . ~ - - _ . . . . _ _ _ ,
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1.

[ fiire Radiation
'

Follow-a

'' op in
Ed Phase
Y II7 --e N yEYd Searce of Dose fPopulation e

o o Comments
n==cription g gg;. g g s=po==r. mans.; ,

5 E 35 -:
@X

E . .

3 8 8|f g 3 .1 3
\

. (
4

4. Nuclear Fuel Cycle

! a. Mining ,

| 1

5{ Uranium Miners' 7 X Exposure to ? X Dose probably too low

| Families U-238 dust
i a brought home

,

I

| $ by miners
i 8

| b. Milling ;

1) Uranium Millers' ? K Exposure to ? X Unique and small ;

| Families U-238 dust
' 'brought home

by millers j
9

| 2) Residents of Mill 43 7 X External from In one km re- N
Tailing Commu- 116" isotopes in dius of plant- ;:

j nities 118 . the piles 50 mrad per ;

j Internal from person per . !
*

i emanating Ra- W(e)y |
'

; 222 and daugh -

j ters in air
i and water ;

[ < i. I
4

'
+

4

h

- -
_ _ _ _ _ -..n-~ - ,- _ ..

. - - - --.~ .._--.. ,. -._ .. --..__- - -. !"
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Size Radiation Follow-
* Up in
b Phase-*

^ 2 II7g-4 c-

Population $ a Source of- Domeo. ,.
E Esposure WDescription g g g ge

$e @* b*
e a ,

w o x n= u

,e j .% 2 2 %2 83

(2. cont.) mostly through
food chain

3) Residents of Mill 43 ? Internal from
Tailings Homes 116 emanating Rn-

222 and daugh-

1 'ters (inhala-
y tion)

c. Fabrication
M

1 ) Fabrication plant 119 . ?; K Effluents Low X See Appendix C
coassunities ,' (both gaseous''

* * '
(e.g. Windscale. and IIquid)

U.K.) ", " from plants
, - . -

2 ) Seaweed eaters 43 '$ X Internal ex- 0.4-0.7 rad / X May have higher ex-
down coast from 120 [* posure in food yr posures than others
Windscale chain (iso- in the area but still, _ ,

'2 topes accumu-
-

within a?lowable limits-

late in sea-

veed)

._-
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) Size Radiation
'

Follow-i

4 o up in

A W
.g c 117- e-

8$ G Source of DosePopulation ,

E|
,

: Description ,c e o Exposure Aange
,<v.2 Ei ou . o 3; c '3 S s m . 4

'
& 88 % g g & E C

2

1

g. Waste management
sites

,

i

;

I) DOE Waste sites ? X Possible Very low X See Appendix D
other than those leakage

{
,

doing reproces-
i sing*

(os,

*
90Sr. 3

'
s Maxey Flats, KY 126 7 X H 2n 0-50 ares /yr X Leakage has been noted;'

run-off whole body;
I ' 0-155 stem /yr j
'

to skeleton
i

j West Valley, N.Y. ? I X
^

| h. Research and
"

| Development

j 1) Residents near ? X See Appendix C I

: R.&D. facilities - - '

} _ __. . _ . !

.

i;

i !
;

, . . . _~ _. . ._ . . _ _ . . . . _ ._ . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ ___
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r.ize Radiation rollow-i

" * tJp in

N h
- e- 1 c $17
8e 3 # ~

Source of DosePopulation e r = 'i
o Caumontso

0d. .o o Exposure Range ;Description c Eue o
u e > o 34 "3 4 0 6 s .

E 88 'f [X R E'

d. Operation

Nuclear Plant Com- 43 I Caseous ef- 410 mrad /yr X Low done but large pop. !

munities fluents (gam- 80 mrad is X Best possible popula-

| (Three Mile Island 121 ma dose) maximum tion data around a
| PA.) average is nuclear reactor.13 orth ,

'

| 8 1.5 erad studying because of
| accidental release of iw

'
j radioactivity j

i
X External and Similar to above

| (Saxton, PA) 122 7 *

Internal ex-
". posure due to

uncontrolled
j
; , gas-oos re-

leasej
ij

Visitors to 108 X External'ex- less than X Dose too low to study !*

reactors posure 10 mrad *

"
,

I

i. t

i

:
1

t

1

- - - - _ - _ . - - _ - _ . _ _ _ _ _ - - _ - - - _ _ - - - _ _ - - - - - . - - - - n. < - n. .. - - + - , , - - * -_ - -- . -c au--+ - - , - - - - _ . - - - - . ~ . - u n w. .--
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Size Radiation
'

Folloer- $

- up in .

i @. . % - r
*gC 117- e-

8

E{D
Population . w Source of Dose

, j

Description
a. o Exposure RangeR

.s
u o

u. o, B
.

.. -
4 - o - o s .
; a 8 b] g 2 & E

,

,

e. Reprocessing and 119
Plutonium fab-
rication commu~ "-

nities
t.

Savannah River, ? X Pu and H 0-10 man- X No significant mor-
1 S.C., effluents rad per tality difference near,

l co llanford, WA, Idaho MW(e)yr. Savannah River; Han-
,

-

i
'

Falls. ID ford has best environ- :
mental data.,

| > ,

: '

| Rocky Flats, CO 123 7 7;'
mental data

K Pu effluents X May have good environ '
'

| residents 124 ;
j

\ n
Palamares. Spain 125 t Pu release X Too smallr,,

| residents ' . ' ,
) ' l

'

i f. Transportation
,

:
-. i

,

'

l

L

l'

I .

i ji
-

|

E

k

>

+ :- _ . _ , - _ _ w c ., . - . - i-%.. ~ , . , - -c 4 w.- i-e., --- . . - ww +cy,, -%.- c. , i,w-y u - , ,ww.- .,.#v'
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Size Radiation Follow-
i Up in*

d $ ! Ph m
g j II?cao

8 e . Source of
'

DosePopulation e |I p ,
Description g gye g g hposure' Range

- $ 'M cs
'

i =
a 88 1 1g a a :

_

-

i
5. Government |

a. Military

1) Residents of Fae- 43 ?'' X 1:43,.er levels ? X Time is right.for
af (I-131)at.J effects to becomeroe Islands '

$ l'3r-90 from evident; 20 years have
o fs11out passed since exposure

2) Residents in high 16 7 X Radio iso- 0-10 rads X Dosimetry Data is dif-
fallout areas 17 7 topes from ficult. (Those-in
(e.g. Nevada) 127 I fallout northern Utah received.

'
Exposure'of twice the dose es
1-131 and those in southern ' t

"
Sr-90.through Utah.)

' ^
milk and food
chain

-

Milk-drinking 7.- X I-131. Sr-90 Up 100 rad X Prchably hav. higher
children of Utah II

-

in milk (ta- Thyroid dose expomure'to 1-131 in
and Nevada ken into fallout. children may.

grass, eaten be more eenwitive to
by cow) carcinoginists

- _ -.-- - .. - -. __
_ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _, -. -_ ,_. - _, ____
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-
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c II?:-4 c. g
8 m Source of Dosa .|Population- .- ,
E-Description 'c e o Exposure Range
u. 5 E. o

R
.

u. . o
a. .

Er ~.<o, me,. se e .

[ E 88 j j $ M E I. ' ,

,

b. Research and -

I Development

1) Residents near re- 134 ? X Effluents Very low X See Appendix C

search labs (Oak (gas & liquid:'

! Ridge, Los Alimos, from research
"

I Argonas, Lawrence reactors and'

4
w Livermore, Brook- . other facil-

'' haven) ities

6. Education ,

N
: Residents near ? ! X Accelerator. Very low from X

~ ].accelerators or ' ' or ef fluents accelerator
' '

from reactor and low fromresearch reactors '

(or down rifer) reactor
I (10 rad /yr

:
.
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Size Radiation
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E
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-
rhese# 2~ ms

Population $# k j
117

g Source of Dose
0Description c ,

== o F.xposure Ranged s. E E o -

i u o e o
I

' e a. e -s .
o,w a Er - >. e

E $$ $ T *

n G A :S $ ?*

B. Medical <

'

~ 1

1. Diagnostic #

- .r ,

Prenatal x-ray
!

exposure,

j a. (37) Northeast 20 ? X x-ray dose may be X Records are old but !' *

U.S. maternity in utero est. from # may still exist. Only '

, hospitals of films a 1% sample was ab--
,

'

1947-1954
stracted at time of .-

1962 study i
i : !

!

1

| Oxford Survey Data 135 Yes X 'x-ray 200-460 mead X ' Ongoing Research - A. ij

.

| from 1953 - present 136 in utero Stewart. United King- -ILEngland
dos I'

. 8513 cases and matched
controls '

. .

1

.

.

.

. . . g u- -, , , . + .~4-.. --w .-.$--= y+a- ,#h., c g-. g,_ p%.o,,w, w w-s e, ,-- w -%w .g
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Size Radistion pollow-
'' Up in4

d hm '

,

g gryc. a c-

$= GI Source of Dose
~"Population e

Description 0 2f *e o Exposure Range4

1 ~2 8.
20 0 ~ o,m a >. e'

E OS h { E E E ? '

i Jefferson Davis 137 Yes K x-ray 1035 mrad for I study data from 1972
; Hospital in utero two sto films should still be avail-
I Houston, TX- (U.S.) 1 AP able (61 cases exposed)

.

1R lateral
.

1860 mead for
'those with

O greater than

y the two std ,

films
| ),. .,

*

; Baltimore. HD Hos- 21 7 X x-ray -- X -Data may still be-
,

! pitals - in utero available-

| U.S. ; -No dosimetry given
i 1947-1967 ;

!
^

i,
~

|
*

.

| :
>-

TRI-STATE LEUKEMIA 138 Yes ! X x-ray X ;--

POPULATION 139 - . in utero 319 cases; ;

N.Y. State ? 140 884 controle .

Minn/St. Paul U.S. No dosimetry given
| Baltimore |

! 1959-1962
,

|
; ?

''

l - L

i
;

,

, . .. - - ,m. . , . + . . , . ~ , . . . ..y. . , , . ,
__ [ [_ % _.%...,-4...f. , , , ,.,._r,_ __...[. .,v. ,.. .. , _..b,.. __mo



_ _ _ _ _ __ _____ _ ____ __-__. _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ . . _ _ _ _ _ _ _ _ .-- _- _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _

_

k

1

Size stadiation Follow-,

Up in -

d Phase.
a

a e- g c -
II7

| Population e Ee P. Source of' Dose i
#

o v c:m oDescription g 2 ~g< g g Exposure Stange . j..
,

w e e o 3e a. e :s a
+ w 9 Vf M O > e

S $$ $ h 5' E E S*
?

2
,

Ongoing Research - M.
Meyer, Johns Hopkins <

*

University
Ongoing Research - '

Roney and Chase
i BRH

'w
Y b. Cardiac Catheteri- 141 Yes X c-ray 60-70 rad. X Personal Commuunication

zation 43 adult skin Dr. Bill Caldicott
'Children's Hos- dose. Dept. Radiology

,

pital. Boston Children's Hospital, !

,

U.S. Boston, MA -;1950's - Good possibility of -!
accurate dose es-

, timates |
- Larger group may be

;

coordinated through j
American Heart Assoc.- ,

,

>

LG

. f. . .

."

i

. - _ , , , ,sm .- -. - . , ,,e_, .p . , . , _ . , . . , , - ~ - - * r e v '.+4 +_
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Size Radiation ' Follow-
,,

'

* ...

Up inb* ''

O Phase
Y ;< -4 o II? i

8ji Population e Source of Dose I

$g ,.Description c o Exposare Range
-

g.e
u, e o

:u a e o 3,

^3 a d d s .
E 88 |c ) X 8 1 3

c. Scoliosis-Patients 141 Yes X x-ray -- X Personal Communication !
Dr. Bill Caldicott,

.
Dept. Radiology
Children's Hospital. - i
Boston, MA

International Scolio-y sis Society
_ ,I

.

i

*
c

,

r

d. Urology Patients 142 ? ., X x-ray 1-4 rad X
! Prague, skin dose

Czechoslovakia
,

<

'
U.S. 43 Yes X -- 20.7 exams per 1000 ;

persons in U.S. )

i

Sweden 43 - 730 erad
whole body

38 erad
thyroid

i 1.2 rad '

i
skin dose

'

,

9

__
- ._ , ,. ,_; .,._-e, _ . . - - . , . , _ _ . , , .. ,-w -. ,.,p. , ,.,.,..,y --.a.,-. . . , _ . . . . .-
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Size Radiation Folici- R

Up in
;

N h
g Y ie* L1?

IN a Source of DosePopulation e
Description E 2 "5

# ,

*o Exposure Range !e
Ee u ow e e io,

a. E & * o- 3 ie n a
u >. .
'S Ob h { $ $ $ $

,

i

e. Masumography Patienti i 43 fes 'I x-ray skin dose X Biological End Point:
143 2-7.8 rad per breast cancer

| exam (usually i

! 2 films)
! breast dose i

i 1-2 rad per
j exposure
B

| f. Thorotrast Patients 144 Yes X x-ray- Avg yearly X Most are high-dose. <

1928-1950 '

alpha dose but lung, bone and
145 Thorium-232 liver 25 rad kidney may be accept-

Denmark 146 contrast lung 2-20 rad ably low' dose
i ' medium bone 7 rad,

| Portugal 147' marrow 9 rad ' '

i * 148 kidney 0.4
'

149 rad

Germany 150-
153 |

!

! Japan 154-
156

,

i U.S. 15/
;

158
.

5

i

]
.- _ . _ . . - . . - . . . _ ,__. -- ..,, . . . _ , _ _ - _ . _ . . ._._...m._. . . .. . . , _
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Size Radiation pollow-.

i '' Up in'-

d Phase-1

c 317
32 3
-4 c-

Population e source or Do.e
g* CommentsuoDescription g ,g g g ' Exposure Range.o

e' S * *
.8E E w-<o,. w x e

; & 88 3 2 3 1 3c
2 m

i g. Dental x-ray 43 Yes K x-ray whole body X May be possible to get
Patients 2,9 erad records of films and

gonad estimate doses
.01 mrad 300 exams per 1000

thyroid persons
2-9 mrad,

w lung .1 mrad
7 breact .5 mrad

i skin .4 rad
;

' ' (per exposure)

h. Chest x-ray Screen- 22 Yes. K x-ray (per exam) K Dosimetry often just #;
ing 159

, ,
whole body of f11ms,

160 30 mrad Most hospital admis-, ,

i goned sions for surgery,

<3 mrad require chest x-ray
,

thyroid TB screening
17 mrad: 251 exams per 1000

breast population - U.S.
55 mrad

lung 80 mrad
skin 140 mrad >

t

I

!

! ' !
<

t
'

.

4

4 .%

, _ . , . . . _ . - .-_ _ , , . . _ . . _ _,_ _- ._
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Size Radiation Follow-

f Up in
: ,,,e-

ao .g yyyc
$e M Source of . DosePopulation a

Description 0} *
g Exposure Rangee

I E* E d 3 l .,

a 88 3 p a n :

1. Barium Meal and 43 res K x-ray Meal X Possible gonadal dose
Enema Patients bone marrow

0.35-0.53 rad
skin 1.5-2

radiograph
2 rad fluo-,

-a roscopy

7 Enema
bone marrow

' ~

.75 .95 rad
skin 1.5 rao
radiograph
20 rad I

fluoroscopy
,

J. Congenital Hip Die- 141 Yes X x-ray I Personal Commmunication__

location and'Legg- Dr. Bill Caldicott,
Perthes Disease e' Radiologist.

x-ray Patients Children's Hospital,*

Boston, MA
Possibl*; gonadal. dose

-

.

_ _ __ _ _ _ _ _
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Size medistJon 'ollow-F

f,
up in

N Phase
g c n7 .I-4 e- *

Population e' 8e a Source of Dose- 'ca"""**o.acription | 2} j g r.=pos r. R,
u . . o, je o. e :s -.
u o er -e o >. .
E 8E j N E I E jc

. ,

,

| k. Neurologic x-ray x-ray- whole body X 1.ow doses to brain, ,

1 Patients 970 mrad spinal cord

gonad 10 mrad'

Sweden - angiog- 43 ?' X Active marrow ,
raphy 1500 mrad |,

! thyroid 300 ;
j g arad

a breast 10
arad

,.

1 lung 10 mrad''

- skin 1.0 rad
,

' (per exam)
j

!
i

U.S. - CT scan 161 Yes X CT four
'

scan exam j
,

intracranial i.--

1.7-2.67 rad .]
' entrance dose

..

i 1.9-3.44 red ,

'

i eye lens
0.23-2.81 rad

{
j 1. Chiropractor's ? I x-ray X Exposure data probably ;-

Patienta not available |.,

t

J
-

i i

i
'

j :
I !

!,

i,
_. ,. =. . . . - - _ , . _ . .. . -. __ __ _ . .



. . -. , . .

' A._s

'

~ .->,,

. -

.
- , . . . .

+

4

i
.

.

-,

dire stadiation rollow-

$''
Up in

,~
rhas.

.-* o g c 317
Population e' $M A Source of Dose ~ '

4"
,

Description E E. $
# *
E o Exposure Range.e

e i W o
a r. @* -9 .3

,

- % o .-, o x .
n1 88 5 [, K & I

~*
i; n

t

m. Lumbar Spine Exams 43 Yes X x-ray Bone marrow X U.S. (1970) 18.7 exams
347 erad per 1000 people

'

i per exas Gonadal dome
! !

n. Stomach Ulcer 162j ,
! m x-ray patients Yes X x-ray -- K Diagnostic for ulcers

7 and cancer'

| Ongoing research - !

| M.'Sakka et al. ;-

~ ~

j Japan
,

i

o. Multiple Fluoros- x-ray X i

copy of Tubercu-

losis Patientg '

,

|

| Massachusetts U.S. 163 Yes X. before 1948 High dose because of,

| 1930-1954 164 - 51.2 R/ min large number of
| 165 or exame per person.,

! 166 12.75 R/15 Lung dose a possib-
,

'

| 167 see film 111ty for study.' ,

''

42 after 1948 Ongoing Research -'.R.
168 24.1 R/ min Monson and F. Davis

| avg. 1.5 rad Harvard School of t

|, to both Public Bealth
i

|
!
,

- ..e , 't v v % - m n= c #~ __i- e_ _ _- ___.__n, _,.m_____m __ __-u__;_._______m____.c. _ - a- _.
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; Size Radiation ' Follow-

'

f

*1 Up in
'

d E '
Phase.

2.4 o g JI?-
$e M Source of Dose#Population e

as Commment.s '

E5
o

Description .c o Exposure RangeE
w

4 e 5 ou e'
o, 3 .;

-= aa. 3 e 4 o >, . -

e ;
w

S Ob h E $A ;,

(o. cont) 169 breasts per Ongoing Research - J.
exam Bolce, NCI

Avg of 100
exams

,

Nova Scotia, Canada 170 Yes X 4-20 rad X, ;

a2 1920-1950 171 per exam

'/ 600-1200 .|3

'

,
rad total*

Ontario, Canada 172 7. X 4-20 rad X

1 , per exam |
'

. |
Toronto, Canada 173 Yes X 17 rad to X .!

breast total
[,

All Canada Study 174 Yes X X *

i

175
_ .

,

.

%

. , ;

e

i

!

,

y

_ - _
n

y ,- - =
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Size Radiation- { Follow-
e'. Qy

C Phase - i

a c- g c gg7-
8$ 5 Source of Dose

"
i. Population e

|
Description O *

g Exposure Range.e
. Se o e o -

3e o. e -s a o,< w v & a i

x .
S 0b h k $ $ $n

,

i

2. Therapeutic

| a. Acne Treatment 176 ? X x-ray -- I Possible low dose to-
'

"h '*IdU.S. (50) Derma- D'***r' 7177
tology Offices No information on- i,

| number of treatments |, ,

; .
- w

s Current study by. Simon,

|
et al, at ist . Sinai

" [
'

!

School of Med. !
'

I b. Iodine - 131' Yes X Iodine - 131 administered X Cooperative thyrotoxi-
.

i| Therapy gamma dose cosis therapy
Cleveland. OH 178 1-25 mct follow-up study

'1946-1968 179 Avg. dose ,

10 mci ;

I whole body |,,

| dose 11-13 i

I rad ;

bone marrow )
g

; 7-16 rad

:

1
I

I
;

d
-

1

i
L

, -. , . . . . y, - . . . , . . . . . . . , , . , . , . , . . . ., - . . . .,..- . . .
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Size Redistion '
' ~

Fo?Jone-
'I' Up in
bj Phase ~gY! so II7

! Population .
* t

E =. 3 Source of Dose'

Description j- gg u Comimentso ,
'

g g Exposure. Range ,e
,

u . . a 3*3 ii, d s s .
2 88 2 | X & 1 3

2
,

i c. Treatment for Post- fes X x-ray - X Mostly high doce -:'

Partum Mastitis 50-1065 R to other organs as lung,
Rochester, NY 180 single thyroid may have had
U.S.

'

166 breast lower dose
,

1940-1955 167 35-875 R to
{ both breasto

,

a '

e !
-

i Sweden 181 Yes X 1 or 2 to
,

.. . 4000 rads !,

t

~

,

I
'

,
,

i

.
.

!
i

, . | ,

.,
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8 size Radlation.
'

!Folloer-
@ la ]}u n eh -.

.a e- c II?-
Population g E} "

Source of- Dose

!y j g
2 ,

n..criptio. g . supo r. . Ran,.

l 2 s E : s 1 t.
i a sa n g x a s :--

.
.

;
'

i d. X-ray Epilation I x-ray X Thyroid, pituitary,,

for Tinea Capitis eye received low,

dose,

| NYU Skin and Can- 182 Yes
X{ Scalp Ongoing Research - R.

}

,

'

' ,
eer Unit 183 450-850 rad Albert, N.Y. Uni-

1940-1959 184 Brain versity
,

~U.S. 185 70-175 rad '

j g 186 140 rad avg.
m Thyroid* t

6 rad
Pituitary,

*

49 rad
Eye

| ' 4 7 rad
,

,|
Parotid-

39 rad :
*-

Midneck '

21 rad
.

Israel 187 Yes X Scalp X Ongoing Research -
1949-1960 188 350-400 rad B. Modan et al

| 189 Brain Israel
--

190 140 rad
Thyroid (9 rad -

!

.

>

$
-- , . . . _ . _ . _ . _ --. -_ . , , . . . . , - - , _ , . . . . . ._-
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8 E Source of Dose] Population g
.

8 supo==re n==9
,

o cription .g g 'g g
1 s E a s 1 . ,

a sa g g x s a : .:
;

e. Therapy for Benign X Problem of confo*sading
; Gynecologic with predisposing

Diseases factors

| Roswell Park, NY 191 Yes X x-ray av. 4000 rad Possible low dose to
1930-1940 192 Ra-226 at 2 cm other organs;

U.S. 43 . alpha, gamma
m

! i United Kingdom 193 Yes X x-ray pelvis for in- X
| 1940-1960 194 duced sterility

*
'

! (3 studies) 195 500-1000 red' ,

marrow 134 rad
i

i

!

"

,
-

e

3

'

.

.

m

V

'

.i
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size- Radiation Follow- '

, Up in-

$ w , Phase
< a c. c II?

8 '' jPopulation g Source of Dose
Ex ,Description c .e o o Exposure Range
gM E oe

. 2 s i 2 1- -

} g a n :
.'

a sa t <^
.,

!

1. Anky1csing Spon- 42 Yes X x-ray single cours& X Possible low dose t
i dylitis Patients 196 Patients (rade; organs'

1935-1954 197 spine marrow
United Kingdom 214 '

esoph. 306 i'

stomach
|

i 67-89 !

| colon 57
8

:w pancreas 90 [f
'

bronch. 197 :

sp. :ord 698.

kidney 46
bladder 31t ,

'

!g. Patients Injected Ra-224 Bone marrow, kidneyI

with Ra-224 for alpha, ganmaa-

and breast may be low
| Spondylitis or 18 pCid -6 dose
' TB or Arthritis
'

' Pool populations for
, study -

i I,

.)
c

i

|

"!
! 1

.

,,- -- ~ &. y , - - . ,
- - .y . ------,s, , , m .- ,w'g re 4.s ,a ee..., ,
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I Size ~ Redlation 'rollow- '
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b .

d Y
. Phase

d* 3
'

II?- ' i.

8m a Source of Doss i
*

! Population e

| ***cription i 8j j g
"""""'*z= ===r. R==e.=

4 e. II I. 9 2-
- o . . ,.

2 88 f U R E - }
*

i

Germany 198 Yes X skeletal dose X
1948-1951 199 200 rad

! 200 liver <200 rad 1
bone 50-60 red
250-300 pC1 '!

!'

France 201 Yes 3 spondylitics- X ,

ao 1964 - 560-1680 pC1 '
.

; e i arthritic
joints >

; 28-616 pCi

h. Irradiated Head and 202 Yes X x-ray'
X Possibility of low--

Neck for Upper Ree- 203 one course of dose organs as,

piratory Problems, 183 treatment gave breast
; Thysic En1grgeiment 204 , 750-900 R to

.'

205 nasopharynx
4

Michael Reese Hosp Intranasal -- OnF***.g Research -|

Chicago, Ill.
U.S.

~

Radium Cap- _.. Cohen, Chicago,
sules Illinois<

I! 1940-1950's alpha, gamma Ongoing Research - !

J. Bolce, NCI~ j
, .

| 5

i

:

I i

i

!
4 .. , ,..c , .. . , , . , . . . . . . . . . . _. . _ . . _
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,

I
i
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1
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,

,
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j per year)
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U.S. Tumor Registries

e

2

Location Area Covered Duration Sponsor Contact Persons '

Connecticut Statewide 35 yrs. NCI Dr. John Flamery

Iowa '

Statewide 6 yrs. NCI Dr. Peter Isaacson

New Mexico Statewide 6 yrs. NCI Dr. Charles Key

Utah Statewide 6 yrs. NCI Dr.-Joseph 1.yor.

| Rocky Mountain States NT. ID, W[ '6 yrs. Utah Health' Dr. Joseph Lyon
--

.

Parts of CO, Dept.
NV, AZ, OR

Hawaii Islands 6 yrs. NCI Dr. Larry Piet,

_ Puerto Rico Islands'- 6 yrs. NCI lir. IslJro Martinez

San Francisco / Oakland SMSA 6 yrs. NCI Dr. Don Austin

Detroit SMSA 6 yrs.- NCI Dr. Michael Brannon

Atlanta SMSA 6 yrs. NCI Dr. Margery Child
T

New Orleans SMSA 6 yrs. NCI Dr. Edward Cremens
:
! New York Statewide ---- State Health --------

excluding NYC Dept.
(incidence only)

,

New Jersey Statewide State Nealth
(incidence only) Dept.

Massachusetts Regions and Mass. General Ms. Joan Pardo, HEW
Hospitals Hosp. 6 othere Rea. Cancer Control

; Texas, Pennsylvania Reing NCI .Dr. John Young, NCI Surveillance
Delaware _, et al . ,

_ _ . _ , . _ Developed , _ _ . . _
__ Network. Coordinator

, , ,. _. . . . . . _ . . . _ . . _ . - - . _ . . _ . _ .
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:

Mail Inquiry
;: -

and'

List of Addresses |
!

Appendix A-contains a sample of the general letter'

c|.!' we sent to individuals and groupa concerned with
jp radiation protection. The sample letter is ;

|| followed by a-list of people to whom it was sent.
Contacts in the United States and foreign contacts
are listed-separately.
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HE ALTH SYSTEMS OlVISION 100 MAIN STREET READING MASS 01867 (6171 082 0051

' 'E SYSTEMEDICS INC

July 18, 1979

I

i

!

Dear Collestues

We are conducting a f easibility study to determine populations
at risk- of adverse health ef fects f rom low-level ionizing radiation. ;

.

This f easibility study is supported by a contract f rom the Nuc* ear i

Regulatory Consnission. Any subseqvent 6pidemiologic investigations
that alght result from our study probably will be conducted by other
Federal agencies. *

In order to establish a comprehensive list of all the potential
groups who might be studied, we are asking a wide range of individyals +

and organizations concerned about environmental radiation to suggest
candidate populations. We are interested in occupational and residential
populations, medically exposed (diagnostic or therapeutic) groups and
other potential populations who might have exposure to low-lavel
ionizing radiation (less than approximat sly 12 rems annual exposure).
We are also interested in acquiring information on any groups chat may '

have had exposure to uniquely low levels of radiation, especially those
lower than normal background.

Jould you plosse look at .the enclosed sheet and fill in any
categories abuut which you are concerned or have some knoviedget
please use the enclosed envelope to return the list to us. t?e hope
to complete the initial list of all candidate populations by August
15. - Then we vil1 1ook further into their f easibility for study as we i

complete Ph ne I uf our contract.
. ,

Thank you very such for your help in this project. We look
forward to hearing from you.

Sincerely,

REALTH SYSTEMS DIVISION

(poeta - -

| Nancy . D: eyer, M.P il., Ph.D.g
Director of Epidemiologic Research

| .,

!. NAD: paw
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!

United States Contacts
,

,

Instituttos , Contact
:

Agency for International Development James D. Shelton, M.D. , M.P.R.
'

Office of Population DS/ POP-

Washington, D.C. ,

_ Alliance-Tgliahassee --

Tallahassee, FL ,

American Friends Service Committee Mr. William Reynolds
Nuclear Transportation Project

High Foint, NC .

American Friends Setvice Committee Ms. Pan Solo
Rocky Flats Project
Denver, CO

Appalachian Laboratory for Occupational Dr. James A. Merchant
'

Safety and Health
Morgantown, WV

'

Argenne National Laboratory Dr. Robert E. Rowland
Algonne, IL

Atomic Industrial Forum (AIF) E. David Harvard
Washington, D.C.

Bar.elle Human Af f airs Research Centers Dr. James Woods
.

Seattle, Washington|
- -

|.
i Boston Industrial Mission Mary Roodkowsky

L Cambridge, MA.
|

[ Boston University Dr. William Bicknell
|

Health Policy Center

| Boston, MA

Cactus Alliance Jodi Bastlett-Lagorio

Albuquerque, MN

Childrens Hospital Medical Center Dr. Uelen Caldicott
Dr. William CaldicottBoston, MA_

! Committee for Nuclear Responsibility --

| San Francisco, CA
V

-
--

| Critical Mass Energy Project
Washington, D.C.

8
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Institution Contact !

}

' Bio-Medical' Ressareh,
Ralph R. Cook, M.D., M.P.H.'Dow Chemical, 3

!

i Midland, M1- |

Environmental Action foundation .
-

Washingtoa,'- D.C. |
|

Environmental Defense Fund Mr. Leslis' Dach ,

!Washington, D.C.
,

|
Environmental Policy Center |

--

Washington, D.C. ;
i

Environmental Policy Institute Mr. Robert Alvarea
kadiation Health Information Project
Washington, D.C.

1

Triends'of the Earth Dr. David Brower
,

Washington,.D.C.

Harvate & dical: School Dr. Davi/ Rutstein' ;

. Boston,'MA ,

Harvard School of Public Health Dr. Brian MacMahon !

Dept. of Epidemiology Dr. George Hutchison [
Boston, MA j

Health Research ||roup Dr. Sidney Wolfe
Wa shi ngt o't. D.C.

Institut s of Environmental Medicine Dr. Merril Eisenbud
Laboratory for Environmental Stuuies
Tu M o, Q ,,3 ,,.., . , , , , 5 ,. , _, ., ,,

'

International Brotherhood of Electrical Mr. Charles Pillard
Workers !

Washington, D.C.

i International Brotherhood of Teamsters Mr. Stephen J. McDougall
*

l . Health and Safety Department
Washington, D.C.

The Johns Hopkins School of Hygiene and Dr. K. Kawata '

Public Health Charles E. Billings, Ph.D.

Environmental Health Engineering Division Dr. Cornelius Kruse
Baltimore, MD

*

.

*

The Johnu Hopkins School of Hygiene and Dr. Alraham M. Lilienfeld
Public Health Geneviere M. Matanoski, M.D., Dr.P.H. ,

'

Departnerst of Epidemiology-
Baltimore, MD
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Institution Contact |

The Johns Hopkins School of Hygiene and Dr. Thomas Mitchell
Public Health ,

Division of Radiation Health Science ]
Baltimore, MD

Massachusetts Audubon Society Ms. Deborah Bleviss
1.incoln, MA j-

Massachusetts Dept. of Public Health Dr. Gerald Parker
Environmental Health Division.

Boston, MA |

Massachusetts Dept. of Public Health Mr. Cerald Rodman ,

'

Of fics of the General Counselt

:
| Boston, MA

Massachuset.cs Institute of Tahnology Dr. Norman C. Rasmuss6n
Dept. of Nuclear Engineering
Cambridge, MA |

*

Mansachusetts Public Interest Research Croup Mr. Frank Bove.

(Mass PIRG)<
'

'Bostop, MA

Mob 111:stion for Survival Terry Provance
Philadelphia, PA ,

Mt. Sinai Medical Center Dr. Irving J. Selikof f'

Dept. of Connunity Medicine Dr. Steven Blum'

New York, NY- ,.

!
" Na:;ional Cancer Institute Dr. Charles i.and'^ '

Environmental Epidemiology Branch John D. Boice, Jr., Sc.D.

Bethesda, MD

National'Coasaission on Air Quality Mr. Cregory J. Frang ;
;

Washington, D.C.

National Council on Radiation Protection Dr. Warren Sinclair
and Measurements W. Roger Ney

Washington, D.C.

National Institute of Environmental Health Dr. Allen Wilcox
Sciences (NILHS)

iResearch Triangle Park, NC
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' Institution
Coatact

National Institute of Occupational Safety Mr. Robert Rinskyand Health (NIOSM) Ms. Sherry SalevanCincinnati, 03 Mr. William E. Murray

National Institute of Occupational Safety Dr. Richard Waxweillerand Health (NIOSE)
Biometry Branch
Cincinnati, OE

National Inst!:ste of Occupational Safety Dr. John M. Petersand Health
Educational Resource Center
Harvard School of Public Health

p -Boston, MA.

National Research Council Mr. Seymour JablonMedical Tollow-Up Agency
Washington, D.C.

.

National Resources Defense Council
Washington, D.C. Mr. Arthur Tamplin

National Veterans Law Centar
American University College of Law Mr. Lewis Milford
Washington, D.C.

Natural Resources Defense Council, Inc. Dr. Louis SlesinNew York, NY

New York University Medical Center Dr. Rey AlbertDept. of Occupational Medicine
New York, NY

Nuclear Information and Resource Service Ms. Betsy Taylor
.......p..,...

Washington, D.C.

;' OLk Ridge Associated Univers(ty Dr. Anthony Polednak
Medical and Health Sciences DivisionOak Ridge TN

Oil, Chemical and Atomic Workers Mr. Anthony Mat ochiWashington, D.C.
Mr. Steve 'Wodka

Pennsylvania State University
College, of Human Development Dr. Vilma K. Hunt

Presbyterian-Univers1'ty Hospital Dr. Neil WaldRediation Mtdicine Dept.
Pittsburgh, PA
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Institution Contact ;

|Scientists Institute for Public Infor1astion -

New York, NY
,,

t-' Sierre Club
Washington, D.C.

:

' Southwest Research and Information Center
-

. Albuquerque, NN
'

... s

\E Task Force Against Nuclear Pollution -- ,

Washington, D.C.

. Union of Concerned Scientists p
-*

Cambridge, MA '

,

United States Congress Joyce Lashof, M.D. |
Office of Technology Assessment
Washington, D.C.

United States Dept. of Energy Dr. Walter Weysen'

Of fice of Health and Environmental Research ]
Washington, D.C.

United States Dept. Health, Education and John C. V111forth
IWelfare .

Bureau of Radiological Health ,

~ Rockville, MD
'

s

United States Dept. of Labor Ms. Sydnee Schwarts
-

Benefits Riview. Board ,

Varhington, D.C.
>

University of California Dr. Calvin Zippin :

1 General Tumor Registry ;

San Francisco, CA ,

University of California Dr. Andrea Ericko ,

Institute of Industrial Relations
Labor occupational health Progras

*
.

University of Calfornia Medical Center Dr. Reynold Brown
Of fice of Environmental- halth and Saf ety ;

San Francisco,.CA

Uni.versity of North Carolina at Chapel Hill Dr. H.A. Tyroler
'

~

Department of Epidemiology
>
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Institution contact4

University ot North Carolina at Chapel Hill Dr. Carl Shy
Institute for Environmental Studies

University of Pittsburgh Dr. Edward P. Radford *

Craduate School of Public Health
;

. Upper Vc11ey Energy Coalition John R. Krause, Jr.
Lebenon, NE

Washington University Dr. Barry Commoner
Center for the' Biology of Natural Systems
St. Louis, M0

g Women's occupational Health Resource Center Dr. Jeanne Ste11 man
''

American Health Foundation Ms. Naomi Fatt i

'

Foreign Contacts .

.

Deutsches Krebeforschungstutrum Dr. Cerhard van Katek
Institut fur Nucklearnedizin ,

,
Heidelberg, Germany

Ecole Nationale de la Sante Publique Professor Louis M.F. Masse .

Department of Biostatistics '

Rennes, Brittany, Trance !

Finsenlabor, Tinsen Institutet Professor Dr. Mogeus Faber
Copenhagen, Denmark

Creenpeace Ltd. --

London, England
E ,

!- Institut' National do la Sante Professor Daniel Schwartz
et de la Recherche

'
Paris, France

L Medical Research Council R.H. Mole, B.M., F.R.C.P.,
External Scientific Staf f F.R.C. Path.

| . Radiology Unit
' Oxfordshire, England ,

Movement Against Uranium Mining *--

Carlton Victoria, Fitzroy, Australia

National Radiological Protection Board Sir Edvard Pochin
Harwell, Didcot Dr. J. A. Reissland
Oxfordshire, England

.
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Institut ion Contact

Nuclear Information Network --
.

London, England
.

Scottish Campaign to Resist the --

Atoalc Menace*

Edinburgh, Scotland

Services dos. Nuisances- Mr. L. Baekelandt - |'
.

Ministere do la Sante Publique i

et de la 7:sille
'

Brussels, Belgium

World Information Service on Energy (WISE) --

Amsterden, Netherlands

i

'

Other Individuals

Representative Michael Barrett
State House i

Bos t on , MA -

Dr. Howard Newcombe.
Chalk River, Ontario, Canada !

!

Dr. Phillip Sartwell ,

Marblehead, MA
,

Ms. Julieann Sun'

Cambridge, MA
',-

..

,

@

.
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|

:

Prepared and Published By:

Technical Information Center
Department of Energy
TIO-8200-R37
USDOE Distribution Category UC-80

,

f

>

0

4

w

, .

1
o a
i

V

|

*
,

|

|.

-122-

|

. . -, , _ - - - _ _ . _ - _ _ . _ . . . . _ .__ _



,
- . - - - _ - - . - - _ - _ _ _ _ _ _ _

.

NUCLEAR
'

REACTORS
'

< .

'

BUILT,

BEING BUILT,

or

PLANNED y,,,33 . ,,, t oc.,,3n, of y. ,.
Nurfar toart ?k,nts und e LIssing'

"I the Plants by States ,~'

.
CIVILIAN RCACTORS

( Cruiral Station Electric Power ,'

!NI Purpose Plants .;

Maritime Propublon ]
Esperimental Electric Power,

,
'

Ausiliary Power ($ NAP)
Space Propublon (Roveel j

General Irradiation Test |

iliigh Power Rescatch and Test
Safety Rewatch and Test -

General Rewatch
Unsiersity Rewarch and Teachlag |

,

PROOUCTION REACTORS
,

Wierish Production 4

Proven Deselopsnent
,

MILITARY REACTORS
'

Remote Station Power
Propul ion (Navall-
Deselopsuental Power .

Test Reactors
Rewatch Reacints 1

i
REACTORS FOR EXPORT

|-
Central Station Electric Power
Propubion
General leradiation Test
General 8tewatch
Unisersity Research and Teaching

CRITICAL ASSEMB'.V FACILITIES -

Identification of Facil; ties
Ihperinwnes und Studies

t.
Rs m tur Index
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$T AllSTICAL SUMMAflY - |

l
l

$but down ,i

Reing ne >

(1rce414 huilt Planned dismantled
,. s

l
I. CIVILIAN RE AC10R$

1. Power Reetters
A. Cented$tetton l ketne ikwet . M 94 50 A |. . . . . . ..

'*
I 2S. Dual-Purpoic Plants ......... ...

IO. Propulsion Olaritimet . . . . . .. . . ...

2. Esperimental Pomet Resclur $><tems
A. [lectric Power $ptems I }} ',

, , . . . . . ,

D. Autileary Pm et tW API 4 !. . . . . . . . ..

}] -}C. $ race Propulseun tRawett . . . . . . . .

3. Test. Rewerch and Unnerup Resetnes
*

A. Cenerallreadtatmn Test ) l 3. . . . . . .

9 48. lish Powet Rewatch ind fett . . .. . . ... ,

('. $4fety Retcarth and Test ) I q .
. . . . . . . . ...

*

D. General Retcarch 24 I I en
' . . . . . . . . .

'

f University Rewatch and Trachme 54 I 9
. . . . ..

t

il. PRODUCTION kE ACTORS i :

;. 4 '

) to
! l. Materials Production ..............

2. Process Ocelopment
' 4 I...............j-

Ill. Mll.!T ARY RE ACTORS
,

1. Defense Power.Reactne Applic atinne
A. Remote Installaticas I 4e . . . . . . . ... g, , , , , , , , ,, ,

4 (, , - , * -9. fwpwleiM IN's,att 121 2R ,,;,, g, --+,t- - . . . . . . . . .

2. Developmental Pow er
3

'- A, I nc(trie Pomet I sectimentsand Protoh res ..

B. Psopulsion I stetsments ansi Pintor) pet ? ?. . . ...

3. Test and Rewatch . 7
4A. Test ........... . . . . . ...

6 3B. Re tratch .........,........

*
IV. REACTOR $ FOR EXPORT

*1. Po et Resetors
l. A. Cc ntral. Station 1.le >tnc Powet 21 23 14 2. . .. . . ...

I| R. h opulsion .................

2. Test. Resenreh and Teaching
A.Generallreadiation Test 4 {

. . . . . . . ...

S. General Research 10 I. . . . .. . . ...

C. University Resestch and Tenhins 26 i. . . . . ..

4

124--

1

e'
\.

ee
fe'

- . . , , . , , . ..,
A . . .N ,

:.. . ' .. , . , .,-.& . a~s
,

+ .: , s. y_
__

, s.
* 6

. ~ . + . - . , , .~...--w.-_.... ,res,...,, , . . . . , . . . .m m..,,%_ ,,..-..m_ _ _ , _ _ _ _ _ _ _ _ . _ _ . _ _ _ . _ _ _ _ _ , . . _ _,-.,m%, ,,. . . _ , . - . . . . , , . . ,



. -. __ _ . __ . _ . . _ __ ._ _ _ _ ._ __ __ _ _. ..
.

>

,

1

|
..

,

,!

-1
1

)
;

I

i-

1

1

l
1

-1
-

i

|
*

{
' i*

This compilation t ontains unclassified information in proumity so. the roer:and ()) the use or nucleas eediation i
abou: facihlies built. being built, or plJnned in Ilie fo' **'m* the h'd v' Pc''u'**ase of 8enctor components as |
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~ w a . rPau L Sen 3m l
lunction or purpose.1he malus parts, namely, sivih
lan, nublary, pindustaun. JnJ nport. Ji well Ji su(h SAW RistARCH AND TEST REACTOR -j
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a

sJiegutten Jte dellns'd J follows: seusaleshiks ut terrestesal anJ avrutar nuclear reactor
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CENTR AL $T ATION NUCL E A> POWE R PL ANT Rist ARCH RE ACTOR i
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s
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e4ne we the light mater )pe are espnied to be ew sen tue nulcruls. iPatt i. Sec.)D: Pavilli. Sec. )S: and i
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IN revyr aphi6 ama in u nkh they are Itoted IPart l.

UNivtR5f fY RESEAPCH ANO TEACHING RtaC f 0R fh" 3
A real..e loss re at a univstutt and usually operated fore

I .
DUAL PURPOtt PL ANT the pe mi46 y purrow us training an the operatava and

A nuste,4 pumes induy Jcurtwd, s umuustsJ. and utthrattun of trators .nd lut instrus uun m tractor theory
,

oprealvJ lue moer tlun one remiarn puspos. los 04 nple. anJ peHonnan.s iPan 1. 5n. Jl.. and Pasi IV. 5cc. K)
tir pe.=lu.uon us nmicas mairsuli anJ ltw sencrah m of

g $PECiAL TEST RE ACTORclaire pg or etw uw ut ira s.n thermal eness tut slestth al
4 ,g , ,g g, , i

rvneratson and peskewScan apptwatumi testuJmy Joalimg.
-|tParI 1. Sn. I bli

CRITIC AL F ACILITY( APERIMENTAL POWER Rt ACTOR
4 sca tur sapable*ut sustaming a nu6leat thain reactionA ta dHy Jeugned, v nvuwvivd. s ons tivets d. and

,, y
operaisd in tot the teshnk at traubday vi a sunivrt vr tu .g g, ,
proviJe the teshnkel bJitt tdr J uindar typV riuslCar poWuf ,g ,

plant m a larger swe. Dngn fleutuhey pennut sharives to g , g ,prove out ranous ments ut scactor inhnolog) irsluding fact igg jg g
and other components. Poeci<onieruun equipment ma) or

.

,g ,
may not be mcivJcJ 4 pare vi she ladity. trare l.Sce. 2Al

dittering gewmeirws. Metal crowal numbhet are used to
|- CENERAL 1RRADI ATION f t$T RE ACTOR inveuivate the variations in helstorcrwvus votes. The tabula.

*

|- A rentut heing (1) a thstmal power tori essevdmg ison ut alww tasistws in Part V app 37 381 cscludes thuse
10.tK10 kWl (2) iniloops ur esperunental ta duws e uhm or *his h hoe twen upstated and wbwquently Jumantled.e

'

1

l

i
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Thi'at,tereviated listings m the Princi al Euclose ' 3. Reactors for fiwe"9 inrotions -wtwa an appecetion
''

P

'~. .'enntractor colamn refer to flie techttlealorganliathm
f"' 'I ^P"'t livea'e b '"ri' d by NRC or wt.ca

- 1
<

tri els. int nmate o a ti .. f sefstens Ic the- |assigned primary responsibihty for design anglos
. ..

,
'

. g ,

f' . fabricatiim of the teactot mtein, fhe apeHe4ont
3

1

forins for tlune abbievlJtiont ,Js ned Js .lbmc lue McJotOH .H e Inled .1% helug /$lanned under llte
deugners, iluphuilders. Jnd facilit) operatutt. J e f,,yn, ,ng yg, nnniany . ;

[y pen m the table on p pe |L
, , , ,,g,,,,<,,,,.,, ,r,,,,,,,,,,, p,,q, ,y a,,J - Startup dates aefer 19 list year of futt criticahly. n..unied as a pinni Nines d ins invierwtonen hi the

1[ntitt Jtetl stafilip dJtet h Bed '888: lbf he'l dediIJhIf '- m ni g ..sv..tu d ne thee psonet n uttwswise appenpre. |information are mcluded for proicels not )et m atch ainh.nued. -

Servlee. The dates ) it rion. DOC peujects aic estimates - 2 W n1edoal fin teaann' 'exton sa ihe tJaard
announced by the 110HtoriDg iH|'JtH/attnin. Yeats of %'" " '"' n d Pah4 *aa'a'a' raient *'' "'s 'nd" |

puns ep al i nnhas tne and sextot I)pe n paadetg she |
. .

imits, ,i.ilmercial speration (of power teactors are
stunnusone ner.invaHun en an applwannn for a t un.

' pen tft the tahu!Jtion On pJ(es 6 to Il' snui nnu prona n enrew d h, Nkr. 4

). Rr.u tnes son intesen ha auans w hen public an. t

Reactors 'are listed as being <pcrah/c under the n"ansenwn' that mstudes runord rnnoxta' and
following circurr.stancel. emine o pe w in4Je su whsn NftC teieivo intnema.

finn that .i il $ eras for inanutat turef n penityd ne
1. f rdetal Cem enment tmines' wtiin stua alitt n % ,n, en . ..n.oin n..n di urn anit iloet..pment ..n the"

as hwerJ. h.on nt a lctivt ni mient.
2. Wn.f ederat Co.ventnent re x iues in 'he Unned

Staicw s hen critwahty es xhteved, ut in the case ne
relatnel) tow Pwet systemt, an opstatener inrnse n
nsued by the Nucisat Regulatory Cominnuun INRC). Reactuts are listed at d#nt domt ut disma ttled when . ]j,js ). Reactors- for foreign locatinns-e hen enticahty n the owner atinnunces of verifles a decition in ,|r*( h*c'e d- permJnently.thut down a facility and does not intend -

to restart the teactor. A textot shut down owing to
|>

. Reactors are listed as hems hm/t wdet the following Mmcal problems, catentwe ' modifwations, or
' ' citeunniani;es: refuchnponimues to he listed as eittrra/Jc.

'

l. .' ederal Gove rnme nt reactnes' wiire pnund a The Statntical Sununary nn page 2 enludes
broken. componenn are nedered, ur tunutoction tritical facihtiet All other catepotics ase sutumari/cd.
mntract et awasded,

u ownJH Sman cd feaduts m these cal @n.ea
.

! ** L '). En f ederal Governrnens reseenes .a the Unded
St.Het .an hen a constructiun pctmit ni tunstrij un,g Jte insluued tilk.e wch fxilities ltave inade sigmIhiJnl '

authoriaanon o tuued %y NRe', contributtotts to reactor lesnnology.
.

l'

'

.

|. s

h

- -
* * J ;.. : ; - i ,, ,..

t n . . - *
s ;. .

.?

.

m

iI
|<

,

- ,

'Other than those of the Trnn:wcr Wl:n Ainhnon
whtch.are licensed by NRC and are treated in actonlante .'

.
with itero 2.

'

s, -
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COWERCIAL NUCLEAR POWER Rf ACTORS IN THE UNITED STATE 8. - 1u-a y J

CAPACl?( COMMi llClat, i, , ,

SITE PLANT NAhsE Ntf nwie)- l *T il.lT Y ON It ATION -;
i

ALAS AM A : .

Deceive . ' Sentet t teet Nusle se P.*we t .06 5.000 f ennessee Vallet Authuvity itse
lisati tinst 8

Det s tue neessivit lesee Noticae Petwee 1.041.000 freineses Vetley Autimaity lets
11 ant' ilnst 2i

Dec ot ve . Denses I eres Nucigar twee 1.06 5.f*06 Tennessee Vener Authnetly 1911
Planti Onet )

Dothan - Joseph M. l arley Nv6 lese 61 ant . 420.000 Alabama Pawe C:.. 1911 'i
Unit 4

Dothan . Innerh M. I selee Nuclesi 81ans R 20.000 Alahams fuere Cn. 1940 .
i

:
Unit 2 <

Scotestmeo Detlefonte Nuticae fianti tinit I l .! !) .000 fenneuse Vener Authneet, sont
$<ntesboes nenefonie Nuetese lienti finit 2 1.21).000 Tennesee Vaney Au hneity tent i

*AMl20NA .

Winte ettiuy Pain Verde Nmtest tientrating f .2 31.100 Areenne Pubhc Seeme 1983
Station: tinet I

Wanlersbueg - Palu Vesite Nuclear deneetting 1.231.*00 Asienns Pwhlit Servise s964 -
Station: tine 2

Winte enhveg Pain Veede Nintess Cenevating I.231.100 4eienna Pwhht neeweie inAn ;
51stion' If nl .1

Win te rsbu rg Pstu Yeede **usivae 4.ensette.s 4.2.11.*00 Asenma Putsu As es u r t .i n sr

51stma Unes 4
Wintershveg Petu Veede Notte se f.eneralina 1.2.11.100 Arunna Pubin Servu e 14e0

Stalle limit S
i

AltK ANS A5
'

r

I leuualt ville Aetaneet Nuctese one t' net t as0 000 Ashansat Pnus & lisht Cn iete

| It vuellviMe Arkantan b'uclear line. tinel ! 442.000 8.ek4mai 1% ewe & I esht i n ette
1e

CALIF ORNI A -
l ure ne livmn..lJe nai h.n.e n int t' nit t 6 3.*iOO Puita Gas & 1 testen C i- ige)

San Clemente sin uansee Nus#cae e.enseities e so 000 h Calif. F el. # Nan theca lees t
Statu n. Unit t t;o & 61 Co.

San Clemente San onnsee Nuctsae (;ineraisne 1.100.000 so. Calif. Ed. & San Usesn iell 1

Seatma' linea 2 (18 & Fl. Co.
San Cle mente $an on..ree Nni tea: 4.eneratins 4.100.000 Mo. Calif. 6 d & 5in liveen losl-

Statmn - l'nat .1 Gat & 61. Co.
Diablo Canyon = th?>l.a Cansun Nvils av Pmsee t .0 a 4.000 t'acilic Gas & Iletltir On. 1914 g

Plant t'not |-
'

Diablo Cantnn thablo Cant on Nusirse Puute 1.806 000 P1cifes 4 35 & I let e de 4'n. 18111
41 sat l' ail 2 v

(1er Statma Hantha te n Nn trai t. rare ntine al A.000 $.n e imenso wniciful 1"illie sete
it.itann . lin s escI,

ble ant telecied lima n 1.200.000 Passin t;.ss & llec teer Co j aile f,
. Site ant telected Unit J t .200 000 Pacif es e:45 & Iletten t n Inile f.

. Bh the - Sunderet hm test 11ans t'ait t **4 000 Saa lheen t.as & l ivs tric Cu tese (
Dit the . S unalese rt Nucleae A' tant l'ait 1 414.000 San liiesn tiat & l.Iviteic Cn. 19A6

'
'COLORADO

tiellevele - II. St. Vrain Nuctese tienerstme 330.000 ruhht Seevice Cn. ne Cnineado less
station

1~ CONNLCTICUT ,."i -
* *lladJam Neth lladdam Nrs n nant 414000 0.nn. ) ankee Al.unn Pnwe fu 1944

'

Wate e tne d ulhee.ne Nucle se P.. nee At asmn - nn0.000 Nnethe.nl Nnstear I neest t n. 1991
-

. ,

iinie i
Waterfued wthinne Nuslese tsnwr Statu.n A,10.000 N.nihratt Nmfese i neer, Ces, left

time 1
.Wateefned kiilatnne Nucleae Pnwe Sistma- t .15 6.000 Nnetheast Nwlese I nerst Co. 1986

Unit J
J l#LORID A . .

Turkey Pmat Stalma Ifnet ) 693 000 lineeJa Pnwe & l.it s ('se. t412It ersJa C6ty -
.

h
linesda City fuekes Pt . ' *latma ' isms e 693.000 linents Pnwe & Light Co. 191)
14ed Level ('es tt*# * sees ,1ane * l' nit ) 424.000 l ineid.s 15.we Cyer. . 1911
I t. hette St. 'a e liant Unit t 402.000 it..enia Po w s & t.asht On. 1916

a- I t. Piert e St. Lucie liano tinit 2 a 02.000 t twida Powee & Lisht Cn 1983

Gl:0RUIA -'

Basley - towin L liaich Nuctese Piano in e.000 tieneau t owe Co. lots

. Unit i
Ba s te y Edwin 1. llatch Nusteae 41 ant: '99.000 Genecu Pouest'n. l912

tJnit !
Wa y nethnen Alvin W. V..y tte, le. liant l'ait i 1.110.000 %.esa Pnwe Cn. 19RS
Wa y neshnen \lvin W. Vnatie. f r. Plant ' linit 2 1.810.000 Nnesu Power c'n. 198A
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COMMERCI AL NUCLEAR POWER RE ACTOR $ IN THE UNITED STATES (C0ntinesdl
l

C APAtlT Y COMMERCIAL |Slit PLANT NAME ~ NET kW(e) UTILITY OPERAfl0N '
L

|Lt.INOtB
M orte Deesves Nuclear Power Statiunt 200.000 Commonweith EJtson Co. 1960

Umse 3.
I

.

htutes Ikesdes Nuclese t ower $44tsuni 194.000 Commonwealth EJ6sua Co. 4910 ?

unes 2 . ,

blur res DresJes Nu(lear Puwef Station. 194.000 Commonweellh Eduon Co. 1911 )
Ifnet ) -:

'" 2iun hun Nmless tient: Unit i 1.040.000 Cuminunwv44lh EJeon Co. It?),

Zion. hun Nuslear 194nU Unst 3 4.040.000 Cummunma sith Edsun Co. 1914 i

r _. . Curdoes QudJ< sties Stations Unit I in v.000 Cumm. Ed. coa 4 Wit. 1913
'

Gas & list. Ca.
, |

~

Ces & Lies. Cu.M
'

CurJuea QuaJ-Citin $tatsun : U..it 2 139.000 Cumm. Ed. CoAs.. lit. 191)
i

.

Seneta LaSatte County Nuclear Statsun; 4.015.000 Commonwealth EJoun Co. 1979
Unet I

$enese 1.4SMe Count y Nuciv.at Station.~ l.018.000 Ca.nimurtwealth t tlaun Co. 1980
Un.1 2

'

urrun Dysun Statsunt Unal I l.110.000 . Commonwealth & Jevn Co. 1901 .,

tivrun . Hytun seassunt Unig I l .I 2 0.000 Cumrnunwealth tJeson Co. 1943
fir 6.. uud firaidmu,J Unie i 1.120,000 Cumanuc.weelsh tJison Cie. l$33
Dr aidwund DruidwouJ Unit 1 1.120.000 Cummunwealth 6 Jenn Co. 1983|. ,.

i Clinton - I'lintum Nmte.o Pune liang t 933.400 tlhnun Powes Cu. 1988
Usue I

Ctsutun Ciniques Nusivat Puwve PtJest. 93).400 lihpuw Puwet Cu. 1984
Unit )

INDI AN A
wnts ho te t Dailty Gesieratins Stalusa . 64$.800 Nusthern Induna - ubhv Serme Co. 194)
M4Janun - Maatste llell Nutivat Powse 6,130.000 Putilw Serme Indune 1981 i

biaienn Unia 1 i
M4 Jime, Martite Itall Nusiver Power 1.8 J0.000 Pat >lw Serews inJaans 1944

'

Station Unet 2

'
' IOWA

Palu Du.nv Arnold Envegy Centet $ 3 8.000 lu=4 Hestric Light and 1911
thus t PowerCo.

J VanJaha VanJalu Nustrar Prom t 1.210.000 towa Puurs & Light Co. In de f.

KANSA5
lluelin g t un w..le i es. .vneraung h:4enen 4.1 $0.000 K4nsan G4 & t ies tris - 1903 ,

linit I Kansai Catt P&L
LOUl51 AN A,

1 488 WeierfurJ Generating Slotsun ; l.16).000 Luunions Puwer & Lylti Co. 1948 ,

.. Unet 3 f

St. t ransbdle Mner llenJ $14taun. Urut I w J 4.000 Guit Stain Utatilaes Cu. 1983
54.'l f ans e edte itsert benJ Stattun timt 2 934.000 Outt $tates Utilities Cu. 196$

ad Atr4ti
% ns aue s %taine Yankee Atomas l'uwer *90.000 Mairie Yankee Atunies Puwer 1973 !

l'4 4n t Cu.
'414RYlASD

l ust$s 04Livethth Nusiva Pi.w w e M 1.000 lblismore U4s and livstrei Cu 191$
Plane Unis I

Iu+Ds C4htet (1 sib Nusis4 Powet 845.099 Datsunure Gn and ties tric Cu. 1911
,

i Plant. Uma 2
l' Duusta ruine Duuslas hune Prunci Nucivat i . i t t.000 l'usurnas Electric Puwer Co. Indef.
| ., IUlitit t n nepuesas, t;en. Station: limt I

ing tai (4nces.)
INut e Puini lheugtn hunt t*run t Nutiver 4.114.000 Puturnas Westrw Puwer Cu. In de f.t

Illtiht) n negula44- (ku. Staisun: Uma J
mg tie s ansv1.)

,

niAssAcilusFITs
*

l' u m v Yan kee Nustver l'uwve Station 11$ 000 Yankee Atumis Llestree Co. 1948
Pit m uuth histun Station: linas t 6 $ $.000 fusion LJoon Co. 1913
th muu th btgeun Slaimn: time 2 t .l s o;000 liuston t Jnup Co. 1964
Mues ta g ue Montague; linee I i.150.000 Northeast Utdaties 1984i,

( .,
Mont ague Montague, tenet J t t $0.000 Nurthe4sl Utihbes 1990

i

1'

$ MlClllGAN
- Des ihm k Point lies Muc h Puent Nusivat liant 13.000 Consumers Power Cu. 1963
I South linen Paln4Jes Nus te4e Powve Station t,6 5.UUU Cunsumsts Puwer Cu. 1918

New Pur t l utwo a veme Alumis Power 4 .0 4 ) .00U Dettuit latuun Co. 1950j.
}li Plant. time 2

UriJaman ibnasJ C. Cook Plans: tient i 4.054.000 InJians & Mishigan Electrte Co. t91$-

.
Uridgin an p..ualJ t . Cook Plant: Umt3 t .060.000 Indiana & Michigan Liectric Cu, 1978

.
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- COMMEQClAL NUCLEAR POWER RE AC10R$ IN THE UNITED STATES (Continued) -
4

g-
f. AP ACIT Y COMME RCI AL

5l'TE PLANT N AME NLT IMle) UtillTY OPERAfl04'

j . MICHIGAN IGntinonn
-

Midland %dland Nustem Pown tient ' 4 o.n00 r..n.u mce. P...c, r.., na2 j'

.'nst t
"

Midland ; %dtand Nalene Pnwre tiant A l l 000 runsumrrs Powre Cn. . 1.itt i
tinel 2 ,

St. Cleit County Gecenwnnd: timit 2 f .2 00.0eo liete.nt htann on. Hs1 1

$4. C1ste County Greenwnnd' Unit .1 I.2nn.unn ()eteene I dann On. not j
l

MINNESOTA 1
M ontic elle - Montke8'.a Nutlear tir .cf itens 145.000 - Northern State Pnwee Co. 1911e

Masit .

,

ked Wing Prairie island Nustraf Genef at. 9.10.000 Nutthern Staict Pawet On. H1) ,

ing Plant: Unit t .

I

Med Wing Prairie liland Nucleas ternef el; %)0.000 Northern $tatet Power On. His |
;In none Unit i

MI$$l$51PM
. Carinth Yettaw Ceeek t linet I t .2 8tl.000 - Tennessee Vative Aisthante not -

Corinth Yellow riert: Unit 2 . l .2 A 4.000 lenneuer Valley Authneite 19n6

Putt G3b6an Grand Gulf Nwtiras Station: 1.290.000 MieuePi Powet 4 f.ishe rn 1941

IJnit i
Poet Gibson Ge3nJ t;utf Nusicar Statnin 1.240.000 \tmouiPri Ponte A Iisht t i. He4

- 1.'nat 2
u

M13$0L'RI
I ulion Calla =9e liant: tines 1 I.620.000 HainniIererw Cn 1962

,

9 witun . Callaway Plant: Unit 2 1.120.000 Union I tes erw rn tent

NE BR A$K A
: I nel Calhoun i t. Calhoun Stat 6on ' tinit I 441.000 timaha Pubin Pner Ontent H13

Otuwnulle CouPet Nucleet Station 114.000 Neheaska Puhlet l'n=re thsten t 1914*
anJ low a Pun er and I istil t 'n

NEW ll A%f r$ HIRE
$e a henut Seaheunk Nuclear Stalmn- t.200 000 Pub 8 c Revince at N 11 1941

Unit t
. Se e be un t' Seahennk Nutiese stain n 1.200.000 Pubiw $rtuss of N il. ant

Unit 3 ,

NEW JER$LY
Tu ma Rive, t! vite, rees k Nuskas Powee 650.000 Artset rentral Pnwee & M69 -

l' tant' tinit i 1 ege,t Cei.

Ineked Rivet i nrked kner Genvratias 1.010.000 ' lerses Centeal Pnnet & t943
Statma: Unie i t.ight On.

| Salem Silem Nutteae Gene:1i,ne t .0 90.000 Puktic Leuce I tectnc and H11'

|- $tation. Unit I lias. N.I.
f . Salem Salem Nucleaf Ocneratent 1.115.000 Pukhs Seewe ils eand 1919
| $lat6un Unit 2 f eat. N.J.

' Salem " Hope Cree k Generating Staline: 1.061.000 < Public teevwe llectesc and 19A4

Unis | Gag. N .J.

Salem . Hope Cree a Generatina station: 1.061.000 Public seeme e kste c sad 1964

Unit 3 Gas. N 1.

1
Little Fgg Inlet Allanne Generating $tstenn? t.150.000 Public $ctewe f la ttw and 19AR

,.

|- Unit I t ie. kJ.*

Little I;ts latet . '. Atlantic Generstens Statma 1.140.000 Pu%lec Setswe IIninc and , '
e

H90 1
.. "

Unit 2 ' Cal. N.J.*

Site not telected 1990 Unit t .l so.000 Puhtic Ser v e Flectne and 1993
Gn. N.J.

Site not telected t 99 2 Unie 4.150.000 Puhen service i tectnc and 8995
|: Go, N.J.

NEW YORK +

- Duchenen indian Pmal Statenn: tinit i 265 000 CunuiHdated I dnun On. 1942
Buc h aren ladean 1%nt Statmn t tinit 2 #11.000 C.inuilidated t Jnna on. 1913
Buch anan Indian Piunt Statmn. limit .1 413.000 Pnw et tuthonte at State 1914

nt N.Y.
Scribe Nine Mile Puint Nuclear 680.000 Niasata Muhaut l'amre 1969

| Statmn Unit i One P. I ,

Scribe Nine .%ie Puent Nutteae . 099.900 Nucata kinhawn Power 1942

M k .. Stalinn: Unit 2 One p.
i

- Ontario R.I.. t;inna Nucleae Power 490.00'- Renheste# 4;.es & 6lestow OntP, 1910!

,

liant: Uret i
:Y Brook h aven . $hneeham bluctear Powet A l 9,900 1,ung IslJad t,ighting Cn. 1940

$lasina
$ctiha lames A titsratteck Nvilear A 31.000 Pamee Auth.nis, of Siate 1914

Penvec liant ut N.Y.
Ce me nt on Useene Cnunty Nuclear l'nwee 1.282.000 Powre Authenity nt State 1984

Plant of N Y.
.

Ja me1 port Jamespof f I 4.150.000 t.nna Island t.ashting Co. 19A4
.

f amelpoet Jamespoet 2 t .150.000 t.nna Island t.ishtens Cn. 1984
.
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COMMERCI AL NUCLE AR POWER REACTORS IN THE UNITED 5 TATES (Continued 4

C AP ACITY
$1TE PLANT NAME NET kWW UTILITY

' COMMEACIAL
OP.E R ATIO N - ,

li

| Oswt gu . Savelmg Nmisar ting i 1.850.000 limthetter Gee & Livs tiet Cutp. 1984 -
I~ Este not svinced lims i 1.250.000 New Yusk State liedew & 1960" , .

l, Gan Cu,
Selv not selvsted Uml 2 6 2 $ 0.0c0 New Yueh State 61vCttr & 1990 j

Gas Cu. 1

NORTil C 8.MOLIN A .

'

. SouthPuel lirunsum b hicain lieg tren O ! I .000 L'asolina Powse and t astit Co. 1911 ' )
Plan - I'me i .

South mett . flaunsw L bt,ani I lvettav s21.000 Casuhaa bewer and 1.ight Co. 1913
.I

i
Plant: tient 2

Cuna s I urJ Ham - % .t.11. Met;uere Nuvivar I,140.000 Dukv Puwes Cu. 1919a

. St.ture Unit i
Uuwant i utJ llam % m.18. utvGuisv Natvae 1.1 $0.00u Hake Powvt C9. 1933

ts tn.n. Unie 2
Il.maal "Shvaeun liar #n Plant- thus 1 00U.000 Casulma Puwet seJ l.ighi Co. 1983
thmial %vatun ll.a#us Hansi Unit 2 u00.000 t'atohna Power and t.ight Co. 1944
lb ensal Sheaton Itarrn Pland: Unst J 900.900- Catuhna Puuve and I.ight Co. 1989
flunsal . Shyasun if arris Mant Usui 4 900.00e Casuhea hmve anJ I.86 t Co. 1981h
leas w County tvekans Nusivat Slatnen: thus i 1.250.000 OukePowesCu. Its$
Hans County Perkins Nu.kat Stain n. Umt 2 0.250.000 DukePowerCo. 1941
llant County Pretens Nustvar Stain.n: temt .I 1.Ili0.000 Duke Puwse Cu. 1990
'une not wivsted 1.140 000 Caruhna Puwet and l'6 t Co. Inde f.h

See not win ted . 1.8 $0.000 Catulma heu rt anJ light Co. Inde f. '1
Sete etut ost.a ted t .1 $ 0.000 Casulma Power anJ Lighi Co. In de f.

'

U1110
.t einu I Javn Co. 1986

'
:

ik ihn liveshes I sie Unit i 1.I t> 0.000
Ik eim itriphh i siv' Usul 2 4 d 60.000 tIhue t Jnun Cu. 1988
4 8,6 Itaeh.ee Dn n.ltewv NuilvatPuwvt 406.000 loivJu 1.Josen.01v etand 1911v

bianun. Uma 1 i 1. Istun. . Ou
tinn tietsu $ usic.at P swve 906.000 . 'luivJu 4 Ja m Clsseland 194$i sa h i t.atline 8

*
Stauun' Uma 2 l I litmn Co.

oa S t ar b.. llanlime NmivatP..w. ' sun.uou tulcJu I Jaun ClewlanJ 1941
sianun Uma 2 I I lituin. Cu. s

tviss Perry Nu tvoe Powve Plans t .2 U S .UUU t tvwtand lin ten Illumensimg 19st
Una t Cu.

Pv to Pvs tl Nusis at Puwve Plant . t .!U 4.uvo Utenland lin t w liluminating 194)
tinet ! Cu

unu un w m, H /inuu. Nu.4 as Punie a e u puu i un mnate t..n a e t.s trw Co. 1919
| stau..n.timeI

M us. uw w m 11. /immve .Nel.4e runwr t . l iu.cou tmsinnau Gn & Linern Co. 1989
3' t atti.e Uma 2

Ok t.TilOV 4
lu ut. tela k i ni Nmivat Statom. 1.1 to.uou Pubbs Syrews us Oklahuma .4444 ,,

fleul |
'

In o44 lHa k l ua Nmtvas Staan.n t.150 000 Pul.in Sveviev us fiklehume 1986
tient I

OHLOUNg
Pe. w ust Teuva Nuitsas Plant Unst i 1 130.000 P.utta J Gunwral tin tuc Cu. 1916n,

\i h n g l.us P I.I'It SPime Nu.t. ae Pt4ut 1.2 f* 0.Ouv t .utlanJ L.vnet41 t iveten Cu. t945,

Pmt i
bimsbus Pvt.lde stuings Nmicas 1%us, l .2 6 U .U19 PoetlanJ General Ilettw Cu, 1988

Umt 2 .
Pt NNSYLVANI A

Pv A h llutt.un Pvas h liuttom Atumn Puwse 4,065.000 PhJ4Jvirhes tintric Co. IV.4
Statsun: Unit 2

Pf A h lluitmn Iva h fluttuen Atuiftw Puwse 1 U& $.000 | hdavvipNra livstrw Co. 1914
Stahun: Unit 3

Pus htown I unctis k Generating Statmn: 1.U6 5.000 PhdaJetphie t intf w Cie, 1983
Unit a

Put ta tuw n I.imern k Generating 5tauun: 1.U6 5.000 PtulaJutphia l'lestric Co. 1985
Unst 2

bhippingputt $hsppingputt Alumer Powvt 6U000 Department 01 Energy 19$1
Station

Sh ppingpute tseavvf Valley Puwire Stateurs; a $ 2,000 llusiuesfie tJght Co. 1916
Unis I ithou tJuun Cu.

Shippingpost Licaver Valley Puwet 4144nue. 8 5 2.UUu qu.aursee Light Cu - 1982
Und2 0;uu t.Jnun Co.

Mid Jls t uw en ihrve Alde Island Nmivar e i 4.000 Metropuhtan LJoun Co. 1914
Staunia. tinit I

\ts lJtetuwn t herv MJe bland Nmtvar 906.000 Jerwy Central Puwst & 8910
Statum Vint 2 1.asha Cu.

Live w s k Smquehanna Sivam iIns#w l .U $ 0.000 Pennsylvania Puwer and 1980
St auun: Umt 1 Light

($stwn k Sequehanna Steam lintra 1.0 $ 0.000 Pennsylvania Power and (962
Stauun. Unit 2 8.ss h e

.[ t -131-
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.. COMMERCIAL NUCLEAR POWER RC ACTOR $ IN THE L/NITED ST ATES (CantiewetH lwy 1
\
? CAP ACIT Y COMME RU Al. |l' $1TE PLANT NAM 1 NET kWiel UTILITY OPE R Afloll

'

,

I.
L fulODE ISLAND
|z ' Charlestown New I neland Powes (Ni PI' l.140.000. New I netand Pmwt Ca l*te

Uniti
,F

Chadestown New I naland rowee (Ni P)- 1.1 $0.000 New I natand Pnwee Ca 1*te,-

Unit 2
I

SOUTH C AROLIN 4. ,

llastsvile 11.15. Rubingnn S.I.. Ptint. nel 2 112.000 Caenhas Pimer and i eshi Ca. left |
Senec a Oennee N.sclear $aata.a. te it - Act.004 lbake Powee ( n. let)

'n
$eneca th'unee Nuclese Statuen Itnet 2 A A1.0^0 liuke Pome Oe. 1914
Senees . Oconee Nucleat Matuen Unit J S A1.000 livhe Powce Oe. lete 1

Broad Rivet Vargil C. Summet Nuilcar 900.000 South C.etahns Hec tnv and lete J
Stationi tinit I t Le On. <

Uke Wylig Catawho Nncicar $tatinn! final i 4,145.000 fluke Pomvf On. 1442 |
Uke Wylie Catawba Nusicat Si.stion' limit 2 1.t 4 9.000 ' liuke Pnme L u lea % l

Chetakes County _ Chernkee Nnsicar Stenen: Limii i 1.280.000 linke Pnwte Cn. 1994 i
Cherokee County Chetukee Nucleae Stats,.n. that 2 1.240.000 liuke Po meUn. 1986, i

Chertshee Covaty Chernher raclear Stainia. Unit J l.180.000 livhe bmve Cn. 1999

TE.% I5$EE
Dany Seqvnyah Nutivat Pnnie I . l M.pna 2cen mee Vdicg \ ut h..n e t 4*

liant:linit i I

Dasty Sequun sh Nmie'at Pnwet 6.1 a n.pno lennessee V. site, tvehnnet
'

Plant Unit 2 ;

it- $pring City Watts Use Nvelea# liant' ilnet I l.111.000 Tenaciet Vattee Avahnsf .

Sprins City units Ikit Nuciese Ptant Ones ! I.111 000 Tennessee Valles avehn -
,

Oak Ridge Chnch Mtwet (freedet Henctae .ito 000 liepartenent n' I aves t'-

I Pla nt
' llarltville A.Umti 1.2 J ) .000 Tenacssee Vs t uths .).

llastsville A, t.'nst 2 i233000 Tennessee V> + h e.e 4u

Has tiville R. Linet i s.2 3J 000 Tunneice V or * .A)
liie tseille 11, l'nal 2 6.2.1.1 000 Tennosee* sunt att 1

Siis not setected thirps DenJ. Unit i 1 23).000 1ennsvee unt s '

Site not setected Phipr* licad. Unit 2 1.23).000 Tenneser .e tt s i

TELG I-

Cien Mose Cumanche Pak Aseam I testne 4.140.000 1etas L' tit . ins Co.
Statmn. Unit

Clan Rnte Cum a..< he Pe a k %:ca m 4,4 i t .non Te tas l'tihtic . . ,u ng O., so
1.lectru Staquin, tjnst 2

Jaspet Dlue1111 -tiniei 114.000 t.ull States Ithiities f adet.
Jasper mue lhlis' Unit 2 v i n.0UD I .ulf Stato l'istities f eite t,
Walth Alle Ts reech. Unit I t .t <0.000 linvston 4.shtm, & Pnwe, Cn to A5 -
4tatseneda County South Teias: ter .t i 1.J 40.000 Cenital t'nwee & l t. leno

thuntun i e a bnwe
Matagords Cuunty South Te tas Unit 2 t .2 4 0.000 Cente.el Powet A 11. 19A2

llomton Lt A Pnwet
VERMONT

Ve ta an Vermnet Yan kee Generahnt $ t 4.000 Vermant Yankee Nustest 1912
*

St ation PmweOme.

VIRGINI A
' Gravel Nec k Surry Power Statina: t'nes e 422.000 vneinia llecins & Pn=ce l'12

"
Camp ani

Cravel Nec k Surry Powee Statina: tinit 2 422.000 vietinia i tectne & Pawet 1913
Conmany

Mineral Nueth Anna Powee $sainen: 401,0n0 Vieginia f lectric A Pm et stil
Unal I Cumrans

htineral North Anas Pont Stalina: 401.000 Virginia iteetne A Pnwer 1919
' Unil 2 Company

Mine rel Nnsth Anna Pninet $tation: 901.000 Virginia llectne & Pmwt 6442
Unit 3 Comp an,

Mineral North Anna Power Station: e 01,n00 Virginia ilesInc & Pnmt 144)
Unit 4 Company

e
W ASillNGTON

Richland N.Reac tur/% PPS$ Ste am soc.000 Depariment of > nergi t966
R ec hla nd Wl'I'S5 No. I 1.250.000 Washingtan Public Pome 1982

Supris Svitem
H k ht s nd WPPSS No. 2 t,100.Ont Washington Public Pnwr lea 0

Supple $$ttem
$alsop WPPS5 No. ) ? ' 4 3.Onn % athington Put'lic Pnavt 19A4

^

Supple System
Ric hie nd WPPSS No.4 Nhis pun Public Power 1983

Sapriv $yttem
Saisop WPPSS Nn. 5 . . * An te . runstan Pubite Pnwer l985

Capply Syttem

e

w du
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- COMME RCIAL NPOLE AR POWER RE ACTORS IN THE UNITED STATES (Continued)
1,

CAPACITY COMMERCIAL
- $ lit PLANT NAME NET kW(e) UTILITY OPER Ail 0N .

-. SeJeu Wuull e Skagit Nuviver Pruse 4. Und 1 1.258.000 Pugel Sound Puwst & Light 1988
56Jrv om.ste r - Shasis Nmiest Prvr.t: Unit 2 1.288.000 Puget Sound Power & Light itse

'

,. ,

'
. WlSCON$1N j
f 1.4 Cound. . Le Cruhe (Genue| Nucleat 50.000 liaitt and Power Coupeesta=e '1949l '

l. Gerst4 ting $tation I
I Iwu Osee kt.. Puent Bleet h Nmlear Plesit 491.000 Wewunun blot Asgen Power Co. 1910."

IIHet 4
- Ten Creekt - haut lleah Nmavat liene 491.000 Wews. nun kinhagan Power Ca. 1912 1

Unit 3
04elton Kewaunee Nusiver Powse liant. 5 3 5.0(se newuHun l'uelic Service Curp. Iv14

Unit i
Sae nut seinted linen Nmlear liant. Unit I 900.000 W m ununlistien hiv.ve Cu. 1981

i $de nue seles tyd floen Nutlear lians thus 2 400.000 Wewunsen iles tric Puwet Cu 1989 -
lluidad $ 4 f unf i Help f'J(k . IlHet i 1.110.000 Northren St.ato bewer Co. 1u4

*
,

l'OI HTU MK'O
Aresihu N..eth s's. ass Power Plant 4s3.000 Pu<rtu Hav Water Hesources inde t.

| A u flueill y

|. t >
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1. POWER REACTORS . - - ee- ee~ .

I

' A. Central-Station Electric Power
~

t DotLet numbers los essahan sextors arc inscd in parcniheses in the sndes.s

I*
p,,ng.p,8 *..

> malcae
'

L not =ere. Itcacsor. Seas e. Saius.
fNas.se and or om ac, I osaeme son nacsor 1) p- acsthec> hhtte - op .lom a _ '

.

t SPI R tBLL -

tikansas Nmica Unc. I'nat I s A Lanse Power A I srl. t .. s' Rus cIlistle. Ask is1H PressesesicJ main fdbJum IJ6k.t*Me l'a 4 -f
beases Yalkt Power Station. t nit i e Duquesne Leshi. Krhose i dnoen t o and Sheppencpos e. Pa. % c* t Pstssduzcd mates bf2JIGO 2.666flots 19 e. - i

t'ennsslunsa Power 8"o l'
'

lag Ho L Point Sussear Nnt a( onwmcrs Pomes ( o e''' 15+c h k P.ent. Mocts GI b imr matcf 723mo 248'JWih lue-2
1 hrowns I cre) Susic_t Power Nat. E nte I iTennewcc Litc3 Authoott ** De*, sus. Als Gl k..dme masce I Ji65fn00 3.M 3.0ho 19 .;

,

t$r..uns i etts Nusicar Pomes Ant. L not 2 tlermcwe. biles Aushosity s' ik.avns. Ala Gl it.=hng maset I/45/100 3.293.Oute 19:4 !,

[. luom n. I stry Nucicar Pomes Nat. Cnn 3 ??cnnosce % alles Authovet3 6* iks asus. \la GI It. simr wence 8.**5.000 3.2933ints 19 6
! 1:runsu s.L Sicam I iccaric Nat.1.rn I #Carulma Power a I. he t .p * waikpot s. N. C. .G h.csmr mater b 28.00n 2.4 MJoe 19 e. i
'

lirunsmest Sicam i tectne Nat. L'an 2 aCaruhna P.,mer A L*rht (c ** bu' bro' t. '. C. GI IS -*har maser h21.taso 2.J MAnm 19 5s
'

Ca.scr Clitf4 Nmicar Power Nnt. Cnet I eHatesmore t.asA 8k(tescCo.l' L tast3. Md ( ..mt. Pers-ur. red mater h45Jnna - 2.* 0.00re 89 4 ;

t ahces t hits husicas Power Nnt. Lnst 2 eBaltimore 4.e A i kitssc Co.I' I o.ht . \td Comt.. Pac surucJ uater h44Js06 2 574.te%p l '. t. |
'.

( .wc: Nu lcar Station aNebraska Pubtw Power Destrict and tom 4 lisom nidic. Nebr. GI bleng maser 778.t100 2.388.000 197 !3

I i P..=ce A Light Coa' |

) $ Csystal Rnct Nat. Unit 3 (Ilonda Pomes Corp.s* . McJ l oci. I la. BAu Pressurized mater b25Ai40 2.452J:0u 19--
'(n Dens. Beste Nudear Powcr St.'so.i. I not i eTededo I down to and OaL liarber Dhsu itA % Presearsied mater 9%. pen 2.- 2.000 19--

8 Cloctand Iim us Illuminatsng Co.s'
] Is.nued C. Co.4 %.lcar P% ant. L' nit I sindsans and Mk haran i kcenc Co.t' lindrman. sis h H ess . Pressurued mates I .**$ 4.188 4 * 's.254.f t(ma tv f .[s

| Donald C. C.=4 Nudcar Nnt. L nel 2 eladiana and W hacase I kctr e Coa * lirJgman.Ste h H est . Pec*surped mater 8.edu.eco (2?sejien 19 % |
i Issossen No scar Pomer Stanon. Umt * sCommonuc41st. I sin on Co ** ?.l..s n . III Gl: bhng mater 2 ems siiio Tine.(not. 19w !
! Dresden hu lear Power Station. Uma 2 eCommt.nucalsh I Jes .n Co l' Morses. Ill GI. %deng mate. 94As00 2J 27 eius 19*se !s

Dresden Nuclear Nmer Statesm. I not 3 afommon= cal. I Jnon Co.l* \losres. Ill. Gl Boehng mates ge4.sario 2,3 2 *ygige 19 3 f
| Duane Arn dJ l ncrrs Centes. t mt I sloma iic.1:ss i siha 1 Pomes C.. . Pal... tom a Gl . Bosling maser 53 ti.tetste 8.f 93.tsoie 14'J
q Central tome Ponce Cooperainc. and Corn tsc8- Pow. e e oog.<wnce'
'

l'dmn ' tlate's Nuckas Nnt. t nn I (Georgia Power s ...e* Unic3. G4 . GI. Itoehny mater TE4, Ait*O 2.4 4.pn . 19 4 |

| IFort Calhoun Stanon, twn I sOniaha Pubhe Pomes isssus.:l' I os s Calhoun. Nebr. Coenb. Prowsued maics 45 .tico 1.420.tiets 19 3 - *

j i est St. Vrain Nodcar Generating Station (Pulds6 5cnisc Co. on Plas eo stk. Cob. GA lisch scamperatuse 33tsje00 g4 I.700 1974
,

| Coloradol''*
'

lladdam Nesk Nnt (Connectesut iantee Atomic Pomes Co l' * lladdam Neck. Conn. West. Presurised maser $75.t 00 1.825.00ts 1967;
i H. B. Rotwnton S. L Nnt. Umt 2 (Carolina Pomer A i erht Ce.l* Har.ssdie. S. C. M est. Prossensed mater 73 2.tt00 2.'00.000 19 7t*

llumb.4dt Bay Power Nat. Unit 3 IPac (w Gas & 8 les ses( Co.I'
,

I uncha.Cahf. GL bling masce 63.tt00 2J0.000 1963
: Indean Point Station. Umt I (Consolidated I~dison Co. os' New ) mL. Inc.s''' Bus hanan. N. Y. It&% Pscwurued m stev 265.000 685.000 1962 i

Indun %nt Station. Unit 2 (Comokdated I'deson Co. os I em YosL. Inc.J' Hushanan. N. Y. West. Pro.uriced matet 873.000 2.'$ 8.000 1973*
t

i ludun P.unt Station. Umt 3 (Pomer Authont) ot'N.Y.I' Bas t anan. N. Y. M est. Pressusued manet 873AMs0 3315.000 19?t.i

i lames A. I'st Patrick Nuctsas Power Nat (Pomer Auth.wesy ot' the State Scnba.N.Y. Gl: Bossing maner. 828.000 2.436.000 1974
{ of New Yosk)'

*

% ot. Pecsseessied mater 520. trio 2.652.000 1977joseph M. l'atley Nusicar Nnt. Unst I ( Alabama Power Cof - Dothan. Ala.
i kemaunce Nudca Power Plant tWasconsm Pomes & 8 8t e Co..Ho.pnun Carlton. H n. % cst. Pse*= sued matesh
i PuNic Sensic Co.. Ndnon Gas & Liectnc Co.l*

'
' 535.t800 1.650.t 00 1974

i
e '
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1. POWER REACTORS (Continued) ['
'

- PART I CIVit.IAN REACTORS (DOesEST C) - C

.,

A. Central-Station Electric Power (Continued) -

.
-

~'
p n,. .!

~ ''"CiP88.

, mice e Unit aire. m.ne.ne. start. smut.
Nanne sadfor owne, bxassen - eentractor Type estkwie) kwit) . . my desen .

,

; La Crosse tGenual Nakar Cencrating Statavn EDaarytand Po cr t.a C asse.Wis. AC sodene weter ' 50.000 165.000 1967
Couperanvel' *'

Mame' Yankee Atomse Pomer Plans tMaine Yankee Asomic Power Co e' Wesiawet. Mame Conib. Pressunred maner 790.000 2.4J1.000 1972:
;- Mill >eone Nutlear Pomer Statson. Uma i INortheast Nutlear I Acegy Co. ' u terford, Conn. Gl* Bod.ng mates 660.000 2.011.000 1970n

Millstone Nusican Power Station. Unie 2 tNortheast Nmicar i nergy Co.3' Haterl'e d. Conn; - Coenb. tressestued mater 830.000 2.560.001 1975
Montstelle Nakar Generating Plant tNorthern States P. mer Co.s' tion tseello. \ ten Gl' stoden, mater 545.000 1.670.000 8970
Nine \ lite Point Nmlear Station. Umt I sNiacara Mola.wk Pomer Cose s' Ssteba. N Y. Gl Bodmg mater , 610.000 B.550.000 1969
North Anna Power Station. I!mt i Wareensa Ilectrac 1 Pcuer Ce l' Mmeral. Va. u st. Prosurized mater 907.000 2.775.000 8977 'e
Oconee Ntclear Station. Unte I (Duke Pomer Co.l' Seneca.5.C 19 1 % . Preswrued mater 887.000 2.565.000 1973
Oconee Nusicar Station. Unit 2 : Duke Power Co.s* Seneca. S. C. 81% Pre u. rued water 887.000 2.568.000 1973
Osonse Nuclear Station. Unst 3 e Duke Power Ce l' Sensa. S. C. Bin Prosorued u ater 887. tid 0 2.568.000 1974
Oyster Creek Nuclear Power Plant. Unis I derse) Central Power a Toms Reser. N. J. Gl: Isodens u nter 650.000 8.930.000 19h9

bght Co.)*
I Pahsades Nusicas Power Station. tJast I tronsumers Pomer Co. os South klasen. Sleets. Co. nib. P cs,.es2ed maner -668.000 2.212.000 2978; 3

6d Meelugan s' .
,

Pcxh Bottoer Atemec Power Sistion. Unit 2 ePhela .elphia iIcetree Peach Bottoni.Pa. Gl' Boel ng water 8.065.000 3.293.000 1973
*

3 Co.. Public Servict liedric & Gas Co Ael atic City Isecurie Co
an? Delmarva Pose: 1 Leght Co l'

Peah Bott..en Av..mie Power Statiori. Cn:' ) sPhsfadelphta Llestree Peash Bostorn.Pa. Gt' Boelmg mase 1.065.000 3.293.000 8974
C.a.. Putd Ser sce I.lcerse a Cas Co . Atlanese Cite I lestric Co..

' and Ikimassa Pome. A Light Co.s'
'

Pdgrim Sta.t.a. 'anat I e lloston I deson Co.l* Plymoesth Mass. GE Itod.ng water - 655.000 1.5#8.000 1972
) Pomt flexh Lica Plant. Omt I t%esconsen liestric Power Co. Two Creek s. n es. West. Pre wrized =ae r 497.000 1.588.000 1970
i and Hiveons n Machipn Power Co l'

Posat Bexh Nuclear Plana. I'nat 2 eWiwonus Ilectric Power Co. Tao Creeks. Wes. it esi. Pressestered mater 49'.000 1.518.000 1972
and newonsa., Medesgn romer Co l'

,

,

P.astic l> land Nucer Generaemy Plant. Omt I e Nortlwen States P.sme Ce t' Med %eng. Mmn. % cst. , Prewursaed mater 530.000 1.650.000 8973 I
Prairic liland Nmican C-amerating Plans. I'nst 2 (Northern $tJtes Power Co.6' Med % my. Sle.in. % cst. Preworued maser $30.000 f.650.0n0 1974

3
;

; Ouadrities Station. *;nst I trummon=calate I dm.n Co. an4 soma -islino.s Cordo a. til 01: es. img mater 789.000 2.51l.000 1978-

Gas a l'acetric Co.)' '
s *

Quadraties Station. 'Jast 2 trommonwealih t'down t o. and lo a .let no s Cordo a. iti. GI- sto.l.ng mater . 78).000 2.518.000 1972 ~
s

| Cat A tiestric Co.s* .

j Ransho Seco Nie6 tear Generating Station. Unit I eSacramenio Munie: Pat Oay Stanon. Calet'. 81W Pros = rued mater 918.000 2 56*.0n0 1974i Utility Distreet6'
,

i Rotwet I mmett Ginna Nmicar Power Plant. Unet i e Rothester Cas & Ontarso. N. Y. H est. Presweeaed sseir' ' 490.000 1.520.000 ' 1969? flestric Co.s *
S2lem Neste/ Generatsac Station. Cnet i erutdie Sersact Liectrie A Saleen. H. A % est. Preswesaed mater I.090.000 3.350.000 1976

, i Gas Co.. Phdadelphea e lectree Co.. Atlantic City I lectree Co. and
Delmarva Poect & Light Co.l'

t

!

%
***4 >
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. San onotre Nudear Gracrasmr Statson. Cnet I sSouti.esa Calsteemia San Ocmense, rahf. E est. Pressurized maner 430.000 1.347.000 1967
'

I dm.n and San thcro Ge & I lectrat Co#**
Saurrearport gi..mn Power Statmn < DOI and Duieuons tarht Ce#
St. I usic. Imit i 111..rede P mys & Larht Co# ~

Sh'PPmrport. Fa H ess. Pro *arered .vates OL.000 236.600 1957
l era i sense. I la. Comb. . Prownsred mater 802.000 2.570.000 1974,

Suu3 Powr Station. L ms I e 5 srginia i Icettse & Power N 3' Gra.cl No L. Va. H est. Pressserued water 822JI00. 2.441.000 1972 -

Sat. . 1%we Sunson. Lnse 2 s t arranu i kctre & Pour Cof Gee.-l Nak. Va. % est. Presurued maict 822.000 2.448.000 1973
"

l 1hrce Mdc lend Station. L:nis I stictropchsan I dnon Co# \taldktow n. Pa. B&W Pscsweared mater 8119.000 2.535.000 1974,

leopn husicar Nnt. L'nat I (Porstand bencral ilesesas ( o.. I eseenc Pres oas. Oscr. H on . Priseur: red mates 1.130.000 3.423.000 1975s

|' %ater & 4 ks erec b.ard, and Paest'sc Pe .ve & Lwho ( o l' 's
' '

Tu Lc3 Pomt . ~.ison. tIma 318 lossJa Pow: A Lachi ( o * I loreda (sig. I L. West. Prenarised aster 692.000 2.200.000 1972 +

Tus' c3 P..sas Seatmn t.ne 4 silorada Power & tight Cus' Ilor Ja Cs 3. I la. % est. P,essurued maser 693.000 2.200.000 1973.
'

Vernu.no batee Generarmr Seanon iVermons Yanka Nuskar 19mer h*on. Yt. GI hoshar mates 514.000 1.593.000 1972
( .*f j* )

'
.

*

braccatome Nuclear enuer 5: anon EYankee Atomsc I Iccanic Cof** Itone. \ taw Mos. Presurteed water 375.000 6 % 000 8%0
Is..n 5: anon t'nst i eCosmnonucalth I deson Cof / son. til h ot. Presurssed mases 3.040 000 3.25(ifwe0 19*)

i Is..n bas .n. t m 2 4( ommon=calth I deson Ce l* lion. til H est . Presurared mates - 1.040.0(We 3.250.000 1973
s

El ING lit II.T.

'
thm % . Vogtle No &ar Nnt. t net I eGeorena P.,we C . l' w as no%r . Ga H est. Preuersted water 1.810.000 3.425JetWe 19 9
Ahm H. 5 orde husicar Plant. Cnst 2 aGeorgia Po.sce tuf H a3 not.nto. Ga H ess . Pressurued mate 1.110.000 3.425.000 1985,

' Arkanw %kar One. t;mt 2 s Arkansas Pomes & I sght t .ef flowethille a L. Cemb Psessestored m2ser 982.000 2.815.0M 19'8r'
lbstas (.cneaume Stata.n eNorthern indsana Pubtre Se sec. Cof t oechesier, a nd. GI & alms 3 aver 645MWs 1.933.000 - 8952
skasce blie3 Power Stauon. Cnst 2 eDuquesne Leyht Co.. Ohio I doon Co.. Siorpenspore. Pa. Heq hosurned mater 852.000 2.660.009 1962 ,y

and Penm3hania P..we Co# '

I itcIlessnie hicar Nne, l' nit I (Tennessee Vatacy Anchorst3l' Scottsboro. Ala. B&H hessurssed water 1.233.000 3.621.000 19so, , , , i
as ik%% % lear Ana, s*nse 2 (Tennessee Vaticy AutinarityP Scosesborc. /.la. st&% Pressorated mater 1.233.000 3.628.000 1988 *

f use.im-d Su. un. t|ms I econ. .=onme/sh I.dsson Cof Brandm ood. lit. % e* . hetsurated mates 1.520.000 3.425.000 1931;

! Hassom.-.d $sanon. t nas 2 aCommonwealth I dnon Cm f Bsand w ood. lit % ess. Prewersted water 1.120.000 3.425.000 1952'

It3 *..n Sunson. Uma i sCnmnw.calth I deson Cof B3 ron. Ill H est. Preso rized mates 3.120.000 3.425.000 19e0
the n Stauo .. I me 2 eCommonacalth I dison Cof Bt ron. !!! H est- hessu szed mater 1.120.000 3.425.000 8952 {( aflamn Nna. L'n.t I e Omon I ketree Cof I utson. Sto. % est. **sosu'usd mater 1.520.000 3.4 8 8.ts00 1958 |

| ( alw n Nns. tfnet 2 :L.num iIcearse Cof a utsen. Mo % ess. hosurued mater 1.120.000 3.4 3 8.t:09 1966 '

Casamlu %kar Stauon. C.nt I tiruke Pows Cof 1. ale u s ik. S. C. R est. henurued wates 1.145.000 3.481.000 1998 |
| Cat,mtu hkar Station. L'ns: 2 f Duke Pomer Co# Lake % slee. S. C. % cst. Pressurued mates 1.545.000 3.481.000 8982 {

'

j ChcieLec%u*ar Stainm. Lines I : Duke Pour Co# Cherokee Counsy. 5. C. Comb. Pressurhed mater 1.260.000 3.800.0t:0 1963 i

Cherokce .su. sear Statum. Umt 2iDuke Pows Cof Owsolec County. S. C. Comb. Pressurized water 1.280.000 3.800.000 1965
ChesoLee Nusicar Stateen. Unti 3 iDJLe Pour (of Ches. Lee Coun 3. S. C. Comb. hessurued water 1.280.000 3.800.000 8968
Chnson Nuclear Pomes S.auen. It,se I sillmo.s Pows Cof Cl.nton. ill Gt. Isostmg m ater 933.400 2.894.No 1961

'

Cisnton Nuclear Pow Statson, thut 2 lithness Power Cof Cimion. Ill GL Bodmg maner ' 933.400 2.894.000 1967 I
| Comanche Peak Seca:n Liestrec Statson Unit I (Tesas rows & Gien Stose.Tet wess. Preswrized water I.l50.000 3.411.000 1960 i

! tishi Co. and TI'.SC & DP& LC)* :|*

! Conunche Peak Stesne ticctric Station. Unna 2 tTesas rowe & Glen Itose. Tet u cst. Pressurhed water 1.850.000 3.418.000 1982 ..e..

| Laphs Co. and Tl SC & DP&LCf -

*

,

Dam- Bow Nusteas Pows Stassun.Unst 2 (Toledo Ldnen Caf Oak Harbos. Ohio it&W Pres erned water 9M.000 2.772.000 1985 '
,

Dam - 4csse Nuslear Pour Station. Unit 3 (Tc4edo I dmin Cof Oak Harbor.Ohso B&W Pressurked wate 906.000 2.772.000 1981
'

r

I.
Diablo Canyon Nuticas Pow s Nat. I' net I (Pacef'sc Gas & l'icetree Co ? Diabla Canyon.Cahf. West. hestatued water 1.084.000 3.335.000 1978 I

Dubio Canyon Nuslear Pows Plant. Umt 2 f Paesfec Gas & Licensee Ce f Dsabio Cant on. Calif. West. Pressurtzed water 1.I06.000 3.413.000 1976'
Eda en 1. Itassh NucIcar Plant. Uns: 2 (Georgia romas Cof ha dey. Ga. Gl: Boehng maner 795.000 2.436.000 1978
f.nrsco I cams Asonuc Pons Plaat. Unst 2 (Desseil 1:Jsso C .? Newport. kisch. CE Iloihn8 mater 1.093.000 3.293.000 1960
l'o Led Reser Nuclear Genesating Station, Unit I persey Centra' I oeked atswer. N. 3. Comb. Pressesrized wates 1.4)70.000 3.390.000 ' 1982<

( Powes and terht Cof
,

;
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1. POWER REACTORS (Continued)
'

'

par.T 1 clVILIAN REACTORS (OOasESTIQ
; A. Central-Station Electric Pomw P'.winued)
|

|
t -

% ,.; Preinspal,

. misdest Unse ssee, st escoor. . Seset- Slems.
Nasme andfor weer locaeme contractor Type . net k %let kW(tl . op , does

.

i

1

.J
Grand Gut ( Nusicar Stanon. Unit I thiess.ppe Pome & Light Co.I' Fort Gebson. Es. ~ Gl. Is. hne uatcr 1.250.000 3.8 33.Of wt 198I '
Gaard Gulf Nasicar Stanon. Uma 2 thsemppe romer a tight Ce l' Post Genon. Es. GI'. Iso hne maner 1.25se.fM80 3.al3).00's l'ita
llartntile A. Unst l' Tennswee GI ~ leo.l.ne mater 4.233.000 3.5 8 3.4'W e 1982
liar >ville A. Ones 2' Tenno ce GI Is.ainne uaver 1.233.000 3.5113.0ips les3a

liartsulle B. L*mt l' Tennewee Gl: 14 hng mater 1.232.tiUO 3.583.00's 1942'
lisatssehe B. Uma 28 Tenne w e Gl' is. I ne mater 1.233Jh80 3.583 fan' l'11:' flore reak Nuskas Generassag Stasson Unit I ePublic Senese Ilessrse1 Sales.v. N 1. 68 N hng maser 4.06 7.t>O 3.293.00's 1993'

Gas C l'

Ilope Creek Nuclear Geswrateng Ssaison. Umt 2 Pubtw Sensee i kesrae i Saleen. N. I . . GI m lm, maser I.oe>7. boo 3.293.eion l985
Gas Co.l*

Janeph \l. I'4: ley Nusicar Plans. Umt 2 i AGbama Power Co.e*
. Dothan. Ala. M ot. PrewursecJ water 320 W00 2.652.eino 19so

1.s Salle County Nmlear Stauon. Una I eCommonwealiti i Jnon Co.l' Scncea. Ill. GI' It. hne mater 1.078.000 3.293.J00 1979
I I' b*lk County Nestear 5:4 ion. Una 2 eCornm anucalth "Js oes Co.s' , Scacca. Ill Gl It I.at us <r 1.078.000. 3.293.000 8980H 1.emerick Genetari.sg Stanoon. Unit I tPhaladciphsa l tassic (o e' . Pot tuon n. Pt Gl' - Itoshne mater I.065.010 3.293.000 l'13y LamencL Genmeing Stanon. Umt 2 iPhdadelphia i lectrec Co.l* Pottstow n. Pa. t.1 S.ehne mater 1.065.000 3.293.000 ' 19N5
8 %Iartile leill Nuskar Power Station. Unit I e Pubtse Senice Indianal' \taJhon.InJ. uot. Pro urucJ mater 1.130.000 3.425.tKal 1952

Slastsic !!dt Nu kar Power Station. Unit 2 e Publac seruce InJaanas' \tadawn. Imt, noe . Pres.nearcJ u sect 1.130h00 3.4 25 Jerw* 8984-
s

'1'

Wilssone Neste.r Pomes Stanton. Umt 3 e stdl. sone Po.nt (2s' u sessorJ.Comin. H et. l'ec- estercJ water 1.1546J10"1. 3.43 8.aWpl .19%a

Nme \lde Poen Nisskar $sanon. Ums 2 tNeagara \losumL P. uct Corp.s' $snba. N. Y. Gl' N lene mater 4.099.3e0 3.323.omt 8942North tan Power station. Umt 2 t\ ugmsa i tatrie 1 P..mer Co.s' ilincial. Va not re. w.rere,a m aser vd*>800 ' 2.7?S/K'88 IO
North Anna P..uct $sau-an. Unas 3 etarrma ileetre.:A Power Co.s ' timeral. Va. IRAu 8%%i.nz:J maect 997 mio 2.638. vine 19nt/
Nossh sana P.mcr Stateon. Unit 4 eVirginea i le(sn A Pouce Co e' iteneral. V4 Itru Pse.-urized 34ses anotje00 2.t>3 8.eppi lun)
Palo VerJe Nu lear Generstene Station. Onse l e % rtzuasa Puedae $cruc u mscrsler;. t res Comt- Ps: enscJ uater 1.237700 3.18 7pM 1933

Co . ICal . MR P. P:nN\l. s:Pt Os*
P lo VcrJe No Scar C ncraung Seasson. Oms 2 e snzons F* *.he Senese Winnerstwere. Tres. C. sed. Pre..unscJ m ster I.23 7.78hl 't,s l ?jnps 1954Co . TGal?. 5TR P.gr5N\t. LPl Cs'
Palo VerJe Nu lear Generanspir Station Uma 3 e into:sas e.he Servwe u satcesburg. tru. b ant. Fre..unicJ mater 1.237/00 3.18 73NM 143

. Co . TGAE. STR P. PSNil. FPl CD'
Perry Nuslear Pomer Plant. Umt i eClevelanJ llectric silumenettne Co e' Perry. Oh o Gl. it.**wie aater 1.203.000 ' 3.379.9eWB l*11
Perry Nusicar Power Plant. Uma 2 sCleveland Itecune Illumenaten;Co e' Perrn . Oh.o GI th==m ,aner 1.205.4100 3.579.000 19stb
Phspps iknd. t net t' Tennosec UI Enha asser 1.233:.400 3.$ A).*MMI l*sa

.

Phipps BenJ.tinst 2* Tcano ce UI Is..es n: sates 3.23 3.tnIU 3.383Asoil a945
Staver tienJ Station. Unit I eGuM Staso l.edano Co e' se t ranse vdic. L A - GI mahne maser as34/nN 2 *:14.s10's 1*m)River llenJ Stasson. Cast 2 eCult' Seases Cast.sen C., s* se Iran.csdie.l.a GI Is.. hee s mics 934.tiO4 2.:iv4.swks 1994
$akm Moskar 6cncrassne $satson. Unet 2 s Pulda. $s-nese I testrae i salesa. N. J u i. Pre. srered mates I.Il5/mmi 3.423.9015 1979c

Cas Co . Phdadelphia F Icctrse Co.. A tlantic Csts I tecesc ( u . an.I
Deh.sarva Power a i erhs Co.t*,

San Oncese Nu#as Generating Seasson Cn.t 2 e$.nset. n California San Cleanents. Caht Comes. Prc nicJ = ater 1. l t,0.elHG 3.4 Io.Usht laene
FJawn Co anJ San Diego Gas & I lasus Co.s*

.

~ M ~
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1. POWER't REACTORS (Continued) * *

PART 1 CIVILIAN REACTORS (ODesESTM3
'

A. Central-Station Electric Power (Continued)
i.

'

Pbwer*
*

4 nacisar - Unsa see. Amceer. Start. Shus-Narie and/or owner -4
. taenteen contractor Type see hMe) etwis) - op alowe

Blue ildts Seasson. Unet 2 sGulf Stases Utiletsess' Jasper. Tet Cosnb. Presseenzed water 9 8 8.fP'O 2.8 8 4.00tp Icelet.Casa.ena Power & Lecht. Unit 8' North Carotena isA% Pee sesr red waser I.t 50.0tw lade f.t'aruhna Power & Leght. Unos 9' North Carchna B&W Pre wntcJ water I.150.000 Inde t.Carolena Pomes a I e;he. Unet to' North Caiobas B1W' ' Pro urucJ maser 1.150.000 lade s.| Ciench Reves Becrtier Heat eos Plant IDOI l' Oak MsJge. Tenn. - t.*esa. ; Sweemm soule ' 350.000 ' 975fs A lade s.'

ten brecJe*Doucta Poens Profess Nasicas Generating Saario.a. Onet I *Posema N anymoy. %8 Gl; iswehng waso I.8 78/JM 3.5 79.tn's InJes.I hane Power Co e' +

*Douctas Point Propa: Nutlear Generating Station. Unos 2 ePoso-nx Nansemoy, *JJ Gl' - Bo.irng mater ..I 78.tm)0 3.5'9.9t7) a ndet.Flec son: Power Co. e'4

j Erie, l*na. I sOhio I Jsson Co e'
heshn Inc.ches. Ohs. Bi% Proserited mater 1.260.900 3.760.08MJ l*'95I;.c. Unit 2 80heo LJewn Cof

4 Berten Heecht Oheo BAW Psewanmed water 1.260.000 3.760.000 844?Gecces County Neslear Powel Pt.res sFomer Authos.y ce Stav oa' Cemerion. N. Y BAW Pro urued water 1.212.000 3.600.000 1914j g New Y. sk e'
9-* Green noJ l nerey Center. Umt 2 (Detroit 1.Jnon Co e' Whigan B&W - Prewunted waves I.200.000 3.6n0.000 39t?$ Gacenmood I.ncrg) Center. Unis 3 :Dessoas ! Je on Co a* hheean MAW Prowse.ed waser .1.200.ou0 3.600.000 19Wj 3 f t aven Nusleas Plant. Unat I q uFewonssa I lestric Posts Co . II.soen. Res. Wes. Preswrired water 900.000 2.?35.000 s937

,

HIPS. RIPL 1 \l 4Gl l'
i flaven Nusk as Plans. Ones 2 tWeson er. a accine roues C.. - Ha en. H s H os. Prewented masce 900.000 2.735.s*00 193*i %IPs. HIPt 118 tGI s'

" v

-

bme-Pors. I. not I e Lone Island I ochtene Co e' - Samopoit. N. 4. We a. Preswrued water 4.150.vC48 3.4 I B.900 e994hme-port. I m 2 Long Island Lighung Co.p* Jamoport. N. Y. Woe. Pse=urueJ waser 1.150.000 3.4 I l.000 1916[ ilonsague No tear Pomes snaison, t.nas t * sionsacue Ptam. % t,l. . st.naang saser I.130.000 3.5 7v.900 89*4! tionsague No teas Power Seasson Une 2* \toniaeve Plaen. % <. Gt Bueleng maver I.s 50.00" -3.579.000 8983Ni P. (*not 8 *New I ngtanJ Pomes Co.e*i ,
Chartosomn. K. 8. Wot. PreuunacJ ater I.850.000 l*94; %I P. t nat 2 eNem ipgland Pomes Co e' Charh.seven. R. I Wes. Pre- unted maser 1.150.000 19 %| New Yoak State I herse a Ga Unit l' g..Coenh. F*c. urised water 1.2A.ts00 Indet;[ _- New YosL State i lettree & Cas. Unia 2' "'

Cuenot Pre.maued water t.250.000 Indet.
'

1990 t nei s Pubhe Serve 6e I la ten; A Gas Co.. N. Af Undetermined H on. Pr ..unted wesec t.150.000 3.425.00** 19934993 Unit tPutdse Servise t lesene A G.is Co N. A e' UndetermeneJ Wos. 7xswntcJ water * I53.000 3.425.000 8995
i

-
Nwth Coat Power Plant (Puerto Maco Waser Roouno A shorss3 s' Arecitw. P. M. s on. Prewunred maser 583.000 5.785.000 Indef.

.

Pamatic Gas.h I sectrie Ca.L'a t l's Cahabenta 61. B.,.lang water f.200.000 3 323.000 snJee.| Psiti Gas & 8 ges re Ca. Unst 2'a

Cahtornia GE Bwleng mater 1.200.000 3.323.00ee InJet.
-

Palo Verde Mwlear Generating Stats.m. Unst 4
%.nactsbuse. Area. Coenb. Prew.netacJ msect . l.237.700 3.887.000 Ivss| e Aruuna Pubisc $cesese Co ICAI .5I RP. PSNil. I FI Cs'

j Palo Verde Nu. leer Generating Stasson, L~nes 5 Hansersteury. Asir. Conib. PsewunacJ mater t.237.700 3.s3 7.0880 1990( Asiaona Pubts Servate Co TGal $1RP. PSNW f PKs'
Pcbble Spangs. Unse i ePostland General F lestn; Co e' Aetisyson. Oseg - BA% Pro ettacJ msee. I.260.000 3.600.000 t985Febtac Spnngs. Uns: 2 : Portland General a les erec Ce *

Arknaso.i. Ofer. -BAE PrewunaeJ maser 1.200 000 19'is

i 5
.

.
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Peskens Nusican Statecn. Unst I (DuLc Pomes Co e' Davec Counsc. N. C. ( omb. Pseweeneral m ater 3.280.0U0 3.s00.000 1984

Pcrkms Nusicas Stanon.1: net 2 e Duke Pomce Co s' Da= tc County. N C. Comb. Psewunred mater 1.28'.).000 ' 3.s00.000 L Ive7

Perkms hos tcar Station. L;nst 3 e Duke Pomes ( o e' Dwer Caiunt) . N C. e 'om b. PrewerwcJ waves 1.28s0J:00 3.h00.000 99#9

Petenm $satum L'nes 2 s Bles eun 8 Js on t w e' Pts niovit. Ala-. ( caseh. - Pseuunted 3 ates 3.1 MO.Ones ,t.45 000 l*s) >

SLaces Nu scar Power Psomt. I. net i 8Purc8 Soun.s Pemes A i scht ( o s' $cJro h oose) . A aJ . GI boeleng m aner 1.288.000 3.800.000 1985
.lfee No,.kas Pumes Pro ct t. I' net 2 ePup a $uund Pomes & L oghe Ce s' ScJree Y. sas4tc) . % eh - C.E Buding macer 1.28th.000 3.se00.000 1986

e

Sunakwrt huskar Plane. L'ain I e$an bacro Gai & 8 ess tres ( c e' Seis she. 04ht. 4 cst. Psenasn cd mater 974.000 . 1984'*

' wensk ces husicar Plant. L'ast 2 e$an DnyoGa 1 I se era. t o e' Itn else.t ahe. % et. Pseuenred warcs 974.000 8955

% anJalaa Nushar Psont flowa Poucs & Lerht t o toma 's&% Prewenred wages I.270c.W1 ladef.

4 weascJ l les arm: Coopenatswe. I L and ( cnts at -
tema Pomes Cuoperative)'

j

i %ith.em || lemmes Nu kas Pom.-r 5satson. L nn 2 e8 en ennate Ga- 1 Oh*. t,l busher aster ~ I.170.000 1989

,.

i k.stic Co P -j
; % s itom i seck. t ns: I t er mth. tlen Comb Peo ontcJ uatcr 1,25$.009 A88 7.00ts f * R48

! % a dos (secL. I nas j' ( or.ath. Sten Comt*. Psc%ented u ates 1.285.000 3.517.000 1985 ,

I

|- Sill *T DOWN OR DIS %iANTIi D
Sea .on a 43 0 and riserte A s o % ases Po'ea fler. . P. R . (omb. Isoihn; = 4tes 16.50se 50 000 1964 1968

| Hmtm; hus kar Superheatc. Fome e

Mc ousse Authont> P** enscreal nocicas
-wrceheat

u na. Pro orc eshc. 17.000 64 000 1963 1967 .-
>

''.orohna- Vosgmea lute Ncastor tfarolinas-Yasprua %uskas Pomes Parr. ) C..
;

| A ww sale Inc.f'* * * tocavy mases ;,

I IL H nce Reactor t Al-( and Rus.ol( cops ratswc Pomes A=mesisone*** * * I IL M ess e. \lesen AC Buehnt m aser 22.000 5 b.200 a962 1968

; I e n o I carne Asomic Power Plane. L' nee I sPom'cr kcas aos lacsclopmcas t acoona Isca.h. Sh.h PRDC boJhessnoolcJ. (as 60.9008 200 000 8%) 1973,

| t 'o e' *
j I II flain Nus! ar Power I acelity. Sheldon Stasoon e At 4 and Con umen Pol 4k Hallam. Nebs. Al $oJeum grapi.etc 75.000 240.000 3%2 1964

| Poun De inces***
P PashimJes Comes Plant eNorthesa States Power Cof Se.=en I ala . S. Dak. AC Bushs c mases SM 500 190.000 1964 1967
I Pca.b lootion 4somic Pomer Station. ( nes i ePhot.J.iphia i k.see. C s'-* Pea h Hot %sm. Fa G\ Horte scenperatuse Jo.ts00 I I S.00's 19 fee l974

pa soolcJ
#

Pa.gua Nu kas Pomes t .n stets e Als and Ces) es Pe.nuav *'* Pugua. Ohno Al Orsanos .ooled and i 1.4no 4.".500 196.1 1966
d

neuJesated

f

: B. Dual-Purpose Plants
f

OrfRABLE * .
[

|
N Rcx tur e DOI. anJ Y.4 hongeon Pubtae Pome 5.appt> SS-tem ** R echtand. Wash. l'NI Graphenc b 0.000 4.000.000 '963

bl.lSG BL18 T
% klaand Nusican Powes Plans. Unie 1 EConoemen Power fu e1 % hegae:P''' SledianJ. W h. B&W PrenunicJ m ater 460.000 2.468.000 1981
MadlanJ Nos kar Powes Plant. te st 2 (Consesses es Posse Co. oi WheganP * * Siedland. Slash. B&%' PecuussacJ mater 813.000 2.46h.000 1980n

C. Propulsion (Maritime)'

f
beausnesen

hs. scas shaft e ewec.' Start- Shus.
j .

hursepower WW - er down
* Nasne and/or om nes . Jewsnes . Shephedder Typ

i
| SillTT DOWN

Nus kar Stup SAVANN All Olansune AJneennesateonf Bi%' NYSC Psosomed water 22.000 80.000 l%I 1971'

.

; uisi , s. n..o e.sm so c nc.i.

.-
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~' 2. EXPERIMENTAL POWER REACTOR SYSTENIS 8' ART 1 CIVILIA!! REACTORS (DOR 4ESTIC)
>

'

~

A. Electric-Power Systems;

Principal.

amicar Plant. Ilearsor. Saaet- Shwe.Nems(a5 owned by DOE escept as noteJi Dessgaatsun Location . consawser Type net m% eel kh(t) . esp . ~ loe na

d OPERABLE
.

Empenmental lsreedes Reattor No. 2" - FBR 2 INE L Sese. lJaho Mit 5.sdeum taded. let L.MI 02.500 E vh ) ' .
,

'

SillfT DOWN OR DISMANTLliD
tOosting Remstor t spenment No 1 BORALI INF L Sete. lJako - A!d -itostang m ater No cIcc. 1.400 895) 1954'Bo.lsr g Rextue t sponment No. 5 MOR.tX S INI L Setc.lJaho ANI. ft d.ng uaece.entegrA 2.400 !UlfM) 1962 8964

seeskas preheat
[Bo.hng Rextor i sprnments* * Bott W-2 INI 1. $sse. IJahu ANL isosisug umece 2.4880 R$.5sMI IV$4 ~ 8954i .). 4

LSAD\ Wilesatos I;spenmentaisuperheat Rasoe- EVE SR Pte manson. CAss'. Cl. Laghe. maser mA.asca. No etee. 17.osMs 89%) 1967
i

si.mpise Stato Atomm: Development Asmaases -uperheasce
and General Lketnc Company s'

e spessiaental Berylhem OssJe Reaesoe'' ItM)R INil site. idal+o G4 Cas omot<J. Iseo N p elee. 19880's T. ems.
me kraseJ nascJ

{ l.spenmental Boshng Water Rextor'* & Is% R Arconne.lil ANL Bo.bne u aser _ 4 ?W l*W.t>M IVSes 5%~
. {l I speramental Breeder Reas tor No. l** I UR-l INI L Sese. IJabo ' A NI. AsE so deJ. Base I S'D 3.4'M9 1951 I*a

| [ Expenmensd Gas CooleJ Hexsor'' -ICCR Oak Ralre.Tenn. El AC Gn suolcJ. cre nse 2'.99'8 '54.300 T erme. fe

{ w anmktascJ natcJ !I L spe.imental Oeganse Cooled Reator* * I Ot it INI L Site. IJaho I luor Tl Organas coolcJ anJ Nt eke. US.uust Te emi-
; inoJesateJ n.eted
i ifcavy Water CoenponenS Test Reassor il%CTR $avannah Rncr Ju P..nt Pro unicJ heavy N.s eks. 41.1871 8**2 1944 ?

I alwfatus). water

.blen.S.C. ,

flonnoysncous Rextot 8.spenment No, t . . IlR t~ 8 Oak Red-c. Tran. ORNL b occi s so.s.n+ eneinas t40 1.*8"O 1932 IV!4 ~ tl
oteanonei O,40.e

flomogenruiss Rextos Espenment No. ilRL.2 Oak Raice.Tenn. ORNL 3.aucous Amioune mus - 300 5.200 195' $*f ~ i

;;

ohns .i o,w. a
LJ. Alamos Stolser= Pigsomem Mexsos i spennwas 1. OIP9t l -1 .Los glamos. N. %f et IASL 9 ast setolten peut.sneem No caw. 1 s.M *0 8908 IVA)l

. fsseled. .Jeatr> s voteJ! Lass Alaoios Pomer Reaaos ITpessmeme No. I L APRL.I Los llamos. N. Met L ASI. A.guemas homoev.euus No cla. 2.000 I"$h 593?
j /*%hers aeds

. .Lem Alamos Power Reactor tspensnene No. 2 LAPRL.! Los Alamos. N. Met L.tSL b ocousto.un.eencous No eles. 8.0t80 8939 a939l
epho phosA a klp

| Molten Salt RextorI spenment \lSM L Oak RsJrc. Tenn. OR '.l. . %ngle segiose. : sephone No etee. 4.000 ave $ 19m* I'

enoJerasco
Organw ModesaseJ Rextor Espesement* * 0%f R L INI L 5ese. Id.ho Al Orgasen. oosed anJ No elcw. 82.000 $93' 19ht

maletascJ
Phstonussa Recule Test Reactoe PRin R a hlanJ. Wash. PV. Psessasse selv. heavy- No eke. 70,000 IW 19h*'

;
mater snoJesascJ
and comteJ -

Sasson Nisticas I spensr eneal itealot Front Sasson Pa. West. FrewesenscJ = ates 3.000 ' 2.15 ni 89e2 197'i (Samson Noticas Espenracasal Cory p' ,

,

"

.
g

*
p imek

. . ~ _ . , *. c ., _, . . . .. . . , _ . _ . , . _ , _ ,, u . _ _ _ __ _ _ _ , . . . _ , _ . , _ , , , . ~ . ,_ ,



.f., ;; , - ;- - - - - - - -
- - - - -- ----

-

. +.
- - - - - - - -

.
~

, _ , _

i.,

" ~.*^
- a > . - |

.

,
. . . . . . ;. _ . . .. .- ~

. * . i . ... . ; t _..
.

E

i
- #1

SoJeune Meat-nor i spesunent tDOL and Southern SRI Sanna svuna. Cabt . 48 soJsom reachsse 5.700 20.000 1957 1964 IJ
.

};

Cat.sornia t Jnon Co.s''
Souahmot 2 sp nmentalI ass OssJc Rsm sus SR 8 OR Sassake. Ask 68 . %I+ons s o.*J. ta a 20.000 1969 8972 ii sSuuthmes:Atome Enern Awussaacss'
tilera liari. Tempcsature Rea sor i trenment t it4RI A 1os4tamu.N w t L ASL lichen s uoted Ns, ch . 3.enas - 1%n 1970

4

Valbstas iso.hnr H aecs Rea sos General l ki tri, t stu nt 31c,,,,ason e ,nf GI Isoden; mas r .5.tn>0 33 twas t*57 89a3 f |.
e

j. Compen3 and Pa(sc Gas & I h erk ( o.s'
'

O. AilRiliary Power { SNAP)
,

Sitt1T DOWN f >R DISM ANTLLD ' lS' AP-2 DevelopmentalSystern N2D5 Seate %uuna ( eht A8 Nek s unted %. ein . Su
N

la .1 1 **. ) isSN AP.2 i spenmental Reactos %I R - Sansa Suwna E aht. 48 N4K seuled No caes. Sts 9159 19648 ii

,

SNAP.210A TSF $hseldmp tspeinment SN tP ISS 04L R hlec. lcan. . Al ORNL bA scoled 80 1963 1973' ',
i

SS AP-b Devetor nental Reacsor SnDR Santa suw ne ( e'af. Al LK souled 6fHe 1965 IP
[

.

SN Af*.81 spenmenta Reactor %IR- % snea *'awna. ( ases Al Nak souted Nu cles . .500 4%2 8965 i

! s

I %N AP-LOA 1 hght System Ground Tess No. I %Iot 5-0 L. 41smos. N. Wt At N,K sooteJ
SN At* luA 5 tarhe Systen Geound ins No 3'' S t uo k. $snia b ane C ,hi 41 LK so aco

, 0.5 39 a ve.4 8964 [
48.5 3* 5%4 5%6.iN 4 P.lut I hpht Spacm'' %I889 S-8 ise ortwe Al %k sout.-J - 0.5 3* 1965 - 1965 *SN AP-lu t i lerht System Sint S4 UA Rake. le an. Al LK sv=.icJ U.$ ' 3y s$paeep

: . . ,
j-C. Spsce Propulsion (Rover)i

1!. .

{ Freen eral
g am leas Pnu es' Yearer Des-

| Name sitl owned t>y DOE escept as noscJ) De''Faation I ut asson e untracaos .1 ype khtel opersesen manetedI

SlitT IX5W% OR DISSIANTLED '
i

loctI knwn 'IetItcJ Ni-I N R DS. No . Llast Open . s s le. cas. ous h deopen 44.000 1972 1972i jl usi l lemens int Reacter Prw ec- 8 NR DS. Nrs. LASI Open s p le. lsquhi h> Jeogen 584.000 1962 1%sI uct I tement Test Fvactor Pcw ec-2 NK DS. Nce. LSSL Orvn a plc. b. guest hetsuren S l 4.tt00 InJef. l97)
| Gsound I spenmental i ngene Lspenmens Al -Ps.mc N R DS. New. 4G ucsa. Open sp le. l qued **> Jraven t.5 00.000 8968 1969

,

' ;)Gsound LTpenmental Engme t sperycne NI -itaAug NR DS. New. A(. % cst. Open er te. hqu,J hydrerca 4.500.000 ladet. 1971 i
s

Nalcas Rockes tnFme Reactor tspenment NRLA2 NR DS. Nev. AG - West. Open s ys le. luguad h> Jrug n 3.U96.000 8964 1964 '

tNLRVAB

| Nuclea: Rocket Logse Reactor tspenment NRb43 NR DS. Nev. AG-%nt. Open sysle. hqusJ hydrogen I.500.000 1965 1965
.;

LNERVA)'

Nuticar Rocket tnpne Reaceca lapsnment NRLAS N8tl)$. Ncv. A G - Wnt. Open tysic. inqued >*deopen t.120,000 59 % 19u. (NI'RVA)
l Nuslear Rocket Engine Rearsos t'spenanent NRN.46 NRDS New. AG-West. Open cys te. Istreed hydrogen ' l.199.000 8967 1967| tNI.RVA)
{ Nulcar Rocket res-tor Engine System Test NRLA4/EST Nit DS. Nev. AG West. Open s ysic. bigend ans dragen 1.355.000 1966 1966| tNIRVA)
! Nusteas Rocket Reactor Ltpenment KausA NR DS Ncv L ASt. Open cycle, gaseous hyJsogen 70.000 8959 1959( Nuctcar Musket Reactor Emperiment EmiAPnme NRI)S, Nev. LASL Open sysk.se coes hyJeopen 85.000 1960 1960 '5

,

'

Nustea: Rocket Reactor Experiment Eswo-A t NM DS. Ne*. L ASt. Open cysic. ga cons bydrogen 100.000 1960 1960 t( '
Nwlear Rocket Reactor Emperument - Eswi HIIB NR DS. Nev.. LASL Opca cule. Inseed bydeagen ' 960.J80 8962 1962

Nusicae Raket Meactor Empennient Kews-lll A NR DS. Nce. LASL Open syste. gascons kydrogen 30'f 000 1961- 1968 *'

t=

'f
|>
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r. J 2. EXPERIMENTAL POWSR. REACTOR SYSTEMS (Continued) - PART 1 CIVlUAN REACTORS (OOneESTIC3
~

C. Space Propulsion (Rover) (Continued)
.

.
1 PrW

*- .mseu me ' ve., or De
*

Name (as owned by DOE eacept as notedt De,spnesson Lacaense comeractor Type kW(s) opsenessa seemesses
*

,
- - SHUI ^ DOWN OR DtSM ANTLED sContinueli i

Nakar Ral.ct Reasoe i spenment Kese us A ' NR OS. New LASL Open sycle. hq..d hydrogen 500.000 1962 1962' ,;

.

Natear Rocket Reasos Esperimens E swa-84 D NM DS. New. LASL- Open cytte. beeed hydrosee - 2.000.000 1964 ~ I M4 ' ''

'
NmIcar RosLet Meactue Espenment Krwe Hat .%RDS.New. .LA5L' Open cycse. t ginni h> Jeegen 950.000 1964 '1964 ,,

Nmicar Ros Let Meactor tapenment Phoebus 1 A NM DS. New. LA%L ten cytte. a.,t ad hyJsv _ t.070.000 1965 8965 ;

Nusteas Malce Rextor t spesanent Phoctm IB Nlt DS. New. LASL Open s,~5e. bie=aJ hydrogen 4.400.Ues0 1947 1%7
Nalcas RmLc: Mextee t.spenmens Plimtms* 2A NMD$ .New. L 45L Opre cyste_ % nend bydrogen 4.200.0no 196s 196#.

.
'

i-

, _

3. TEST, RESEARCH, AND UNIVERSITY REACTORS
. . .!

A. General Isradiation Test
t

: w-

,

a Prmc. pas, ,

a . mica, . p ev.* semes. sm.e. .1 >

f
I

Navne andfoe omnes Desegnae.on Losse on comenesoe operse.e Type kW(et up do=a

esFt RAltLE
_

; . Advanad fos Rexnot eDeil e s1R INI L. IJaho Ltmo - B&W I G1G iD . Tank 250.000 ~ 19686
'

t nyincer*ng fest Rexsor tDOI ** s iTR INI L. IJalio - KE:GL tGAG ID TaAk I75.000 1957-

i
- - BllN G Bt:II.T

~

i l a,t I liss Icss i Ades) etM)I e 0 I ft tr hland. WaJa. HtDL fitDL Sodsom 400.000 1979e

* cooledv
d

esitJT DOWN UK DLSMANTLtD-

} General Elec.rw Tessen.: lacxsos* UtTR Fleasanton Caht ')* nce Owne: Tank 30.000 8958 8977 ~ i
Slasc.a els T smg RcAtoe tiMt s* * M IR

.
INF L. idaho - OM NL - A NL - nsaw.Knos INC- Tank 4 0.0410 1952 8970

1%ee atrook Mexsoe I Adssy eNAS %s' N %$ A.f R $ andesky. Oheo NASA NASA Tank 60.000 39et 8974
'

Wesemghoisic Tesamt Hextos' WTR Wale MJJ. ra. Omner O wer Tank 60.000 8959 1962 $

-
i

_ I

4

1

* I
1

V

4

. * .# * . * $ 6

.~.._..J
- ,

__ _ _ . _ _ _ . .
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B. High-Power Research and Test
.

Preuipal
if nuclear

.
Pm.' ' Senet- Shut.

Mane an#for owner Drugneeun ' taae.on - u evacter Tys-r thgel op' doen*

.

Ort k ABLl' -

~

Argonne Nest assh Reaceus eDOI I CP-5 ' Arranne. III. ANL Hears water - S.000 1954 .
tsrookhasen llegh I los licam Revanh Meacsor eDOS e . 141 HN 1 pawn. N. Y BNL ' locavy us'.es ,40.000 1965'

hre.Lhaven McJacal Newars h kcactor el Og s Itst RM Lpion.N.Y. Day = rom Tant 5.000 -3939
lin:h I tus Isosope kcastos iNfl e lit IM Oak R eJte. lean. ORNL Tank Iles trap 100.000 8965
LesonA isuecau of StanJards etcacto.' X tfSM Gsther+ess. MJ SilS - B& R Heavy a ster . 39.000 1967;

Oak kadre itescaah Mea see e DOI I ORM 04L M sdre. Tenn. ORNL _ Tant 3tp.orsu 1958 !

| Omega Ens Heactor(D(M l WM I es 41Jmos N. Met LASL Tank 8.000 8956 *|~
t t num t ast ade Corporaison Mcactor' (It%R Secshny I ovest. h. Y. A*!!' Pool 3.009 196I - |

| .i

SiltIT DOWN OR DISilANTLLD
,

4 mes Laboratory Resears h Pearsos a DOI 6 Al MR A mes. Iow a AMI- Heavy water . 5.000 1965 1977
; isA% m L A H elcos hus kar Development Cen:cr icss Mcas tor' :3 AWI M ispshburg.Ya Om ner Pool 6.000 1964 1978

{ Brookhasen Graphite Mcv srste Pea tot e DOS p 84C R A ' I pean. N. Y. BIKI Grapheve 20.000 . 1950 1969
| Indusanal Nem for Laborasoren. Inc.* Ptsenstweso. N. J. AMI Pool 5.000 1958 1975 .

'j Sandia l nymcenny Meactos e DOLI SI.R LesitanJ Al B.i ass.N. Met Sandia Tank $.000 1968 1970
i

!. 8
a ,

b,

e un
.

I C.-Safety Research and Test
I
I

OPLRAULE ,

Power Her I ad7 sDOl.3 l*BI 'NI L. Idain LGau-ID Open tank 1ranwent. 1973 ;

25.000
Tranwen Mexsos int sDOI ' iM t AT INI t. *..ic. ldaho .ANL Graphine Tranuent 1959

~

| BEING BLJtLT
i Loss of i lved Tot t dol'8 l olT INi t. 3daho I GAG- ID Presserued water $5.000 1978 .

.|
*

SiltJT DOWN OR DISM Ah*ILED,

Intnnsac Subcnticainty Luperiment (DOI )" SN API R A N.8 Los Alamos N. Al Be-reflected Tennesent 1%8 1973
SN AP-10A ,

King Intense Neutron Generator (DOI:) Esnr ce Ios Alamos N. Mem. LASL llomogeneous Transient 1972 1977 j!e

! Kiwa-Transwas Test Reactos tDOt.) Kaws TTR NR DS, Ncv. I.ASL Kswi/NERVA Tsanneent av65 1965 .

.

SNAf~10A Transsent fest No. 2 (DOE)* * $N A PI'M A N.2 INI L. idaho Al-PFC Be-sellected Transaent . 196$ 1965 i

SNAP-10A
SNAP. lor Transient Test No. 3 (DOE)" SNAFTKAN.3 INI L. Idal.o PPC- Al H.O-senected Tranesena 8964 8964

'

SNAP.40A
j Special Power 1 scussion Reactor Test No.1 (DOE) SPI'R T-3 INI L. Id4o PPC Open tank Tranesent *?$$ 1%4

'
j' Special Power Euursson Rextor Test No. 2 (DOE) SPl:MT-2 INE:1., Idaho PFC Psc sierued water Transent- 1960 1965 '

Special Power lixcurwon Reactor Test No. 3 IDOE) SPI It T-3 INA.L. Idaho . PPC Prestorated water ' Tranesent 1958. 1964
Specs.1 Power Encursion Reactor Test No. 4 (DOL) SPl.R1 -4 INEL, Idaho INC Pool Transsent 1962' 19M

i
..lj

|
'
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4 tomics Innemation st' ' S -8 7 . ' 0,nora tark.Cahr At1 Homagenen Neglig, - 1957 1958'

82ncise SicmonalInstitusc' ilH R %c-s scisceson.Oleio Agil -Pool: 2.te00 1956 1974- ;
Isrunthaven Neutron Sounc Rea6 to No. I eDOI a ' M lil/O - Epson N.4 ItNL -Tank - 800 1958 1970 - 0

i

I lisuukhaven Neutrun Soissse Rcactor No. 2 el801 s Plf Kl NM i rtr.n. N Y. BNL ' Tank ' test 1965 1970
( Chsdro Pale 1. rebuits as CP-2 SA enhattan I nrancet *P2 Lt.es aro, lit. %cs. Lab. Geaphesc . 0.2 .' 2 :5942 1954
| Isisaris: - DOI l'* *

| t uses--H recht Nmicas Rescassh Labor.eory of the (Juchanna.Fa . Onnes Poul 5.000 1958 . IW6
( Commonmcalth of Pesmsylv nsa

'

a
, DOS Demomeration Reactos** 8.cmo Rea. Oak RsJce.1can. Loskhced Poul 10 l969 1969

. ,
'

! I uropean - Auan hh tne Progsam (DOS 5' - OA R odrc. lcan Lo6LhecJ Pool 16 19th) I%9 i
t I ass Neutron Soun c Rearsor sla.i t 84NI I 5.I 1 pson. N. Y. BNI. I ass .'8967 '4970 !!

| General 4to'mac ( o. sWorld Apret el;usal I ass - 1 RIG 4 All II . San Decro.Cahl. Omncs C /sliplesJe Sie 89tbD - ' IDO--

I*. $ 5 shstsat Reas tort **>

"

lierh Irmecrasuse Lattice To Reac tos e DOI l il111 R St s idenJ. H ash. PNL Graphse'. 2 19s6 7 l* 71
liiances insessute oa'Tc.8 nolery Mc'carsla la a.euse 4 R Re t -54 s 4 hevro. Ill. Al flomucencous 25 1956 19A7 :

8 A rmous Rewarch I oundassunn',

. Kincts I speriment on Watcr buelers (RusLucli ' Al M is - Sanna Susana. Cahl. Al Heneogencows T san-sen e 195t> 1%7
'

inecenationall' ''
Lmrmose Water l',oder eDOL , : lull I ncrrnose, Cal.f. si l' % ; - s .e.5 I*53 1963.

| 1 o.LhecJ becraf a Corp. U n som elle. Ga. Lw LhecJ Poul Nc;bg. two . 5%ts
I es Wm.. I ast St eactor sisOI I CL mennenc I e tlamo . N. \let LASL 1 ast, plusunsom feel. 25 1946 IVS)

g snercun cooled
- le 1 os 4tamos !!Ya>RO ReusesiDOR s Is) DMO Le Alamo . N. Slet LASL 5 to 15 1956 197t*

$ ' o tiamo H atcs Boiler e DOI.) 84% PO t o %Iamos. N. Slet' . l.ASL Homogeneous 5.5 8944 1950 !;

( Lo mmo %ascs bodce sDOl.a ,si ro 1 o- 4 tamm. N. Slet LASL Ilomsvencoin 25 1950 - 1974
{ l ous-sana $ sate L;n versity Nmicae $ssente Ccnace 5N 4RI Isasen Stoure. La. Sandia Pout 2 1965 8 9t*

s rhdhps retroscum fo.t"
| l ow Inten9ty lcst Rca tor e dol l IllR OA R.Jrc.Trnn ORNL Tank 3.oeio lo30 th
i N t$ i it.s L.t p Hcas sus' tit k San.hssLs . O! o IviLhecJ Light mater pool 100 1%3 IC3
| Nos teae I tses as Re, toe e DOI 5" i M tN N15. Nce. I"'I LL. PFC Promps tverse - 1 sasessenn tw62 1970
f Nosleas I ties as Rea nos sliOI i Al Kl. A %en thero. Cahi- tTl LL Prunpatens 1:ase sca: 1951 . B usa

'

Oak RsJ;c Gsaplute Reactos EDOI.) ~ N 1" O A RaJrc.lcan. CL Graphaec 3.5 tut 194) - 1%)4

i Paw hng Mcscarsh Reactos (UsuscJ Nuclea Corp.I'. PMM l'ea tmg. N Y. CNC tsphe maner Negler. 19588 1971
| Physs al Ccnstants Tess Mca sur (DDI ) l't I R R e idanJ. Wads. PNI- 68JP 888c 95.5' 5955 l '' 7 |

3

j Radration I ficces Itcas-tos ei et LhecJ garcraft Corp.e' ** 5.' - R. Daw omelle.Ga Les khecJ Poul 3.ts00 895K B u?ts
i Mndia PulwJ Reactor II (DOI ) * f R ll Kustand .\1 b.1.ast N. %8ct Sandia Prompt bent . Jeanseens 1*47 1976
i SanJea PulscJ Reastor f dol p STR EnnanJ 41'IS. l. ass. N. Sict Sandsa Psompt hent laanseena - 8%8 8967

Shw BJ Test and IrraJsaison Reacson 4DOLP' EiIR bees $ mana.Calse. AI Foul I.estsu 19ei 1972,

l hermal Tot Rcutor No. 2 t DOI.1 TI R 2 R a hlanJ. Wada. PNI . Graptuw 0.1 1955 1975,

j 1orney Pano.1 RIGA4tL Ill Reassos' 1 NIG4 All all I a f Wa. Cab (. GA EJ- Zr bydrede 2fp00 1965 1973-
{ lowcr SharlJmy Reactor No. I b R.I <taL leedre.Tenn. ORNL Tank 500 1954 1958

t'TR len Reactor (Arnencan Radsatos & StanJard 580anten Verw.Catsf. Owne. Geapiusc/waser .' Nering. 1968 1963;

Samtary Corp.)*

i

i *
1

4

; '
.

-
4

4 * 9
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1. DEFENSE POWER-REACTOR APPLICATIONS (Continood)
,

.

PART sll usLITARY REACTORSt

B. Propulsion (Naval) (Continuedh -

i

Saast-
.

SomeJ Shine-
; m e lau nc.I by U. S. Naera pes, n .,n" Sn.,6 mle.e e, san.eiau nnt Ier U.s.Na y: . r- u" slie,6mleie ., <as

'

I

,
.g

, OPERABt E (Contana.ed) '

!' +

USS SAnt RAYBURN ' SSBN635 . wwpoe Nws ' 1964 USS BATON ROUGT. SSN689 Newport Wws ' . 1977
'

USS NAlllANAI.L GRI LNL SSBN636 Poitsn.outit 1964 USS PillLADl'LPill A SSN690 Electrec Boot (Geocen) 1976
'

USS STUllGI ON SSN637 Ileeirie s..at n;eotoat 1966 USS Ml SIP 1HS SSN691 Newport News 1977USS ull ALE SSN638 Gin as)=entye ' 1968 USS OM All A $5N692 Electree Boat (Geotoo) '3977'USS TAtiTOG . SSN639 Ineatl 19 % USS LNil RPRISL t a reast.ws: CVN65 Nsport Nem ~1960l'SS DI.NIA%IIN 1 RANKilN SSBN644s a lutree g.us sG44: ens 1965 USS Nitill'Zeleext..ess CVN68 Nmport Aws . 1974USS St% ION !$OLIVAR SSBN648 Newp..,s &ws 1965 US$ DulGIIT In. l'ISI Nilou t 9t CVN69 Newport Nws 1977 - ,
i USS KAllt IRAtti ilA SSBN642 San i sanono Bay 1965 e2 rcut essUSS Gl'ORGl. HANCROI T SSBN643 1 h erse u.sas #Geoson s 1965 USS CARL VINSON 2 text..rse CVN70 N = rove' News 1977

,

USS LLu15 AND CLARK SSBN644 Ne.por Wus 1965 L*S$ 10NG itt'Aril 2 rext..ess CGN9 8cthletica. 1968'

,

!'
-

USS 1 AilLS K. POLE SSBN645 8 h eric % i#G,.. tons 1966 USS B tlNitRIDGl 42 sext**.e CGN25 Sethleliese 1962 '

+

: USS GR 4Yi,1NG SSN646 Porn m o mis 1969 USS TRt'NTiiN t2 ecxtorse CGN33 NYSC 1967
!'

USSroGY $$N647 NYSC/Ingm 1970 USS CTI Il ORNI A 4 2 seasse.rss CGN36 & sport News 1973
-

1)SS ASPRO SSN648 Inph 1968 USS SOUTil CAROL.IN A 8 2 'cacto*Si CGN37 Ne= port kws 1974USS Sl>NI1511 SSN649 GDt()vmey) 1968 USS \ IRGINI A 42 textorss CGN38 Newport News 1976 -,
*

i USS PARGO SSN650 t hwic ht eGeorone 1967 USS TI NAS t 2 ecarsors: CGN39 Newyert Nwn 1977
- I t'SS eJUI LN1 ISit SSN651- Ne.po,eNeus 1966 Due 5 bemt;ence Rewart'' velistle 331 EWtrec Boat (Grotont 1969.$ USS PI'l I i R SSN652 Ingels 1969 BE ING Blit.Ti M USS R AY SSN653. -Nc port W u l%7 CINCINN A ll SSN693 Newport News ,

' I
LSS GI ORGI. C. il tRSIIALL SSBN654 w port News 19 % tRufoN SSN694 Elcerric Seat (Grotons

t

USSIllNRY1.5IUISON SSBN655 s h er.e u.us4Gsosone 1966 tilR tilNGII DI SSN695 Ne*7;oet Nc=11,$5 GI ORGl' u'ASillNGTON %5BN656 Ne pori kn t vt.6 NI% TORKilf v SSN696 Lbtrie lloat eGeesent i
C tRSI R

INielTN tPolth SSN69? I b isw BoatsGe...no.
OSS I R ANCIS SCu rT is! ) SS t<N6i f I we,w stoas .G, .,ne 1966 flNI 181 R ION SSN693 thtew Boas 'GrotoneUSS t|ARI tNO G. VALLI 10 $$sN65* San 8 vanwo Bas 1966 1 tCASON t IL LI. SSN6o9 Licenic Boat sGeot.,ns

*
- USS ulLL ROGI RS SSBN654 liesuse 8 at tGrotont 8967 0\LLA5 SSN700 [htree Best (Grotone055 SAND LANCI: SSN66t> Poe s.mov es. 1971 I_sJOILa SSN701 Liectase soit IGeotone

j USS 1.APON SSN661 %.po,e wn 1967 PleOs NIN SSN702 Fberse Boas (Geotons
; USS GURN ARin $$N662 5,nIg,nosso gay g968 ItOSTON SSN703 Eberec Boat (Grotone

;
USS 1101481 Rlli AD, SSN663 Nespost Ne.* 1%7 ISTL riuORI SSN704 Ehtrec Sost #Grosoep

,

USS St.A pl.vil SSN6e4 w. poet w., 1968 Sutmusme SSN705 Electric Boa 4Geotent
i USS GUITARRO 5SN665 - tsareIdana 8972 Submiarane SSN706 ths,x so.t ec,o on,USSIIAuEhlLL SSN666 . tiare lslana 1970 S imi,,me SSN 707 Staee ld, nit_ USS t$t RGALL SSN667 Ilustw Boat tGrotone 1949 Sutwaarm, SSN708 Lwtv c Seat tGrosens l

-

1:5S SPAut 11511 SSN668 Newport wm . 1969 St a.me 5SN709 Ele.-trec most 4Gosene

,

,' USS 51 A flGRSI: SSNe69' Ilauw seat sGeotons 8969 S.t.ma,me SSN710 innam; USS I INBACK $$N670 Ne.p e N.s 1969 SAN I grstigo SSN71l Eleverse Boat IGeesene
'

USS NARull4L SSN671 1lauw Boat tGroton, 1969 Sotwnar. e SSN782 lay,m ~USS PINTADO SSN672 stacelaana 1970 S emu,,ne SSN 7t3 giqiasis} USS I LYING I 1511 SSN67;
. I huw Boat tGrotone 1969 Submanme .SSN714 klostree seat eGrosens !

| USS TRI PANG SSN674 &latnic BoattGeotons .5970 Submarine SSM715 - Elecesic sent 4GeoeeasGSS BLUEllSit SSN675 Liectric Boat tGeotons 1970 08810_ 55SN726 Newport News

; - .. -
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USS 8tt.LI1511 1$5N676 ' f lectesc Seat qGeeeon) # 1970 MlCallGAM $$8N727 Newgneet News .
: USS l> RUM SSN677 Maec Isand '1978- Subniarene - 55BN725 Elecerse lies (Geensep
!- L'S$ ARCill RI 8518 ' $$N678 I test's boat (Grotont l973" . Sulpenarme - 558N729 Elecesse mese (Geesosip y:
! ' 1855 SILVI R5tbl 5 ' SSN679 - Itesta I'*u8'b'" ton'I 1971 5.tmunne - : SSsN730 taccurse test #Geeeee)
i t*S5 ull LI Att II. D ATI S $5N680 Incall. 1972 Mis 51558.tl i2 rcaciers) -CGN40 Nc=1eost Ne*5 '

'

|' L$s 114111588 55N688 I le "" #*u' 88 '"h*8 l*72 Area ANSAS s 2 reactorst CGN41 kemisert Ne*5 -
t*55 Tt:NNY SSN662 f Intell' 19'3
L:SS PARCIll SSNf 8). . Incats- 1974 ~~ SHt.*T !)OHN OR LH$M A.NTLED
tSSCAVALLA 55N664 Il c"* l'*a''b'*8'al 1972 58 AtOLI L.Jewm Rcxtor*' Llectres it. at eGeoiveil 1957 1959

,

| l'SS CLI NARI) P. LIP 5(OMB SSN663 IIs nu locas eGeostal 1974 L 551RITON a2 e actorsl SSN586 I tecirac been eGeesent 1959 1964
1 t SS L. \ll At>l LL Ri\I Rs $5N686 % =Iw'S ^< ** ~ '1978 L*55 Il g t listi $sN587 Sen I ransnc bar '1959 1976-
[ t:55 Riril A RD le. RI'558 LL 55N667 Neu ro'' Nc=' l'74 t*55 SCORPION" $5N589 I.lectest Base eGeweest 1960 - 1968
| t'ss LOS ANGl Lt.s $5N6th Sc=ror' Ne= 397* L'55 TilRI sell R* ' SsN593 Puresnoo=sh - . 1961 8963
|
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! 2. DEVELOPMENTAL POWER
|

A. Electric. Power Experiments o a Prototypes

#"" " *Pun. . pal
nocicas Plant. Reeceer Seart. Sanes.

g Name aas oened try EsOLI 88c ernasei.n" Locasson comuacear lype mes&meel Lktet up ~ dome
. I-*

W Sitt3 DOWN OR DISMANTLLD
! Y Gas ( . .scJ R.:xsor t sperenwns (ERI INil sess.IJabo AGN Gas ceoled. leght masce n ederated Ne elec. 2.200 1960 1962
1 it..cetc 8.. P...ce Plant No. I M t .1 INI L Lec. Idahu AGN Ga csmicJ.leyht masce moderased 300 3.300 8%I 1965

r

| % ause.,r> Lou Pomce l'aans No. I Mi INII haec.lJahu ANI isosteng m arce 300 2.200 1958 1968 '

4

,

'

B. Propulsion Experiments and Prototypes

l*nnespal
*

men scar Pom es.' Staes. Slows.
Name tall owned try DOED Di,egviasein . leises m cientractor Ty pe theo up down '' !

!
OPE R ABLE

' ' talG Rcss Mds n. N. Y. Gl. Presswes/cd mates 1962
Deseson, Reaseos Peosceppe,

; Larre Sher Reasnos Prosotyec 42 reactoest tI# INI I 5ese. Idaho u st. P,c%eersaed =aner 1958 'e
j Stodsfecaemns and AdJansons e s Reactos I aseles, MTRI Hess Mds.m. A V. Gl' Pecs*wassed mates 8976 ;Nasusal Cesculation Test Plant 55G INLL Seic. Idaho % cst. Pressorized wases : 1965 '

t snuit Subnurme Reactoe Prototype SIC *sadsee. Conn. GC Pre senaed waeer 1959i SIW Rextor I acsisty $1W INI L 5sst. Idaho mess Pressessmed wases 1953 i*
Subnunne Advansed Rextor Prososyre SM #c s Mesosi. N. Y. GE Presserized water 19584

| SittJT DOWN OR DISMANTLED
, Aircraf t Reacios Espessment ARL Oak Radre. Tenet. ORNL hiolien sais 3.500 1954 1954j INpce mental Propulsion Test Reactor LORY 10 ' NT5. Ncv. (ICLLL' .. An cooled 150.000 1960 1968 '

I sperimental Peopulsson Tess Reactor ** lost Y lli ' N15. Nee.
licas 'Iransics Reactor Esperiment No. 4 IITRE.8 INLL Sese. Idaho.

l)CLLL Aes cooled 600.000 1964 1964
,

* ,

ANPD Ase cooled 20.000 1956 ' 3957j licas Transfer Reactor 1%pers.nent No. 2 IITRl;.2 INI.L Sese.ldaho ANPD Asr cooled 14.000 1957 1968j fleas Transses Reactor 83penment No. 3 IITR L-3 INI L Sese. idalia ANPD Aer cooled ? 12.000 1958 1968'
| Submanne Intermedesse Reactor Mark A SIG Mess Meleon. N. Y. GL1 Sudemen 1953 19$74

f[ E' - e-
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3. TEST AND RESEARCH - ~ ~

t A. Test -

- tr.=. pas
. .*

. . - n stcar Pomer.* -Seset- Somet-

f Name and/or e ner Desapa:Ein Lacae mi camerase..r . 'T)pe kwate 'er ' desme
1

I SilUT DOWN OR DISMANiLED
Aerospace Systems Tese Rextor (USAl i ASTR- 17m W..eth. Tet Conwaas - Leghe mater 10A00 ' 1954 .1978
Ground Tese Rextor tUSAI's GTR' 8' ors worth. Yet Convair - P..ol 10.t800 1953 'I??)
Nas-lear layineering Test Reassos tUSAl'8 NLfR Dayton. Ohio Mason te - l'ank le.mso 1965- 1970

8. Research

| OPE R ABLE
'

\berdeen Pulud Reastor 17aahn) eBatis.sw ,APRI Aberdeen. SfJ. CNC Hare, sa e. g.r..mps tmrst 10- 1968
| Rewarsh Labosatories. USAS
f ArmeJIcorces RsJoobsolog) Rewarth Institute . .\l R Rl . II/thoda. MJ G4 L' Zr hiJr Je 100 1962

I e DASA. DODe ** ** '
,

} l'ast ilusst Reasser t asussy tAsney \lenete Te.e i B8tl %sione SanJ., N. WL Aanun Hare, s'a a. sw ms.: twess 80.'1964
i A and Evaluation Diratorate. USA)

' UCLtt Pr..mps ime a 'Tran.sen - 1964| I Nuclear Effects Heactor adol'6 Super Kl ELA NTS.New.
! Thernul Test Rex:or No. I eDOI e iTR l . SshenataJ). N. Y. K AFL ' Geaphase le 1951'
f

~

Mit.T DOhN UK DtS\t tNTLED
"

j Arms meersals Rewarch Rextos e temv state. Olit R u steet..a n.\las p gr 1%.I $f100 ' 1960 ' 1970''
rul and \lesiumes Rewarsh Center. t S 4 e'

Dumond Ordnance Radutive russe S ettarr) LM)MI l'esess Glen. MJ. G.4 TRIG 4 ML I : 250 1961. Iv7I
Dumamd Laboratories. US 4l'*

Natal Rewarsh Rextor (l'SNp* NRR u adionet.m. D. C. NRL P ot ' I.000 I 1956 I 1970
~

'

Walees 8 teed Rencarch Reactor sWalect Reed %RRR % adengton. D. C. Al II.miogene.m. 50 1962 -1970
4tmy laststusc we' Rewgech. L' sal'

.

I
I

4
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f
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1. POWER REACTORS *5 (Continued){ PART IV REACTORS FOR EXPORT

A. Central-Station Electric Power (Co, e,ntinued)
* '**"*

'.
. P,.nca,al

' e siear Piant. meae . . Staee. Same..

*Name and/us omnes L .sassem von nactor Type nes kWtet kWt ep_ op ' down
,

'

BLING BUILT (Continued)
Spam.Consentes. Uma I (H.Jrovintrica Espanola.S. A 6 t'ofsenics 60 hiene mater 975.000 2.894.0(W5 1980
Spain. l caca. Au:o. Unas Asco %~ cst. Prowrered mater - 902.000 2.6 % .000 1979-
Spam, f oca. As6o. (fnet 2 Asco West. Prowrered mater 902Js00 2.696.0e10 1979
Spain. Lene..ner. Un.t I slberduero. S. A.) Lemonas West. Preswrered maser 902.009 2.696.Orpt 1978

*'

Spain. Lemt.nst. Unst 2 slberduero. S. A s Lesnoner % ess. Prowrized mater 902.000 2.696Js00 - 1979
Sweden. Ranghats. Unit 3 tSmednti state l'oues 'es.. arils Gotebosc s est. Prnwrued maser 92.000 . 2.783.000 8977

.

Sueden. Ringhals. Umt 4 eSwed Ji State Power Boaeds Gotetxerg % est. Prowrued mater 98 2.tPM - 2.78 3.tM.Ms 1998
}- $metneland. Leib saJt tKernkaatameek Leitneadas tr tssead: GE himg mater 940.0'Ps 3.012.0'kB 1998

Tasman.Chen42n. I nit t e f aisan Power Co e
'

O .n-shan 03: floilme miser 680 000 1.775.sps0 1974,

Tas*2n. Chin 42n. Unet 2 a To wan Power Ce s ( hen-shas: 01. hvehng mater 610.Os#4 I.775 # M 1979
| Tasman. Koodiene. Uma i e Ise*an Pomes Co 6 % nis llucan GL hs ng mater 992.000 2.894.sKio 19912

! Ieman, ku shene. (*nst 2 6 Ieman Pomes Co.s % anta fican GE b l.ng masce 992JW)e 2.s94.000 19't2
} Faman. Staandsan I :Tasman Pomer Co 8 fiengshun Wnt. Preswrized mater 907.000 2.785.000 1983

raim an. SIsas.An 2 eTasen Power Co I fleng shun H est. Pensurued mater 907.000 2."|8 5.000 8984
.

YugoJases tSassLe t snaranes ' Kesko H ess. Pressurized mater 615.000 t .882.000 1990 !,

$ Pt. ANNE D
Cn I e) pt, t.I' WP-1 Ant os Alesandrea Wot. Pre wrered mater 600.000 1982
I Ieaty. I Ni t. 5 |1. nee Lisonale per ITnergia i testtria e ENLt.s j % est. Preuvrited u aser 952.000 2.775.000 8984

Italy. I NI L-tp. L ns I %nealso de Covero Gl. hiene mater 981.U00 2.894.0U0 1983 ,

Itals . t NI L 7 (I nte Natsunale per l'8 avecta i testeresa e t NI L el H ot Prosursaed mater 952.000 2J75.Otml 1994
*

Itah. LNI L-8. I not 2 %Iontatto J Castro Gt' 14..d.nc mater 982.009 2.394 W)ss 1984
Korea. Ko.Re. Unit 3 e Korea Liestric Pomer Co.8 Ko-M a a near Puuns Preswr: red mater 900.U00 - 1984

' Korea. Ko-Rs. Unit 4 e Korea Llestree Piames Co.s Ko-Rs e ncar Puwns Preswrized unser 900.000 t935
Spam. Sanedlan. Uma I elI tra de Viesgos Sanadian siansanders GE tem 6.ng mater 972.000 2.894.000 1953
Spun. Sa)ago elbendoero. S. 4 B

,
S8 ago lomora H ess. Preuvrued mater I.000.000 2.735 JW)O 4 *st 2 '

Spam. Valdesabatteros.,Ca : I e111. Sessitana de i lesirtsedade ValJecatutteros. GE loodeng mater 974.00es 2.894.U00 8920.

. 8tadasos
spam. Vaednaballeros. (*me 2 4Iit'.. Sesdiana de I testen.sJad * Valdnatualeros. CA: henne mater 974.tMM) 2.594.000 199i

Badatos
Spain. Vandettos. Unit 2 e t. Nill R t I asset. Tarragona Wesa. Penwrued maser 920.000 2.785.000 1988
Smeiserland.Geaben eScenesshe Kratamerke AGl Graben GE is.atens mater I.140.000 3.579.000 1985
SmatiertanJ.Kasseraupt eKernkaastmerke Kasesaupe AG) - Kasweauns snear Basels Gl' fle hng mater 915.000 2.394.000 1982

r

,!
,

' B. Propulsion
..!

Stat e- Shus-
Name Um nee Dewper ' De*gneenm Type op dome

i' OPERABLE '

55W eos 14515 DRI ADNOUGilt Gecat Beitain West. SSW Pressurised m aser 1962 {

u.
, . . . . + . ,, ,,-
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. 1. IDENTIFICATION OF FACILITIES
-

! %,. of . ;

| Nes.of conocesl
!

Naner and los atson of 8avelee3 Opetasur a eits pastels
tbhreveaen n

ANL 2 2!

| TNL Argonne National Laborator> eDOI p. Aeronnc. til
ANL i I

i AN L-il) Allo Astonne Nats..nal talvsaios) ldaho Isise eon el)O! e,1NI L. Sese. lJaho

j AR\ll -l Aduvued Reestm13 %Icasuses acnt I aschis- sDOI 3. INI I Set <. IJah .
I G&G-lO I I-

AIRC Adsarned les Reaslos Ositical I asih:3 e 11019. IN! l. Seic. 8Jalso
I GAG-ID I I

'

W est. 3 3
Isetin Atomne Power Labosator3 stAtt p. Pittsburgh. P4 '

| hetiss I GAG . lb I l

| CI R%ll' Coupled i att Reactor Sicauseement I r ssists sl>O? . INI 1 Site. idaho
H&w 2 3

{ CN.10 Crusol Fanh:3 lb. L3 nchbver itescest. t enics 48:08 e I s n.h8 urg.14

! ITRC Encinecting ics: Rcaster Critstal I aule.. e DOI e. lNI L Site. Idaho I GAG-ID I 1
>

Gl: 5 5Knutas Atomic Powes Labosatory aDOI s. Schene uds. N. Y.
| KAPL LASL 3 3, tais Alanun Scientati Lal orator) e dol s. L.e s Aan os. N. Sles.LASL

h ta kheed luckheed Aussait Co.. Critwal I asalst3 los Rt R. Dawsonssile. Gs."
Owner i I_, ,

l>CC.N D 3 3y OR4'il~ Oak R.Jpc Critical I spersnient I acahts sisOf 3.eak RsJp:.1can.
ORNL. I I ~fPo J C sessal Aswmbl . BSI Pool #1701 s. Oak Rad; . Tenn.

|
ORNI .lC A 3

HNu I I
PNL4\ll Creusal slaw laboraioe3 e DOI p. Rkhland. %,sh

Os nes I i
'

kennslx Polyneshnec instenute. Tron . N. Y.*Renswix RI I I|

! Hi P NSI Nusicar Salet) I assis:3, RocL3 I lass l*lans elk)I p.( olo |
Unsied Nusicas Corp. satson.1)ocis enis ne Des ess.ne. P.s.leng. N. 4.' 03 nes 4 3

-t

f
tNC

:

! ?.

2. IDENTIFICATION OF EhPERIMENTS AND STUDIES
i

1 A. Civilian . -|l

1
5 ses-

Facility Subject of castee .espressiees. ce study Dewynasoon ' up
J

i
J

i OPERABLE ZPR4 1963 ., 'iBasic fast reactos studies and niosL-up foe LMI HR
| ANL ZPR.9 8%7 'I

i ANL" ll> sac fase scactos studees and n ocL-up for lhli BR
ZPPR- I%9Bauc fast scactor uuders and smick-up s'oe i MI BR

| ANL-IDAlto LWBCC 1%)
LWH physics" t

| Solution 1%1Hettes

: ChiL Neonioni criticals
SSRI: 1977

Ckl0 Gose seosage of spens seestoa Osci ~

f
4 .I.

4
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. 2. IDENTIFICATION OF EXPERIME'NTS AND STUDIES (Continued) ' PART V. CRITICAL ASSEasSLY FAOLITIES
A. Civilian ICome.nueet; .

-

1
' Start-

Faalsey ' Subsset at cervent esperament or semey c. ; = op
.

. . . .
..

,

INEL AR511'-l . Reactor-physics $ohstants and textivity chasises caused try test- AR $1I'-l .1960
i reactor stradiassun
: INI'L. ATRC A TR physacs core 4oadsag and core-desegn measuremenes A1RC ,l964'

INL L, CFR $11'
' Studies us Jefferenual cross sectsons to tese calculatoonal setethods Cl Rill 1964INI L ETRC LI R physacs. cuec-8. a lang and cuecesen sneasurements &TRC .1957*

l.ASL. Kna I Cold entscal l'or pas wee reactor studio PCA 1974 -'

LASLKsuI ileuble spins salite aswmbl> : li.mescorate 195f.
LAst.Knalli Cold sretsal ense,,umene.eson soung Parka 196) .OR CLI:. Isuddung 921). Cell H lli IR cese sexensey meaussemenes

19588'
OHNI. PCA. ItudJeng 3010 Physecs researsh vei textasety esscees PCA Ig5sti PNL OIL rautoneum critecals llorizontal 1961! Renulace Cruscal esperimens.aswmtd> ' 196#.
LINC Prost' vest fasilse) FTI- 1967 .

I B. Military
H
Ch
o opggaggg

; dettes SurIate-shop physecs'' SS4T 8957j Betus fleph-remperature e* ysees and mas L-up itT1l' 1959'

KAPL I wB cure physses espersrnent - if Pl' 1974'

KAPL l'le stde cestacalespermienes IPR 5956
; KAPL CoIJ maser espenments CWA 195N
3 KAPL liesh-semperatuse beyh-psessure physacs and ma-tMap FTR 1955-! KAPL Cold safer reactor sest assemb8y C%TA 1960i Lodheed RER cose con 6,urarsons . CERI' IV5N; LASL Kna II Creutal tesntiguration safety and neutronec seses Comer 1952,
i L ASL Keu 11 riated bare-psutoneern sphere

. Jesebel ._1934
'

| LASL Kisa 11 ' Sphencal metalcoees en ths6L metal reflector _ l'lairop 1957
,

; LASL Kiva 11 LN 10s-metas c>linder en thast nietal seilector - Big Ten 1972
| LASL. Kwa Ill ' l'est neutron errzJestion. pulw capalpelsey Godrwa-IV 8967
; Rf P NI 5 Cntecal,conticuraesuis utcty setts llorarontal 1965

~

i RI P-NI S Cutecal<ontigurata.m safety sests Versical . 1961
R F P-N1:S Cnessal<un6gursinose safety seses So8atsues 1965Rf P-NI'S C seical contiguranon ufcey tests Tanet 1965
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NUCf EAR SAFETY

,

'' '

A himonthly technical progress review which is published by the j
U. S. Nuclear Regulatory Commluion and U. S. Department of - "

' Energy in cooperation u nh the Nudcar Safety Infomintion Center.
Oak Ridge National I nhorntory, This journal digests and evaluates
the latest findings in its area of nuclear technology and science, with
the aim of meeting the needs of Industry and government for concise - ,|
summaries of developments. .

Primary emphasis is on safety in reactor design, construction, I
and operation, llowever, safety c9nsiderations in reactor fuel . |

*

fabrication, spent. fuel processing, nuclear waste disposal, handling of. |

. radioisotopes, and environrr.cntal effects of these operations are also I
,
'

treated.
"

1

Nuclear Sa/cty may be purch,ved from the !Noerintendent of !
'! Documents, U. S. Government Printing Office, Washington, D, C.

5N ,

handling. (Single copy price is $2.10; $0.00 additional for foreign
20102, at $11.00 per year (six inuesh $:1.50 additional for foreign *

;
handling.)

,

d

b ENERUY RESEARCil ABSTRACTS (ERA)

A semimonthly publication prepa, red by the Technical Information .'
'ICenter of the 11. S. Department of Energy (DOE). Provides obstreets-

and indexing for all scientific and technical reports, journal articles,

I -
conference giapers and protecdings, books. patents, theses, and i

! monographs originated by DOE, its laboratories, energy centers, and
''

contractors.
Subject matter includes DOE's researrh, development, demon-

|
strahon and technical programs resulting from its broad charter for

, '
l, energy systems, conservation, safety, environmental protection,' ,

- physical research, and biology and medicine. ERA also covers ;

other U. S. Government.sponwred energy information and the.
'

international literature on reactor technology. wmte proccuing and*

|= storage, and fusion technology Also covered is nonnuclear informa- ,

tion obtained from foreign governments under agreements for"

cooperation.
ERA is availabic on an exchange basis to universitics, research

institutions, industrial firms, and publishers of scientific information.
| Federal, state, and municipal agenries may obtain ERA free of

a charge. Inquiries should he directed to the DOE Technical Informa-
?O' tion Center, P. O. Box 62 Oak Ridge, Tennessee 37830.~

IERA is available to the public on a subscription bmis from the
Superintendent of Documents, U. S. Government Printing Office.
Washmaton, D. C. 20102. The subscription rate for the 24 semi-
monthly issues including a semiannual index and an annual index is
$181.00 for domestic subscribers and $2:t0.00 for foreign suh. ;

scribers. The cost for the semiannual index is $18.00 idomestic) or
$22.50 (forcienh the annual index is $33.n0 (domestic) or $.11.25
(foreign). A single issue costs $5.55 (domestici or $G.95 (foreign).
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#h APPENDIX C *

U.S. Department of Enercyi+

Research and Development and Fielc, Facilities !
?,

'.,
*

-
.

.
;

The . following summary includes U.S. Department of Energy ,

facilities which are involved in some way with the radia-,_

Ul- tion sciences. These facilities ~are grouped according to
* -the fc.;. lowing headings:

PRODUCTION, TESTING, AND FABRICATION FACILITIES

Nuclear Materials Production Facilities
,

* Weapons Testing and Fabrication Complex*

.

'RESEARCH AND DEVELOPMENT FACILITIES'

,

Multiprogram Laboratories.

Program-Dedicated Facilities*

-

.3

DISBANDED FACILITIES,

.

The information in the Summary includes the name and loca- .

tion of the facility, a brief description on what is done
'

-

at ,that facility, available information on current and total ,

workforce, and. length of time in operation. 'The information '

*

' reported in this summary was taken from DOE Research _and
Development'and Field Facilities ( 4 DOE /ER-0029) and
Exprsnded Study of the Ef fects of Exposure *.o Low-Level 3

Ionizing Radiation (by the MITRE Corporation, Technical
Report 4 MTR-8018).

,

-171-

..

L '. .' .

. . , _ , . _ _ -



. . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ ._ _ _ , ,

M

4

i .

! ' APPENDIX C
; . Production, Testing, and Fabrication Facilities

. Nuclear Materials Production Facilities ' ##*
- '$

'

Name of ,y ,g,
|. Facility Describ, tion M4 ue'

Current htal ea gu
2d *

Oak Ridge, TN Gaseous Diffusion Plant (Union Carbide Corp.) 5,535 1943 35-

; Paducah, KY Gaseous Diffusion Plant (Union Carbide Corp.) 2,375 1952 26-

i

Portsmouth, OH Gaseous Diffusion Plant (Goodyear Atomic Corp.) 2,996 8,000 1953 25

Ashtabula, OH Feed Materials Plant (Reactive Metals,'Inc.) 62 1952 26-

| Fernald, OH Feed Materials Plant - (National Lead of OH) 533 1953 25-

5

Savannah River Plant -Fuel Fabrication (including Pu) . (DuPont) 7,500, *1950 28-

t Aiken, SC -Isotope production in nuclear reactors
d -Chemical separation of reactor products
s -Waste management

-Heavy water extraction

'

Hanford Production Opera- -Fuel Fabrication (United Nuclear'Inc.) 3,136
tions (including Pu) 7944 3,_

Rockwel].d Richland, WA -Reactor operations (United Nuclear Inc.) 835
UNI

-Chemical separation (Rockwell)
Chemical processing of irradiategl
production reactor fuel

-Solidification of liquid waste (Rockwell)
-Research on waste storage (Rockwell)

Idaho Chemical Processing. -Recovers uranium from irradiated Navy,

1953 25- -
Plant reactor and test reactor fuels

*as of 1978
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AP'PENDIX C (cont.. )i

Production, Testing, and Fat ricatiort Facilities

Weapcns Testing and Fabrication Complex Workforce *; }.
*

gc
e wo

Name of $T ,Z.

Facility ..Descriftlon j{ ggg
as w ee
g* p. g

i t;evada Test Site. -Area for. testing nuclear weapons 5,200 54,000.1950 28
|

. I
Kansas City Plant -Involved in production of non-nuclear portions 5,561 L949 29-

Kansas City, MO of nuclear weapons (Bendix) Av. man-
yrs.

1978;

Rock;r Flats Plant -Produces nuclear components of nudear weapons ~ 2,986 9,000 L952 26'

Rocky Flats, CO includinga
_

Av. man-
,

'
-fabrication of plutonium and uranium alloy yrs.e

-plutonium recovery 1978
1 (1952-1975 Dow Chemical)

,

4 (1975- Rockwell) |Y
Pantex (Amarillo) Plant -Fabrication of. high explosive and other com- 1,858 4,800 L952 26

'
Pantex, TX ponents needed to assemble, repair and test Av. man-

j nuclear weapons yrs. {
-Participate in weapons retirement 1978

'

(Mason & Hangar)

Pinellas Plant -Development and production of neutron generators 1,233 4,000 L956 22
St. Petersburg, FL for nuclear weapons initiation (Gen +.ral Elec.) Av. man-

! *

-Also manufacture electronic test equipment yrs.

1978

u nd Facility -Wide variety of weapons production and develop- 1,705 36,000 L943 35 - !

i Miamisburg, OH ment activities {Nonsanto) Av. man-
; yrs.

1978.

| *as of 1978
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4 APPEISIX C (cont.)
-

t

Production, Testing, and' Fabrication Facilities
.

Workforce * e- * ~

Weapons Testing and Fabrication Cnamlex $ $$j . Name of g'g ,g,

Facility Description M4 4*
Current 'lbtal ee gu

5" "
4

1-12 Plant Fabrication and certification of components 4,911
-

L943 35-
'

Oak Ridge, TN for the nuclear weapons stockpile Av. man-
_ >

, -Muclear materials processing (Union Carbide) yrs. ?!

1978

savannah River Wapons Extraction, separation, and recovery of tritium 355
-

- - -
; Facility (DuPont) Av. man- ,''

Aiken, SC
yrs.

t

1978

[
-s-4

w
A

8
,

:
J

t

i

'

; . ,

! ,

,

,

h

J

!

t

i

* +..as of 19784
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APPENDIX C - (cont. )
| Research and Development Facilities.

*Workforce . j c .
Multiprogram Laboratories * *O'

Name of gj ,3,

Facility Descr16 tion W4 S* *
Current 1btal ea j g

$^ "k
Ames Iaboratory -Basic nuclear physics research such as 450 9,000 1942 36'

OfAmes, IA establishing the energy levels and states of or-

short lived isotopes produced by fission 1947 31
,

.

reactions.
a

Argonne National Labor- -Reactor development' (ie-breeder) research 5,166 32,500 1946 32'

atories, IL -Biologic effects of radiation research + 800

Argonne Natienal Laboratory- -Basic nuclear physics research temp.

West ID
,

< .

'

Brookhaven National -Research on physical, chemical and biologic 3,460 15,000 1947 31

$ Laboratory effects of radiation

'

j Upton, NY.

I

: lianford Engineering -Breeder reactor research 2,900 -- 1970 8
j Development Laboratory -Radioactive waste management research (including
~ Richland, WA Pu recovery)

-Nuclear fuel cycle research

Idaho National Engineering -Research in reactor. fuel reprocessing 2,211 50,000 1949 29
Laboratory -Research on breeder reactor
Idaho Falls, ID -Navel reactor development

,

(includes ID Chemical -Waste management research'

Processing Plant)

La<rence Berkeley Laborator) -Nuclear medicine research 1,016 21,823 1931 47
Berkeley, CA -Basic nuclear science research<

;

*as of 1978

.
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APPENDIX C (cont.)
" Research and Development Facilities

Workforce * j *
ccMultiprogram Laboratories e .e o

unme of
'

. "%. .
Facility Descr16 tion g yj gg

o -e ee
gM >g

Iawrence Livermore -Nuclear weapons design 2,457 30,000 1952 26
Iaboratory -Nuclear waste isolation research H
Liversore, CA -Biome 3ical & &nvironmental effects of -

,

radiation research
,

t

'
tos Alamos Scientific -Huclear weapons development 6,560'. 26,000 L943 35

1aboratory -Research throughout the nuclear fuel cycle
Los Alamos, NM including:,

'

-surveying for Uranium
! -developing methods of isotopic separation *

i
-modeling reactor accident results

: -evaluating biomedical consequences of
C . nuclear. energy production4

] y -developing nuclear waste disposal methods
.

Oak Ridge National Lab. -NRC reactor safety research 2,450 -- L948 30.

Oak Ridge, TN -Breeder reactor research
-Nuclear waste disposal development n ,.

-Reprocessing research
-Biomedical and environmental research related

to r.uclear fuel cycle
! -

Pacific Northwest Labor- -Research thru entire nuclear fuel cycle 1,161 L956 22-

atory especially in waste disposal.

Richland, WA

,

4

m

''
*as of 1978

4
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APPENDIX C ' (cont. )
Research and Develo1 ment Facilities

*I.Workforce * ' '

Multiprogram laboratories j- jg
Name of m$ e$.

Facility Describtion 5 eUCurrent 1btal om oe
2d Wh -

Sandia Iaboratories. -Used to develop ard man facture nuclear weapons 3,140 21,633 19M 29

Albuquerque, NM - now it~ manufactures non-nuclear parts of-
Livermore, CA nuclear weapons

Tonophah, NV -i<esearch on radioactive waste transportation &
disposal .. 9-

-Light' water reactor safety research '

-Waste Management researen
-NRC research to support safety assessment &

licensing

i Savannah River Laboratory -Provides developmental and technical 968 15,300 L952 26
'

C Aiken, SC assistance in all areas of'the nuclear fuel
y cycles uranium resource evaluation, fuel

fabrication, isotope production, reactor
physics and engineering, fuel reprocessing,
waste management, environmental-monitoring,
and heavy water production

Energy Technology Engineer- -Developmer.t work on breeder reactor 164 -- L966 12
ing Center -Technical assistance to NRC
Canoga Park, CA

|

*as ofI1978

,
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APPENDIX ~ C .. (cont. )
Research.and Development Facilities

Program-Dedicated Facilities- Biomedical and #IIO'C' 1 cc
.

" 4 4 oName of Environmenta1 av -
.

- eo eaFacility Description W4 4e
Current Total e* * * *

E* "
4

Center for Energy and ' -Serves as focal point for energy research in PR 202 ; 1957 21
~

Environment Research
San Juan, PR

Comparative Animal Research -Originally designated to study long-tera 86 - 1948 30
laboratory effects of radiation
Oak Ridge, D4 -Now there is de-emphasis of radiation work

<

Environmental Measurements -Evaluate exposure of man to environmental 104 1947 31--

Laboratory (HASL) radiation including natural -and manmade .

New York, NY sources,
W

$ Inhalation *Ibxicology -Research on human health effects associated 222 574 L960 18I Research Institute with inhalation of. fission product radio-,

Albuquerque, la nuclides (and other airborne toxic substances)

Laboratory for Energy -Study biomedical ef fects of long-term, low-leve] 94 L958 20--

Related Health Research exposures'to nuclear (& fossil fuel) effluents
formerlya Radiobiology from energy production

Lab.
Davis, CA

,

Laboratory of Nuclear -Biomolecular and Cellular Scietnce bivision - 184 L947 31-

1 Medicine and Radiation . cell damage from ionizing radiation
Dinlogy -Environmental Biology Division - environmental

: 14s Angeles, CA . effects

-Nuclear Medicine Division - research in nuclear +

medicine
, _..

? *as of 1978
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APPENDIX C (cont.)
Research and Development Facilities

*Workforce * ' 1 gc
Program-Dedicated Facilities: Biomedical and * *O,

h Of Environmental .

*l *U
N *hFacility Description

rM W1 *
as a ee
ga wg,

Laboratory of Radiobiology -Basic animal research SO 850 1964 14
San Francisco, CA

1964 144SU-DOE Plant Research Lab. -Besic plant research 80 -

East Lansing, MI
,

1946 32Mk Ridge Assoc, Univ. -Study effects of radiation on humans through 353 -

; Oak Ridge, TN different approaches including epidemiology,
i ~ biochemistry, and cell biology

.

-haintains DOE National Accident Registry .

! -Health & Mortality Studies
4 8

' W
1952 26-4 Radiobiology Laboratory -Animal Studies of acute and chronic toxic 62 --

7 Salt Lake City, UT effects of various isotopes, especially
alphe-emitters

1951 27Savannah River Ecology Lab. -Research in ecologic consequences of r,uclear 68 -

Aiken, SC power production

1953 25Pranklin McLean Mem.Res. Inst,-Research in leuclear Medicine 103' -

Chicago, IL
i

Jniv. of Rochester Bio- -Originally part of Manhattan Project to consult 209 1943 35-

|
Medical Laboratory on expected health hazards involved in devel-
Rochester, NY opment of A-Bomb (1943-46)

-Now animal research on the effects qf toxic
I mater 2als associated with energy production
4

*as of 1978
i
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APPENDIX C (cont. )
Research and Development Facilities

1

b# **Program-Dedicated Facilities: Nuclear Develop- cc
5 g ao,

Name of ment Facilities ** j *
, , ,,Facility Description N J: t+ e.

Ctarrent Satal 3* g **
2* *

Princeton Plasma Physics -Presently tsorking on development of thermo- 931 2,050 1951 27
Lab., Princeton, NJ nuclear fusion

8

Bettis Atomic Power -lab. -bevelogment of nuclear propulsion plants for 3,309 19,000 1954 24
PA, ID** the Navy (includes Shippingport Atomic Power

{ Station, PA)

$ Knolls Atomic Power Lab. -Design and develo[ ment of nuclear propulsion 2,936 12,000 1946 32
j Schenectady, NY plants for the navy.

(3 sites) West Milton, N1 ,

! Windsor, CT:
H

< m
i o
j s

,

i

!

,

;

** Includes Idaho Chemical,

| Processing Plant estab-
.

lished 1953 current.

|

!
<

'* as of 1978

i
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APPENDIX C (cont. )
kesearen and Development Facilities

ProrJram Dedicated Facilities: Physical'Re- DEIf0fC' * $ cc
e wo

Name of search Facilities #g ,g,

; - Descrii> tion Me Se *Facilitr
Current Total ** gg

$" "N
Bates Linear Accelerator -Basic physical research 75 1972 6

Facility
Cambridge, MA

Fermi National Accelerator -Elementary particle physics research 1,439 3,500 1%9 9
Laboratory -Research on using protons for cancer research

1 Batavia, IL

i Notre Dame Radiation -Basic physical research 79 1947 31

Laboratory ,

Notre Dame, IN,
w

$ Stanford Linear Accelerator -Elementary particle physics research L,184 12,400 1966 12
s Center

Program Dedicated Facilities: Safeguards Facility

! New Brunswick Laboratory -Development and dissemination of improved 56
Argonne, IL measurement technology for nuclear materials-

i (used to be in NJ)

!

j

i
4

J

1

i _

*as of 1978
i
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APPENDIX C (cont. )
Disbanded Facilities

*48orkforce * } ce
e o

wa=e of %% .0.

Facility Description j

2" ~k
Haist Property, NY Weste Dump, Ashland Oil Co.

4

Liade Refinery Production Plant (old)

Seaway Industrial Park, NY Storaoe

Seneca Army Depot, NY Storage

Simonds Saw & Steel Co.,NY Small production
.

8 Harshaw Chemical Co.,OH Old Produwtion
e-*
co
y Horizons, Inc., OH Beryllium Research

Blairsville Dumpsite, PA Waste?
I

Vitro Refinery, PA Small waste recovery / experimental refiner */
(Cannonsburgh Industrial
Park)

Conserv. Inc. FL 7.

|

Gardiner Inc. FL 7

Blockson Chemical Co., IL 7
i
i

Universal Cyclops, Inc.,PA 7

.i

*as of 1978
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APPENDIX D
Maste Management Sites in the U.S.

,

The following section is an inventory of radioactive waste
storage and disposal activities in the U.S. These lists*

includet i

I. Commercially operated burial sites which are managed ;

by private industry in accordance with Federal and State .

'

regulations.
'

II. Department of Energy (DOE) managed disposal and
!storage facilities.

A. Other than High-Level Radioactive-Waste ;

Disposal Sites. ,

B. High-Level Radioactive Waste Storage Sites. [
'

C. Other than High-Level Radioactive Waste Storage
Sites. 7

D. Transuranic Radioactive Waste Storage Sites. !

III. Uranium tailings sites which are regulated either by
the NRC or by certain agreement States.

Radioactive wastes within the Department of Energy have [
been classified into three categories: (1) high-level,

.

(2) transuranium contaminated (atomic number greater than *

92), and (3) other than high-level wastos.'

,

High' level wastes are those wastes generated from the c

reprocessing of spent nuclear fuelds. The transuranium '

contaninated wastes usually contain solid materials with
greater than 10 nC1/g of long-lived alpha emitters such as
olutonium. The "other than high-level wastes" include the
balance of the wastes generated in the fuel cycle. This

,

last category includes low and intermediate level wastes.
The classification used was adopted from NUREG 0527, currently
in press.

An attempt was made to make this inventory as comprehensive
as possible, although it is by no means a complete listing
of radioactive waste management activities in the U.S.
Notably, at the time of this report no information was
available on commercial radioactive waste storage. In

L
I addition, it is probable that information on some inactive

waste disposal sites may be lacking.

1

Y'
-184-
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This information has been compiled from the following [
references which are keyed to the tables

.

(1) Holcomb, W.F., "A Summary of Shallow Land Burial of
Radioactive Wastes at Commercial Sites Between ;

1962 and 1976, with projections," Nuclear Safety, i

Vol. 19; No. 1, pp. 50-69, January - February 1978.

(2) Office of Nuclear Material Safety and Safeguards, !

Nuclear Regulatory Commission, "Public Comments
and Task Force Responses Regarding the Environmental i

Survey of the Reprocessing and Waste Management
Portion of the LWR Fuel Cycle (NUREG 0116) ,"
NURIG 0216, March 1977. ,

(3) Nuclear Regulatory Commission, " Regulation of Federal
Radioactive Waste Activities," NUREG 0527,

,

unpublished.
i

(4) Environmental Protection Agency, " Radiation, Protection ,

Activities 1977," EPA-520/4-78-003, August 1978.

(5) Written Communications with John J. Linehan, Uranium
Mill Licensing Section, Fuel Processing and
Fabrication Branch, Division of Fuel Cycle and
Material Safety, United States Nuclear Regulatory >

Commission.

l
'

.

4

?

!

,

|

$

L -185-

. . . - - - -- - -. - . - _ .



- - --- -- -

_ _ __ _, _ _ ..-

.

I. COpetERCIAL WASTE DISPOSAL FACILITIES,

1

Years in l 3M Weste C1 Weste
ma== of Facility asm1 Incation Ref. O pration volsee Activity Description and Commsents -

Nuclear Engineeririg Company 1,2 1962-7 53,796 1.3 X 10 tow-level wastes from commercial
Beatty, NV inactive activities. -

Nuclear Engineering Company 1,2 1965- 13,519 5.4 x tow-level wastes from ca==*rcial
Richland; WA Present 105 activities

Nuclear Engineering Company 1,2 1967- 7 68,956 4.65 x Iow-level wastes from commercialSheffield, IL inactive 104 activities.

Nuclear Engineering Company 1,2 1 % 2-1977 134,864 1.gX Iow-Icvel wastes from cnamarcialMaxey Flats, KY 10 activities. Study published in

a - Dec.1974 by the KY Dept. of *

% Human Resources, concluded that
y the burial ground was contribut-

ing radioactivity to the local
envirorument.

Nuclear Fuel Services 1,2 1 % 3-1975 66,521 5.gX tow-level wastes from comunercial'

West Valley, NY 10 activities. Voluntarily closedi

in 1975 when it was discovered
that H3 and Sr was leaking
from two burial trenches.

Chemical Nuclear Systems, Inc. *1,2 1971- 85,444 3.4 x tow-level wastes from comunercial'
Barnwell, SC Present 105 activities.

,

i

n

4
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II. DEPARTMElff OF EMERGY FACILITIES (cont.)
II.A. Other than High-Invel Weste Disposal Sites

an3 Waste ci WastelYears in
pense of Facility and Incation Ref. Operation, Volume Activity Description M1 Cnements

(4) The Power Burst Facility -
Low level liquid waste from this
facility'is pumped into 110-foot
deep well.

2.30 x 600 (5) The SL-1. Burial Ground - Solid
3LO low-level waste from the SL-1

reactor.

Ios Alamos Scientific tab. 3 1946 - 2.55 x 4 x 105 The site has been used for disposal
SLos Alamos, NM Present LO of low level radioactive wastes

from the design construction, and .

$ testing of World War II atomic
to bombs. A variety of specia}-
7 disposal operatings have been

performed, ranging from the shaft f
burial of a few grams of tritium
to the demolition and burial of
whole buildings.

Lawrence Livermore Lab (LLL) 3 1.4 X 3.5 Solid low level waste has been
4Livermore, CA Present 10 generated from the design and

testing of souclear weapons, a
reactor (pool type), a linear
acceleratur, and in a heavy
element,metalurgy and light
isotope chemistry buildings

_
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II. DEPARTMEIR OF ENERGY FACILITIES (cont.)
II.B. High Level Radioactive Weste Storage Sites

3Years in M Waste C1 tsaste

,

Name of Facility ar.2 Incation Ref. Operation Volume Activity Description and e % te

Hanford 3 The high level wastes stored havs
Richland, WA been generated in the production

of plutonium for the defense pro-
gram. These wastes are stored in
the following locationss

1

active 1.78 x L.08 x 1) Tank Farms which contain solid
5 0

i 10 10 and liquid wastes.

active 105 L.50 X 2) B Plant which contains Sr and;

810 Cs137 removed from high-level
radioactive wastes. -

e
H 7

; g 3.1 x 10 3) tsaste encapsulation and storage i

( facility which takes wastes
stored in the B plant and encap-a

sulates and stores the SrM and
f Csl37

Idaho National Engineering Iab. 3 The high level wastes stored
Idaho Falls, ID are from INEL activities and from

other DOE sites. The westes are

j stored in the following locations:

7
active 8960 1.1 x 10 1) Tank Fara contains liquid

wastes which originated from de-
i fense programs and test and

research reactors.;

"

.
-

e

q r % wy v g- e- g w *c v eg + av9w-- + * = wse-4 --e- y- tww--*4-*T--
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II. DEPARTMENT OF ENERGY FACILITIES (cont .')
'

!. II.B. High Level hdioactive m ste Storage Sites
..

Years in 'd3 Weste Ci h ste
hae of racility arul Incation Ref. Operation volume Activity Description and C - ts-

61640 1 X 10 2) Bin Farm contains solid wastes
which originated from defense pre *
grams and test and research

g reactors.

3) Spent ruel which originated
from nondefense programs

1

100 9 X 10 4) ?.ryonne-idest htional MLoratory
at INEL has scoe MLat storage.

T7 -

'
Savannah River Plant 3 8.33 X 7.75 X High level m stes generated in they Aiken, SC 10 10 production of nuclear matarials,

4 8
e predominantly in ~;ae defense pro-

i gram.

I

i
e

i
I

i.

1

!

6

1

.

"M & v w y-'- y ey.-y+ %.g m-e,w'rr-, .* 2e,- .- _ _-uA__.m..e a _ _ -_ _ _ _ . _2.A _.amm..A. auw ha-mAM
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II. DEPARTMENT OF ENERGY FACILITIES (cont. )
II.C. Other Than High-Level Radioactive Waste Storage Sites-

Years in n3 Weste C1 Maste

, -
Mesne of Facility and Incation Ref., Operation. Voltano Activity Description and C m ts

Brookhaven National lab. (BNL) 3 100 - All of the waste stored originated--

Upton, NY from BNL activities. In addition
,

e contaminated equipment from BNL ' {
reactors is being held in storage.

4

! Feed Materials Production Ctr. 3 inactive 9X IC 1,656 The stored low-level wastes ori-
3

iPiketon, OH ginated in both defense and non-
defense programs.

Niagara Falls 7.83 X 10 h low-level wastes stored were--,

Lewiston, NY 10 generated between 1944 and 1953
,

through processing of uranium ore
i [ at other locations.w

tn
t NOTE the curie values do not.

: include any activity asso-
clated with Radium-226.,

3a
'

Pantex active 100 1,000 The low-level wastes stored ori-
Amarillo, TX ginated from the weapons program, i

1

Savannah River Plant 3 active - -- From its defense program, the plant '

Aiken, SC
has classified low-level waste
stored.,

Oak Ridge National Laboratory 3 1.5 x id 1 x 10 h oe intermediate level wastes are-

; Oak Ridge, TN sludges that have settled in tanks
that supply the hydrofracture facil.-
ity w/supernatant. The principal i

. radionuclide in the study is Sr90,

1

4

I

. - - . ~ , , w.. ,w-, -, #,w.c.c.. .s, . . - - , , , . - , . --+y..w,. ,m.n. .-+,v- y.w.., y-,+.,,,-~rm,,-w -,v-#
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| II. DEPARM ENT OF ENERGY FACILITIES (cont.)
II.D. Transuranic Radioactive Weste Storage Sites

Years in 'm3 m ate Ci mate
Name of Facility and Incation Ref. Operation, voltme Activity Description and Comments

i

Hanford 3 active 7.76 X 1.03 X Transuranic wastes stored have been
,

Richland, MA 103 105 generated in production of pluton- ~

ium for the defense program, & in
I,

a number of research & development
facilities.

Idaho National Engineering Iab. 3 active 4.10 X 1.75 X Transuranic wastes stored have beenIdaho Fally, ID 104 105 generated from t he facilities acti-
vities in processing spent fuel -

from Government owned reactors &
, developing improved fuei reprocess-
| ing. In addition waste from other j

,

e

DOE Sites are stored there.w

i

Ias Alamos Scientific Iab. 3 active 1.95 x 1 X 105 Transuranic wastes stored are pri-Ias Alamos, NM 103 marily from on-site facilities
involved in the develogment of
plutonium technology.

Nevada Test Site active 184 1,060 The origin of the wastes is pri-Mercury, NV marily from defense programs.
Oak Ridge National IAboratory 3 active 1.10 X 8.10 X Transuranic wastes from a varietyOak Ridge, TN 103 104 of chemical processing development

facilities supporting the labora-
tories fission energy development
mission.

|
.

-m- .m.
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II. DEPARTMDIT OF ENERGY FACILITIES (cont.)
II.D. Transoranic Radioactive Waste Storage Sites

4

3Years in M Weste Ci Weste

,

asame of Facility and Incation Ref. Opration Volsene . Activity Deecription and C N

Pantex active 33 low Transuranic toaste from the
Amarillo, TX defense program.

Savannah River Plant 3 active 2.7 X 3 x 105 Transuranic wast.es stored are
Aiken, SC '104 primarily from nuclear production

reactors and chemical separation
plants.

.

8

V' W
! 4

8

i

i

|

1

_

i
i
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; III. URANIUM MILL TAILINGS SITES

_

Mame Opera- Years 1 bas of IAJd - Est., Site and/or hefer- tional in Tailings Area Markforce v ?!Location Owner ence Status Operation (m106) (acres) Ctarreet/ Total che

Arizona
Tuba City 5 1i

Monument 5
.i .

Valley ,

4

i

!

Colorado

| Canon City Cotter 4 active 1958- 1.1 35 ,

Corp. Present
''G

Durango 5 .

i e
W

t to Grand 5
cm
e Junction

,

;

Gunnison 5
i

Maybe11 5

; Naturita 5

i'
'

Rifle Union octive 1955- 2.7 32
'

4
Carbide Present

Slick Rock 5 - -

"
.

Uravan Union 4 active 1950- 7.0 8-j
Carbide : Present

1 ; J
'

1

i -

*
.

~ . - - .x, , g .- e ,,e.m.s w .n. w., , - , , . . ,e - - , , . - . ~ . . _ , .. -..w- , , - - . , - - - - - - _ . - - .-m.-w..* u, - _ . <..m.m.-.i.,,-e,
-
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III. URANIUM MILL TAILINGS SITES (cont. )

|
-

Name Opera- , 1 rears Tons of Land Est.
* Site and/or mofer- tional in Te111mes Area testkforce

. Iscation Owner once ' States joperation (m106) (acres) Ctarreet/ Total he
.

.i

Idaho

i Iowman 5
I

"

1-

New Mexico |

Ambrosia Iake Kerr, 4 active 1958- 25.4 200
McGee 5 Present,

! Nuclear 5

Blue Water Anaconda 4 active 1953- 15.3 250
'

,
,

Co.' Present*

; e Churchrock United 4 active 1977-
' ~

'

[ Nuclear Present
so -

'
| Moquino Sohio 4 active 1977-

} Present

f
j Shiprock 5 |
j 4

; Oregon

| Lakeview 5

SouthDakota

j Edgemont TVA 4 active 1956-
' (Mine Present

Dev.Inc .

i

:

}

|

L

.. . - , . . . ~ . . . . - . . . . .. . . . . .. - . - . . .-. . _ . . . . - . , _.-______--_J-
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III. URANIUM MILL TAILINGS SITES , (cont.)
.

lMame Opera- Years Tone of Iand Est.
'

Site and/or Refer- tional in Tallings Area myrkforce
1;

1scation Owner once Status Operation (alO6) (acres) Cierrent/Ibtel he
'

,

Texas ,

Fall City Conoco 6 5
'

Pioneer
Nuclear

! Inc.

Utah 5
.

4

; Green River

'
.La Sal RioAlgom , 4 mctive 1972-

; Corp. Present .74 45
'

s .

g Mexican Hat 5;

4 o
j Moab Atlas 4 betive 1956- 7 115

'

Corp. Present *

1 Salt Lake 5
City

3

4

; Washington
Ford Dawn 4 active 1956- 1.9 100,

l Mining Present
Co.

1

4

1

,

!

. .. . . . - . - . - .. - .. _ - _ . . - _ _ . _ _ _ _ _ . . . _ ._. . _ . - . _ _ -. .-_.
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| III. URANIUM MILL TAILINGS SITES (cont. )

Mesmo Opera- Years Tuns of Iand Est.

1 Site and/or Inefer- tional in Tallinge Area tearkforce
Emcation- Owner once Status operation (m106) (acres) Ctestremt/ Total Commments.

| Wyoming
: Bear Creek Rocky 4 active 1977-

Mtn. Present

| Energy

! Converse 5
County

Gas Hills Fed.Am. 4 active 1959- 4.0 100 -

| Partners Present

Gas Hills UT Int. 4 active 1956- ' 5.5 135. .

. [ Inc. Present
o

.' Y
e Gas Hills Union 4 active 1960- 4.0 61

'

Carbide Present

Jeffry City Western 4 active 1957- 3.0 60
'

Nuclear Present
i Inc.
|
i
' Powder River Highland 4 active 1972- 2.2 250

| Basin Mill, Present
'

| ExxonUSA

Riverton 5

I
,

,

t

' .i
,

, .e a , e -.,:.,,._g. . , - ~ . -- e -w- e,-,,r --ma,- .e-,- -e_-,, n. ,.v .n. ,-- .- r ne-+,,..n -,,,,,,-e-.e ,_ - . - , , - - ,,_- , - ,.wea.
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j III. URAMIUM MILL TAILINGS SITES (cont . )

Name Opera- Years 1 bas of Iand Est.
'

Site and/or Refer- tional im Tailings Area tbrkforce.
Imcation Owner once Status operation (m106) (acres) Current / Total Comments

| W oming (Cont;/

Shirley Petro- 4 active 1972- 2.2 50
Basin toanicsCo Present

Shirley UT Int. 4
active 1971- 1.8 250Ba s a.n Inc.

Prescrit,

i

.

.

9

Cu
O '

00
8

i

t

!

;

)

i

, , , . . -~. - . , . . , , ~ . . , _ , . . . _ , . , , _ . . ~ . _ ~ - , . .. . , . . . . . . , , . . * . . . . , , , , , ,, ..,w.
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; GLOSSARY

i
i.

Alpha Particlet A charged particle emitted from the nucleus |
of an atom having a mass and charge equal >

in magnitude to that of a helium nucleus, ;

i.e. two protons and two neutrons.
|

Beta Particle: A charged particle emitted from the nucleus
of an atom, with a mass and charge equal
to that of the electron. i

;

Brachytherapy: Therapy at short distances with beta or gamma
,

radiation. Implantation of placement therapy
with radioactive needles, inserts, or other i.

such applications.
.

Chamber,
Ionization: An instrument designed to measure a quantity

of ionizing radiation in terms of the charge
of electricity associated with ions produced ,

within a defined volume.

Chamber,
Pocket A small, pocket-sized ionization chamber used j

for monitoring radiation exposure of personnel.
Also called a posket dosimeter.

Cosmic Rays: High-energy particulate and electromagnetic
radiations which osiginate outside the earth's
atmosphere.'

'

C,ur i e' (C1): Theassociatedggitofactivity. One curie
equals 3.7 X 10 disintegrations per second. ;

-miciocurie, uCi = 3.7 X 104 disintegrations ,

per second.
7-millicurie, mci = 3.7 X 10 disintegrations

per second.
-picocurie, pCi = 3.7 X 10-2 disintegrations ;

per second.

Decay,
Radioactive Disintegration of the nucleus of an unstable

nuclide by spontaneous emission of charged
particles (alpha or beta particles) or elect-
romagnetic radiation (gamma rays) .

,

w
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Decay Product i
(Daughter): A nuclide resulting from the radioactive dis-

integration of a radionuclide, formed either :
directly or as a result of successive trans- '

; formations in a radioactive series. A decay- '

|- product may be either radioactive or stable.

Dose, Absorbed: The energy imparted to matter by ionizing !
radiation per unit mass of irradiated mat- ;

erial at the place of interest. The assoc- ;
lated unit is the rad. One rad equals 100 i
ergs per gram.

|
Dose,
Cumulative: The total dose resulting from repeated ex-

'

,

posures to radiation. !

Dose '

Equivalent: A quantity used in radiation protection. It *

cxpresses all radiations on a common scale for >

calculating the effective absorbed dose. It :
is defined as the product of the absorbed
dose in rads and certain modifying factors.
The associated unit is the rem.

Dose, skin: Absorbed dose at center of irradiated field
on skin as used in radio 1~ogy.

Dose, Tissue: Absorbed dose received by tissue in the region
.

'of interest, expressed in rads.

)
Dosee
Tractimation: A method of administering radiation in which

relatively small doses are given at particular
intervals (e.g. daily). ;

Dose Rate: Absorbed dose delivered per unit time.
.

Dosimeter: Instrument to detect and measure accumulated
radiation exposure. Examples are film badges,
thermoluminescent dosimeters (TLD), and -

pocket chambers, as used for personnel
monitoring. ;

Enriched,

Uranium: Uranium in which the abundance of the isotope
U-235 is increased above normal.

-204-
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Exposure (gamma i*

and x-ray): A measure of the ionization produced in air J
'

by x or gamma radiation. It is the sum of
tho electrical charges on all ions of one ;

sign produced in air when all electrons
'"

.

liberated by photons in a volume element ;

of air are completely stopped in air, 1

' divided by the mass of the air in the volume !
element. The associated unit is the Roentgen.

3

Exposure,
Acute Radiation exposure of short duration.,

Exposure, ,

!Chronic: Radiation exposure of long duration, either
by fractionation or protraction.

.

Fall Out: Radioactive debris from a nuclear detonation,
which is airborne or has been deposited .

'
on the earth.

,

Film Badge: A pack of photographic film which meastFos
radiatior, exposure for personnel monitoring. ;

The badge may contain two or three films of
differing sensitivity and filters to shield
parts of the film from certain types of
radiation. |,

rission,
Nuclear: A nuclear transformation characterized by

the splitting of a nucleus into at least
-

~

two other nuclei and the release of a.

relatively large amount of energy.

Fission
Products: Elements or compounds resulting from nuclear |

fission. !

Fluorescence: The emission of radiation of particular wave-
lengths by a substance as a result of absorp-
tion of radiation of shorter wavelength. |

Fluorescent screens will emit visible light
when irradiated by ionizing radiation.

Fluoroscope: A fluorescent screen, suitably mounted with
respect to an x-ray tube for ease of obser-
vation and protection, used for indirect vis-

.

ualization (by x-rays) of internal organs in !

the body or internal structures in apparatus.

ie
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Gamma Ray: Short wavelength electromagnetic radiation !
of nuclear origin (energy range of 10 kev !

to 9 MeV). J

Half-lifa.1 Time required for a radioactive substance
--

to lose 500 of its activity by decay. '

Each radionuelide has a unique half-lif e. >

!
Hardness ;(x- rays ) : ' A relative specification of the quality or

penetrating power of x-rays. In general, ;

the higher the energy, the harder the '

radiation. t

iImplant Encapsulated radioactive material embedded
7

in a tissue for brachytherapy.

Ion: Atomic particle, atom, or chemical radical [
bearing an electrical charge, either negative
or positive.

,

Ionization: The process by which a neutral atom or molecule .

acquires a positive or negative charge. |

Isotopes Nuclides having the same number of protons
in their nuclei, and hence the same atomic
number, but differing in the number of neu-
trons, and therefore in the atomic mass.
Almost identical chemical properties exist
between isotopes of a particular element.

.

Xerma: The sum of the initial kinetic energy of'
all charged particles liberated by indirectly +

ionizing particles (neutrons, gamma ^ rays , '

and x-rays) in a volume, divided by the mass
of raatter in that volume.

Nuclear
'Medicine: The use of radioisotopes as tracers in the

diagnosis of disease. t

Photon: A quantized packet of electromagnetic energy.

Quality
Factor: The factor by which the absorbed dose is mul-

tiplied to obtain a quantity that expresses '

the effectiveness of the absorbed dose on a
common scale for all ionizing radiation. The
term is used for radiation protection purposes.

:
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' Rad: The associated unit of. absorbed dose equal |

to 100 ergs per gram (0.01 joules'per kilo- )
; gram)' in any medium. (see Dose, Absorbed)

Radiation,
Backgrounds Radiation arising from~ radioactive material.

- |

|

other than the one directly under' consider-
ation. Natural bacxground refers to cocmic ;

radiation and that resulting from natural I

terrestrial sources.-

Radiation,
Ionizing: Any electromagnetic or particulate radiation

capable of producing ions, directly or. ,

indirectly, in its passage through matter.

Radioactivity: The property of certain nuclides of spontan-
eously emitting particles or gamma radiation.

Relative Bio- 4

logical Effect- .

iveness (RBE): The RBE is a factor.used to compare the bio- |

logical effectiveness of absorbed radiation
doses (i.e. rads) due to different types of'

ionizing radiation, more specifically, it is
*

|' I the experimentally determined ratio of an
absorbed dose of a radiation in question to
the. absorbed dose of a reference radiation :

-(generally gamma rays) required to produce an'

L
identical biological effect in a particular
experimental organism or tissue..,

D

T

Rem: A special unit of dose equivalent. The dose
''

'y equivalent in rem is numerically equal to the
absorbed dose in rads multiplied by the quality
factor. (see Dose Equivalent)'

,

Roentgen (R): Theassociatedungtofexposure. One roentgen
equals 2.58 X 10+ coulomb per kilogram of air
at standard temperature and pressure. (see :

Exposure)

Series, Radio-
active: A succession of nuclides, each of which trans-

forms by radioactive disintegration into the
next until a stable nuclide results. The
first member is the " parent", the inter-
mediate members are called " daughters", and
the final member is called the "end product".
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Soft X-rays: _ Low' energy.x-rays that do not have much
penetrating ability.

;
>

Therapy,
Radiation: The use of ionizing radiation to treat disease.
Thermolumine-
scent Dosimetry
(TLD ) :-- A crystalline, semiconducting dosimeter

ycharacterized by the ability to emit visible
light upon heating that is proportional in ,

amount to the radiation absorbed dose '

,,

received. . Typically, TLD'c are made of.
lithium fluoride. ,

Tritium:
Thehydrogen|isotopewjH).th one proton andtwo' neutrons (symbol:

,

Working Level:
!

(WL) The concentration of radon such that, along.
with its radioactive daughters, gtwillre-- '

sult in the emission of 1.3 X-10 MeV of
alpha activity.; 100 ppil-1 of Rn-222 = 1WL.

.

Working Level: The exposure resulting from being exposed
to one working level for a period of 170 hours.

:X-rays: Penetrating electromagnetic radiations whose
wavelengths are shorter than-those of visible '

light. They are usually produced by bombard-
ing a metallic target ' with fast electrons in

ia high. vacuum. In nuclear reactions, it is '

customary.to refer to photons originating in,

;the nucleus as gamma rays and those origin-
ating in the extra nuclear part of the atom
aus x-rays .

,

I

o

5

, -208-
|-

.. - - . . . . . - . .. _ .-


