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Radiation protection policy and protective procedures relative to low-level
'

radiation exposure have been based on risk estimates derived from straight-

line extrapolation of data on adverse biologic effects observed in humans at

high dose levels. These estimates assume that the risk of a serious health

effect (e.g. cancer) is linearly proportional to dose ar.d that there is no

threshold dose below which effects cannot occur. Over the past several years,

dissatisfaction has been expressed increasingly in some scientific circles

with this. extrapolation approach to estimating risk from radiation in the low

dose region. Significant criticism has centered on the concern that extrapola-

tion to low levels overestimates the risks from low linear energy transfer

(LET) radiation, such as X- and gamma radiation. Some reports from studies of

low-dose effects suggest that the estimates are low. This scientific contro-

versy has heightened public and governmental concern about the actual magni-

tude of risk to human health from exposure to low levels of ionizing radiation.

In response to this controversy, Congress, in Public Law 95-601, directed the

U.S. Nuclear Regulatory Commission (NRC) and the U.S. Environmental Protection

Agency (EPA), in consultation with the U.S. Department of Health, Education,

and Welfare (HEW), to study the options for Federal epidemiologic research on

the health effects of low-level ionizing radiation.

This study will require an objective examination of the areas in which further

epicemiologic investigation may contribute to our understanding of the health

effects associated with human exposure to low levels of ionizing radiation from

all tources, including environmental, occupational and medical. Thus, the

examination must incluce evaluation of alterr.ative epidemiologic methods,

identification of suitable populations for study, and a critical evaluation of
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those populations with respect to the scientific criteria for developing direct

estimates of low-dose risks, as well as the costs and time required to complete

each individual stucy that may be proposed.

As required by PL 95-601, Section 5, Subsection (b), a Memorandum of Understand-

ing was executed between NRC and EPA delineating their responsibilities. This

Memorandum of Understanding became effective on January 18, 1979 and is repro- .

duced as Appendix A.

Under this Memorandum of Understanding, a Scientific Review Group was estab-

lished to oversee the conduct cf an Epidemiology Feasibility / Planning Study to

meet the requirements of subsection (a). The general format and essential

points of the project's scope of work were developed during the meetings of

the Scientific Review Group. The Scientific Review Group is composed of repre-

sentatives from NRC, EPA and HEW /FDA. The members of the Scientific Review

Group and the specialists who assisted them are identified in Appendix B. In

order to assure thorough coordination with HEW, liaison with HEW was extended,

with assistance from the National Cancer Institute, to ensure that agencies

such as the Food and Drug Administration, the Center for Disease Control, the

National Institute for Occupational Safety and Health, and the National Center

for Health Statistics had ample opportunity to assist in developing the scope

of' work. In addition, periodic reports have been made to the Committee on

Fe.deral Research Into the Biological Effects of Ionizing Radiation to keep them

informed on the approach and progress of the study.
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Also in accordance with subsection (a) and subsection (e)(i), copies of.the

scope of work were circulated to other governmental agencies and a meeting was

held on January 12, 1979 with representatives of the Veterans Administration,

Department of Defense, and the Department of Energy at NRC for further review

of the scope of work (the final scope of work is included as Appendix C).

Informal contacts were maintained with representatives of the National Academy

of Sciences, the National Cancer Institute, and the Electric Power Research

Institute which is funding a similar feasibility study.

A Request for Proposal (RFP) was prepared by a Source Evaluation Panel con-

sisting of four NRC staff members and one EPA staff member. Following approval

by the Scientific Review Group, a notice was placed in the Commerce Business

Daily on January 31, 1979, and the RFP was issued on February 12, 1979. Over

140 Requests for Proposal were sent to both requestors and others thought to

have interest in this area. On February 27, 1979, a Preproposal Conference

was held at the NRC office in Silver Spring, MD, to provide information on the

preparation of proposals, and to answer questions from potential offerors

regarding the solicitation. The closing date for submittal of proposals was

March 20, 1979, and the four proposals which w- e received were evaluated by

the Source Evaluation Panel by March 29th.

Proposals were evaluated on the basis of both organizational capabilities and

technical approach. Among the selection criteria were: (1) a demonstrated

understanding of the objectives of the scope of work; (2) the proposed approach

to locating, obtaining and evaluating data sources; and (3) the understanding

of epidemiologic, statistical, radiation dosimetry, and radiobiologic principles.
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Following review of initial proposals, discussions with each of the four

offerors were held on April 17-18, 1979 to obtain clarification and to provide

insight into the objectives of the study. The Source Evaluation Panel reviewed

"best and final" offers and score'd Syst& medics, Inc. , of Reading, MA, highest.

Tne Panel recommended to the Director, Office of Standards Development, NRC,

n early May that the contractor be approved. After final approval by the

Commission, the contract was awarded on July 2, 1979 to Systemedics, Inc.

(now Health Systems Division, Equifax). Appendix D contains information on

the contractor's experience and academic qualifications of the project's key

personnel.

Two major reasons were cited by some potential offerors for not responding to

the RFP. The first concerned time contraints for performance of the study.

The second concerned the exclusion of the winning offeror from participation

in possible NRC-funded followup studies so as to obtain the most unbiased

product.

It should be noted that Senate Bill S. 562, the pending bill authorizing

appropriations for the NRC for Fiscal Year 1980, would (1) amend PL 95-601 to

add a specific requirement for the Feasibility / Planning Study to include

workers at the Three Mile Island Nuclear Station who received or will receive

radiation exposure from the accident which occurred on March 28, 1979 (In

anticipation of Congressional approval of this additional requirement, suit-

able modification of the scope of work has already been made (see Appendix

C)); and (2) extend the date for the Feasibility / Planning Study report as

require < by paragraph 5(d) of PL 35-601 from September 30, 1979 to March 1,

1980.
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The scope of work of the Feasibility / Planning Study is divided into two

phases. The first phase is comprised of four tasks:

Identification of epidemiologic methods for conducting research on the-

health effects due to exposure to low-level fonizing radiation.

Evaluation of the strengths and limitations of epidemiologic methods to-

estimate the risks of health effects from exposure to low-level ionizing

radiation.

Assessment of the likelihood of epidemiologic studies distinguishing-

incremental radiation-induced health effects from conditions and dis-

orders normally occurring, based on identification of specific potential

study populations.

Determination of those populations most suitable for epidemiologic studies-

of the health effects of low-level ionizing radiation, based on readily

available information on dosimetry, population composition and size, poten-

tial confounding factors and data availability.

Of these, the identification and preliminary analysis of potential study popu-

lations is the most important. However, the other three tasks provide a

systematic basis for determining the feasibility of utilizing these populations

for epidemiologic studies. Thus, the preliminary report on Phase I activities

(Appendix E) discusses the epidemiologic methods available for research on

health effects due to exposure to low-level ionizing radiation, in addition

to listing potential study populations. In Phase II, these methodologic
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considerations will be used in evaluating actual field data on the most

promising populations identified in Phase I.

Phase II is a detailed scientific evaluation of feasibility and cest, based on

field examinations of relevant population characteristics. During Phase II,

particular attention will be paid to the quality of radiation dosimetry data

for each candidate population. This is necessary because the quality of the

actual field dosimetry data is a primary consideration in assessing the poten-

tial value of a given body of data in future epidemiologic studies.

For many exposed populations, dosimetry is inadequate. Even when personal

dosimeters are used they do not always accurately reflect the dose received.

In addition, there is uncertainty introduced by the reading of the dosimeters

by processing services. On this item, the NRC is keeping the contractor

informed about the results of a study which it is funding to assess and improve

the quality of dosimeter processing. The major aspects of the Phase II effort

are:

Determination of the nature, form, extent, quality, and availability of-

existing health and exposure data for the most suitable potential study

popula.io.'s identified in Phase I.

Consideration of other factors in study design, including duration, scope,-

cost and the suitabilP.y of potential control populations.

Exploration of whether deleterious health effects other than cancer may-

be stuff ed in selected populations.
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Recommendation of new data bases and improvements in recordkeeping prac-*

tices to support future epidemiologic studies.

Work on Phase II has already begun. Systemedics, Inc., has established a Review

Panel to evaluate the preliminary results of Phase I and to recommend approaches

to fulfilling the requirements of Phase II. Since the number of candidate popu-

lations (listed in Appendix E) to be considered in Phase II is rather large,

the panel has suggested methods to reduce the number. The results of this effort,

as well as a report on the progress of Phase II, will be completed in Fall 1979.
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NRC/ EPA MEMORANDUM OF UNDERSTANDING CONCERNING
EPIDEMIOLOGICAL RESEARCH ON THE HEALTH EFFECTS OF

LOW-LEVEL IONIZING RADIATION

! "

The Nuclear Regulatory Ccmission (NRC) and the Environmental Protectie:

Agency (EPA) have complementary responsibilities in areas of environmental
~

,

protection and the control of radiatiarr health hazards. Pursuant to

Reorganization Plan No. 3 of 1970, all functions of the former Federal
~

j

Radiation Council and the authority of the former Atcmic Energy Cc= mission (AEC)

f. for setting " generally applicable environmental radiction standards" were

transferred to EPA. In addition, under other environmental statutes EPA
;

i has authority to establish various specific environmental standards for

radiation protection of the public. The Nuclear Regulatory Ccemission was
t created by the Energy Reorganization Act of 1974 to continue the regulatory
I

activities of the fomer AEC for ensuring, among other things, the protection:
.

*
of public health and safety frem cc:::nercial uses of source, byproduct, and-

special nuclear materials.. The NRC also has responsibility for implementing

Federal guidance prepared by EPA ard approved by the-President which pertains

to NRC-licensed activities and respcnsibility for enforcing " generally applicable
,

I
environmental radiation standards" issued by EPA.

.

The Congress of the United States has authorized and directed NRC and EPA
.

to: (1) conduct preliminary planning and design studies for epidemiological
'

research on the health effects of Icw-level ionizing radiation; (2) submit

to Congress by April 1,1979 an assessment of their capabilities and needs
.

in the area.of' health effects of ionizing radiation research; and (3) submit
J!

a report to Congress by September 30, 1979, which includes a study of options
i

a
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(Nkkk3 Federal epidemiological research on the health effects of low-level

.
anizing radiation, with evaluations of the feasibility of such options.

pn

f In order to clarify their respective roles with regard to the conduct of
.m

g the planning studies, the EPA and NRC agree as follows:
*

**&.

7 1. In ccmplying with the specific requirement of subsection SC of the

1979 NRC Authorization bill,(item (2) in the preceding paragraph), ,#
%.

NRC and EPA will separately preparr assessments of capabilities and

research needs in the area of health effects of Icw-level ionizing

radiation for their respective agencies, and will jointly prepare

the report to Congress of the results of those assessments.

2. Preparation of the tecnnical scopes of work for the preliminary

planning and design studies, selection of the type of organizations

most appropriate to conduct such studies and monitoring of the technical

progress and the effort, will be acccmplished under the direction of

a five-member scit.ntific review group. It will consist of members
.

of the professional staffs of NRC, EPA, and the Department of Health,

Education, and Welfare (HEW), twoNembers designated by NRC and two

by EPA with each other's agreement, and one member designated by HEW,

with NRC's and EPA's agreement. EPA will select, with NRC's agreement,

the chairperson of this review group. NRC will select, with EPA's

agreement, a program manager (not a member of the review group),. to

be responsible for the day-to-day management of the feasibility and

planning studies and for the submission of technical reports to the

review group.
~

3. Any questions that cannot be resolved by the scientific review group

will be resolved by conference between the EPA Assistant Administrator ,
,

.

ew e
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gh for Air, Noise, and Radiation Programs and the Director of NRC's2

h%$ Office of Standards Development.
w x -? w

{=~g" 4. As appropriate during the conduct of the studies, NRC and EPA shall

consult with appropriate scientific organizations and Federal and '

.- State agencies. '**

{." 5. NRC and EPA professional staffs will be utilized for preparation of
+ -

.

work scopes, technical and administrative management of studies, and
4

I' preparation of necessary reports to the Congress.- The NRC will make

.- available up to $500,000 for outside assistance for the studies. If

I
~

a private cor. tractor is to be selected, the Division of Contracts of

the Nuclee.- Regulatory Ccmission will provide administrative support
1

j for issuing requests for proposals, receiving proposals, making contract

awards, and administering the funds authorized for this purpose.

6. After review of the report by the scientific review group, the report
. , ,

will be sent to the Ccmission and Administrator of EPA for final

approval prior to transmittal to the Congress.~

fw

J -j
gee V. 5tiss1ct, Executive 01 rector

for Op rations
U.S. N ear Regulatory Ccmission

A :& /s- /

id G. Hawkins, Assistant Acm1r.17trator
for Air, Noise and Radiation

U.S. Environmental Protection Agency

N 2
Stephen W. Gage Asststant Acministrator

for Research nd Development
U.S. Environa ntal Protection Agency.

-
.

D .

2 IY. ,J.c- *
. Ne NI 8 HELD + N* *J 4 ,= ..s--
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Scientific Review Group

_En"ironyntal Protection Agency

Dr. William Mills (Chairman)
Director, Office of Criteria and Standards
Office of Radiation Programs

Dr. George Simon, Senior Health Scientist
Office of Health Research

Nuclear Regulatory Commission

Dr. Frank Arsenault, Director
Division of Safeguards, Fuei Cycle and Environmental Research
Office of Nuclear Regulator'; Research

Mr. Karl Goller, Director
Division of Siting, Health and fa'eguards Standards
Office of Standards Development

Decartment of Health, Education, and Welfare

Dr. Charlotte Silverman, Deputy Director
Division of Biological Effects
Bureau of Radiological Health
Food and Drug Administration

The Scientific Review Group was assisted by the following individuals:

Environmental Protection Acency

*Dr. William E11ett

Nuclear Regulatory Commission

Mr. Thomas Dorian
*Mr. Robert Goldsmith
*Dr. Michael A. Parsont
Mr. Robert A. Purple

"Mr. David Rubinstein
*Dr. Shlomo Yaniv

Department of Health, Education, and Welfare

Dr. Gilbert Beebe
Dr. Moris Shore

"Also members of the Scurce Evaluation Panel

.
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The everall cbjectives of this f easibility stucy are:

( i) to iefine tfie statistical, technical, and administrative strengths
and constraints which are it.herent in the conduct of epidemiologic
studies on subjects exposed to lou-level ionizing radiation.

(ii) to examine the merit of conducting such epidemiologic studies on
the health effects of Icw-level ionizing radiation exposure in
light of the strengths and constraints identified in (i) above,
current kricwledge of biological effects and the characteristics of

*

candidate populations. .

c *....

C. STATENENT OF WORX
..

The Contractor shall provide the necessary personnel, f acilities. 7naterials,
.

The effortand services to accceplish the specific tasks listed below.
hereunder will be acccmplished in twc phases. the details of which are
presented in the scope of work which follows.

'-
Phase I. PRELIMINARY ANALYSIS OF STATISTICAL STRENdTHS AND LIMITATIONS

-

Tast 1) Conduct a literature search and identify various methods of*

conducting epidemiologic investigations relevant to the effects7
-

of low-level ionizing radiation.
~~

Task 2) Provide a specific evaluation of the strengths and limitations of
epidemiologic methods to estimate the risk of health effects
from exposure to low-level ionizing radiation in various pop';-
lations receiving radiation doses in excess of "n'or:nal" background
level s. The contractor may propose and evaluate any suitable
epidemiologic methods not identified by the literature search. ,

~

The evaluation shall address the influence of data cuality.
potential confounding or effect-modifying environmental, demo-
graphic and other pertinent factors; the possible acouisition of
adeouate population siza for study- and the capacity to discriminate
between incremental radiation induced risk and existing " normal"
risk of health effects. ~ .

Task 3) Based on currently available risk estimates and dose-effect '-
.

relationships, assess the likelihood of epidemiolopi studies
distinguishing' incremental radiation induced health effects
frca conditions .and disorders normally occurrinc. Tne mcs'. ..

* Tecent reports of the SEIR Ccemsittee. UNSCEAR ano at ier relevant '

publications shall be used as cuides for both of these facters. ~

The range of risk estimates shall be included in the ana'.vses.
based on whichever publications are selected.

The populations identified for this purpcse shall ir.cicce. but
do not have to be 'imiteo to: occupationally execsec i..d' ictals;

residents in areas with hich natural and/or te'ennologi:ai:f
enhanced backgrcund; residents in are?s of nuclear f aci'li. cs;
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.

and groups exposed during tr.coical procecures otner tr.an for tnePopulations which have been the
treatment of neoplastic diseas~es. subject'of previous epidemiologic investigations of the effects of.

low-level ionizing radiation shall also be included.
.,

~

most suitable for ep_idemiologic studies of the health effects oDetermine which of the populations identified in Task 3 above aref
Task 4)

Cetamination shall be based on' - -

low-level ionizing radiation.
such factors as study and control population composition and size;
potential confounding factors; variabi11ty in local background
radiation; variability in local rates of health effects; and popu-

Explain why otber populations identified in
_

Task 3 above are not considered suitable for further study, andexamine at what level of risk' and/or exposure epidemiologic studies
lation mobility. "

.
~

._
on such populations become feasible.*

Phase I must be completed and a report submitted to the NRC
within sixty (60) days after the effective date of theNote:

contract. ,

" -

OETAILED SCIENTIFIC CONSIDERATIONS OF FEASIBILITY AND COST
BASED ON FIELD EXAMINATION OF REL.EVANT POPULATION

-

Phase II.
"

, CHARACTERISTICS. .

For each of the popb1ations identified in Phase I, Task' 4, asl . , _ .

suitable for epidemiologic studies on health effects of low-leveionizing radiation, determine the nature, som, extent, cuality and.ask1) .

accessib11i. ty of existing health and radiation exposure data.
Radiation exposure data should take into account the various
characteristics of the different types of ionizing radiations.
The Contractor shall identify and estimate the macnitude
of the uncertainties in the radiation exposure dita. '

-

their potential contributions to an epidemiologic study or stuo.esInvestigate and discuss potential control populations and eva1uateIdentify arid assess ,
and provide cost estimates for such studies. the
potential confounding and effect-modifying factors relative toRecommend
study and control populations under consideration.
those specific sources of data most appropriate to such a study.

Assess, based on Task 1. if it is possible to accomplish withe 41 sting data (for specific cancer sites, types and total cancer
.
' ' '-

)
Task 2)a

either or both of the following objectives:

Describe and ivantify, using models and statistical
.,

analyses, including confidence intervals. the excess( 1) '.-

of cancer arising from exposure to 1cu-1evel ionizing
'

radiation. Include a discussion of considerations of
levels of risk and exposures and how confidence limitsstudy and control pcpulation size with different anticipated.

are affected by variations in these parameters.

Describe an upper bcund of risk for radiation-induced
(ii)

cancer.
.

.
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the C Cr'.rt: tor Wi1 * Cevel e. . . t. c '.
.

It is not intencef * hat
models. However. Ine contra: tor can select a :r:-rsatt
for illustrative purposes. .

l
For each population and epidemiologic approach considered, ana yze

*

the interrelationships among scope, ducation and and ccst.
,_

2)b
lting

Task 3). Explore which, if any other deleterious health effects resu
_

from exposure to 1cw-level ionizing radiation can be successfullyi
studied in epidemiologic investigations of the selected populat ons.ld

be improved for continuing epidemiologic studies in this area. identify how current data bases and record keeping practices cou
This

Task 4) d record

keeping practices that should be initiated to support epshall include identification of possible new data. bases an
. _

idemioiogic

~~

studies in the f"'.Lre.
~

further -

For potential cuntro1 pc'ulations that were eliminated from
-

l health or
consideration because of the lack of readily availab eTask 5)

identify those, if any, for which scme usefulf the necessary

estimate could be obtained by field reconstructuion oFor such populations, estimate the effort that would be
exposure data,

,

sary data and .-

involved in collecting (or reconstructing) the necesdata.

the quality of the expected epidemiologic results.
,

.

.

- - . ..
_

D. REPORT REOUIREMENTS

The technical reports listed below are to be documented, produced anddisseminated in accordance with NRC Manual Chapter 3202, which is part
*

of this contract. .

e

e

e
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Ccntract No. I.<:C-GI-79-M 0
', Page 2 of 6

- , .

A. Regarding ARTICLE I - STATEMENT OF WORK

~

1. Section C. STATEMENT OF WORK

Within the current context of the statement of work, the contractor
shall examine the incident at the Three Mile Island nuclear facility
in Pennsylvania. .

As a minimum, the contractor'shall evaluate the feasibility of
epidemiological research on the health effects of low-level ionizing
radiation exposure to licensee, centrac+ar, and subcontractor

'
'

employees as a result of:

(1) The accident nf March 28, 1979, of the Three Mile Island
unit two nuclear facility in Pennsylvania;

(2) efforts to stabilize such facility, or reduce or prevent
radioactive releases therefrom; and if practicable,

(3) efforts to decantaminate, decommission, or repair such
facility.

2. Section D., REPORT REOUIREMENTS, Part I, SPECIFIC REPORT REOUIREMENTS; ,

Item C is changed as follows: - _; -

Delete the date August 31, 1979 and substitue in lieu thereof
the date September 28, 1979.

3. Section F., MEETINGS; Part 2 is changed as follows:
,

Delete the dates September 10, 1979 and August 31, 1979 and
substitute in lieu thereof the dates October 10,1979 and
September 28, 1979 respectively.

8. Regarding ARTICLE III - CONSIDERATION

1. In Paragraph A., Estimated Cost. Fixed Fee and Oblication, the following
changes are made:

Subparagraph 1. is changed 'a read as folicws:

"It is estimated that the total cost to the Government
for full performance of this contract will be 5308,495.00,
of which the sum of $288.258.00 represents the estimated

"reimbursable costs, and of wnich S20.237.00 represents
the fixed fee.

Note: The proposed fee of $950.00 for "Equifax Services" has been
included in the above fixed fee amount. Any change in the amount of
"Equifax Services" required for the performance of this contract shall
not alter the fixed fee stated above."
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Experience of contractor

The Health Systems Division located in Reading, Massachusetts, was formerly

the Research Division of Bio-Dynamics, Inc., and was acquired by Systemedics, Inc.,

in August, 1974. Systemedics is now a wholly owned subsidiary of Equifax, Inc.

The activities of this Divisfun during the past fifteen years have been devoted

almost exclusively to research, development, and evaluation activities related

to health and social systems.

Systemedics, Inc., is presently engaged in a study for the Assistant

Secretary of Labor for Planning, Evaluation, and Research to determine the

usefulness of existing sources of occupational health data for the purpose of

evaluating OSHA's effectiveness in early detection and intervention in occupa-

tional diseases. Occupational health standards and regulatory program activities

will be reviewed and the adequacy of the data for epidemiologic research

assessed. This study involves identification of health hazards which are

occupationally related and description of the natural history of the diseases

involved, including preclinical stages and latency. The methodology for this

project includes the identification and comparison of the methods used to

screen for different occupational diseases and the stage of disease process they

can detect. Recommendations for modification and improvement of OSilA health

standards will be made.

The initial phase of this project involved an extensive literature review

coupled with discussions with experts in the field of occupational disease.

The primary focus of study n a detailed analysis of the current state-of-the-art

for medical monitoring of workers exposed to specific hazardous substances and

the extent to which it is possible to protect workers' health by federal

regulations.



.

Equifax recently collected data for a survey of workers at the Radiation

Laboratory of the Massachusetts Institute of Technology. This study was

conducted by the Life Sciences Group of the National Academy of Sciences for

the Environmental Protection Agency. Equifax was involved in the location of

former M.I.T. empicyees for follow-up by the Life Sciences Group.

The Health Systems Division recently conducted a study for the Occupational

Safety and Health Administration which involved the development of policy options

for requiring monitoring of workplace and medical examination of workers exposed

to toxic substances. The purpose of this study was to recommend approaches

regulating toxic exposure in the workplace and medical monitoring of workers --

two key components of the standards which form the core of OSHA's enforcement

strategy.

Under contract with the National Center for Health Statistics (NCHS), the

Health Systems Division recently conducted a study of the application of geocoding

systems to health data collected for local, state, and national uses. The purpose

of the study was to conduct a state-of-the-art review of automated geocoding

systems in the United States with respect to their present and potential applica-

tions in the health field. The results of the study were intended to provide

the NCHS with: detailed information on axisting geocoding systems; the concepts,

requirements, and constraints of such systems; and the user needs for these

systems as they relate to the national health statistics and the compnents of

the Cooperative Health Statistics System.

The Health Systems Division evaluated the National Rubella Immunization

Program for the Office of the Assistant Secretary for Planning and Evaluation,

DHEW (0ASPE). Extansive in-depth interviews were conducted in fifteen grantee

areas with all levels of program personnel. Questionnaires were also used to

gather detailed information from all grantees. The interview and questionnaire

.
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data were synthesized with information concerning operations of the agency

administering the grants and used to evaluate various aspects of the Rubella

Program. Recommendations were developed for strengthening areas such as program

planning, management, and monitoring. Special attention was given to the

difficult problem of immunizine the hard to reach, especially in the urban

setting. All recommendations were directed at improving the effectiveness and

efficiency of the immunization delivery system.

The Division completed an evaluation of the Uniform National Discharge

Abstract Site Test for the National Center for Health Services Research and

Development. For the OASPE, DHEW, a study and evaluation of the lead-based

paint poisoning program in the United States was conducted. For the Health Ser-

vices Administration of DHEW, the Division conducted a cooperative study of the

hospitalization experience of ambulatory patients of selected Comprehensive

Health Service Projects. Also, the Health Systems Division, with Arthur D. L?ttle,

Inc., of Cambridge, Massachusetts, studied the relationship of technological

innovations in health services to health planning for the Health Resources

Administration of DHEW.

Academic Oualifications of Key Personnel

Nancy A. Dreyer (Project Director) MPH (Epidemiology)
PhD (Epidemiology)

Richard W. Clapp MPH (Health Services Administration)

Frederic H. Fahey MS (Medical Radiological Health)

Henry I. Kohn MD PhD (General Physiology)
Gaiser Professor Emeritus (Radiation Biology)

Harvard Medical School
Director, Shields Warren Radiation Laboratory

Richard R. Monson MD ScD (Epidemiology and Biostatistics)
Associate Professor of Epidemiology Harvard
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ABSTRACT

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 (11%) 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-
jects, 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-
level ionizing radiation. The two major aspects of
Phase I were: (1) evaluation of the strengths and lini-
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 . mature 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,
not exposed), or between the exposure histories of two
groups (cases and controls). The comparability of groups
can be affected by biases in selection and observation
of subjects. Furthermore, confounding (mixing of effects)
can 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 effects, and adequate measurement
of effect mcdifiers and confounding factors. In addition,
an epidemiologic study must include a large enough number
of subjects to detect a health effect if there indeed is
one. This is especially important in the context of low-
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 effect were detected in a small study it
would likely be incorrect, and might reflect errors in
study design rather than any specific health risk frcm
radiation.

V
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For the purpose of evaluating potential populations fcr study, ~

we adopted cn operational definition of low-level radiation
according to the guidelines for maximum permissible dose
equivalents for occupational exposure recommended by the k
National Council on Radiation Protection and Measurements in
1971. In fact, most occupational and environmental radiation
exposures fall far below the maximum permissible limits.
We realize, however, that much can be learned from studying

_

-

populations that received as much as four or five times these
levels of exposure.

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.

Four 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
limits of low-level, yet also substantial enough to permit
detection by currently available methods of dosinetry, (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 (11%) were
excluded from follow-up during the 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 (such as the mon-
a:ite sands in Brazil where goed dosimetry is available) , as

vi
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well as areas with technologically-enhanced background, such
as res10 ntial areas near nuclear weapons and nuclour power
plants. hsyular visitors to health spas such as Bad Gastein
in Austria aA.' are recommended for follow-up in Phase II.
For medical exposures, the prenatal effects of maternal
irradiation and the possible health effects to adults from
both diagnostic or therapeutic radiation merit further invest-
igation. Those exposed to fallout from nuclear tasting
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:

(1) Is there any health effect from exposure to low-level
ionizing radiation?

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

.
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A STUDY TO DETERMINE THE FEASIBILITY OF CONDUCTING EPIDE-
MIOLOGIC INVESTIGATION OF THE HEALTH EFFECTS OF LOW-LEVEL
IONIZING RADIATION

I. INTRODUCTION

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 rele-
vant population characteristics. Phase I was accomplished
in two months. Thirteen months remain for completion of
Phase II.

Phase I was composed of four tasks: (1) identify various
metheds 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 epidemiologie studies can distinguish incremental
radiation-induced health e_fects frem 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 summari=ed in Chapter 3.
Task 3 is summarized in Chapters 4 and 5; Task 4 can be
found in Chapter 5, part C.

This document is an interim report summarizing Phase I
research. A comprehensive list of candidate populations

.

was developed. Furthermore, certain candidate populations
wera 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
of human illness; most epidemiologic inquiry calls for
non-experimental research designs. The main emphasis in
non-experimental epidemiologic research, as in experiments,
is on comparability of subjects. In an experimental study,
comparability is achieved without difficulty by selecting
homogeneous subjects and by randomly allocating subjects

.
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to treatment groups. In non-experimental studies, compar-
ability is often more difficult to achieve. In an obser-
vational setting (non-experimental), randomization of

~

treatment or exposure is not possible. Epider' ologists,
therefore, must seek to exert as much control .a possible
over which data are collected and how the data are collected
and analyzed. Central to this control is making sure that -

comparable methods were used in collecting data from the
two or more groups being compared.

'

A. STUDY DESIGN

Epidemiologic 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 membe 5 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, or mixed (hybrid) .

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
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-
.



There are several major differences between a pros-
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 healF;, 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
are compared to such rater for the general popu-
lation.

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
is that they afford the investigator nore control over*

the data that is being collected. One can usually
closely evaluate the quality of the duta as well as
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-
hort study can provide more reliable data, the short-
comings of retrospective cohort studies 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

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
retrospective study. In a case-control study, the

,

investigator selects persons with the disease of
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
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 _a 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 disease are found.

Two general types of control groups are used in
case-control stu(ies: hospital controls and popu-
'ation controls. As emphasized earlier, epidemiol-.

ogists are always concerned with comparability.,

Hospital cases and 7ontrols are similar in that each
group consists of pe.: sons in the hospital. The type
of data available and the milieu of the data gathering
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-
1:ed, 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. Neither .ype of control
group is inherently preferable to the omher. The choice
of control group depends on the situatio3 in a given
study.

-4-
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3. Nested Design

Once a cohort has been identified and followed-up,
either retrospectively or prospectively, it becomes
possible to conduct a case-control study within the
cohort, using information on all the cases that have
been assembled. .Cemparable 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.

The nested design can be a very 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-
sure, the investigator might wish to conduct a special
case-control comparison (nested study).

4. Cross-Sectional Studies

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

Exposure and disease are measured essestially at the
same point in time. Further, the time sequence
between the onset of exposure and the onset of disease
cannot be inferred.

The data resulting from a cross-sectional study can be
treated in the same way as data from a cohcrt 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 che exposure.

-3_
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The inability to establish the exposure-disease tine
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
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). 7
However, consider diagnostic radiation and breast
cancer. It is thought by some that diagnostic x-rays
may lead to breast cancer. Persons with symptomatic
cancer may go for repeated diagnostic x-rays. Thus,
it would be difficult to establish the meaning of
cross-sectional data relating x-rays to the develop-
ment of breast cancer. For this reason, cross-
sectional studies are relatively uncemmon. In epide-
miology it is desirabia to determine the time sequence
of the ,issociation 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
non-association. The passage of time may be necessary
to enable the collection of data in a longitudinal
manner to supplement the results of a cross-sectional
study.

5 '. Ecologic Studies

In cohort and case-control studies, the unit of
me.surement is the individual. In ecologic studies,
th e unit of measurement is the group. Groups are
classified according to their rate of exposure and
their rate of disease. An ecologic study is seme-
times called a correlation study because the inves-
tigator usually correlates the exposure rates with
disease rates. For example, Frigerio (1) classified
the U.S. population according to altitude (as a proxy
measure for cosmic radiation) and correlated these
exposure rates with general mortality rates and cancer-
specific mortality rates for various locations.

..
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The major 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 norbidity experience that
was recorded might actually reflect the health exper-
ionce of recent immigrants. Where these people were '

diagnosed or where they died may have been different
- 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.

3. 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
exposura; 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. However, the absolute effect is greater for
coronary disease than for lung cancer because the inci-
dence of coronary disease is greater. Thus more people
will die from coronary disease due to smoking than from
lung cancer due to smoking.

Comparative rates used in absolute and relative =easures
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 zn determining incidence. In case-control com-

-7-
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parisons exposure histories should not be compared
according to mean levels of exposure. This method was
used in early analyses of the Hanford data (2). The
uses of mean levels of exposure distorted the information
because, 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
means. -

Data from cross-sectional studies are used to 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
extremely important. The decision as to whether an
exposure or characteristic is a cause of disease or a
correlate of disease depends on the comparison. Concep-
tually the corparison 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 grouc 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 ef fects 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
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
given year. The use of internal controls premits compar-
ison of disease rates according to different levels of
exposure. The utility of standardized rate ratios depends

-S-
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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 workers may appaar 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
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
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
o.4 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 epidemiologic
methods in the evaluation of the effects of low-level
radiation on humans is that information is being obtained
directly on people. There is no need to extrapolate
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 epidemic-
logic research. The quality of the data will be considered
with special emphasis on dosimetry. Finally, the interpre-
tation of epidemiologic data will be discussed.

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,
the data may contain incorrect information as to exposure
and disease because of observation bias. Selection bias
and observation bias result because of deficiencies in
study design and data collection. Although not always
preventable, these sources of bias should be considered

,

in the design of a study and efforts made to minimize
their effects.

_

l. Selection Bias
t

Selection bias occurs only in study design. For
it to occur, the disease must have taken place at the
time a person is enrolled into the study. Selection
bias cannot be controlled; it must F- prevented.

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, selection 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-
trols, of non-exposed persons into the cases or of
non-exposed persons into the controls. The central
feature is that different 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 disease has already
occurred when individuals are entered into the study.
Selection bias results if there is non-comparable
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
inforn'ation on disease outcome is obtained in a non-
comparable manner from exposed and non-exposed groups.

,

In case-control studies, observation bias results
when information on exposure is obtained in a non-
comparable manner from cases and controls.

-10-
.



.

An 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 termed 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
information. Questions are asked 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-
niques.

In evaluating an association between one variable
(exposure) and a second (disease), confounding results
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. Alsc, many uranium miners smoke cigarettes.
Archer et al. (3) coked at the relationship between
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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exposure 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.

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
is essential in the design and analysis of epidemiologic
studies.

There are procedures designed to minimize confounding
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
groups (applies primarily to experimental studies and
intervention trials), or (2) matching subjects
according to potential 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, post hoc; 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.

-12-
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B. DATA QUALITY

In epidemiologic studies, the quality of data refers to
three types of data: measure of exposure (radiation) ,
measure of outcome (disease), and measure of confounding
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 size
to test for an exposure effect and to precisely estimate
that effect.

In addition to adequate 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,

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

potential cancer development
4) Suitable comparison groups

Ne would add to their list a fifth criterion:

5) Adeg:Ste measurement of effect modifiers
and pecential confounding factors.

L Power and Studv Size Estimation

The study sample size must be large encugh 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 epidemiologic study.
Once the data have been collected, power is no longer
meaningful. Instead confidence limits should be
placed around the point estimate of effect to reflect
the precision of the estimate. As a general rule,
sample size is inversely proportional to the square
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
proportional to dose, 100,000 persons 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:

'

Dese 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 delivWred as 10 one-rad dosec) (5).-

-13-
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" Suppose that 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-induced
breast cancers to appear, about 1,910 breast cancers -

per million 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 the 1972 BEIR Report.

Figure 1 shows that a sample 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 a* te 5% level...

Obviously a sample of 100 million woA would be.4

impractical. A case-control approach would require
about 2 million breast cancer cases and controls,
assuming equal proportions of exposed and non-exposed
women 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 radiation and breast cancer may preclude
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

14--
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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

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
energy 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 often is expressed by
the concentration of the radioactive material in the
source of 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, raden, the unit of working level month,
(m21) 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 differentially effective,

(per rad) in causing biological effects, their equiva-
lent doses, normalised to gamma rays, are given in .

terms of dose equivalent with the unit rem. The
factor that describes the differential effectiveness '

of various types of radiation is the relative biological
effectiveness (RBE). As an example, for a particular
effect where the RBE for alpha particles is 10, an
absorbed dose of 1 rad of alpha particles is equivalent
to an absorbed dose of 10 rad of gamma rays.

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

-16-
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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*
Neutrons, Energy < 10 kev 3

Neutrons, Energy >10 kev 10
Protons 1-10**
Alpha particles 1-20
Fission fragments, recoil nuclei 20

*In 1966 the ICRP reccamended a value of 1.7 for the QF
of low energy electrons or protons. We believe that a
rounded value of 1 is more ccmmensurate with the accuracy
of our knowledge and the requirements of radiation pro-
tection. (In 1969 the ICRP amended its 1966 recommendations,

specifying that theQFshouldbetakenas1forallff*,e~,Y
and x radiations and for. conversion electrons.)

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

Source: National Council on Radiacion Protection and Measure-
ments, Basic Radiation Protection Criteria, NCRP Rep-

' ort No. 39, 1971.

_
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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 constant (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, overestimate the true dose equivalent
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
of magnitude for chronic granulocytic leukemia and
lung cancer (8) .

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 cose 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 occupational 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 might 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.

-18-
.



At doses above 1 rad per year, the uncertainty in dose
estimation is approximately 10%. These estimates
reflect the maximum accuracy of such exposure measure-
ments. In actual use, personnel dosimeters tend to
be directionally 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
these reasons, estimates of radiation dose from the
dosimeter readings will tend to be inaccurate.

For absorbed 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
amoun't 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 difficult
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
airborne radioactive concentrations and radioactivity
in water. However, these measurements by themselves
are not sufficient for describing population expo--

,

sure. To define radiation dose to populations from
these measurements would require knowledge of where
individuals were in relation to measured radioactivity
and the amount of time they were exposed. These
considerations introduce a large uncertainty.

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.

-19-.
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An approximate dose can be estimated based on the ~

assumption of 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 feasibility
of studying the health effects of low-level radia-
tion. If dosimetry is, in fact, a limiting factor in
the O 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-
lation to the very low dose range.

Caution should be used in interpreting dosimetry.
The demonstration of a statistical association between
radiation exposure and cancer or other disease does
not prove a causal relationship. The total environ-
ment must be examined in order to rule out the
presence of other noxious agents which may be asso- ,

'
ciated with radiation exposure.

C. INTERPRETATION OF EPIDEMIOLOGIC RESEARCH

The collection and analysis of epidemiologic data com-
prise the science of epidemiology. Knowledge of these
methods is necessary in order to conduct epidemiologic

'

research. Proficiency is gained primarily by practice.

T'he results of epidemiologic studies must be interpreted
by epidemiologists and non-epidemiologists alike.
It is necessary to view the results of any scientific
study, epidemiologic or otherwise, in the context of
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
seen in an epidemiologic study is spurious 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 ,

have e 2neral biologic plausibility and if similar asso-
ciat.ons 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 EPIDEMIOLOGIC STUDIES DETECT THE HEALTH RISKS FROM
LOW-LEVEL IONIZING RADIATION?

A. THE EPIDEMIOLOGY OF RADIATIOM-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 radiation. The estimates
presented in Table 2 differ dramatically 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 Nevads nuclear test fallout. However, it
has not been possible to reconstruct the doses of radia-
tion, and the statistical validity of the conclusions
drawn has been questioned (17).

The health effects observed among survivors of the atonic
bomb and people exposed to fallout may not accurately
represent the extent of health effects that may occur to
people exposed to ionizing radiation in a less dramatic
way. For occupational exposures, an excess of multiple
myeloma and cancer of the pancreas was noted in the study
population at the Hanford nuclear f acility 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 thei,r review of Mancuso, Stewart, and -

Kneafe'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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TABLE _1

Observed and Expected Neoplasms by Site of Hiroshima and Nagasaki
_

Residents Exposed to 1-9 rad.
,

1950-1974
-

HIROSHIMA NAGASAKI

SITES OBS. EIP. /EIP OBS. EIP. /EIP ,

Leukemia 4 10.1 0.4 5 5.8 0.9

Thyroid 17 21.4 0.8 12 13.1 0.9

Fenale 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,
Perd.conium 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 5 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 Bo=b Survivors 1950-1974," Life Span Study Repor:
#S. Radiation Effects Research Foundation, Technical
Report RERF TR 1-77.

.
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Diagnostic medical x-rays of pregnant wcmen have been
associated with increased incidence of childhood cancers
in the excosed offspring (.19,20,21) . Also, exposure to
diagnostic radiation has been claimed to be the cause of
excess leukemia in adults. However, Dr. Bross' analysis
of the Tri-State Leukemia Study (22) has been strongly
criticized. Boice and Land (23) pointed out that the
nature of the case-control design makes it imoossible to
distinguish between past events that were causally related
to leukemia and events consequent to the disease, e.g.,

where x-ray exposures reported by subjects had been given
for early manifestation of disease.

Low-level ionizing radiation also has been studied as a
possible cause of reproductive impairment, with decreased
birth weight, mierc haly, Down's syndrome and abnormal-
ities of the eye stu_.ad as possible consequences (24,25,
26,27). Temporary sterility in men has been noted
after single doses as low as 50 rem (28) . However, no

studies to date show solid evidence for an association
of 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.

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).

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, populations
exposed to fallout from bomb testing in the Marshall
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
induce genetic effects including specific locus mutations
and chromosomal abnormalities. From an operational
point of view, genetic effects fall into two categories:
germ line mutations that are induced in the parent and
whose phenotypic effects are seen in the progeny, and
somatic cell mutations that are induced in an individual

. -23-
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and also observed in him. Specific locus mutations due
to irradiation have not been demonstrated in germ cells
of man. Large doses, of course, induce chromosome break-

_

age and thus engender grossly abnormal germ cells that
lead to an increase in the abortion rate, especially
early in pregnancy. 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-
chemical determination of specific locus mutations is a
possible line of study, owing to the development of
" production line" techniques for the scparation 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 ?.he 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 cytogenetic indicator 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).

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
have direct effect estimates in the low-dose range that
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.

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.

.
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B. QUESTIONS FOR EPIDEMIOLOGIC RESEARCH

Ne recogni:e that the decision as to which populations
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 effect 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 data on health
effects could not be related to radiation dose, it is
important first to establish whether there is an ircreased
health risk from low-level radiation. This question,
although imprecise, is important in terms of public
health. Consider, for example, the regulatory agency
that must decide whether radioactive waste disposal sites
pose a serious health-risk 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 the dose-
r,esponse curve for low-level radiation depend largely
on dosimetry. If exposure to low-level ioni:ing radia-
tion does pose a serious risk to health, then it would
be important to describe precisely the dose-response
relationship in order to help regulatory agencies set
appropriate standards for permissible levels of exposure.

Both cohort and case-contrtl 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. EXA.MPLES OF STUDY SIZE REQUIREMENTS

We have selected two examples to illustrate the study
size requirements to detect an incremental health effect

-25-
.



, .
,

.

due to low-level ionizing radiation. Study size require-
ments for cohort studies of breast cancer were presented

.

in Section II. B.l. Below are estimates for study size
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. The~se 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 in both examples. The
allocation ratio refers to the ratio of controls to
cases or unexposed subjects to exposed subjects. When cases ,

or exposed subjects are limited in num' er, the information
yield of a study can be improved by selecting multiple
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.

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 ;
on birth and death certificates in New York State,
exclusive of New York City (25). The term P1 refers tothe proportion of exposed subjects who develop disease.
This estimate probably underestimated the prevalence of
congenital abnormalities by using only information on
gross abnormalities evident at birth.

.

l

.
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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.
We adopted operational criteria for low-level radia-
tion according to what has been utilized by regulatory
agencies as shown in Table 3. This recommendation
provides maximum permissible occupational dose levels;
we applied this operational definition to other
populations, e.g., residential, as appropriate. We
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 exposures 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-
sures. Note that a person employed in the nuclear
power industry from age 19 to age 50 might accumulate
as much as 160 rem from his work. During Phase II,
we plan to gather information on both the annual dose
rate and the number of years of exposure for candidate
study populations.

,

2. Candidate Poculation Selection

We assembled a list of candidate study populations
using three different approaches: literature survey,
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 with exposures to
low-level ionizing radiation. Our review was largely
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

-31-
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TABLE 3

Maximum ?armissible Dose Equivalent for Occupational Exposure

-

Combined whole body occupational exposure

Prospective annual limit 5 ren in any one year
"

Retrospective annual limit 10-15 rem in any one year
Long time accumulation to

age N years (N-18) X 5 rem
Ciot applicable to children)

Partial body exposure

Skin 15 rem in any one year
Hands 75 ren in any one year
Forearms 30 rem in any one year
Other organs, tissues, and '

organ systems 15 res 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.

.

I
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Force on the Health Effects of Ionizing Radiation
(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
was 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
study population. These criteria are: personal
data, radiation exposure data, size of the group,
potential confounding factors, and suitable biolo-
gical end-point for study.

The existence or potential existence of personal
data is essential for an epidemiologic study of indi-
viduals. 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 -'seases. If no data currenuly
exist, we considered whether it would be possible to
initiate 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 feasibil.ity evaluation. Candi-
date study populations were eliminated from Phase II
follow-up if their exposures exceeded our operational,

definition of low-level. Note that in Phase II follow-
up we included some populations with annual exposures
that exceeded 5 rem if low dose expcsures occurred at
an internal organ of interest.

Further, we eliminated candidate populations whose
exposures were too low to be measured by current
methods of dosimetry. One approach to identifying
an appropriate lower limit for detectable 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 more 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
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25 mrem 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
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 -

groups crudely according to three categories: (1)
Ismall and unique, (2) small, not unique, and (3)

large (greater than 10,000). Only population groups
,

that were small and unique were eliminated from Phase
II follow-up. Individual candidate populations that
were small and similar to other groups were included
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- '

gorized by the same six subgroups as the occupational
populations. Medical groups were divided into exposure
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 .

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.).
2In addition, some dose data are for general categories

rather than specific populations. More specific in orma- ,

tion will be gathered in Phase II.
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TABLE 4

Classification of Candidate Populations

Category Page No.

42I. OCCUPATIONAL

A. Medicine 42

1. Hospital / Clinic 42
a. Radionuclides

1) Nuclear medicine technicians
2) Radiopharmacists
3) Radiotherapists and

technicians
4) Embalmers
5) Hospital incinerator

operators
6) Teletherapists
7) Nursing personnel

b. Electronic Sources
1) Radiologists
2) X-ray technologists
3) Dermatologists
4) Dentists
5) Cardiologists

2. Private Practice 43
a. Radionuclides
b. Electronic Sources

1) X-ray technologists
2) Radiologists
3) Dentists
4) Dental hygienists and*

assistants
5) Veterinarians
6) Osteopaths
7) Chiropractors
8) Podiatrists

B. Industry 45

1. Industrial Radiography 45
a. Radionuclides

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

2. Other Industrial 45
a. Radionuclides

1) Sewage treatnent plant
workers
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TABLE 4 (cont.)

Category Page No.

b. Electronic Sources
1) Video display tube operators -

2) Television repairmen
3) Seed sterilizers
4) Airport baggage x-ray inspectors .

5) Plasma torch operators

3. Manufacturing 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
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

1. Mining 48
a. Uranita miners

.

2. Hilling and Refining 48
a. Uranium millers
b. Dye workers
c. Uranium refiners

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

4. Operation 50
a. Nuclear plant workers (see

Appendix B)
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TABLE 4 (cont . )

Category Page No.

5. Processing and Re-processing 50
a. Plutonium processing plant

workers (see Appendix C)
b. Uranium re-processing workers

6. Transportation 51
a. High-level waste transport

workers

7. Waste 51
a. Waste disposal site workers

(see Appendix D)

8. Research and Development 51
a. Research facili..ies workers

(see Appendix C)

D. Government 52

1. Radionuclides 52
a. Non-destructive testers

2. Electronic Sources 52

3. Military 52
a. Atomic veterans
b. Nevada test site employees
c. Weapons assembly workers
d. Nuclear-powered ship workers

.

4. Research and De'relopment (see 54
(Appendix B)
a. Research Lab, workers

E. Education 54

1. Radionuclides 54
a. Laboratory technicians

2. Electronic Sources 54
a. X-ray spectroscopists
b. X-ray diffraction workers
c. Experimental nuclear physicists
d. Electron microscopists
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TABLE 4 (cont.)

Category Page No.

F. Technologically Enhanced Natural Background 55

1. Miners 55
'

a. Coal miners
b. Hard rock miners
c. Phosphate miners
d. Lead / zinc miners
e. Iron miners
f. Fluorspar miners

2. Airline Personnel 56
a. Pilots
b. Flight attendants

3. Other 56
a. Fertilizer manufacturers
b. Underground document storage

'

workers
c. Sailors
d. Submariners
e. Health Spa workers

G. Registries 57

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

2. Transuraniwa Registry 57

3. Radiation workers (U.K.) 57

II. NON-OCCUPATIONAL 58

A. Environmental 58

1. Natural Background 58
a. Reindeer and caribou eaters

(Eskimos and Laplanders)
b. Shellfish eaters (Japan, especially)
c. Mona:ite sands residents
d. Residents in high altitude

areas
e. Residents in areas of high

granite content
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TABLE 4 (cont.)

Category Page No.

f. Residents and visitors to Bad
Gastein, Austria ,

~

g. Residents in high radon water
areas

h. Populations with few x-rays or
radiation treatment

i. Rural populations (Orinoco basin,
Brazil)

2. Technologically-Enhanced Natural 62
Background
a. Residents near coal-fired

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

housing ccamunities
d. Residents of phospho-gypsum

houses

3. Industry 64
a. Uranium manufacturing communities

(e.g., Canonsburg, PA)
b. Tritium manufacturing communities

(e.g. , Tucson, AZ)
c. Radioactive hospital effluent

communities
d. Residents near illegal radioactive

waste disposal sizes

'4. Nuclear Fuel Cycle 65
a. Mining

1) Uranium miners' families
b. Milling

1) Uranium millers' families
2) Mill tailings communities
3) Uranium tailings housing

residents
c. Fabrication

1) Residents near, downwind.or
downstream from fabrication
plants (see Appendix C)

2) Seaweed eaters downwind from
Windscale (England)

-
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TABLE 4 (cont . )

Category Page No.
,

d. Operation
1) Residents near nuclear power

plants (see Appendix B) -

2) Visitors to nuclear plants
,e. Processing and Re-processing

1) Residents near processing .

plants (see Appendix C)
f. Transportation
g. Waste Disposal

1) Residents near waste disposal
sites (see Appendix D)

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

search facilities (see
(Appendix C)

5. Government 70
a. Military f allout from Atcmic Bomb

or its tests
1) Faeree Island residents during

fallout
2) Nevada test site residents
3) Milk-drinking children in

Utah and Nevada
4) Japanese Atomic Bcmb

survivors
5) Marshall Island test site

residents
6) Fall-out residents in Utah,

New York, and Minnesota.

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

search facilities (see
Appendix C)

6. Education 72
a. Residents near, downwind or downstream

from research reactors (see
Appendix C)

B. Medical 73

1. Diagnostic 73
a. Maternal pelvimetry and x-ray

offspring .

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

-40-

_



.

TABLE 4 (cont.)

Category Page No.

c. Scoliosis x-ray patients
,

d. Urography patients
-

e. .Mammngraphy patients (organ
doses)

f Thorotrast patients
g. Dental x-ray patients
h. Chest x-ray screening
i. Barium meal and enema patients

(organ doses)
j. Congenital hip dislocation and

Legg-Perthe's Disease patients
k. Neurologic x-ray patients

(organ doses)
1. Chiropracters' patients
m. Lumbar spine screening
n. Stomach ulcer x-ray patients

(kidney dose)
o. Multiple fluorescopy of tuber-

culosis patients

2. Therapeutic 83
a. Acne, hirsutism, and skin disease

x-ray patients
b. Thyroid cancer and thyroid

disease I131 patients
c. Postpartum mastitis x-ray patients
d. Tirea capitis patients
e. Benign gynecologic x-ray patients
f. Ankylosing spondylitis x-ray

patients-

g. Arthritis x-ray patients
h. Thymic enlargement and upper respir-

atory problem patients
i. Brachytherapy patients
j. Radioactive implant patients '

families
k. Wearers of uranium-fabricated

dentures
1. Pacemaker patients with nuclear-

powered pacemakers
m. Polycythemia vera radioactive phos-

phorus patients
n. Cervical cancer x-ray patients

3. U.S. Tumor Registries 91
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Size Radiation Follow-
*1. Occupations Up in
bj Phaseg

ao g c II?
N$ G Source of DosePopulation e

Coeurents
Description g hg o Exposure Rangega

$e * *
E b.ao .

u o a o > *

M 88 21 7 e 2 *
n e .

A. Hedicine
1. Ilospital/ Clinic Average

a. Radionuclides 45 fes X beta, gamma 330 mrem /yr X All dose estimates fron.
sources, EPA Draft, Jan., 1979

1 x-ray
w 1) Nuclear medi- Yes' cine technicians

-- --

2) Radio pharraa- Yes -- --

cists

3) Radiotherapists Yes -- --

and technicians

4) Embalmers Yes X be t a , ganuna X llandlers of radioactivt
sources cadavers

5) tiospital In- ? -- --

cinerator Opera-
tors

Ii . . 4
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Size Radiation Follow-
'* Up in

Ed Phase
g e- g Y II?
dU a Source of Dose .

C-ds
Population e

Description a ag e ,Q o Exposure Range
n W 8~

.
0 "0 E N o' =

a aa s r x s a :
n e

6) Teletherapista

7) Nursing personne
.

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

1 1) Radiologists 46 Yeo X x-ray X on-going study--

w
n

2) X-ray technol- Yes X x-ray 0-5 rad /yr X
ogists (est.)
3) Dermatologists 47 Yes x-ray -- X on-going study

4) Dentists Yes x-ray - X

5) Cardiologists 47 Ye6 x-ray -- X on-going study

2. Private Practice

a. Radionuclides 45 Yee X beta, gamna 370 mrem /yr X many not certified;
sources, x-ray doubtful dosimetry

b. Electronic 45 Yet X x-ray 370 mrad /yr X many not certified;
Sources doubtful dosimetry
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Size Radiation Follow-
Up in

d Phasea
g C II?d6

NU G Source of Dose i

UPopulation e "*
Description 0 0f .a o Extosure Range

2: !! 8e

a d s E* *
.

a sa 2 g x a a -

U
.

1) X-ray technol- X x-ray 0-5 rad /yr X
ogists (est.)

X2) Radiologists 48 Yes X x-ray --

3) Dentists 45 Yes X x-ray 180 mrad /yr X -

{
I 4) Dental hygienists 45 Yes X -- -- X

and assistants

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

6) Osteopaths Yes X -- -- X

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

8) Podiatrists 45 Yes X x-ray 30 mrad /yr X

.
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Size Radiation Follow-
Up in

d Phase
go g N II?
dM 4 Source of DosePopulation e

Description f f g Exposure Range
"*

.a

*O N o'* a
a sa g t x a n

B. Industry
1. Industrial Radio-

graphy

a. Radionuclides 45 Yes X beta, gamma 440 mrem /yr X

sources
1) Well-loggers ? -- --4-

un
a

2) Non-destructivt ? -- --

testers

3) Canuna ray 7 -- --

source inspectors

2. Other Industrial

a. Radi nuclides 45 Yes r beta, gamma 440 mrem /yr X
sources

1) Sewage treat- 7 -- - x
ment plant work-
era

b. Electronic 45 7 X x-ray 400 mrad /yr X

Sources
.
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Size Radiation Follow-

' ' Up in

Q Phaue
g N II?ao

N G Source of DosePopulation g Cosaments
Description g gg g.a o Exposure Range

O N o' a

a aa a n : a a m
n 2

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

2) Television repair- ? -- -- X

men

$. 3) Seed sterilizers ? -- -- X
m
a

4) Aicport baggage 50 Yes X x-ray 422 mrad /yr 1 extrapolated from N10Sil
x-ray inspectors study data

5) Plasma torch 7 -- -- X
operatora

3. tbnufacturing and
Distribution

a. Radionuclides 45 Yes X beta, gamma 650 mrem /yr X

sources
1) Smoke detector ? -- -- X
makers

2) Radiopharmaceu- Yes -- -- X
tical makera

.
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Size Radiation Follow-
* '

Up in

d Phase
d6 $ II?
dU G Source of Dose .

Population e
Description h f '*

is o Exposuro Range

O N
. n

5 0$ $ 2 | 8 $.*n e

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

painters ted dose
.

U.K. dial paintere. 52 Yes X 226 , -- X on-going study ing
England

i

A 4) Luminizers 53 Yes X 3" 490-1,600 X

7 (primarily tritium) mrem /yr

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

6) Thorium alloy 54 Yes X -- -- X on-going study
workers 55

7) Radioactive ce.co 56 7 X gamma sources. 0-446 mrad / X dose from HIOSH survey
handisrs x-ray yr

b. Electronic sources 45 7 X x-ray 200 mrad /yr X

'

1) Cathode ray tube ? -- * --

makers

. l
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Size Radiation t'ollow-

Up in*

bd Phase
Mg II?-4 e-

Population U Source of Dosee un ,
Description a .a o Exposure Rangeen g g

n U 8
1

.
as s a s .

a 8a 2 s z a a :
o en
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2) Klystron tube ? -- -- X

makers

3) X-ray equipment ? -- -- X

manufacturers

C. Nuclear Fuel Cycle,
s

1. Miningto
a

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

64 daughters or low dose; registry
0-10 WIJt/yr data available and
(est.) several studies on-

going

2. Hilling & re- 45 Yes X alpha, ganuna , 2-4.7 rem /yr X

fining radan daugh-
ters

a. Uranium millers 65,62Yes X -- -- NUREG EIS, April, 1979

b. Dye workers ? -- --

c. Uranium refiners 66 Yes X alpha, gamma -- K on-going research
radon daugh-
ters

.
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Size Radiation Follow-

Up in*

bj Phase
N II?go g

d$ M Source of DosePopulation e Cmds
Description g ag g g Exposure Range.a

0 N '

a*

a as s 3 x s a s
a

3. Fabrication 45 Yes X alpha, gamma 560 mrem /yr X

fission pro-
ducts

a. Caseous Diffusion Yes X uranium and average 10 X current workers-5,535
'

Plant workers daughters mrem /yr . . total probably

Oak Ridge, TN 67 Yes X -- -- greater than 10,000,in

j, 68 cluded in DOE health &
mortality studyy

Paducah, KY 68 Yes X -- -- X current workforce,
2,375

Portsmouth, Oil 68 Yes X -- -- X

b. Feed Materials Yes X uranium and -- X

Plant workers daughters
Ashtabula, Oil 68 Yes X -- --'

X included in DOE healthFernald, 011 67 Yes X -- --

68 and mortality study

i

.
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Size Radiation Follow-

k"'
Up in

j Phase
p c- g c .II?

Population g gN G Source of Dose .

ComumentsDescription c ag ge o Exposure Range
E il 8. 3a "S a d s x m

& 88 c Q ; e 2 *
D L/

c. Savannah River 68 Yes X varied -- X
Plant workers

Aiken. SC

d. Ilanford Production 68- Yes X varied --

X
Operations workers 71

8 Richland, WA
o
8 e. Idaho Chemical 68 Yes X uranium and --

Processing Plant daughters X
workers 8

4. Operation 45

a. Nuclear power Yes X primarily 760 mrem /yr X large pool of workers
plant workers garama & neu- with dosimetry (SC8

trons Appendix B)
5. Processing and 45 Yes X -- 70 - 560 x

Re-processing arem/yr many low dose (See
Appendix C)

a. Plutonium process- 72 Yes X
ing workers 73 -- -- X on-going study

b. Uranium re- ? X -- -- X

processing workers

.

l

.



Size Radiation Follow-

g Up in

d Phase
d6 $ II~t
d iI 6! Source of Dose

"Population e
Description N Of

*
is o Exposure Range

? Y e o y
a ^ !! a d J e.
2 8n 1 2 % e f ;!

n a

6. Transportation 74 Yes X alpha, gamma, 540 mrem /yr X doubtful dosimetry;
neutron source: need to determine

quantification

a. liigh-level waste ? -- --

transporters,
en

Y 7. Waste

a. Waste disposal 45 7 X alpha, beta. -- X See Appendix D
site workers *gamma

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

on-going research,

trons
a. Research lab 67 Yes X -- --

(See Appendix B)
workers

I|i

. .



Size Radiation Follow-
"' Up in

d Phase
go g c II?

Population g' dN 4 Source of Dose
Comuments

Description g g gis o Exposure Range

"O N a

& 88 1 3 .x 8 2 *
n u

D. Government

1. Radionuclide 45 Yes X beta, gamma 400 mrem /yr X
*

workers sources

a. Non-destructive Yet -- --

d testers
u
'

2. Electronic Source 45 Yes X m-ray 120 mrad /yr see section I.B.
workers 75

3. Military 45 Yes X alpha, fissioi 200 n. rem /yr X
products

a. Atomic Veterans 76- Yei. X alpha, fiss- 0-Strem/yr X limited personal data,
78 fon products (est.) on-going research

b. Nevada Test Site 68 Yes X varied - in- -- X on-going research
employees 77 cludes nuclear

weapons fall-
out

c. Weapons assembly Ye s, X Plutonium. -- X
workers uranima and
Rocky Flats, CO 68 Yes X their daughten s

.

d e e

e
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Size Radiation | Follow-
* Up in

d Phasa
g e- g Y II?
dU G Source of DosePopulation g Comanents

"~"

Description g ag g g Exposure Range.a

O N '

a
a aa g g ; a a -

4. Research and 45 Yeo X alpha, sangua. -- X see above I.C.8.a.
Dev*lopment fission pro-

,

a. Researci. imh IHI Yes X -- -- I
workers 82

s
ui E. Education
u
8 1. Radionuclides 45 Yes X beta, gamma 270 mrem /yr X many transient

sources workers

a. Laboratory tech- 7 -- --

nicians

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

a. x-ray spectros- Yes -- --

copista

b. x-ray diffraction Yes -- -

workers
c. Nuclear physi- Yes -- --

cists

d. Electron micros- 7 -- --

.copists

.

1. , ,
'
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Size Radiation Follow-
Up in

H
- Phase

$ .lIljk
dN Source of DosePopulation e p_

Description g g g Exposure Range4

2 s B : :- l e

a aa s 51r s a :
o _

b. Japanese shellfish 99 No X 210 , 45 X Population hard top 2n
caters 94 ' "* "" '"" **

60 and
Co of dose levels

54 , in fishg
flesh

a c. Monazite sands 100 7 K Thorium in 0.2-2.6 rad /yr X Difficult for out-

@ residents - 101 monazite siders to conduct
8 Residents of coast- 43 sands; pos- (1.3 rad /yr research

al Kerala, India 94 sible 226 , from gamma,g
200 mrad /yr

I food from beta)

Residents of Es- 43 ? 1 Thorium in 0.3-0.5 rad /yr X Hedical records may

piritos Santos, 94 monazite not be available
Brazil 101 sands

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

Brazil 101

.

.

O e
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Size Radiation Follow-
e up in
h
Y

^ Phase-1

II?4 c.

8$ e Source of DosePopulation g ts
EDescription c .e o Exposure Rangeg g
W 8 3e

& 'O S Y o' n a

2 8B y | X e E A

d. Hesidents in high 43 7 X Cosmic radia- C.2-0.4 rad /yr X Confounding from anoxia
altitude areas 101 tion and cos-
(Denver, parts of mogenic nu-
the Andes Moun- clides
tains, etc.)

e. Residents in areas 102- ? X Uranium daugh- 145 mrad /yr X Small gradient of dif-,
os of high granite 104 ter content ferences between areas.
? content (Northern in Conway low areas have 130

New England, Ire- granite mrad /yr
land)

f. Residents and 94 7 X Iligh radon 8-20 times X Hay be difficult to
visitors to Bad 101 levels in normal radon define population of
Castein, Austria ground water exposure interest

and thermal External ex-
gallery posure: 100-

180 mrad /yr

_

.

*
- - 4-

*
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Size hdiation rollow-
Up in*

bj Phaseg
-4 c- g c II?

$ G Source of Dose
| p ,Population e

Description a m x a o Exposure RangegnU" 8. 3-f S 0 J x .
*

,2,2 8 2 *
E 88 a

n

3. Industry

a. Uranium Hanufac- 113 7 X External f rom X No estimates- of pou-
turing Commu- uranium sible exposure
nities Internal - Rn
(e.g. Canons- to daughters

a burgh, PA.)
m
4.

8 b. Tritium Manufac- 114 7 7 Internal Beta X No personal dosimetry
turing Cc mu- 3 data available; very

f g
nities low doses
(e.g. Tucson,

Ariz.)

c. Radioactive hos- ? External ex- Very low X Shortlived isotopes
pital effluent posure
areas

d. Residents near 115 rio ? External ex- lou X These dumps are gen-
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)

.

! s

.
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Size Radiation Follow-
* Up in
bd Phase

go g Y 117
Population e d e Source of Dose r -,st s
Description g g g g Exposure Range.a

s a s n :- a .

m sa y g x a m :

4. Nuclear Fuel Cycle

a. Mining

Uranium Hiners' ? X Exposure to 1 X Dose probably too low

Families U-238 dust
brought homea

@ by miners
i

b. Hilling

1) Uranitus Hillers' ? K Exposure to 7 X Unique and small
Families U-238 dust

brought home
by millers

2) Residents of Hill 43 7 X External from In one km ra- X

Tailing Counau- 116 isotopes in dius of plant-

nities 118 the piles 50 mrad per
Internal from person per .

emanating Rn- HW(e)y
222 and daugh
ters in air
and water

-

1
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-Size Radiation Follow-
e up in
Ez Phase

"i j II?s
U Source,of NaaPopulation e emments

Description 0f g 1xposure Range*
U ju e o

a St a d J x
S E ":o2 83 *g j %

d. Operation

Nuclear Plant Com- 43 X Caseous ef- 410 mrad /yr X Low dose 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. Worth

i 1.5 mrad studying because of
accidental release of-a

' radioactivity

Similar to aboye(Saxton, PA) 122 ? X External and e---

Internal ex-
posure due to
uncontrolled
gaseous re-
lease

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

reactors posure 10 mrad

.
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Size Radiation Follow-

4 Up ine
Ej Phase

a c- g 7 .II?

$$ 4 Source of DosePopulation e Coassents
0 is o o Exposure RangeDescription c g ** 2 8 3.
"a & d s x .*

& 88 2 2 2 8 2 *

n e

e. Reprocessing and 119
Plutonium fab-
rication commu-
nities

; Savannah River, 7 X Pu and 11 0-10~ X No significant mor-man-

1 S.C., effluents rad per tality difference near
m llanford, WA, Idaho MW(e)yr. Savannah River; llan-'

Falls, ID ford has best environ-
mental data

Rocky Plats, CO 123 ? X Pu effluents - X Hay have good environ-
residents 124 mental data

Palamares, Spain 125 X Pu release X Too small
residents

f. Transportation

-

G

; . ! . *
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Size Radiation Follow-
Up in*

E Phasee4

) Y KI?,1 c-

N G Source of DosePopulation e Comments
ax .a o o Exposure RangeDescription g
U" *

ju e o
d "3 & d d x .

& 88 2 X e E R
n

g. Waste management
sites

1) DOE Waste sites ? X Possible Very low X See Appendix D
other than those leakage
doing reproces-

a sing
m
* 90Sr, 311 in 0-50 mrem /yr X Leakage has been noted: Maxey Flats, KY 126 7 X

run-off whole body;
0-155 mrem /yr
to skeleton

West Valley, N.Y. ? X X

h. Research and
Development

1) Residents near ? X See Appendix C
R.6D. facilities -

-

e
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I Size Radiation Follow-
* Up in

j Phase
g s. II?a c-

$ G Source of DosePopulation e Comments
Description g ag g g Exposure Rangeia

$ $* *e S E a ~

o x n% -

& 88 4 * X e 2 R
n

5. Covernment

a. Military -

1) Residents of Fae- 43 ? X liigher levels ? X Time is right for

roe Islands of (1-131)and effects to become

$ Sr-90 from evident; 20 years have
o fallout passed since exposure

2) Residents in high 16 ? X Radio iso- 0-10 rads X Dosimetry Data is dif-

fallout areas 17 topes from ficult. (Those in
(e.g. Nevada) 127 fallout northern Utah received

Exposure of twice the dose as
I-131 and those in southern
Sr-90 through Utah.)
milk and food
chain

Milk-drinking ? X l-131, Sr-90 Up 100 rad X Probably have higher
children of Utah in milk (ta- Thyroid dose exposure to I-131 in
and Nevada ken into fallout, children may

grass, eaten be more sensitive to
by cow) carcinoginisis

I

.

.) ;.; - .
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Size Radiation Follow-
* Up in

j k Phase
g e- g c II?

d 4 Source of DobePopulation g P ntsEx o Exposure RangeDescription a g.a

0 e" e o
0 "U S N d a

x a s :aa s <

n

3) Japanese atomic 24 Yes X gamma and 0-200 rad 1 Best data available on

bomb survivors 128- neutron Many got less low dose exposure
131 than 50 rad -

4 ) Harshall Island 132 X External and 50-175 rads X Dose too high

residents 133 Internal ex- external
s posure from 200-1000 rada
,,

radioiso- thyroide
' topes from

fallout. Ex-
posure of
lodine iso-
topes

X Hay be difficult to5) Fall-out residents ? X Radioiso - ---

in U.S. top,es in reconstruct data

fallout

-

I -
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Size Radiation rollow-
Up in

d Phasa*

j >$ g Y l1*l
c a Source of Dosa | ComumentsPopulation e

.a o Exposure RangeDescription g g g

3 3 s a : 1 .
=

a 8a g 3 : e a

b. Hesearch and
Development

.

1) Residents near re- 134 ? X Effluents Very low X See Appendix C
search labs (Oak (gas & liquid.

Ridge, Los Alimos, from research

$ Argonas, Lawrence reactors and

w 1.ivermore, Brook- other facil-
8 haven) itles

6. Education

Residents near ? X Accelerator Very low from X

accelerators or or effluents accelerator

research reactors from reactor and low from
(or down river) reactor

(10 rad /yr

.-
_

e

f me e. 4 4

e
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_ Size Radiation Follow-
' '

Up in*

dg Phase
Y

Population ,e fU (g
a c- II7

4 Source of Dose I Comuments
Description f ag gas o Exposure Range

U K * 9
O h a~ Au o x n

E 88 f f X e E A

B. Medical

1. Diagnostic

Prenatal x-ray
exposure,

d a. (37) Northeast 20 ? X x-ray dose may be X Records are old but
8 U.S. maternity in utero e s t. . from # may still exist. Only

hospitals of filas a 1% sample was ab-
1947-1954 stracted at time of

1962 study

Oxford Survey Data 135 Yes X x-ray 200-460 mrad X Ongoing Research - A.
from 1953 - present 136 in utero Stewart United King-
England dom

8513 cases and matched
controls

.

O
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Size Radiation Follow-
* Up in

d Phase
g e- g c EI?
4$ 01 Source of DosePopulation g

Description g g g g Exposure Range.a

"U N o' a

& 88 2 3 2 e 2 2-

o 0

Ongoing Research - H.
Heyer, Johns llopkins

University
Ongoing Research -
doney and Chase

BRil
4

Y b. Cardiac Catheteri- 141 Yes X x-ray 60-70 rad X Personal Communication
zation 43 adult skin Dr. Bill Caldicott

Children's llos- dose
|

Dept. Radiology
pital, Boston Children's llospital,
U.S. Boston, HA

1950's - Good possibility of
accurate dose es-
timates

Larger group may be
coordinated through
American !!eart Assoc.

.
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Size Radiation Follow-
* Up in
bd Phase

g e- g Y .II?

aU S Source of DosePopulation e
CosamentsDescription g g ga o Exposure Range

a g a :- a .

a 8a t
$ x a a
-

a

c. Scollouis Patients 141 Yes X x-ray -- X Personal Conununication
Dr. Bill Caldicott,
Dept. Radiology
Children's Hospital,
Boston, HA

International Sco110-
y sis Society .

I

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.

Sweden 43 730 mrad
whole body

38 mrad
thyroid

1.2 rad
skin dose

,

) !

a
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( Size Radiation ' Follow-
'' Up in

d Phase
g e- $ N II?
dN dl Source of Dose

#Population e
*Description g Exposure Range.a

~0 A '
a

a 8a g 3 x e a n

e. Mammography Patienti . 43 Yes X x-ray skin dose X Biological End Point:
143 2-7.8 rad per breast cancer

exam (usually

2 films)
breast dose

1-2 rad per

j exposure
a

1. Thorotrast Patients 144 Yes X x-ray Avg yearly X Most are high-dose,
1928-1950 alpha dose but lung, bone and

Thorium-232 liver 25 rad kidney may be accept-145
Denmark 146 contrast lung 2-20 rad ably low dose

medium bone 7 rad
Portugal 147 matrow 9 rad

148 kidney 0.4

149 rad

Germany 150-
153

Japan 154-
156

U.S. 157
158

-

%
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Size Radiation rollow-
# Up in

j h Phase
cg II?ao

Population g fN M Source of Dose .

,
Description g g ga o Exposure Range

"O N o' e

a aa n a : a a :
n u

k. Neurologic x-ray x-ray whole body X Low doses to brain,

Patients 970 mrad spinal cord ,
gonad 10 acrad

Sweden - angiog- 43 7 X Active marrow
raphy 1500 mrad

thyroid 300
a

m mrad
a breast 10

mrad
lung 10 mrad
skin 1.0 rad
(per exam)

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

intracranial
1.7-2.67 rad
entrance dose
1.9-3.44 rad
eye lens
0.23-2.81 rad

1. Chiropractor's ? X x-ray - X Exposure data probably

Patients not available

.

O

, h e A h
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Size Radiation Follow-
* Up in

d Phase
c) F g C Ill

Population g Cn==mants
d M Source of Dose

Der.cription g g p g Exposure Range.a

s ., s a :- 1 .

a aa n n x a a n
a e

c. Treatment for Post- Yes X x-ray -- X Hostly high dose -
Partum Hastitis 50-1065 R to other organs as lung
Rochester, NY 180 alngle thyroid may have had
U.S. 166 breast lower dose
1940-1955 167 35-875 R to

i both breast:
s.
O

Sweden 181 Yes X 1 or 2 to
4000 rada

-

-

'
~

'
, .

- - .
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Size Radiation Follow-
Up in

d Phase
Q^ g q'- 117"Population e c. A Source of Dose ~ " "Description .a g Exposure Range

3 s a e :- a .
a an g J x a a :

1. Brachytherapy X

Patients

Austria Yes X Ra-226 420 rad total Only one documented
alpha, gamma to fetus case - involved

healthy, exposed
fetus,

m Doses to other organs

a may be low

U.S. Yes X --

j. Implant Patients 206 Yes ? Internal X

Families 207 Iodine - 131
gamma

.

Plymouth, Devon, External 420 to X

England x-ray 270 mrad



Size Radiation Follow-
* Up in
S* Phase

js h b Eli

Pointlation g e-ntsda a Source of Dose
EDescription g g g g Exposure Range.a

2 s a n : 1 .

m aa g j r s a :

k. Wearers of Uranium- 43 7 7 U-238 3 rad to basal X

Fabricated Dentured Beta cell layer of
mouth per
year

1. Nuclear Powered ? ? -- X Possible fluoroscopy
Pacemakers during insertion

,
e

f m. Polycythemia Vera 208 7 X P-32 -- X Systemic exposure
Patients Beta Very rare disease

4 mci per
treatment
(may get 4
treatments
per year)

n. Cervical Cancer 209 Yes X x-rays 4000-6000 rad X Possibility of low
Patients 210 Radium im- to cervix for organ doses.

plants treatment Ongoing Research - C.
Ra-226 Ilutchison, liarvard
gamma School of Public

Ilealth

.

. . . . . 2 , i

.
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U.S. Tumor Registries

Location Area Covered Duration Sponsor Contact Person

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

Ilt ah Statewide 6 yrs. NCI Dr. Joseph Lyon

Rocky Mountain States Mr. ID, WY 6 yrs. Utah Ilealth Dr. Joseph Lyon
Parts of CO, Dept.
HV, AZ, OR

llawail Islands 6 yrs. NCI Dr. Larry Piet

Y Puerto Rico Islands 6 yrs. NCI Dr. Isidro Martinez

San Francisco /0akland SHSA 6 yrs. NCI Dr. Don Austin

Detroit SMSA 6 yrs. NCI Dr. Michael Brannon

Atlanta SHSA 6 yrs. NCI Dr. Margery Child

New Orleans S!!SA 6 yrs. NCI Dr. Edward Cremens

New York Statewide State Ilealth
excluding NYC Dept.
(incidence only)

New Jersey Statewide State llealth
(incidence only) Dept.

Massachusetts Regions and Mass. General Hs. Joan Pardo,llEW
llospitals llosp. & others Reg. Cancer Control

Texas, Pennsylvania Being NCI Dr. John Young, NCI Surveillance
Delaware, et al. Developed Network Coordinator
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APPENDIX A

Mail Inquiry

and

List of Addresses

Appendix A contains a sample of the general letter
we sent to individuals and groups concerned with
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.

.

-113-

.



. .

ecjuifax
HEALTH SYSTEMS OlVISION 100 MAIN STREET READING MASS 01867 (617) 942-0051
SYSTEMEDICS INC

July 18, 1979

Dear Colleague:

We are conducting a feasibility study to determine populations

at risk of adverse health effects from low-level ionizing radiation.
This feasibility study is supported by a contract from the Nuclear

Regulatory Commission. Any subsequent epidemiologic investigations
that might 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 populaticas. We are interested in occupational and residential
populations, medically exposed (diagnostic or therapeutic) groups and
other potential populations who might have exposure to low-level
ionizing radiation (less chan approximately 12 rems annual exposure).
We are also interested in acquiring information on any groups that may
have had exposure to uniquely low levels of radiation, especially those
lower than normal background.

Would you please look at the enclosed sheet and fill in any
categories about which you are concerned or have some knowledge?
Please use the enclosed envelope to return the list to us. We hope
to complete the initial list of all candidate populations by August
15. Then we will look further into their feasibility for study as we
complete Phase I of our contract.

Thank you very much for your help in this project. We look
forward to hearing from you.

Sincerely,

REALTH SYSTEMS DIVISION

/
Nancy g. D eyer, M. ,11. , Ph.D.Director of Epidemi{ logic Research

,

o

NAD: paw
Enclosure
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United States Contacts

_ Institution Contact
,

Agency for International Development James D. Shelton, M.D., M.P.H.

Office of Population DS/ POP
Washington, D.C.

Alliance-Tallahassee --

Tallahassee, FL

American Friends Service Committee Mr. William Reynolds
Nuclear Transportation Project
High Point, NC

American Friends Service Committee Ms. Pam Solo
Rocky Flats Project
Denver, CO

Appalachian Laboratory for Occupational Dr. James A. Marchant
Safety and Health

Morgantown, WV

Argonne National Laboratory Dr. Robert E. Rowland
Argonne, IL

Atomic Industrial Forum (AIF) E. David Harvard
Washington, D.C.

Bate 11e Human Affairs Research Centers Dr. James Woods
Seactie, Washington

Boston Industrial Mission Mary Roodkovsky
Cambridge, MA.

Boston University Dr. William Bicknell
Health Policy Center
Boston, MA

Cactus Alliance Jodi 3artlett-Lagorio

Albuquerque, NM

Childrens Hospital Medical Center Dr. Helen Caldicott
Boston, MA Dr. William Caldicott

Committee for Nuclear Responsibility --

San Francisco, CA

Critical Mass Energy Proj ect --

W shington, D.C.a
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Institution Contact
-

Dow Chemical Ralph R. Cook, M.D. , M.P.H.
Bio-Medical Research
Midland, MI *

Environmental Action Foundation -

Washington, D.C.
-

Environmental Defense Fund Mr. Leslie Dach
Washington, D.C.

Environmental Policy Center -

Washington, D.C.

Environmental Policy Institute Mr. Robert Alvare
Radiation Health Information Project
Washington, D.C.

Friends of the Earth Dr. David Brewer
'Washington, D.C.

Harvard Medical School Dr. David Rutstein
Boston, MA

Harvard School of Public Health Dr. Brian MacMahon
Dept. of Epidemiology Dr. George Hutchison
Boston, MA

Health Research Group Dr. Sidney Wolfe
Washington, D.C.

Institute of Environmental Medicine Dr. Merril Eisenbud
Laboratory for Environmental Studies
Tuxedo, NY

International Ecotherhoot '( Electrical Mr. Charles P111ard
Workers

Washington, D.C.

International Brotherhood of Teamsters Mr. Stephen J. McDougall
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 Johns Hopkins School of Hygiene and Dr. Abraham M. Lilienfeld
Public Health Genevieve M. Matanoski, M.D., Dr.P.H.

Department of Epidemiology
Baltimore, MD
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Institution Contact

The Johns Hopkins School of Hygiene and Dr. Themas Mitchell
Public Health

Division of Radiation Health Science
Baltimore, MD

Massachusetts Audubon Society Ms. Deborah Bleviss
Lincoln, MA

Massachusetts Dept. of Public Health Dr. Gerald Parker
Environmental Health Division
Boston, MA

Massachusetts Dept. of Public Health Mr. Gerald Rodman
of fice of the General Counsel
Boston, MA

Massachusetts Institute of Technology Dr. Norman C. Rasmussen
Dept. of Nuclear Engineering
Cambridge, MA

Massachusetts Public Interest Research Group Mr. Frank Bove
(Mass PIRG)

Soston, MA

Mobili:ation for Survival Terry Provance

Philadelphia, PA

Mt. Sinai Medical Center Dr. Irving J. Selikoff
Dept. of Community Medicine Dr. Steven Blum
New York, in

National Cancer Institute Dr. Charles Land
Environmental Epidemiology Branch John D. Boice, Jr., Sc.D.
Bethesda, MD

National Co= mission on Air Quality Mr. Gregory 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 (NIERS)
Research Triangle Park, NC
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Institution Contact

Nctional Institute of Occupational Saf ety Mr. Robert Rinsky
and Health (NIOSH) Ms. Sherry Selevan ,

Cincinnati, OH Mr. William E. Murray

National Institute of Occupational Safety Dr. Richard Waxweiller
and Health (NIOSH)

,

Biometry Branch
Cincinnati, OH

National Institute of Occupat'ional Safety Dr. John M. Peters
and Health

Educational Resource Center
Harvard School of Public Health
Boston, MA

National Research Council Mr. Seymour Jablon
Medical Follow-Up Agency '

Washington, D.C. .

National Resources Defense Council Mr. Arthur Tamplin
Washington, D.C.

National Veterans Law Center Mr. Lewis Milford
American University College of Law
Washington, D.C.

Natural Resources Def ense Council, Inc. Dr. Louis Slesin
New York, NY

New York University Medical Center Dr. Roy Albert
Dept. of Occupational Medicine
New York, NY

Nuclear Infornation and Resource Service Ms. Betsy Taylor
Washington, D.C.

Oak Ridge Associated University Dr. Anthony Polednak
Medical and Health Sciences Division
Cak Ridge, TN

Oil, Chemical and Atonic Workers Mr. Anthony Mazzochi
Washington, D.C. Mr. Steve Wodka

Pennsylvania State University Dr. Vilma R. Hunt
College of Human Development

Presbyterian-University Hospital Dr. Neil Wald
Radiation Medicine Dept.
Pittsburgh, PA
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Institution Contact

Scientists Institute for Public Infor ation --

New York, NY

Sierra Club -

Washington, D.C.

Southwest Research and Information Center -

Albuquerque, NM

Task Force Against Nuclear Pollution -

Washington, D.C.

Union of Concerned Scientists -

Cambridge, MA

United States Congress Joyce Lashof, M.D.
Office of Technology Assessment
Washington, D.C.

United States Dept. of Energy Dr. Walter Weyzen
Office of Health and Environmental Research
Washington, D.C.

United States Dept. Health, Education and John C. V111forth
Welfare

Bureau of Radiological Health
Rockville, MD

United States Dept. of Labor Ms. Sydnee Schwartz
Benefits Review Board
Washington, D.C.

University of California Dr. Calvin Zippin
General Tumor Registry
San Francisco, CA

University of California Dr. Andrea Hricks
Institute of Industrial Rela dons
Labor occupational Health Program

University of Calfornia Medical Center Dr. Reynold Brown
Office of Environmental Health and Safety
San Francisco, CA

University of North Carolina at Chapel Hill Dr. H.A. Tyrolar
Department of Epit .niology
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Institution Contact

University of North Carolina at Chapel Hill Dr. Carl Shy
Institute for Environmental Studies

University of Pittsburgh Dr. Edward P. Radford '

Graduate School of Public Health

Upper Valley Energy Coalition John R. Krause, Jr. .

Lebanon, NH

Washington University Dr. Barry Commoner
Center for the Biology of Natural Systems
St. Louis, MO

Wemen's Occupational Health Resource Center Dr. Jeanne Stellman
American Health Foundation Ms. Naemi Fact

Foceign Contacts .

Deutsches Krabsforschungzeutrum Dr. Gerhard van Kaick
Institut fur Nucklear=edizin
Heidelberg, Germany

Ecole Nationale de la Sante Publique Professor Louia M.F. Masse
Department of Biostatistics

Rennes, Brittany, France

Finsenlabor, Finsen Institutet Professor Dr. Mogeus Faber
Copenhagen, Denmark

Creenpeace Ltd. --

London, England

Institut National do la Sante Professor Daniel Schwarts
et de la Recherche

Paris, France
.

Medical Research Council R.H. Mole, B.M., F.R.C.P., .

External Scientific Staff F.R.C. Path.
Radiology Unit
Oxfordshire, England

Movement Against Uranium Mining --

Carlton Victoria, Fitzroy, Australia

National Radiological Protection Board Sir Edward Pochin
Earvell, Didcot Dr. J.A. Reissland
Oxfordshire, England
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Institution Contact

Nuclear Information Network -

London, England

Scottish Campaign to Resist the -

Atomic Menace
Edinburgh, Scotland

Services des Nuisances Mr. L. Baekelandt
Ministere do la Sante Publique

et de la Famille
Brussels, Belgium

World Information Service on Energy (WISE) -

Amsterdam, Netherlands

Other Individuals

Representative Michael Barrett
State House
Boston, MA

Dr. Howard Newcombe
Chalk River, Ontario, Canada

Dr. Phillip Sartwell
Marblehead, MA

Ms. Julieann Sum
Cambridge, MA

.
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NUCLEAR
m

D qwn9gy ;

REACTORS ugpQm
' .

. ,

BUILT,
-

.

,

..

BEING BUILT,
_

e

Or
?

PLANNED na,, siman,ina,i , i u. s.
Nuclear Power Plants and a Listmg,

# of rne Plants bystates
.

CIVILIAN REACTORS

Central Station Electric Power "

Dual Purpose Plants
writime Propubion
Experimental Electric Power

~ Ausiliary PowerISNAP) "

Space Propubion iRoser)
General trradiation Test

,

liigh Power Research and Test
Safety Research and Test "*y
General Research

Unnerday Re3earch and Teachingas
n

PRCDUCTION REACTORS.

Wierish Production
Prueen Deselopment,

*

MILITARY REACTORS
,

,

Retunte-Station Power
Propuhion (Navall

,j
Deselopmental Power '

,
S.

Test Reactors*

Research Reactors
-

REACTORS FOR EXPORT
:

Ceniral-Station Electric Power
Propubion

General Irradiation Test
Generai Research ,

Unisersity Research and Teaching

,

CRITICAL ASSEMBLY FACILITIES
.

1

Identification of Facilities
E speriments and Studies

+ ,

Reactor Index
-123- ,

-

e 2

v.
- g. , , , ,,

, - >. ,
.

. - .- e,

.. . .
,

. -

.



i

.
,

,

.
.

I -

i
~

'
.

._

l
.

.

. _

g 7 .. av '
STATISTI' 11V3..., .

- - - '

Shut down |
~

Being or
Operable built Planned dienantled

I. CIVll.!AN REACTORS

1. Power Reactors
A. Central-Station llectric Pnwer 67 94 50 *. . . .

B. Dual-Purpose Plants I 2... . ...

C. Propulsion (Maritimet I. . . . . .

2. E.tperimental Power Reactor Syste ms *

A. Electric Power Systems I 23.. .. . . .

9. Auxiliary Poser (SNAP) 9... . ...

C. Space Propulsion tRnver)*
.. . . . . Il

3. Test Research,and Unrveruty Reactnes
A. Generalltradtatwin Test 3 I 1. . . ....

B. liigh-Power Research and Test 9 4. . ..

C. Safety Research and Test 3 1 4.. ....

D. General Research 24 1 1 40. . ....

E. University Research and Teachms 54 1 9. . ..

11. PRODUCTION REACTORS

1. Materials Production 3 in '
... . . ........

2. Process Development 4 1... . . ........

III. Ml!.!TARY REACTORS

1. Defense Power Resctor Applications
.

A. Remote installations I $. .. ....

B. Propulsion (Naval) 121 21t 5.. ....... ...

2. Developmental Power
A. Electric-Power Fxperiments and Prototypes 3. .

B. Propulsion F.xperrments and Prototypes 7 7. ..

3. Test and Research
A. Test 4. ... . . . . . ..

B. Research 6 3.. ... . . . ....

IV. REACTORS FOR EXPORT
.

l. Power Reactors -~

A. Central Station Electric Power 21 28 14 2. ........

B. Propulsion 1 I. .... . . . .

2. Test. Research, and Teaching
.

A. General ltradianon Test 4 '
. . . . . ....

B. General Research .i n I. ........ .

C. Univernty Research and Teachins 26. .
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Thts compdation contains unclassified information
in prosumty tu, the core;4nd (3) the use o(nuclear rsdtatsun

about facdities budt, betng built, os ,;,anned in the fur tsuing the Ide or penurinance ut reastur compunents as
Uruled States for duniestie use or export as of "* '"''"' '""'uon. Put I. Sec. 3 A, and Put IV. Sec. 3 A)

I)ee. '31,1977, wlu6h aie capable of sintaining .: HIGH POWER RESEARCH AND TEST REACTOR'
nudear chain reaction. Infurination is pre >ented m A ''^ '"' hd""8 d '''d"'''y lugit thcunal power !cwl
live parts, each of whAh is eategurved by prunary test rea sur. il,""+ 1,.See. 3 tli" ' "" ' ""' ' I"* d '' ' #* "# #*I "''

" " " ' ' '"
function or purpose. The majut parts, n.unely, uvd. a

lan, mdttary, produstlun, anJ esport, as well as tudi SAFETY RESEARCH AND TEST REACTOR
A reatur n%:atcJ mith a nustear satety rescuch oreategurtes as power and propulsion, are nell..

ensinarme w.is test prograni sundusted fur the purpuur ofesplanatory. Varluus classes ul reactors within these
sategurtes arc delined as follows: ae,agp,n, iuus assign miu,manon ur demonstrann, saesty

sharateristiss ut terrestrial and avruspa6s nu6 lear reastur'

Wwun. Part 1. Sec. 3Ci
CENTRAL. STATION NUCt EAR POWER PLANT RESEARCH REACTOR

A tadn> Jeugned anJ wninu6tvJ lur vperatsun un 4
A rea:ur ewtuJmg that lucated at a unswrsity-~undu) woem. The pnmary purrow us sums us thew pt4nis

is tu Jemunstrats the esunuens,. and tw6hnwal putentist ut aliuw nusivat radununs arc awd prirnardy as a research t'oul

tuture pl.nh ut the same swiwral ty pe; uthers. Partnularly
tur haue or asipued research, and whose therrnal puwxr level
ts los than $nuO liW. le may mclude facdines lot testingthow ut the light *4Wr L)pc, are esp <swd to be ecu-
fea tur materuls. iPart i, See. 3D; Part tII, Sec. 38; ndnuenwad) wmpetin*w with sunventiunally tusled planh m Part IV. Sv ,218)

the gsugraphw .rea in anwh they are lus ted. e Part I,
UNIVERS1TY RESEARCH AND TEACHING REACTOR"

OUAL PURPOSE PLANT A r ator luw.wd at a univeruty and usually uperated for
the pimury purpow ul' training in the operation andA nusic.r pu*st tas dit y Jeugned, construsivJ. .nd
utilkation ut reators and tut instruction m reastor theoryogwrawJ 1. s anose th n one penuar) purrow, tot eumple,
and pettuem.n e 4 Pari 1. Sc6. 31., and Put IV, Sec. El

,

the prude.14on ut male.: m wsuls and the penst non ut,

'

eles um et) us tlw uw ut sca tor thernul erwen tur slesit:641 SPECIAL TEST REACTOR
perwranun and prusswheat appt:64thnis iristudartit Jesallstig.
iPst I, Sn.1III

EXPERIMENTAL POWER REACTOR
A 1 du) Jsugrwd, enguwervd, constructsd. and ^ '##'"'''E' "''"''''"'"8'""' ' ''" "*'"""

uperated to test the wshus644 teasbdity ut a sunsept or tu UPvrJung at estremdy luw power (a (ww watts) .nd designed
pruvide the tushttwat baas tur a sunder type nusisar power """'"# ' ""I** '"''''"#"" " "' " " " " " ' ' "
pt nt in 4 !arger side. Deugn lleubsidy [Nrinus changes to " ' '" "'' " #' " ' " " ## '" *
prove uut vartuus apests us rea6tur isshnology indudine iuol "'""'"""'"'"# '' # "*

and usher sumpunents. Pnwer.conwruun equipme it may or *' " ""*#" ** *
nu) not be included as part us she ladity. IPart See. 2Al

'"" ' " ' " " ' " ' **'"*'' ' # ""I'*' "' '#"'"''"
j CENERAL BRRAOtATION TEST REACTOR

Jittenng geumstries. Metal 6tatical assmbhes ue used to
mvesticate the varutions in heterugencuus cores. The tabula-| A reatus navny til 4 ihermal power t.vvi eweedme tion at thew fatisiws n Part V tpp. 37-38) ew!uden thuwlu.unu W: 43) wst loups ur esperunental raditws withut, or shnh lies twsn upcraisd and subwquently Jisatantlad.

,

.

l

.
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The abbreviated listings in the principal nuclear 3. Reactors for rurcq:n h* cations -when an appheatien |

Contfactor column refer to the technisal organintion for an stra"t heente is retccived by NRC or whcn ,

'''''h'' ' " ' " ' " * " " " * '''''''d " h "" 8 '" 'h'
Iassigned primary responsibility for design and/or rabritiattori ol (cJgtor con novients,

fabrication of the reactor system. The spelled-out
forms for those abbreviations as well as those for Reactors are listed as be:ng planned under the
designers shipbuilders, and facility operators, are followinc eircuanstances:
given in the table on page 12.

'

' ' ' ' * ' ' ' " " ' ' ' " " * " ' '''''"''-'h*"P""'''Y ' " 'Startup dates refer in the year of first criticality.
nounced as a proieci planned for construciu>n by ihe

Estimated startup dates based on the best available ency mvolved or tiie protect k otherwne .ippropn.
information are included for proiccts not yet in attiv aushorutd.

~

service. De dates for non. DOE projects sie estinutes 2. Non.s caeral < ;overnme nt reacion m ihe umica

announced by the sponsoring organizations. Years of S tates when a puhhc announcement ihat incluacs
P""' 'P ' l '"" " *''"' '"d "''"" '5 P' " "'d ' ''Y ' h'initial commercial operation for power reactors are ,

spunwrinit organvanon or an application ror a s on-
given in the tabulation on pages 6 to 11. situcenm ricimit n received by NRC. '

3. Rextors for forcisa I.sinons when ru Nic an.
Reactors are listed as being everable under the nounscaw nt that milu*' recwal contrxtor and
followmg circumstances: ''" "" ' M "' "'* "' * h'" N R C 'es '''' ' "'"' "'-

tion that a U. S. rextor manufxturer n pn.nedma
I. l'ederal Government reac tors' -- w her, crituality i' with prec.metructi..n drucn and dcscleccient ..a the

achieved, t,4y. of a letter of mient.

2. Non Tederal Coscrnment rextors m the Uinied i

States-* hen enticality n achwved, or, m the case ut I

relatively hw power .ystems, an upcratmg hcense n
issued by the Nuclear Regulatory Commn ion INRC). Reactors are listed as dent denwr or dismantled when

3. Reactors for foreign locannns-when enticality is the owner announces or vertiles a decision t<s ,

achieved- permanently shut down a facility and does no,e intend
to restart the reactor. A reactor shut down owine to .

Reactors are listed as bemt bmit under the following techmcal problems, e.sterisive modifications, or
citamstances: refuel ng continues tu he listed as , perchle.

l. I'ederal Government reactors * -whes around is The Statistical Summary on page 2 e'u.ludes
broken. components are ordered, ur constructi"" cntical factlities. All other categories are summari<cd. *
contract is aweded. ,Shutdown and dismantled reactors m these categories .2. Non-l'ederal Government reactors in the United 'are included since such facdities have made sigmficantStates-when a construction permit or hmited wor's
authoriaatton is issued by NRC. cuntnhutions to reactor technology,

e

\ h

.-

Y
I

.

*0ther than those of the Terinessee Valley Authority
whc5 are licensed by NRC and are treated in accordance . . . '

with item 2 p
Ai
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COMMERCIAL NUC1. EAR POWER RE ACTORS IN THE UNITED STATES

CAPACITY COMMERCIAL
SITE PLANT N AME NET kW(e) LT1LITY OPERATION

ALABAMA
Decatur . Browns terry Nuclear hiwer 8.065.000 Tennessee Valley Authority 14'4

Mant: Unit i
Decatur ftrowns terry Nuclear Power 1.065.000 Teeninsee Valley Authority Ints

Mant: tlnet 2
Decatut Ornwns terry Nuclear P .wer 1.064.000 Tennonce Valley guihority 1977

'Mant: Unit J
Dot han Jonern M. tarley Nuclear Plant: 820.000 Alatsama Power Co. l977

Unit i
Dothan Joseph M. l'arley Nuclear Mant: 920.000 Alahame Pnuer Co. 1980

Unit 2 e

Scottsboro Dettefunte Nulsar l' tant: Uma I 8.2 I J.000 Tennensee Valtry Autnority 19MO
Scotts boro Bellefonte Nuclear Plant: tinit 2 1.213.000 Tennessee Valley Authority 1948

ARIZONA
Wintersburg Pala verde Nuclear Generatens f .2 3 7.?00 Ansons Puhiic Seruce 1923

Station tjnst I

Wintersb urg Pain Verde Nuclear Generating I.237.*00 Arirona Puheic Service 1984
St a tion: timt 2

Win tersburg Palo Verite Nutivar Generating i *;7 *00 Ariinna Public Service 1*4h
Station Ilmt 3

'Ain t ershus s Pilo Verile Nmicar Genteiline 1.23?.'00 \issons hebtes % es n r 144'i

Statens' Unit 4
Win tersburg Palu verde Nuclear Generating 1.237.100 greinna Puhies servite te90

St a tion : time ?

ARKANSAS
li vstelt ville Arkantas Nisclear ()ne l' nit 1 **0.000 Arkansas Puwer & Light Co. 19'4
R ussellvdle Arkansas Nucie r One. Unit ; 912.000 \rkartias Pnwer & t.ssht Co. 19?4

.

CALIFORNIA
Eure k a Hum >w a liar Power liant: Unit 1 63.000 Pasifis Gas & F tectric Co. 8563
San Clemente San Onofre Nuclear Generatina 4.'O.000 Li. Calif. Id. & San thesa 194A

Statnin: Unit i Gat & 6 t. Co.
San Clemente San Onnare Nuclear Generatins t .: 00.000 %>. C4hr. Ed. & San U eso toal

St ation: tinit 2 Gas & Ft. Co.
San Clemente San on fre Nuclear Generatina t .100.000 So. Cahr. Fd. & San thego 104:

Station: Unit J Gu &El.Co.
Duhlo Canyon Diabin Canynn Nuclear hiwer t .084.000 Pacinc Gas & I lectric Co. t874

Mand: Unit 1
Diablo Canyon Diablo. Canyon Nusicar i ower i.104.000 Pacins Gas & l'lectric Co. la'8

Mant: Umt 2
Ctay Station Rancho Seco Nestear Generatins 9:3,000 S.icrarnenen \tumcipal Utstity 19?'

|Station t he tric t i
Site not selected Umti 1.200.000 Pscific Gas & 1 tectric C.. In de r.
Site ant selected Unit 2 f .200.000 Pacific Gas & Elcetris Co. fedef. I
Blvthe Sundesert Nuclear Plant time 1 974.000 San Diego Gas & Flectric C.e tea 4
Olvine Sundesert Nuclear Plant: ifnst 2 974.000 San Diego Gu & Electric Co. 3986

COLORADO jPlatteville 6t. St. Vrain Nuclear Generatens 330.000 Public Service Cn. of Colorado 1979 i

$tattna l
i

CONNECT 1CLT |Haddam Neck fladdans Neck liant 5*5.000 Cunn. Yankee 4tomic Pnwer Co. 1964 '

Waterford %llstone Nuclear hewer State.in: 6 AO.000 Northeast Nuclear i ners) C9. 1918 I
! !! nit t

Waterfntd Millsinne Nuclear hower trainen- 830.000 Northeast Nalear 1 nergy Co. l 'a t t
'

Unit 2,

Waterford Millstone Nuclear Pn=ce Statino: I .I $ A.000 Northeist Nalear I nergy Co. 8446g
Unit Jg.

FLORIDA
florida City T urkey Point Station. Ifnet 3 693.000 1-Incida Power & l.ish Co. 1972
lintula City Turker Pennt Statinn: Unit 4 693.000 t turida Power & Lishe Co. 1973
Med Levet Crvital Miver liant: Unit J R 2 9.000 I toridJ PusWe Corf.. 1977
I t. Pterce St. L. scie Mant: Uma i R02.000 t 1.orida Power & t.ieht C.: t ie t e
fI. Piefce St. Luce Plant: Unrt 2 802.000 t torida P .wer & l isht Co. 1983 i

GEORGIA,

Sa aley Edwin t. flatch Nuclese Plant: 756.000 tacorsia Pnwer en. 19?5
Uma t

54 s te r Edwin 1. llatch Nuttear liant- 79 4.Ono r;cnerta Power t a 1974
Umt

L Wa ynes haro Alvin W. Vnetie. Jr. Plant . Cmt I t .1 10.000 Genesia Power Co. t485
| Wayneshorn Alvin W. Vostle, Jr. I' tant: Unit 2 f .1 10.000 Georgia Power Co. 1946
i

-us-;

+. - n- -- .:
. ~ w w,r .

, , ..
g - - p.

. - da , -,
p W.s . es . - , a.. ..

j . **4 ,| = . 'ig * &y . y.'k' ! O ! 'I'* *
- ee,



!
!

COMMERCIAL NUCLEAR FOWLR REACTORS IN THE UNITED STATES (Continued) -

I

CAPACITY COMMERCIAL'

' SITE PLANT NAME NET kW(e) UTILITY OPERATIONL

ILL2NOIS
l Mursa Dresden Nalent Pumr Statsun: 200.000 Commonwealth Edison Ca. 1960Unit 8 t
| Murre 1)resJen Nmlear Puwer 544tson: 794.000 Cummonmeith EJison Co. 1970

|

Unat 2 'Hurris l)toJen Nmlear hower $tation. 794.000 Cummonweath Edson Co. 1971
|'Uma 3

Ziun liun Nuslest l' tant: t! nit i 1.040.000 Communwealth EJuan Co. 1973Zion Ziun Nuslear liant: Unit 2 1.040.000 Cummonwealth Edison Co. 1974 .OurJoes Quad-Caties Staatum: Unis I 789.000 Comm. EJ. Co.-la'..lli.- 1973 I
Gas & Lies. Co.

| C*arJuea QuaJ Caties Station: Unas 2 759.000 Cumm. Ed. Co. la..llt. 8973
Gas is ties. Cu.

Seneca L4Salle County Nalear Statsun 1.078.000 Commonwealth EJison Co. 1979Unit t
Senna LaSaue C..unty Natear Staoun. l.078.000 Cummonw44th EJaun Co. 1980

.

Unit 2 i
I

|Ilyrun Dyrius Station: Unit I l.120.000 Communwealth LJesus Co. 1988Dyron Ilytun Station: tir.se ! 8.120.000 Communws48th EJsson Ca. 1983[ hr aad wam.J liraidwu. 4. tines i 1.320,000 Cornmi-nwealth LJoun Co. 1982BraeJ w...J usa Jwim.J Unus 2 1.120.000 Commonwealth FJesen Co. l983
,

i Clintun Clintun Nmlear Power l't4at: 933.400 tilanum Power Co. 1988lines i
Utaistun (1sniano Nusteas i wer Plant: 933.400 litenue Puwer Co. 1988

Ueus 2

15 DIANA
W nts hn te r Uailly Generassas Statiun 645.800 Northern Indiana PutHic Service Co. 1983M4dinun Mathes 1111 Nuslear Puwer 1.130.000 Pubhc Service inJune 1982

5tatnia: Unis i
Madmun Martste lhlt Nustear Puwer 1.130.000 Publis Service inJanne 1984

Statsun: Unis 2
J 'A

P4 es Duane Arna,14 Energ) Center: 535.000 luwa 4 lectnc Laght and 1975linit I hawer Co.VanJ41 4 V4eiJ4taa Nmlear l' rules 1.270.000 towa hower & l.ight Co. In de f.

KANSAS
uweimason W..it Cree k t.enerauns sian..n- t.4 5u.000 Kansa Gas Ja t lestnc. 1983Unit i g.ns4s c;ty pg,t

Lut:!SIANA
las t % erturd Gener4ung Station- 4.163.000 Luuasians hower & Laght Co. 1981If net 3 '

St. F ransbille etsver llenJ 5:4unn. linas I + 34.000 Gual staan Unhoes Ca. 198330 t ran.m .lle Itaver llend Statnin: lient 9 J4.000 Gull States Utahues Co. 1985
MAINE

Wiwawet \tain Yankee As.. mas ruwer %4.0u0 Maine Y4nkes Atumn Puwer 1972
1 tan t co.

M A R Yl.AS D
l eh. Cal *itt t leth Nuslear h.wes a 4 5.000 1144timore On and llessne Co. 1975Plant Unit I
l issh) C4hert Llatts Nmlear Power 54 5.0u0 u4ttunure Gan and Elesens Cu. 1977

Plant. Unis 2
th.usta onne thousias hunt 4*ruwst Nuslear L .175.000 Putumas Livstr- Puwer Co. ladsf.tutilesy a nesuesas. 4.en. Statuna: linat I

uns ses gases ed.1

theuslam hunt thiustan'hnne Prugst Nmlear 1.178.000 h.tumas t ies...< Punt Co. In de f.t illiht y a ns suta41 Gen.heatsun: Unit 2
me tu sansel.1 ,

I
MASSAC180SETTS

Muwe Yan kee Nmlear hower Statious 175.000 Y4nkee Atumi6 Lies;tric Co. 1968Pti muus h higrun Statsun: Lieut t 655.000 uusom LJoun Co. l972Ply mout h 68snm Stahun: tinet 2 1.180.V00 lhentun LJaun Co. 1984
.

Mun ta s ue Waitague: linet I l.150.000 Northeast Utilipes 1985
Miwatasue M attasue: Omt2 1.850.000 Northeast Utilipes 1990.

8, MICilIGAN
uis it..s , n .it n.e M. o h .it No.m a, nant 12.vo. C..as umer, ruwe, C . i963'

South Itas.n P hs4Jes Nmie4, b.wr stau w 66a.000 Consumers P.swer Cu. 1971
A w t*..e t t urni. l erme Atumn Pow r 1.093.000 Intrust LJmun Cu. 1980e

rt..It- umt :
UuJgssian Ih.nalJ C. Cuuk Plantiliniti 1.J 5 4.000 leida4na a Mishigan Ilutnc Co. 1975
tis sJo ns.n t hwe iJ C. Cook l'f anit Umt 2 I.060.000 InJiana i %liciessan 1lestnc Co. 1978
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COMMERCIAL. NUCt. EAR POWER REACTORS IN THE UNITED STATES (Continued)
|

CAPACITY COMMERCIAL i -
3;TE PLANT NAME N ET kW(e) UTILITY OPERATION

'

1

MIC111CAN (Continued) '

Midland Midland Nuclear Power Pt int: 460.000 Consumerg Power C... Ing2
'trast t

Midland \tidiand Nu6 lear Pnwer liant: R I 1.000 Cunnumers Power Un. Inst !
Umt 1

St. Clair County Greenwnnd: ilnet 2 1.200.000 Dettnet EJis.wi Cn. ~19n7St. Clair County Greenwm d: Unit 3 1.2 00.0tm lietrms F Jison Cn. 4049
..

MINNESOTA
Montic ello Monticello Nustear Genetzesag 549.000 Nnrthern 54 sees Power Co. 1971 -

,

Plant
Red Wins Praine latand Nmlear Generat. $ 30.000 Northern States Power Co. le73

ins Mant: Unit I n
Red Wing Praine Island Nmlear benerat; $ 30,000 Nnethern States Pnwer Cn. 1974

ing Plant: Unit 2
MISSISSIPPI

Conath Yellow Creek: l'ait i 1.2s5.000 renac==ee Vaticy Authneity i 'i n t
Corinth Yetinw (* reek: Unit 2 1.285.000 lenne**ev Valley Authonty 8946
Port Gibson Grand Gulf Najest Station: 1.2.50.000 Waurri Power & l.asht Co. 1941

Unit I
Port Gibson Grand Gulf Nmlear Station 1.2in con \t,w.ieerp,P..wer i teght Cn tesa

finit :

MISSOURI
F ulton Callaway l' tant: tinit I 1.120.000 l'm..n l ic6 tres Co. 1942
F ulton Callaway I'lant: Unit 2 t .120.000 linnin l ies tru Co 1997

,

NEBRASKA
knot Calhoun F t. Calhoun Station- (tnet i 497.000 timaha Pubiw Power linents 19*3 i
Greewanite Cooper Nuclear Station 174.000 Nehr aska Puhise Power l'ains t ,1*'4 |and Inwa Pow er in.f taght ( .e.

NEW ll AstPSillRE I
Seahrook Seabrank Nuclear Starma- I.200.000 Pubhc Seruce ni N II, t991

Uma1 '

Sea brook Seahrmek Nuclear Statu.n: 1.200.000 P idhc Seruse of N II. lent
Umt2

g

NEW JERSEY
Toma itiver Ovnter Creek Nuclear Power 650.000 ferse, Central Pnwer i t*4* |

liant: Unit i 1. sh t Co. '
Forked River l acked River Generatina 1.070.000 letten Central Power & 1943 i

St anon : Unit i 1.sgal Ca ,'
Salem Salem Nuclear Generating 1.090.000 Puohc Service Electne and 1*77 '

Station: Unit 1 Gas. N.J.
Salem Salem Nuclear Generannt f.l t 4.000 Pohhs Sernce Flectnc and 1979 '

,Stanun: Unit 2 G n. N.J. '

Salem Hope Creek Generatine Station: 1.067.000 Puehe Service Elecinc and 19a4 |
Umt I d .as. N.J. ,

Salem Hace Creek Generalins Sistion: 1.067.000 Public Sernce llectric and 1986
Unit 2 Gas. N J. I

Little F s intet Atlantic Generturig Statuen : 1.190.000 Puhlw Servit e Flectric and 1942 8 -

Unet 1 Gas. N.J. (Little F33 inlet Atlantic Generating Statina: 1.140.000 Pubhc Sernce Flectne and 1940
Unit 1 Gal. N. J. I

Site not se:ected 1990 Unit t .150.00 0 Public Service Flectne and 1993 '

Gas. N.J. ;
Site not setected 1992 Uma 1.850.000 Pur4sc Scence E lectric and 1999 '

Gas. N J.
NEW YORK

Buctianan Indian Pmnt Station Umt t 264.000 Consnaidated Fdnon Co. 1962
Buchanan Indian Pmnt Stanon: Unit 2 573.000 Conanli. fated > diu.n Un. 1973
Ductt an en Indian Pmat Stattun: l'mt 3 4*3.000 Power Authant, of State 1976

*nt N.Y.
Senta Nine \ tile Pnint Nuclear 610.000 Niaeart Mohawk Power line

Statmn- t' nit i C or.
Scnbe Nine Mdv Pmat Nuctear 1.099.300 Nissara Mohawk Power 1o42

Station: Unit 2 Corp.
Catar6o R.F;. Ginna Nuc!sar Power 490.000 Rochesier Gas & Electric Carp. 1970 '

Plant: finit i
Drnnkhaven Shorehans Nuclear Pnwer 889.000 Lune !* land Lightina Co. 1840

Statinn
Senho f ames %. Fiesratnck Natear 128.000 Power Authunty nf State 1979

Puwer Plant of N.Y.
Cementen Greene County Nuclear Power 1.242.000 Power Authority of State t*A4

Plant of N.Y.
Jamespnet Jamesente 1 1.530.000 f.nas Island Lightent Co. 1944lamesport Jamesport 2 1.150.000 Luns Island Lishuns Co. 1986

e
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COMMERCIAL NUCLEAR POWER REACTORS IN THE UNITED STATES (Continued)

CAPACITY COMMERCIAL
SITE PLANT NAME NET kW(e) UTILITY OP.ERATION

Oswegu $4s rie g Nalvar Unot I l.150.000 ltuchester Gas & Electric Cury. 6984Site not sainted thmet I l.250.000 New York State Elestnc & ' l988
Gas Co.

Sete not selvsted tause 2 1.250.000 New Yurk State Fivetric & 4990
Gas Co.

NORTil CAMOLIN A
Soug h wert llrusnww k St< 4sn Fiss tris $2 '. 000 Carishn4 l'uwer and Li nt Co. 1977

t
6l%nt- llent i

S.na t h e..rt 11runsmis k ste4ni a lui;lrei; s 2 8.uu0 Cari.hna 1% ewer anJ Lasht Co. 1975
1%nt: tines 2

Cuwann iund l)4sa W su. u. McGuire Naivar 6.s ed."500 4) uke Power Co. 1979Statnin: Unis I
Cowans 4 orJ l)4rn % m.11. hisGuere Nmlear 4.180.003 Dus6e Nswer Co. 19815:4tn.n. Unit 2
u.un48 hinanm llarrn Plant: Uma i Suu.uc o 04oJuta 1%sner and 1.asht Co. 198313enesal Nhvar..n ll.arrn 1%nt: Unit 2 *#00.0Ju C4rohna INewer and Laght Co. 1996buenal ths4 ine llaren Plant. Unit 3 5#uo 900 Car Jana 4%eswr and Light Co. 1989i ll...nal 5kvaron ll rrn 1%nt: Unit 4 % u.Quu C4solana Puwer and 8.ish Ca. 1947Doiv County Iva kans Nutivar Station.1.mt t 8.250.000 lauks l'ower Co 8985D4see Louait, avs kans Nuste.t Sa4 Hon. Uma 2 1.2 ''d Ouu Duke Power Co. 1947Ila.ev Count) lyf ksen Nustwar $satn.n. linst i 1.2 ho.uu0 liuke INewvt Co. 8990huv nut wivstud t .140.0uu L'unkna Puwer and Light Co. Inde f.Nav siot wivs avJ I . 4 (o.uuu C.in.hua Power anJ light Co. Indel'.%sv not n.l sts J 3.150.uuu C.r..hna bewer and Light Ca. In de f.

Olllia
h. shn livights Irw: Unus I l.260.000 t iluo I.Jnon Co l98ulan thn lirights I rie Umt 2 1.26u 0u0 4 3hio 1 Jnon Co. 19884 3 . 86 lias hor DesvalessJ Nalvar 1%.wsr **06.000 l'ulvJu I unon (kveland 19774t at uen IJnit ! 11 tilum. Coa s h flu t*or isnes pessa htwar l'owve 906.uco luteJae i Jnun.Clvssland 1965

a

Station Uma 2 l 1. Illum, ro.
4 3 k Da hur ll.es n llesse %1e4r hower ' sues.uuo Iolvdo 1 JauntlevvianJ 1987

4

st4u...i; Uma 3 L l. luum. Co.
Pee r s rurrs %Ivar Power 1%nt. 1.2 0 5.Ouu OkulasiJ livstris illuminaams 1988lims i C. .ru r i , avis, %1sar rows e 1%:*t 1.2 u s .uuu a isul4nd I intris luumineung 1983lime 2 C..\l..s. uw % m. f l. /imsuu r *iusiv ar l'one r 380 uQu t isesannau t 4s & i Iv6eric Cu. 1979, st4ison. lims i
\ toss ow H m. II. /smmvr Nusis ar INewsr 1.8 74.uuss Gia annats Gas 4. f lestrw Co. 19496 s i 40.en t n. 2

OKI. allow 4
luo#4 uta k I ..s %lv4r 5 4 n.n . 1.140.uou Pubhs %rses, ol Oklahom4 1984i lia.t t

} innla liL4s k l ua Nusteer bl tn,n: I.150.000 Puhen Servise ut Ohlshorna 1986i that 2
g OMILON

ris s..it Tr..un Nustur Pt nt Unit i 1.1 Ju.oco t%weland General tiestric Co. 1976
,

\ i na. i. .n P. i bis Speuio % r 4%nt 1.Onu.uuu rositana t nvr48 tivetts Co. 19a5
,

l'eus I
i uh st..n ret.hly seeinas % 4v.a 4%nt. l .2 eu.vou PuritanJ General t lains Co. 1988| lims 2

l'8 NMYLVANIA
lh h flottuais thh ljusteem 4tuinn Power 8.06 5.u00 l' tid 4Jetchia e kstric Cu, 1974

5tatum: thnt ?
l'eas h Ikett.nu Pv46 h flotton Atomw Power 1.065.000 l*lulaiaviphla Flestric Ca. 1974Statsues Unit 3
Puttstuwn i entern k Genvrainig Statson: 1.065.000 l'helaalvip'ha 1.lvstns Co. 1982Unat i
Potts town Lamern k Gener4 unit stalaun. l .06 5 Ou0 Ph684Jviph:4 Fiestnc Co. 1985theit 2
5happingtsort Shsppingpurt Atumas Puwer 60.000 lkpartment ul Energy 1917St auunt
Sheppen port ue4ver v ney Puwwr Stattun: e 5 2.000 Duquesa, Ligst Co. 1976a

Unit i uhsu FJesun Cu.Sheppinsport Draver Valley P wer Statum. 3 52.Juo Duquesne Light Co. - 1982Unst 2 Ohsu l.Jssua Ca.
AlsJJiv e uen Thrvv tide til4nd Nusk4r 3 8 9.00u Metropuhtan FJuun Co. 1974Station. linit i
\hJdletown t hsvg Wie hianJ Nusivar ++06 uuu Jerwy Centr;st l'eswer i 1978

St alinen Usist 2 1.saht Cu.l)ste m k Subguthanna $tv4m i enans 8.u 5 0.Jou Pennsylvania Power and 1960Sta ttori Unit t Legftt
lav rwn k Sun.tushena $tv4:n l intrg 1.9 5 u.uuu Pennsylvania Power and 1981Stateun. Unit 2 Light

|

_ . . . . . ... . .
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COMMERCIAL NUCLEAR POWER REACTORS IN THE UNITED STATES (Continued)

CAPACITY COMMERCIAL
'

$1TE PLANT N AME NET kW(el UTILITY OPERATION

Ril0DE ISLAND
Charlestown New I neland Power (N F PP 1.190.000 New I neland 1%wer Co. 1944 '

Unet I
Charlestown New I'neland hower tNI P): 1.150.000 New F astand Pnwer Cn. 1986

Unit 2

SOlmi CAROLINA
_

Hartsvdte II.D. Robinson S.L. Plant; Unit 2 7 t 2.000 Carniina 1%wer and Light Cn. 197t
Senet a Ocnnes Nuclear Statuen: ttnet i 887.000 Duke Po me C... 4973
Seneca Oennee Nucleat Statenn: tinit 2 447.000 Duke Pnwer Cn. 1974
Seeeca Oconee Nuslear Stat 6nn: Unit 3 147.000 liuke 4%wer On. 1874
Broad River Viross C. Summer Nuclear 900.000 South Carniina Hectric and 1920

Station: Unis I f;as Co.
Lake Wylie Catawho Nucicar Statpon: Unit I l.145.000 11 uke Pner Co. l982
Lake Wylie Catawha Nii6 tear Stasmn: Ifnit 2 1.149.000 Duke hemt Cn. 19A3
Chernkee County Cherokee Nmleae Staamn: linit I t .2 20.000 Duke 1%me Cn. 1984
Cherokee County Chernhee Nuclear Staasi.n: Unit 2 1.280.000 11 uke 8%wer Co. 8986
Cherokee County Cherokee Nuclear Station: Unit 3 1.280.000 Duke Pont Cn. 1989

TENNESSEE
Dais y Sequnvah Nuslese Power t.14 4 00n Tenace=<c Vallei .\uthonev 11*4

liant: l'ait I
Dais, Segunyah Nmiist rume 1.8 a t.noo tenne ee Vaitev g u t h onn 19'*

Pl.in t: Cnet 2
Sonns City Wstto ' ar Nuclear l1 ant Unit t t .1 7 7.000 Tennetee vaster Authority 1979J
Senns City % atti nu Nuclear ttin' t% t 1 1.17? 000 fenneuve Valle, Authanty lato
Oak Ridge Ctinch Hiver Ureeder Mesctor 140.000 Depsrtment nt F nersv Inut.

t't a n t
lfartivelle A. Unit i 1.233.000 Tenactee vitsee Authanty f*43
Hartsysile A.Umt2 f .2 33.000 Tennenee Vallev Authnnty 1944*

Hartsville R. Unit i 1.233.000 Tennessee Valley Authonty 8943
Hirtsville H. Cnet 2 1.233.000 Tennnsee Valley A ut h ontv 1444
Site nut selected Pherps Dend. Unit i 1.233.000 Tenneuee Va6te, Authorst, lona
Site not selected Phires tienJ. Unit 2 1.233.000 Tenneuve Valle, Authority lost

TEXAS .

Glen Hase Cara nche Peak % seam Flettrae t t 40.000 Teta* Utilitiet Generating Co l'91a

.isalmn. Uma I
Glen Rose Comanct;e Peak Steam 1.111.000 Tetas Ctdific Generatins On. 1943

llectcie Stauan: Umt 2
Jasper Diue itills: ttnet i 119.000 Gulf States tinlities Inde f.
Jasper Blue flills: Unit 2 913.000 Gulf States tJtdtties in de f.
Wallit Allens Creek: Unit t 1.150.000 I!nuston Lishone & Pnner Cn. 19AS
%f alseneda County Snuth Tet as: Umti 1.2 5 0.0n0 Central bewee & l.t.. Iman

li.nasann I t. 4 8%wer
Matagorda County South Tetas: Unet 2 f .2 9 0.000 Central Power & l.t. 1982

Hamtrue Lt. A 5%wer
VERMONT

vernon Vermant Yan kee Generatins $ 1 a 000 Vermont Yankee Natear 1972
Stat 6on Pn w r Corp.

VIRGINIA
Gravel Nech Surry Pome Statmn: time t 422.000 Virsino t-lestnc & Power 1*?2

Cornp in s
Gravel Nec k Surry Power Staunn: tinet 2 822.000 Virema llectnc & Power 1973

Compani
Mineral North Anna Power Stasmn: "S7.000 Verennia S kctne i Pmver 1954

Umt i Comring
\tantral North Anna 1%wer $tatmn: 907.000 Virginia t iestric & Pnwer 1979

Unit 2 Cornp an y
Mie ret Nneth Ann a e ner St atmn- 90? *10 Viramia eIcctne i Pner 1842

i

Unit 3 Como my
Min eral Nmth Anna Power Statton: 9 0 ',n00 Virstma Ilectnc & Pume 1943

Unit 4 Company
WASHINGTON '

Richland N.Resctor/WPt'55 Steam 960.000 Department ne I neral 1966
Ric hland WPPSS No. I 1.230.000 Wohmston Puhlic Pnwer 1982

Suertv Svitem
Richland WPPSS No. 2 1.800.000 Washinston Put he 1%wer 19a0

Suppsv Sv= tem
Satsap WPPSS No. 3 1.240.000 wnn.neton Public f%wer ' ma

Suppty System
Richland WPPSS Nn 4 f .2 ?0.000 Washington Public Pnwer le a

Supriv Svetem
Satsop WrPSS No. 9 8.240.000 Washinstan Puh86c Pome i <8 5

Suprey S,*iem ;

gch
>

r00000
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COMMERCIAt. NUCLEAR POWER REACTORS IN THE UNITED STATES (Continued)

CAPACITY COMMERCIAL
-

SITE PLANT NAME NET kWie) UTILITY OPERATION |
SeJru Wu.. Hey Skaant Nuskar Prupst. tines I l.238.000 Puset Suund Power & Lsh: 1985 !5edro Wainten Skasis Nalear Prowst: Unis 2 1.2 s s.000 Peso: Sound Power & Ught 1986

WISCONSIN
i La esime La Crosse (Genvel Nmleat 50.000 Daerytand Puwer Cooperative 1969| Generating Statteen
^

Twsa Creek 6 Puent Deash Nmlear 1%ns: 497.000 Whe;unnin Michigse Power Co. 1970t Unit t
) Tw.. Cree ns ruine uvash Nmlear t%nt. 447.000 Wmunsen Meshagan Power Co. l972Unas 2

Cartsun Kewaunee Nmlear Piswer 1%nt: 535.000 wmunsan Puetic Service Curp. 1974 e
)

i Unit i I
Site aus seinsed Haven Malear Plans. Unie i 900.000 Wmunsen i lectric Power Co. 1987 i

,

Les nus selated llaven Nmlear Plant: Uma2 400.000 Wmumin ekstres Puwer Co. 1989
,

Durand Trrune F.nergy Park: tin : 1 i,350.000 Northern is4an hnwr Co. 1984
,

'

PLERTO RICO
Arnshu N..<in C. 4ss Power 1%ns s a J.000 Parte. Micu Water Resources {ndg(,

,

Autheeraly *
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2. EXPERIMENTAL POWER REACTOR SYSTEMS (Continued) PART 1 CIVILIAN RE ACTORS (DOMESTIC) .

.

C. Space Propulsion (Rover) (Continued)

Ps ensipal
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Namie lad owment by DOL eaceps as musedl Desegnaaman Lucasiva cunssu sus Type LW(s) opesateus mandcJ

SillII DOhN OR DISbl ANILt D ICuassauedl
Nmkas ku=Les Measos tspuunens Kew e ll4 A N N DS. New. l.ASL Open s p k. lequsJ hyJsogca 500.000 1962 1962 ;i
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3. TEST, RESEARCil, AND UNIVERSITY REACTORS

A. General Irradiation Test !
I
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2. TEST, RESEARCH, AND TEACHIfJG

A. General treadi.stion Test
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.
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! NeshwatanJs. Ites sus Censcs re ssc a A( IanL eillit s 45.000 1968
suu.h Alen.. As.un.c I assg> lumJ l' 8sadalu inces AC laat 20 me 1965a

Psc. u
u .kn As. use tacsg> Company sims..sk AC nnLe\llus Sms 1960
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B. General Research
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lacum.sL. Asumw i nessy Conimonun iDR il Hau. Al I.55 20 1957
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4 Isueca. Asusan. I sacert kcwasile Innsasusc 5. n.1 GA lklGA isk al 250 1902

hh._r'' Eueca. Asumsc I nesFY Re><*ula insususe
h omi G4 IHIGA-1sL lil 2.000 1972

klesssu. Nessun48 Coeun.nsson sus Nucleas t ncegy ** $4Bau. GA 1 RIGA-kak Ill 5.000 19611
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hp' 11.dappmes. Nanninal Siscsue Dcwlopmens twmJOucanu fesy Gl. Poul 5.000 196)
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2. IDENTIFICATION OF EXPERIMENTS AND STUDIES (Continued) PART V CRITICAL ASSEMBLY FACILITIES
=
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Fiche Index for Nuclear Dockets (FIND)

Dockets submitted to the U. S. Nuclear Regulatory Commission
(NRC) in support of applications for construction permits and
operating licenses for civilian nuclear power plants are made publicly

; available in microfiche form. Because microfiche are numbered and
issued in -andom order and because the volume of material

|'
,

pertaining to any one power plant is large, locating specific
| information within a microfiche set is difficult. For this reason,'

logical and sequential tables of contents and/or indexes are con-
structed from the original matenal, relating the location of this
material to specific microfiche and to specific gnd coordinates. The
FIND indexes for more than 100 commercial nuclear power plants
have been prepared for NRC by the Technical Information Center of
the U. S. Department of Energy. A list of completed FINDS is
avadable on request from the Technical Information Center, U. S.
Department of Energy, P. O. Box 62, Oak Ridge, Tennessee 37830.

Individual FINDS are for sale by the National Technical
- Infonnation Service, U. S. Department of Commerce, Springfield,

Virgima 22161.
.

i

!

Power Reactor Docket Information (PRDI) !
'

Ie
'

A monthly lisung of docket information associated with civilian *

nuclear power plants on the n gulation of commercial nuclear ;
,

i facilities .md pubhahed for the U. S. Nuclear Regulatory Commis-
sion (NRC) by the Technical Information Center of the U. S.-

Department of Energy. For the most part the citations in PRDI are
'

,

for the documents submitted to NRC in support of applications for i

, construction permits and operating licene. Included are technical, I

quasi. technical, administrative, legal, and financial documentation of
interest to utilities, license applicants, manufacture rs, sendors,

,

attomeys and others.
A auhjeet mdes a included in each munthly issue imeluding the

twelfth n>ue). The haung issued for Decemtwr will be a cumulation
for the entire 1973 volume year. The citations are arranged by
docket number, and two tables of contents correlate docket numbers ,

with faedity names. The publication is Sh by 11 inches. i

Subsenptions for 1978 are available from the Technical Infor. i

mation Center. U. S. Department of Energy, P. O. Box 62, Oak j
Ridge Tennessee 37830, for $63.00 per volume tealendar) year (11-

,

issues, plus an annual cumulation). On a nonsubsenption basis, the
.

'eleven monthly issues are 54.50 each; and the twelfth issue (annual
cumulation) is $31.00. Remittance should he by check or money-

order payable to the U. S. Department of Energy.
;

.
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NUCLEAR S AFETY

A bimonthly techmcal progress review which is published by the
U. S. Nuc! car Regulatory Commission and U. S. Department of
Energy in coopemtion with the Nuclear Safety Information Center.
Oak Ridge National I/. ry. This journal digests and evaluates
the latest findings in ita area of nuclear lerhnology and science, with
the aim of meeting the needs of industry and government for concise
summanes of developments.

[[
Pnmary emphasis is on safety in reactor design, construction.

and operation. Ilowever, safety considerations in reactor fuct
fabrication, spent. fuel processing, nuclear waste disposal, handling of .

. radioisotopes, and environmental effects of these operations are also
treated.

INuclear Safety may he purchased from the Superintendent of
g iDocuments,11. S. Governmcut Pnnling Offire. Washington. D. C.

'
:

20102. at $11.00 per year stix is<uesi: A3.50.uhlitmnal for forcicn
handling. (Single copy pnce is $2.10; $0.60 additional for foreign Ihandling.)

r

|
,,

ID
'

ENERGY RESEARCH ABSTRACTS (ERA) , ,

A semimonthly publication prepared by the Technical Information
'

| Center of the II. S. Department of Enercy (DOE). Provides abstracts
*

i and indexing for all <cientific and technical reports. joumal articles,
conference papers and proceedings, books. patents, theses, and I

monographs originated by DOE. its laboratories, energy centers, and j
' .

contractors.
Subject matter includes DOE's researrh. development, demon.i

stratton and technical programs rc<ulting from its brnad charter for
'

energy <y stems. conservation. <afety. environmental protection. |
physical rescarth, and biology and medicine. ERA also covers ,

other U. S. Govemment.<ponsored cuergy information and thej *

internatmnal literature on reactor technology, waste proce< sing and j
l stomcc. and fusion terhnology. .\lm roveml is nonnuclear informa.

,

| tion obtained from foreign governments under agreements for
cooperation. ,

ERA is available on an exchange basis to universitica, research
institution.s. mduunal firms. and publishers of sc:entific mformation. *

Federal. state, and municipal agencies may obtain ERA free of
charge. Inqmne< <houhl be directed to the DOE Technical Informa. I

tion Center. P. O. Box (12. Or.k Ridge. Tennestce 37830. - |
ERA is availahic to the public on a <ubscription ha<is from the 4

Superintendent of Documents. U. S. Government Printing Office.
Washington. D. C. 20102. The subscriptmn rate for the 2 l semi.
monthly issues including a semiannual index and an annual index is
$181.00 for domestic subscribers and S230.00 for foreign sub. |
scribers. The cost for the semiannual index is SIR.00 (domestic) or .

$22.50 tforcicn); the annual index is $33.00 (domestic) or S 11.25 - |
(foreign). A sinc!c issue costs $5.55 (domestici or SG.95 (foreign). ,

I.
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APPENDIX C

U.S. Deparument of Energy
Research and Developn:ent and Field Facilities

,-

The following summary includes U.S. Department of Energy
facilities which are involved in some way with the radia-
tion sciences. These facilities are grouped according to
the following headings:

PRODUCTION, TESTING, AND FABRICATION FACILITIES

Nuclear Materials Production Facilities
Weapons Testing and Fabrication Complex

RESEARCH AND DEVELOPMENT FACILITIES

Multiprogram Laboratories

Program-Dedicated Facilities

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
Expanded Study of the Effects of Exposure to Low-Level
Ionising Radiarion (by the MITRE Corporation, Technical
Report i MTR-80lS).

-171-
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AI' pet 1 DIX C

Production. Tusting, and Fabrication Facilities

tJuclear Materials Production Facilities j
Name of ,j ,j.

Facility Descr16 tion W4 g *4Current 1btal ej 5

8" "k,
1943 35Oak Ridge, TH Gaseous Diffusion Plant (Union Carbide Corp.) 5,535 -

1952 26Edducah, KY Gaseous Diffusion Plant (Union Carbide Corp.) 2,375 -

Portsmouth, Oil Gaseous Diffusion Plant (Goodyear Atomic Corp.) 2,996 8,000 1953 25

Ashtabula, Oil Feed Haterials Plant (1<cactive Metals, Inc.) 62 -- 1952 26

Fernald, Oli Feed Haterials Plant (tJational Lead of Oll) 583 - 1953 25

Savannah River Plant -Fuel Fabrication (including Pu) (Dulent) 7,500 - 1950 28
,

Aiken, SC -Isotope production in nuclear reactors-.

U -Chemical separation of reactor products
8 -Waste management

-licavy water extraction

llanford Production Opera- -Fuel Fabrication (United 13uclear Inc.) 3,136
,, Lg44 34

tions (including Pu) Hockwel'
Richland, WA -keactor operations (United Nuclear Inc.) 835

UNI
-Chemical separation (hockwell)

Chemical procussing of irradiated
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 arid test reactor tuels

*as of 1978

.
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APP wDIX C (cont . )
Produc tion, Testis.g, and Fabrication Facilities

* *WorkforceWeaposas Testint ased Falaricat. ion Conaplex gg
4 o

Name of gy ,j
.

Facility Descr16ti UNurrent 1btal ss ,< e eo
- g ee >g

taevada Test Site -Area for testing nuclear weatens 5,200 54,000 1950 20

Kansas City Plant -Involved in geroduction of non-nuclear gortions 5,561 -- 1949 29

Kansas City, HO of nuclear weatons (Liendix) Av. man
yrs.

1978

l<ocky Flats Plant. -Produces nuclear camionents of nuclear weapons 2,986 9,000 L952 26

l<ocky Flats, CO including: Av . man-

-fabrication of plutonium and uranium allo) yrs.

-plutonium recovery 1978

h (1952-1975 Dow Chemical)'

j (1975- i<ockwell)
:

Pantex (Amarillo) Plant -Fabrication of high explosive and other com- 1,858 4,800 l952 26

1*antex, T1 gonents needed to assemble, repair and test Av. man-
nuclear weapons yrs.

-Participate in weagons retirement 1978
(Hasun & llangar)

Pinellas Plant -Development ard production of neutron generators 1,233 4,000 L956 22

St. Petersburg, FL for nuclear weapons initiation (General Elec.) Av . man-
-Also saanufacture electronic test equignent yrs.

1978

tlound Facility -Wide variety of weapons production and develop- 1,705 36,000 943 35

111amisburg, Oil ment activities (tonsanto) Av. man-
yrs.
1978

*as of 1978



APPEIDIX C (cont. )
Production, Testing, and Fabrication Fesilities

*
Workforce e c

Weapons Testing and Fabrication Complex *o
Nane of ,y

. m o en e
F211iy Describtion NL rrent 1btal

$" *?
t-12 Plant -Fabrication and certification of components 4,911 -- L 943' 35

Ook kidge, TN for the nuclear wealons stockpile Av . ma n-
-Haclear materials processing (Union Carbide) yrs.

1978

savannah kiver Weapons -Extraction, separation, and recovery of tritium 355 - -- --

Facility (Du1N.>nt ) Av. ma n-
Aiken, SC yrs.

1978

s
H
M .
de
s

.

'_

*as of 1978
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API'ENDIX C (cont.)
Research and Develogment Facilities

'
Workforcs . 1 ec

Multiprogram laboratories $,y -,* ]oName of ,

Facility Descr16 tion 8J 4 h*
Current 7btal 3m jk

$^ *

' Ames laboratory -basic nuclaar physics research such as 450 9,000 1942 36
f

Asaes, IA establishing the energy levels and states of or
short lived isotopes produced by fission 1947 31

reactions.

Argonne National Labor- -hactor develogment (ie-breeder) research 5,166 12,500 1946 32

4 tories, IL -Blologic ef fects of radiation research t 800

Argonne National Laboratory- -Basic nuclear physics research temp.

West ID

Brookhaven National -Research on physical, chemical and biologic 3,460 L5,000 1947 31

h Laboratory effects of radiation

j Upton, Ny
a

lunford Engineering -breeder reactor research 2,900 -- 1970 8

Development Laboratory -ludioactive waste management research (including

Richland, WA Pu recovery)
-Nuclear fuel cycle research

Idaho National Engineering -Research in reactor fuel reprocessing 2,211 20,000 1949 29

Iaboratory -Research on breeder reactor
Idaho Falls, IP -Navel reactor development , ,'

(incitales ID Chen ' At -Wute management research
'

Processing Plant)

Iawrence Berkeley Iaborator) -Nuclear mcdicine research 1,016 21,823 1931 47

Berkeley, CA -Dasic nuclear science research
I

*as of 1978



APPENDIX C (cont.)
Rebearch and Develotant Facilities

* *Workforce f ggMultiprogram Laboratories 4o
h Of g

al eU-

Facility Descr16 tion W4 g4*Current htal ej ,

$" "

Lawrence Livermore -Nuclear weapons design 2,457 30,000 1952 26
Iaboratory -Huclear waste isolation research
Livermore, CA -Biomedical & 6nvironmental effects of

radiation research

los Alamos Scientific -Nuclear weapons developnent 6,560 26,000 1943 35
Iaboratory -Research throughout the nuclear fuel cycle
Ins Alan.os, NM including

-surveying for Uranium

-developing methods of isotopic seperation
-modeling reactor accident results
-evaluating biomedical consequences of

C nuclear energy production

f -developing nuclear waste disposal methods

Oak Ridge National Lab. -NRC reactor safety research 2,450 -- L943 30
Oak Ridge,'n1 -Breeder reactor research

-Nuclear waste disposal develoguent
-Reprocessing research
-Biomedical and environmental research related

to nuclear fuel cycle

Pacific Northwest Labor- -Research thru entire nuclear fuel cycle 1,161 -- L956 22
atory estecially in waste dislesal
Richland, WA

_-

*as of 1978

.
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APPENDIX C (cont . )
kesearch and Develoteont racilities

r orce *
Multiprogram laboratories

y ,jName of N4,

g*Facility Description
Current 1btal oj ,4

$" "

Sandia Laboratories. -Used to develop and manufacture nuclear weapons 3,140 21,633 1949 29

Albuquerque, IM - now it manufactures non-nuclear parts of

Livermoro, CA nuclear wuapons

Tonophah, IN -Research on radioactive waste transportation &
disposal

-Light water reactor safuty research
-Waste Management research
-NRC res9 arch to supiert safety assessment &

licensing

a Eavannah 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 aral engineering, fuel reprocessing,
waste management, environmental monitoring,
aint heavy water production

Energy Technology Engineer- -Development work on breeder reactor 164 -- l966 12

ing Center -Technical assistance to NRC
C4:noga Park, CA

*as of 1978

.
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APPENDIX C (cont. )
Research and Develop nent Facilities

Wrkf rce *Program-Dedicated Ncilitiest Biomedical and g

Name of Environmental 4y g,

Facility Descrip, tion 4 g8Aarrent Total ej ,g
A" "h

Center for Energy and -Serves as focal point for energy research in PR. 202 -- 1957 21
Environment Research
San Juan, PR

Comparative Animal Researcli -Originally designated to study long-term 86 -- 1948 30
Laboratory effects of radiation
Oak Ridge, 'ni -Now there is de-emphasis of radiation work

Environmental Huasurements -Evaluate exposure of man to environmental 104 -- 1947 31
Laboratory (IIASL) radiation including natural and manmade
New York, NY sources,

e
c"o Inhalation '1bxicology -Research on human health effects associated 222 574 1960 18

8 Research Institute with inhalation of fission product radio-
Albuquerque, fut nuclides (and other airborne toxic substances)

Laboratory for Energy -Study biomedical effects of long-term, low-level 91 1958 20--

Related llealth Research exposures to nuclear (& fossil fuel) effluents
formerly: Radiobiology from energy production

'

Lab.
Davis, CA

laboratory of Nuclear -Biomolecular and Cellular Science bivision - 184 -- 1947 31
Medicine and Radiation cell damage from ionizing radiation

Diology -Environmental Biology Division - envirosunental
Los Angeles, CA effects

-Nuclear Medicine Division - research in nuclear
medicine

*as of 1978

.
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APPEtJDIX C (cont. )
14eucarch and Developir.ent Facilities

*Workforce * gg
Program-Dedicated Facilities: Biomedical and Wo

se YN#"" f seEnvironmentesl 8a3 4Facility Descrli> tion g 88
Current 'Ibtal ea w

$^ *

Iaix2ratory of Radiobiology -Basic animal research 40 850 1964 14

San Francisco, CA

ISO-DOE Plant Research Lab. -Hasic plant research 80 -- 1964 14
*

East Iansing, HI

kak Ridge Assoc. Univ. -Study ef fects of radiation on humans through 353 -- 1946 32

Oak Ridge, TN different approaches including epidemiology,
biochemistry, and cell biology

-Maintaitis DOE tlational Accident Registry
-Health & Hortality Studies

e
V* 1952 264 <adiobiology Laboratory -Animal Studies of acute and chronic toxic 62 --

7 Salt Lake City, UT effects of various isotopes, especially
alpha-emitters

.

iavannah River Ecology Lab. -Research in ecologic consequences of nuclear 68 -- 1951 27

Aiken, SC power production

'ranklin McLean Hem.Res. Inst -Research in Nuclear Medicine 103 -- 1953 25

Chicago, IL

laiv. of Rochester Bio- -Originally part of Manhattan Project to consult 209 -- 1943 35

Medical Laboratory on expected health hazards involved in devel-
luchester, t4Y opa.ent of A-Bomb (1943-46)

-Now animal rese arch on the ef fects of toxic
materials associated with energy production

*as of 1978
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APPD4 DIX C (cont . )
Research and Develogeent Facilities

_ h j# ##"Program-Dedicated Facilities: Nuclear Develop-
Name of ment Facilities y$ ,j,

Facility Description UNCurrent Tbtal #
a na eo
g e4 >g

Princeton Plasma Physics -Presently working on develogaent of thermo- 931 2,050 1951 27
Lab., Princeton, NJ nuclear fusion

bettis Atomic Power Iab. -Develogment 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 develognent of nuclear propulsion 2,936 12,000 1946 32
,

Schenectady, NY plants for the navy
(3 sites) West Milton, Ni

a Windsor, Cf
t-
m
o
I

.

** Includes Idaho Chemical
Processing Plant estab- .

lished 1953 current.

'* as of 1978

.
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APPE!JDIX C (cont . )
Researcn and Development Facilities

*
Program Dedicated Facilities Physical Re- Workforce * bog

Name of search Facilitiet ,g ,g,

Facility Description 84 .c ge
Current 'Ibtal e3 ,u

8* *k
Isates Linear Accelerator -11asic physical research 75 1972 6

Facility
Cambridge, MA

Fermi teational Accelerator -Elementary particle physics research t,439 3,500 1969 9

Laboratory -l<esearch on usin<j protons for cancer research
Udtavia, II.

tiotre Dame Radiation -Basic physical research 79 1947 31

Laboratory
Notre Dame, IN,

w
Stanford Linear Accelerator -Elementary particle physics research L,104 1;t ,400 1966 12*

g
8 Center

Program Dedicated Facilities: Safeguards Facility

New Brunswick Laboratory -Development and disst.mination of improved 56

Argonne, IL measutement technology for nuclear materials
(used to be in NJ)

.

*as of 1978
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APPEllDIX C (cont . )
Disbanded Facilities

*Workforce *

,j ,jtlame of .

Facility Descrip, tion g yj gg

13ational Guard Armory, IL Storage

Situ A, Palos Park, IL Waste

University of Chicago First Heactor

Iowa State University Research

Metal liydrides Inc., MA Experimental Ret,rocessing

Mallinckrodt Chemical, MO Uranium Refinery,
e

b St. Inuis Airport Storage Storage
8 Site, MG

Middlesex Sampling Plant Sampled ore from Congo

(D uPont ) NJ

Kellex Corp., NJ Hesearch -(Vitro)

Middlesex landfill Site, 14J Waste Dump

Acid Pueblo Canyon, NM Waste Dump

Chupadera Mesa Area, 14M Waste Dump

lawrence Livermore Lab, IN At Nevada Test Site 4,003 1952 26

*as of 1978

.
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APPEtJDIX C (cont.)
Disbanded Facilities

Workforce * f 'cg
as -e o

Name of gy ,j
'

Facility Description 84 4 ya
current 'Ibtal oa u

,

$d *

liaist Property, NY Waste Dump, Ashland Oil Co.

Linde Hufinery Production Plant (old)

Seaway Isidustrial Park, NY Storage

Seneca Army Depot, NY Storage

Simonds Saw & Steel Co.,NY Small production

i liarshaw Chemical Co. ,Olt Old Production
e
co
y llorizons, Inc., Oil Beryllium Research

Blairnville Dumpsite, PA Waste?

Vitro Refinery, PA Small waste recovery /oxpurimental refinery
(Cannonsburgh Industrial

Park)

Conserv. Inc. FL ?
.

Gardiner Inc. FL ?

Blockson Chemical Co., IL ?

Universal Cyclops, Inc.,PA 7

*as of 1978
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APPENDIX D
Waste 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 ,

include: -

.

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.

D. Transuranic Radioactive Waste Storage Sites, j

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, 1

'
(2) transuranium contaminated (atomic number greater than
92), and (3) other than high-level wastes.

High' level wastes are those wastes generated from the
reprocessing of spent nuclear fuelds. The transuranium .

contaminated wastes usually contain solid materials with
greater than 10 nCi/g of long-lived alpha emitters such as
plutonium. 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
addition, it is probable that information on some inactive
waste disposal sites may be lacking.

-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,
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
Survey of the Reprocessing and Waste Management
Portion of the LWR Fuel Cycle (NUREG 0116) ,"
NUREG 0216, March 1977.

(3) Nuclear Regulatory Ccmmission, " Regulation of Federal
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I. COMMERCIAL WASTE DISPOSAL FACILITIES

3 Waste Ci WasteYears in M
Name of Facility and Incation Ref. Operation Volume Activity Description and Coauments

tauclear Engineering Company 1,2 1962-? 53,796 1.3 X 10 tow-level wastes from consnercial
beatty,IN inactive activities.

.

Iow-level wastes from commercialtiuclear Engineering Company 1,2 1965- 13,519 5.gX
Richland, WA Present 10 activities

tJuclear Engineering Company. 1,2 1967- ? 68,956 4.65 X Low-level wastes from commercial
Sheffield, IL inactive 104 activities.

11uclear Engineering Company 1,2 1962-1977 134,864 1.'gX Iow-level wastes from commercial
Maxey Flats, KY 10 activities. Study published in

Dec. 1974 by the KY Dept. of
a iluman Resources, concluded that

[ the burial ground was contribut-
y ing radioactivity to the local

environment.

IJuclear Fuel Services 1,2 1963-1975 66,521 5.gX Iow-level wastes from commercial
West Valley, tar 10 activities. Voluntarily closed

in 1975 when it was discovered
that 113 0

and Sr was leaking
*

from two burial trenches.

Chemical tioclear Systems, Inc. 81,2 1971- 85,444 3.4 X Iow-level wastes from commercial
5Barnwell, SC Present 10 activities.

I -

.
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II. DEPARTHENT OF ENEttGY FACILITIES
II.A. Other thari High-1Asvel Waste Disposal Sites

3Years in H Waste Ci Wasta
Name of Facility and location Ref. Op ration Volume Activity Description and Comments

Brookhaven National Laboratory 3 3.4(1973) Iow-level wastes from reactors,

Upton, NY a particle accelerator,' aid a hot
laboratory complex - low level
waste is not presently being
disposed there.

Feed Materials Production Center 3 Active 3.3 X 1.03 X Iow-level wastes from the product-
Fernald, 011 2 3 in f purified uranium metals and

9 10 comlounds from semi-pure uranium
concentrate.

llanford Reservation 3 1943 - 1.79 X 1.65 X Solid and liquid low-level wastes

: Richland, WA Present 6 6 from production and processing of
10 10g plutonium for the weapons program,m

y Fast Flux Test Facility, N-Dual
Purpose Reactor, Lab. Services,
Pilot activity on the reprocesding

and solidification of commercial
fuel, and the solidification and

encapsulation of cesium and
strontium.

.

$
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II. DEPAR'INEtR OF ENERGY FACILITIES (cont.)
II.A. Other than liigh-Level Waste Disposal Sites

3Years in H Waste Ci Waste
N.ame of Facility and Incation Ref. Operation Volume Activity Description and Comments

Idaho National Engineering Lab. 3 1949- Low-level wastes disposed of have
(INEL) Idaho Falls, ID been generated both on-site and

off-site, from both defense and
non defense programs. In addition,
cosanercial wastes were disposed
of at IllEL prior to the avail-
ability of commercial sites.
Several locations have been used
for the disposal of wastess

(1) Various Ponds - INEL has eight
active and seven inactive ponds.,

e The volume and activity of these

$ ponds has not been determined.
I

Radioactive W ste Hanagement1.63 X 7.8 X (2) a
5 6 Complex - Solid low level waste hao

10 10
been disposed.

(3) The Idaho Chemical Processing
Plant (ICPP) - Waste Evaporator
liquid waste which undergoes ion
exchange treatment and is diluted
with nonradioactive service water.
This waste is injected into a

600-foot, deep well.

_

. . . _ l- - ,

.
-



II. DEPARTMEffr OF ENERGY FACILITIES (cont . )
II.A. Other than liigh-Level Waste Distosal Sites

3Years in M Waste C1 Waste
Name of Facility and Location Ref. Operation Volume Activity Description and Cnaments

(4) The Power Burst Facility -
Iow level liquid waste from this
facility'is pumped into 110-foot
deep well.

f.30 X 600 (5) The SL-1 Burial Ground - Solid
3

LO low level waste from the SL-1
reactor.

5 The site has been used for disposa]Ios Alamos Scientific Lab. 3 1946 - 2.55 X 4 X 10
S of low level radioactive wastesLos Alamos, NM Present LO

from the design construction, and

[. testing of World War II atomic
bombs. A variety of specialm

7 disposal operatings have been
performed, ranging from the shaft
burial of a few grams of tritium
to the demolition and burial of
whole buildings.

lawrence Livermore Lab (LLL) 3 1.4 X 1.5 Solid low level waste has been
4Livermore, CA Present 10 generated from the design and

testing of Nuclear weapons, a
reactor (pool type), a linear
accelerator, and in a heavy
element,metalurgy and light
isotope chemistry buildings
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II. DEPARTHEllr OF ENE10Y FACILITIES (cont.)
II.A. Other than liigh-Level Waste Disposal Sites

3Years in H Waste Ci Waste
Name of Facility and Incation Ref. Op ration Volume Activity Description and Comments

Nevada Test Site (tfrS) 2.4 X 3.8 X Low-level wastes from nuclear
4 610 testing in support of the National10

defense program

5Oak Ridge National Laboratory 3 early 1.84 X 1 X 10 Originally ORNL was engaged in the
5(ORNL), Oak Ridge, TN 1940's 10 Manhattan Project. Presently major

facilities in the complex consist
of operating reactors, particle
accelerators, a transuranium pro-
cessing plant, chemical processing
development facilities, a biologica]
laboratory complex, an environmental,

es science laboratory and the Ilo11fiel<

$ Ileavy Ion Research Facility. Low-
I level wastes that have been disposet

of have originated from ORNL
activities, commercial operations
and other Federal activities.

3Oak Ridge Y-12 Plant 3 8.55 X 6.8 X 10 I w-level waste generated from the
4Oak Ridge, TN present 10 production of atomic weapon com-

ponents and in fabrication support
for weapon design.

Paducah Gaseous Diffusion Plant 3 1950's - 6.7 X 1.25 X The plant enriches uranium in the
Paducah, KY present 103 go3 isotope U-235. The low-level waste

disposed originated from defense
and non-defense programs.

.
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II. DEPAirlHEtiT OF EtiERGY FACILITIES (cont . )
II.A. Other than liigh-Level Waste Disposal Sites

3 Waste Ci WasteYears in M
184me of racility and location Ref. Operation Volume Activity Description and Comments

3
Pantex Plant 3 inactive 2, 1 X 10 The plant generates low-level

io.uril lo, T4 waste from its involvement in
the defense program relating to
the fabrication of high explosives
and other components necessary
to assemble, repair, and test
nuclear weapons.

Portsmouth Gaseous Diffusion 3 active 9.7 X 6 This facility produces enriched

Plant 102 uranima for the government and

Piketon, Oil private sector. The radioactive
wastes generated are from the

4 decontamination and recovery

u) facility. The low-level wastes

Y disposed have originated from
both defense and commercial pro-
grams.

i<ocky Flats Plant (l(FP) 3 inactivu 4 X 10 very low low-level wastes from the pro-

Golden, CO duction of nuclear components for
the national defense program.

Sandia I.aboratories - Albuquerque 3 1945 - 1.4 X 6 X 103 low-level wastes have been gen-

Albuquerque, t#1 present 10 erated in the research, design3

and development of nuclear weapons.

.
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II. DEPARTMEtTF OF ElJERGY FACILITIES (cont . )
II.A. Other than liigh-Level Waste Disgesal Sites

Years in H3 Waste C1 Wasta
Name of Facility and Incation Ref. Operation Volume Activity Description and Comments

Savannah River Plant 3 1955 - Iow-level wastes generated in the
Aiken, SC present production of nuclear materials,

primarily plutonium and tritium,
for the defense program.

2.53 X 3.80 X low-level solid wastes have been
510 106 buried in pits and trenches.

In addition liquid low-level
wastes have been disposed of in
seepage and retention basins.

h Weldon Spring Site 3 1950's - 7.46 X 52.25 Iow-level wastes generated from

$ Weldon Spring, MO 1960's 106 the refining of uranium ores for
8 the defense program.

Oak Ridge National Lab' oratory 3 Intermediate level wastes from a
Oak Ridge, Tri number of operations concerned with

the laboratories fission energy
program. The wastes have been
dislosed of in;

6
inactive 1.84 X 1 X 10 Pits and trenches

105
35 X 10 6.26 X well injection

510

p
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II. DEPARTMDrr OF EtJERGY FACILITIES (cont.)
II.B. tilgh Level Radioactive Waste Storage Sites

Years in H3 Waste Ci Waste
11ame of Facility aral location Ref. Operation Volume Activity Description and Comments

llanford 3 The high level wastes stored have

Richland, WA been generated in the production
of plutonium for t.he defense pro-
gram.'These wastes are stored in
the following locations 3

active 1.78 X L.00 X 1) Tank Farms which contain solid
5 010 10 and licluid wastes,

90
active 105 1.50 X 2) B Plant which contains Sr and

010 Csl37 removed from high-level
radioactive wastes,

a
t' 7

1.1 X 10 3) Waste encapsulation and storageto

Y facility which takes wastes
stored in the B plant and encap-

90sulates and stores the Sr and
Csl37

Idaho tJational Engineering Iab. 3 The high level wastes stored

Idaho Falls, ID are from It1EL activities and from
other DOE sites. The wastes are
stored in the following locations:

active 8980 1.1 X 10 1) Tank Farm contains liquid
wastes which originated from de-
fense programs and test and
research reactors.

.



II. DEPAlffMEtTP OF ENERGY FACILITIES (cont . )
II.B. liigh Level Radioactive Waste Storage Sites

Years in H3 Waste Ci Waste
Name of Facility and Incation Ref. Operation Volume Activity Description and Cominents

61640 1 X 10 2) Bin Farm contains solid wastes
which originated from defense pro-
grams and test and research
reactors

3) Spent Fuel which originated
from nondefense programs

6100 9 X 10 4) Argonne-West National _ Laboratory
at IllEL ItaS Some llLW storage.

[ Savannah River Plant 3 8.33 X 7.75 X liigh level wastes generated in the
4 8

[ Aiken, SC 10 10 production of nuclear materials,
e predominantly in the defense pro-

gram.

.
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II. DEPARTME2n' OF EliEkGY FACILITIES (cont . )
II.C. Other Than High-Imvel Radioactive Wste Storage Sites

3Years in M Wate Ci Waste
Wme of Facility arxl Location Ref. Operation Volume Activity Description and Cnnaants

Brookhaven teational lab. (btiL) 3 All of the waste stored originated100-- -

Upton, 13Y from bi1L activities. In addition
contaminated equipment from Blih
reactors is being held in storage.

3Feed Haterials Production Ctr. 3 inactive 9 X 10 1,656 The stored low-level wastes ori-
Piketon, 011 ginated in both defense and non-

defense programs,

liiagara Falls -- 7.83 X 10 The low-level wastes stored were
0Lewiston, 14Y 10 generated between 1944 and 1953

through processing of uranium ore

$ at other locations.
m
ui NOTE the curie values do not'

includa any activity asso-
ciated with Radium-226.

3
Par. tex active 100 1,000 The low-level wastes stored ori-

Amarillo, TX ginated from the weapons program.

Savannah River Plant 3 active -- -- From its defense program, the plant
Aiken, SC has classified low-level waste

stored.

Oak Ridge 13ational Laboratory 3 - 1. 5 x 103
6

1 X 10 These intermediate level wastes art
Oak Ridge, Tre sludges that have settled in tanks

that supply the hydrofracture facil .

ity w/supernatant. The principal
radionuclide in the study is Sr90,

1
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II. DEPARTHEttr OF EllEIGY FACILITIES (cont.)
II.D. Transuranic Radioactivu Waste Storage Sites

3Years in H W.aste Ci Wasta
Name of Facility arid location Ref. Operation volume Activity Description and CocunentJ

llanford 3 active 7.76 x 1.03 X Transuranic wastes stored have been
5Richland, WA 103 10 generated in production of pluton-

ium for the defense program, & in
a number of research & development
facilities.

Idaho National Engineering Lab. 3 activu 4.10 X 1.75 X Transuranic wastes stored have been
Idaho Fally, ID 104 105 generated from the facilities acti-

vities in processing spent fuel -

from Government owned reactors &
dev. sloping improved fuel reprocess-
i'ag . In addition waste from other

I DOE Sites are stored there.e
to

i las Alamos Scien*1fic .a b . 3 active 1.95 X 1 X 105 Transuranic wastes stored are pri-
3Ios Alamos, 10 marily from on-site facilities

involved in the development of
plutonium technology.

Nevada Test Site active 184 1,060 The origin of the wastes is pri-
Hercury, NV marily from defense programs.

Oak Ridge National Laboratory 3 active 1.10 X 8.10 X Transuranic wastes from a variety
Oak Ridge, TN 103 104 of chemical processing development

facilities supporting the labora-
tories fission energy development
mission.

.
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II. DEPARTHurt OF ENERGY FACILITIES (cont.)
II.D. Transuranic Radioactive Waste Storage Sites

3Years in M Waste Ci Waste
Home of Facility and Incation Ref. Operation Volume Activity Description and Cmnments

Pantex active 33 low Transuranic waste from the
Amarillo, TX defense program.

Savannah River Plant 3 active 2.7 X 3 X 105 Transuranic wastes stored are

Aiken, SC 104 primarily from nuclear production
reactors and chemical separation
plants.

I
H
to
4
I
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III. UHAtlIUM MII1 TAILIt3GS SITES

llame Opera- Years Tons of Iard Est.
Site and/or Ref e r- tional in Tallings Area Markforce

Incation Owner ence Status Operation (xlO6) (acres) Current / Total n==* n t s

Arizona
Tuba City 5

Honument 5
,

Valley ,

Colorado
Canon City Cotter 4 active 1950- 1.1 35 .

Corp. Present

Durango 5
s

H
e Grand 5

7 Junction

Gunnison S

Maybell 5

tlaturita S

Hifle Union active 1955- 2.7 324
Carbide Present

Slick Rock 5

Uravan Union 4 active 1950- 7.0 8-
Carbide Present

.

e !L t s s . . ,
,

*

-
.
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III. URANIUM MILL TAILIl4GS SITES (cont . )

Name Opera- Years Tons of Land Est.
Site and/or Re fe r- tional in Tailings Area Workforce

Location Owner ence Status Operation (x106) (acres) Current / Total f''=" ants.

Idaho
lowiaan 5

tiew Mexico

Ambrosia lake Kerr, 4 act lye L950- 25.4 209
McGee 5 Present

IJuclear 5

'

Blue Water Anaconda 4 active 1953- 15.3 250
Co. Present -

e Churchrock United 4 active 1977-

[ 11uclear Present

to
'

hiuino Schio 4 active 1977-
Present

Shiprock 5

Oregon
lakuview 5

SouthDakota
laigemont '1VA 4 active 1956-

(Mine Present

Dev. Int .

.



III. URANIUM HILL TAILItJGS SITES (cont . )

Name Opera- Years Tons of Iand Est.
Site and/or Refe& tional in Tailings Area Workforce

Iacation Owner ence Status Operation (x106) (acres) Current / Total C'v=ments

Texas
Fall City Conoco T. 5

Pioneer
Nuclear

Inc.

Utah 5
Green River

.

Ia Sal RioAlgom 4 active 1972-
Corp. Present .74 45

a

y Mexican llat 5
o

8 Hoab Atlas 4 act. ive 1956- 7 115
Corp. Present

Salt Lake 5
City

Washington
Ford Dawn 4 4ctive 1956- 1.9 100

Mining Present
Co.

/

, ( l g . 4 . . _J s a . .
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III. URANIUM HILL TAILINGS SITLS (cont.)

Name Opera- Years Tons of Iand Est.

Site and/or Refer- tional in Tailings Area E3rkforce
location ' Owner ence Status j operation (x106) (acres) Current / Total Comments

,

Wyoming
Bear creek Rocky 4 active 1977-

Mtn. Present

Energy

Converse 5 ,

County

Gas Itills Fed.Am. 4 active 1959- 4.0 100 -

Partnert, Present ,

i .

Gas Hills UT Int. 4 active 1956- 5.5 135

d Inc. Present
o
H
I Gas Ilills Union 4 activu 1960- 4.0 61

Carbide Present

Jeffry City Western 4 active 1957- 3.0 60
Nuclear Present

Inc.

'

Powder River liighlana 4 active 1972- 2.2 250

Dasin Mill, Present
ExxonUSI,

Riverton 5
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III. URANIUM MILL TAILItKiS SITES (cont. . )

Name Opera- Years Ens of Iarmi Est.
Site and/or Re fer- tional in Tallings Area Wrkforce

Incation Owner ence Status Operation (x106) (acres) Current / Total P - ents

Wyosaing (Cont ;

Shirley Petro- 4 active 1972- 2.2 50
Basin tomicsCo Present

"'# "Y # I" * 4 active 1971- 1.0 250
*" "#*

Present

.

I
to
O
M
i
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GLOSSARY

Alpha Particle: 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.

Brachytherapy: Therapy at short distances with beta or gamma
radiation. Implantation of placement therapy
with radioactive needles, inserts, or other
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

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.

Curid (Ci): The associated unit of activity. One curie
10equals 3.7 X 10 disintegrations per second.

-miciocurie, uCi = 3.7 X 104 disintegrations
per second. 7-millicurie, =Ci = 3.7 X 10 disintegrations
per second. -2

-picocurie, pCi = 3.7 X 10 disintegrations
per second.

Decay,
Radioactive: Disintegration of the nucleus of an unstabls

nuclide by spontaneous emission of charged
particles (alpha or beta particles) or elect-
romagnetic radiation (gamma rays) .
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Decay Product
-

(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-
iated unit is the rad. One rad equals 100
ergs per gram.

,

Dose,
Cumulative: The total dose resulting from repeated ex-

posures to radiation.

Dose
Ecuivalent: A quantity used in radiation protection. It

expresses all radiations on a ecmmon 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 radiology. '

Dose, Tissue: Absorbed dose received by tissue in the region
of interest, expressed in rads.

Dose r
Fractimation: 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.
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Exposure (gamma
and x-ray): A measure of the ionization produced in air

by x or gamma radiation. It is the sum of
the 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,
divided by the mass of the air in the volume
element. The associated unit is the Roentgen.

Exposure,
Acute: Radiation exposure of short duration.

Exposure,
Chronic: Radiation exposure of long duration, either

by fractionation or protraction.

Fall Cut Radioactive debris from a nuclear detonation,
which is airborne or has been deposited
on the earth.

Film Badge: A pack of photographic film which measures
radiation 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.

Fission,
Nuclear: A nuclear transformation characterized by

the splitting of a nucleus into at least
two other nuclei und 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
wher. Irradiated by ionizing radiation.

Fluorescoce: 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.
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Gamma Ray: Short wavelength electromagnetic radiation
_

of nuclear origin (energy range of 10 kev
to 9 MeV).

Half-life: Time required for a radioactive substance
lose 50% of its activity by decay.

.aci. radionuclide 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.

Implants Encapsulated radioactive mat 2 rial embedded
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-
trans, and therefore in the atomic mass.
Almost identical chemical properties exist
between isotopes of a particular element.

Kerma: 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 matter in that volume.

Nuclear
Medicine: The use of radioisotopes as tracers in the

diagnosis of disease.

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
ecmmon 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,
Background: Radiation arising from radioactive material

other than the one directly under consider-
ation. Natural background refers to cosmic
radiation and that resulting frem natural
terrestrial sources.

Radiation,
Ionizing: Any electromagnetic or particulate radiation

capable of producing ions, directly or
indirectly, in its passage through matter.

Radioactivitv: The property of certain nuclides of spontan-
ecusly emitting particles or gamma radiation.

Relative Bio-
logical Effect-
iveness (RSE): 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
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
identical biological effect in a particular
experimental organism or tissue.

'

Rem A special unit of dose equivalent. The dose
equivalent in rem is numerically equal to the
absorbed dose in rads multiplied by the quality
factor. (see Dose Equivalent)-

Rcentcen (R): The associated unit of exposure. One roentgen
equals 2.58 X 10 4 coulcmb per kilegram 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 -

characterized by the ability to emit visible '

light upon heating that is proportional in
amount to the radiation absorbed dose ,

received. Typically, TLD's are made of
lithium fluoride.

Tritium: ThehydrogenisotopewgH).th one proton andtwo neutrons (symbol:

Working Level:
(WL) The concentration of radon such that, along

withitsradioactivedaughters,gtwillre-
sult in the emission of 1.3 x 10 MeV of
alpha activity. 100 pCil-1 of Rn-222 = lWL.

Working Level: The exposure resulting from being exposed
'

to one working level for a period of 170 hours.

X-rays: Penetrating electromagnetic radiations whose
wavelengt~ s are shorter than those of visible
light. They are usually produced by bombard-
ing a metallic target with fast electrons in
a 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 '

as x-rays.
.

.

d

.

4

-208-


