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FOREWORD

This is the 21st in a series of annual radiation exposure reports published by the Department of Energy

(DOE) or its predecessors. This report summarizes the radiation exposures received at DOE and DOE

contractor facilities in 1988. Radiation exposures to both employees and visitors are included. Trends in

radiation exposures are evaluated by comparing the doses received in 1988 to those received in previous

years. The significance of the doses is addressed by comparing them to the DOE limits and by correlating

the doses to health risks based on risk estimates from expert groups.

This report represents a significant advancement from previous reports because it is the first for which

detailed exposure data are available for each individual monitored at a DOE facility. In the past, only

summarized data from each facility were available. As a result, this report contains information on dif-

ferent types of radiation doses, such as penetrating, shallow, and neutron doses. It also contains analysis of

exposures by age, sex, and occupation of the exposed individuals. This report is the first of any federal

organization that presents such detailed exposure data.

We believe this report will provide useful data to organizations or individuals involved in radiation

protection activities. National and international organizations such as the National Council on Radiation

Protection and Measurements, the International Commission on Radiological Protection, and the United

Nations Scientific Committee on the Effects of Atomic Radiation, have used DOE radiation exposure data

in the past in formulating their recommendations and analyses. The information in these reports is also

used by the DOE to identify areas of needed improvement to ensure continued commitment to the As

Low As Reasonably Achievable (ALARA) philosophy of radiation protection.

____________

-

______________

Paul L. Ziemer,.t Harry J. P (epill, Ph.D.
Assistant Secretary Deputy Assi(tant Secretary
Environment, Safety and Health for Health
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PREFACE

This report is one of a series of annual reports provided by the U.S. Department of Energy (DOE) sum-

marizing occupational radiation exposures received by DOE and DOE contractor employees. These

reports provide an overview of radiation exposures received each year and identify trends in exposures

being experienced over the years.

In 1968, the U.S. Atomic Energy Commission (AEC) established a program for reporting certain occupa-

tional radiation exposure information to a central radiation records repository. Annual summary reports

were published from 1969 through 1973 (WASH-1350-R1 through WASH-1350-R6), which included

information on AEC contractor employees and visitors, as well as employees and visitors of companies in

the private sector licensed by the AEC.

In January 1975, with the separation of the AEC into the Energy Research and Development Administra-

tion (ERDA) and the U.S. Nuclear Regulatory Commission (NRC), each agency assumed responsibility for

collecting and maintaining occupational radiation exposure information reported by the facilities under its

jurisdiction. Former AEC licensees reported to the NRC while contractors reported to ERDA. At the

same time, a contract was established with Union Carbide Corporation at Oak Ridge, Tennessee, to com-

puterize the reporting and processing of both the ERDA and NRC radiation exposure, reporting systems.

On October 1, 1977, DOE was formed and assumed the responsibilities of ERDA. Processing and pro-

gramming of exposure information continued at Oak Ridge until October 1978, when the management and

further development of the DOE radiation exposure reporting system was assigned to the System Safety

Development Center, EG&G Idaho, Inc.; the NRC system remained at Oak Ridge.

Radiation exposure data for ERDA and ERDA contractor employees and visitors for 1974 through 1976

were reported in ERDA 76/119, ERDA 77-29, and DOE/EV-0011/9. The DOE and DOE contractor

radiation exposure data for 1977-1979 were presented in DOEIEV-0066/10, 11, and 12, respectively. A

revised version of the 1979 report was issued as DOE/EP-0039. The data for 1980-1982 were presented in

DOEJEP-0040, DOE/EP-0040/1, and DOE/EP-0040/2. The data for 1983-1987 were presented in DOEIPE-

0072, DOE/EH-0011, DOE/EH-0036, DOE/EH-0069, and DOE/EH-0128, respectively. This report con-

tains 1988 radiation exposure data for DOE and DOE contractor employees and visitors.

Previous reports for AEC/ERDA/DOE government and contractor employees and visitors may be obtained

from the DOE Technical Information Center, P.O. Box 62, Oak Ridge, TN 37830.

V





SUMMARY

All U.S. Department of Energy (DOE) and DOE contractors are required by DOE Order 5484.1, Chg 3,

Chapter IV, to submit occupational radiation exposure records to a central repository. In 1988, data were

required to be submitted for all employees who were required to be monitored in accordance with DOE

Order 5480.1B, Chapter XI, and for all visitors who had a positive exposure.(a) The data required include

the external penetrating whole-body dose equivalent, the shallow dose equivalent, and a summary of

internal depositions of radioactive material above specified limits. Data regarding the exposed individuals

include the individual's age, sex, and occupation category. This report is a summary of the external pene-

trating whole-body dose equivalents, the shallow dose equivalents, and the internal depositions of radio-

active material reported by DOE and DOE contractors for the calendar year 1988.

A total of 81,629 DOE and DOE contractor employees were reported to have been monitored for whole-

body ionizing radiation exposure in 1988. This represents 49.3% of all DOE and DOE contractor

employees and is a slight increase (601) from the number of monitored employees reported for 1987. In

addition to the employees, 52,529 visitors were monitored. (For more information, see Table 4.1.)

Of all monitored employees reported, 61.0% received a dose equivalent that was less than measurable,

38.3% received a dose equivalent between measurable and 1 rem, and 0.7% received a dose equivalent

greater than 1 rem. No employee received a dose equivalent greater than 3 rem. The dose equivalent

received by 88.1% of the visitors to DOE facilities was less than measurable. Only 11.9% of the visitors

reported received a dose equivalent between measurable and 1 rem, and 0.02% of the visitors received a

dose equivalent greater than 1 rem. No visitor received a dose equivalent greater than 3 rem. (These data

are detailed in Table 4.1 and are illustrated in Figure 4.2.)

The collective dose equivalent for DOE and DOE contractor employees in 1988 was 3,655 person-rem,

which represents a decrease of 39% from 1987. The collective dose equivalent for visitors was 245 person-

rem, which represents a decrease of 34%. The average dose equivalent for all monitored employees

reported was 45 mrem, and the average dose equivalent for all employees reported who received a mea-

surable exposure was 115 mrem. The average dose equivalent for all monitored individuals (employees and

visitors) reported was 29 mrem, and the average dose equivalent for all individuals reported who received a

(a) DOE Order 5480.11 was promulgated January 1, 1989; DOE Order 5480.1B, Chapter XI, was in effect

during 1988, the calendar year covered in this report.
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measurable exposure was 103 mrem. The highest average dose equivalent for all monitored individuals
reported was observed at fuel processing facilities (113 mrem), and the lowest was observed at DOE offices
(3 mrem). These averages are significantly less than the DOE 5 reInjear radiation protection standard for
whole-body exposures. (For more information, see Tables 4.1 and 4.4.)

Of the ten occupation categories reported, production workers received both the highest collective dose
equivalent (862 person-rem) and the highest average dose equivalent per individual who received a measur-
able exposure (220 mrem). Agricultural workers received both the lowest collective dose equivalent
(1 person-rem) and the lowest average dose equivalent per individual who received a measurable exposure
(20 mrem). Service workers also received a low average dose equivalent per individual who received a
measurable exposure (28 mrem). (See Table 4.8 for further details.)

For both males and females, the five-year age group receiving the highest collective dose equivalent was
the 30 to 34 age group. However, the highest average dose equivalent per individual who received a
measurable exposure was in the 25 to 29 age group for males (130 mrem) and the 60 to 64 age group for
females (135 mrem). The lowest average dose equivalent per individual who received a measurable
exposure was received by the 19 and less age group for both males and females. (See Table 4.11.)

The average dose equivalent for all males who received a measurable exposure was 107 mrem; for females,
the average was 96 mrem. Males received a total of 3,350 person-rem, while females received 471 person-
rem. A total of 80 person-rem was received by individuals for whom sex was not specified on the report
forms. (See Table 4.13.)

Of the 3,901 person-rem received by DOE and DOE contractor employees and visitors at DOE facilities,
2,997 person-rem (77%) was attributable to beta-gamma exposures and 904 person-rem (23%) was attribu-
table to neutron exposures. Approximately 33% of the collective dose equivalent from neutrons was
received at weapons fabrication and testing facilities. In addition to the penetrating dose equivalent (beta-
gamma and neutron), DOE and DOE contractor employees and visitors received a collective shallow dose
equivalent of 5,950 person-rem. (See Table 4.15 for further details.)
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1.0 INTRODUCTION

The purpose of this report is to disseminate information regarding radiation exposures received at U.S.

Department of Energy (DOE) and DOE contractor facilities. At these facilities, dose equivalents received

by both workers and visitors are carefully monitored and recorded. The primary purpose of this practice is

to ensure that the DOE occupational dose limits are not exceeded and that s low s reasonably achievable

(ALARA) goals are met. A secondary purpose, however, is to provide information that can be used by

other organizations and individuals who wish to collect and analyze such information. This information

may be useful for estimating the effect of changing dose limits on operations at DOE facilities, determining

the progress of DOE with respect to the ALARA principle, or, in combination with epidemiological

information, assisting researchers in determining whether or not low doses of ionizing radiation are

harmful.

This report contains eight main sections and six appendices. Section 2.0 presents relevant DOE operating

requirements including dose limits, ALARA, and reporting requirements. Section 3.0 presents brief

descriptions of the various categories of DOE facilities and the sources of radiation exposure at each

facility category.

Section 4.0 presents a summary of the radiation doses received at DOE and DOE contractor facilities in

1988. The data are presented according to dose-equivalent interval, facility type, field organization,

occupation category, age, sex, and type of exposure (external penetrating, shallow, internal, etc.). The

section concludes with an evaluation of recent exposure trends at DOE and DOE contractor facilities.

Section 5.0 presents information regarding a study of cumulative exposures of workers at a single DOE and

DOE contractor facility. Section 6.0 presents reporting requirements for radiation exposure incidents at

DOE and DOE contractor facilities. Section 7.0 presents a comparison of the doses received at DOE and

DOE contractor facilities and the consequent risks relative to other risks that occur both in the workplace

and as a part of everyday life. Section 8.0 lists the references cited in this report.

Six appendices are included in the report, five of which contain raw exposure data for DOE and DOE con-

tractor employees and visitors. Appendix A presents the 1988 distribution of whole-body dose equivalents

by facility type for each DOE field organization. Appendix B presents the 1988 distribution of whole-body

dose equivalents by contractor for each DOE field organization. Appendix C presents the 1988 distribu-

tion of whole-body dose equivalents for DOE government employees and visitors by DOE field organiza-

tion. Appendix D presents 1988 data on penetrating (whole-body) dose equivalents, including neutron and
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beta-gamma components, and shallow dose equivalents by various combinations of facility type, age, sex,

and occupation. Appendix E presents 1987 data similar to the 1988 data in Appendix D. Although this

report contains primarily 1988 exposure data, some of the tables and figures showing trends do include

1987 exposure data. Therefore, the 1987 data in Appendix E are provided in order to support the trend
data in this and future annual reports. These data were not included in the previous annual report

(DOE/EH-0128) because the data became available after the report was published. Finally, Appendix F

lists the current DOE limiting values for assessed dose from occupational exposure to ionizing radiation.

This annual report is the first that presents data by exposure type, age, sex, and occupation, based on the

recently revised reporting requirements. As a result, this report represents a transition from the previous

annual reports. Comments or suggestions that would improve the report or make it more useful should be

sent to the U.S. Department of Energy, Assistant Secretary for Environment, Safety, and Health,
Washington, D.C. 20585.
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2.0 DOE OPERATING REQUIREMENTS

One of the primary objectives of the DOE is to ensure that all its operations and those of DOE

contractors are conducted safely. 'lb help achieve this objective, the DOE has established radiation

protection standards and program requirements to protect workers from ionizing radiation. The basic

DOE standards are radiation dose limits, which establish maximum permissible doses to workers. In

addition to the requirement that radiation doses to workers be maintained below the limits, it is DOE's

policy that doses be maintained as far below the limits as is reasonably achievable.

2.1 DOSE LIMITS

In order to ensure that workers at DOE facilities are adequately protected from ionizing radiation, the

DOE promulgates radiation protection standards for occupational workers. These standards include radia-

tion dose limits to protect workers from both external radiation and internally deposited radionuclides.

In 1988, the calendar year covered in this report, the radiation dose limits were promulgated in DOE

Order 5480.1B, Chapter XI (DOE 1986). These included limits on doses both to the whole-body and to

individual organs (Thble 2.1). Monitoring was required by DOE Order 5480.1B, Chapter XI, when the

potential existed for an individual to receive a dose or dose commitment above 10% of the quarterly or

annual occupational radiation, exposure standards shown in lhble 2.1. Depending on the administrative

policy of the field organization or contractor, monitoring may also have been provided to some or all

individuals, such as clerical workers, for whom the exposure potential was extremely low.

The current DOE radiation protection standards are different from those that were in effect in 1988. In

1987, the Environmental Protection Agency (EPA) published its revised guidance to federal agencies for

protection against occupational radiation exposure (FR 1987). This guidance was a result of a review by

EPA of the most recent recommendations of the International Commission on Radiological Protection

(ICRP) and the National Council on Radiation Protection and Measurements (NCRP). The primary new

feature of the guidance is that weighted internal doses are added to external doses to determine total effec-

tive dose equivalent. In the past, these were limited separately. The DOE became the first federal agency

to implement the revised guidance when it promulgated its revised radiation protection standards for occu-

pational workers on January 1, 1989 (see Appendix F).
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TABLE 2.1. DOE Limiting Values for Assessed Dose from Exposure of Occupational
Workers to Radiation (in effect before January 1, 1989)

— Exposure Category Limit
Whole body, head and trunk, gonads, 3 rem/quarter and 5 remir
lens of the eye, red bone marrow,
active blood-forming organs

Unlimited areas of the skin (except 5 rem/quarter and 15 remjr
hands and forearms), other organs,
tissues, and organ systems (except
bone)

Bone 10 rem/quarter and 30 rem/yr

Forearms 10 rem/quarter and 30 rem/yr

Hands and feet 25 rem/quarter and 75 rem/yr

2.2 ALARA PRINCIPLE

It has long been DOE's policy that radiation exposures should be maintained as far below the dose limits
as is reasonably achievable. This policy is known as the ALARA principle of radiation protection, which
maintains that radiation exposures should be maintained s low s reasonably chievable (ALARA), eco-
nomic and social factors being taken into account (ICRP 1977).

The ALARA principle is based on the hypothesis that even very low radiation doses carry some risk. As a
result, it is not enough to maintain doses at or slightly below the limits; the lower the doses, the lower the
risks. Because it is not possible to reduce all doses at DOE facilities to zero, economic and social factors
must be considered to determine the optimal level of radiation doses. If doses are too high according to
the ALARA principle, resources would be well spent to reduce them. At some point, the resources being
spent to maintain low doses are exactly balanced by the risks avoided. Reducing doses below this point
results in a misallocation of resources; the resources could be spent elsewhere and have a greater impact
on health and safety.

lb ensure that doses are maintained ALARA at DOE facilities, the DOE has mandated that ALARA
plans and procedures be implemented and documented. lb help ensure that facilities meet this require-
ment, the DOE has developed a manual of good practices for reducing radiation exposures to ALARA
levels (Munson et a!. 1988). These include guidelines for administration of ALARA programs, techniques
for performing ALARA calculations based on cost-benefit principles, guidelines for setting and evaluating
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ALARA goals, and methods for incorporating ALARA criteria into both radiological design and opera-

tions. The establishment of ALARA as a required practice at DOE facilities demonstrates DOE's commit-

ment to ensure minimum risk to workers from the operation of its facilities.

2.3 REPORTING REQUIREMENTS

In 1987, the DOE promulgated revised reporting requirements in DOE Order 5484.1, Chg 3 (DOE 1987).

Formerly, contractors were required to report only the number of individuals who received an occupa-

tional whole-body exposure in one of 16 dose-equivalent ranges. However, contractors are required by the

revised Order to report exposure data for individual employees and visitors. Data required include total

effective dose equivalent, external penetrating dose equivalent (including neutron), internal effective dose

equivalent, shallow dose equivalent, and extremity dose equivalent. Other data required include the

individual's age, sex, employment status, and occupation, as well as the relevant organization and facility

type.

The availability of these new data provided the impetus for the revised and expanded format of this report.

Because the revised reporting requirements are still being implemented by individual facilities and contrac-

tors, the 1988 exposure data were not reported in a format consistent with the new requirements in all

cases. In this report, data are presented based on the new reporting requirements, and explanations are

provided for those cases when the data were incomplete.
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3.0 FACILITY DESCRIPTIONS

DOE Order 5484.1, Chg 3, requires contractors to indicate for each reported individual the facility

contributing the predominant portion of the individual's effective dose equivalent. In cases when this

cannot be distinguished, the facility indicated should represent the facility wherein the greatest portion of

work service was performed.

The facility indicated must be one of eleven general facility categories: accelerator, fuel/uranium

enrichment, fuel fabrication, fuel processing, maintenance and support (site-wide), reactor, general

research, fusion research, waste processing/management, weapons fabrication and testing, and other.

Because it is not always a straightforward procedure to determine the appropriate facility type for each

individual, the assignment of an individual to a particular facility type is a policy decision of each

contractor.

The facility descriptions that follow indicate the types of facilities included in each category. Also included

are the types of work performed at the facilities and the sources of the majority of the radiation exposures.

3.1 ACCELERATOR

The DOE administers approximately a dozen laboratories that perform significant accelerator-based

research. The accelerators range in size from small single-room electrostatic devices to a four-mile

circumference synchrotron, and their energies range from keV to 1eV.

The differences in accelerator types, sizes and energies result in differences in the radiation types and dose

rates associated with the accelerator facilities. In general, radiation doses to employees at the facilities are

attributable to neutrons and x-rays, as well as muons at some of the larger facilities. Exposure rates inside

the primary shielding can range up to 200 mR per hour as a result of x-ray production near some machine

components. Outside of the shielding, however, x-ray exposure rates are very low, and neutron dose rates

are generally less than 5 mrem per hour. Average annual doses at these facilities are slightly higher than

the overall average for DOE; however, the collective dose is lower than the collective dose for most other

DOE facility categories because of the relatively small number of employees at accelerator facilities.

Regarding internal exposures, tritium and short-lived airborne activation products exist at some accelerator

facilities, although annual internal doses are generally quite low.
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3.2 FUEl/URANIUM ENRICHMENT

The DOE involvement in the nuclear fuel cycle generally begins with uranium enrichment operations and
facilities (Rich et al. 1988). The current method of enrichment is isotopic separation using the gaseous
diffusion process, which involves diffusing uranium through a porous membrane and using the different
molecular weights of the different uranium isotopes to achieve separation.

Although current facility designs and physical controls result in low doses from internally deposited

uranium, the primary radiological hazard is the potential for inhalation of airborne uranium (Rich et a!.
1988). Because of the low specific activity of uranium, external dose rates are usually a few mrem per hour
or less. Most of the external doses that are received are attributable to gamma exposures, although

neutron exposures can occur, especially when work is performed near highly enriched uranium. Both the
average and collective external doses at these facilities are among the lowest of any DOE facility category.

33 FUEL FABRICATION

Activities at fuel fabrication facilities involve the physical conversion of uranium compounds to usable
forms, usually rod-shaped metal. Radiation exposures to personnel at these facilities are attributable
almost entirely to gamma and beta radiation. However, beta radiation is considered the primary external
radiation hazard because of the high beta dose rates (up to several hundred mrad per hour) at the surface
of uranium rods (Rich Ct al. 1988). For example, physical modification of uranium metal by various
metal-working operations, such as machining and lathing operations, requires protection against beta
radiation exposures to the skin, eyes, and extremities. Average external doses at fuel fabrication facilities

are generally higher than at other types of DOE facilities; however, collective doses are relatively low
because the number of employees is low. Internal doses from inhalation of uranium are kept very low.

3.4 FUEL PROCESSING

The DOE administers several facilities that reprocess spent reactor fuel. This process separates out the
plutonium produced in the reactors for use in nuclear weapons. The process also separates the fission
products, which are normally designated as radioactive waste products, and unspent uranium, which can be
refabricated for further use as fuel.

The very high radioactivity of spent reactor fuel (fission products) results in employees at fuel processing
facilities consistently having among the highest average doses of any DOE facility type. However, the
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collective dose at these facilities is less significant because of the small total number of employees.

Penetrating doses are attributable primarily to gamma photons, although some neutron exposures do

occur. Skin and extremity doses from handling of samples are also significant, although only a few

employees typically receive skin doses greater than 5 rem per year. Strict controls are in place at fuel

reprocessing facilities to prevent internal depositions; however, several measurable intakes typically occur

per year. Plutonium isotopes represent the majority of the internal depositions, and annual effective

equivalents from the depositions are typically less than 500 mrem.

3.5 MAINTENANCE AND SUPPORT

Most DOE sites have facilities dedicated to maintaining and supporting the site. In addition, some

employees may be classified under this facility type if their main function is to provide site maintenance

and support, even though they may not be located at a single facility dedicated to that purpose.

Because many maintenance and support activities at DOE sites do not involve work near sources of

ionizing radiation, the average dose equivalent per monitored employee is typically among the lowest of

any facility type. However, those employees who do perform work near radiation sources receive relatively

high average annual doses, as is indicated by the relatively high average annual dose per employee who

receives a measurable exposure. Also, collective doses are relatively high because there is a large number

of these employees relative to the number classified under other facility types. The sources of ionizing

radiation exposure are primarily gamma photons. However, the variations in the types of work performed

and the work locations result in exposures of all types, including exposures to beta particles, x-rays,

neutrons, and airborne radioactivity.

3.6 REACTOR

The DOE and its predecessors have built and operated dozens of nuclear reactors since the mid-1940s.

These facilities have included plutonium or tritium production reactors, prototype reactors for energy

production, research reactors, reactors designed for special purposes such as production of medical

radioisotopes, and reactors designed for the propulsion of naval vessels.

In 1988, many of the DOE reactors were not operating. As a result, personnel exposures at DOE reactor

facilities were attributable primarily to gamma photons and beta particles from contaminated equipment

and plant areas, spent reactor fuel, activated reactor components, and other areas containing fission or

activation products encountered during plant maintenance and decommissioning operations. Neutron
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exposures do occur at operating reactors, although the resultant doses are a very small fraction of the
collective penetrating doses. Gamma dose rates in some plant areas can be very high (up to several R per
hour), requiring extensive protection measures. The average and collective external doses relative to other

facility types are highly dependent on the status of reactor operations. Inhalation of airborne radioactive
material is a concern in some plant areas. However, protective measures such as area ventilation or use of
respiratory protection equipment result in low internal doses.

3.7 RESEARCH, GENERAL

The DOE contractors perform research at many DOE facilities including all of the national laboratories.
Research is performed in general areas including biology, biochemistry, health physics, materials science,

environmental science, epidemiology, and many others. Research is also performed in more specific areas
such as global warming, hazardous waste disposal, energy conservation, and energy production, just to
name a few.

The wide variety of research being performed at DOE facilities results in a wide variety of radiological

conditions at those facilities where ionizing radiation or radioactive materials are an important part of the
research. Depending on the research performed, personnel may be exposed to virtually any type of external

radiation including beta particles, ganuna photons, x-rays, and neutrons, as well as the potential for

inhalation of radioactive material. Area dose rates and individual annual doses are also highly variable.

Relative to other facility types, average annual individual doses are slightly above average at general

research facilities. The collective dose equivalent is higher than at most other facility types because of the
many individuals employed at general research facilities.

3.8 RESEARCH, FUSION

The DOE currently operates one major and several smaller facilities that participate in research on fusion

energy. In general, both penetrating and shallow radiation doses are minimal at these facilities because
the dose rates near the equipment are both low and intermittent. The external doses that do occur are
attributable primarily to x-rays from energized equipment. Relative to other DOE facility types, average

individual doses and collective doses are typically the lowest at fusion research facilities. Regarding

internal exposures, airborne tritium is a concern at some fusion research facilities, although the current
level of operation results in minimal doses.
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3.9 WASTE PROCESSING/MANAGEMENT

Most DOE sites have facilities dedicated to the processing and disposal of radioactive waste. In general,

the dose rates to employees when handling waste are very low because of the low specific activities or the

effectiveness of shielding materials. As a result, very few employees at these facilities receive annual doses

greater than 100 mrem. At two DOE sites, however, large-scale waste processing facilities exist in order to

properly dispose of radioactive waste products generated during the nuclear fuel cycle. At these facilities,

radiation doses to some employees can be relatively high, sometimes exceeding 1 rem per year.

Penetrating doses at waste processing facilities are mostly attributable to gamma photons; however,

neutron exposures are significant at the large-scale facilities. Skin doses are generally not a significant

problem. Overall, average annual doses at waste processing/management facilities are among the highest

of any DOE facility type, which is attributable primarily to the two large-scale facilities. The annual

collective doses are closer to the average of all facility types, however, because of the relatively small

number of employees at this type of facility.

3.10 WEAPONS FABRICATION AND TESTING

The primary function of a facility in this category is to fabricate weapons-grade material for the production

of nuclear weapons, or the testing of nuclear weapons. At the testing facilities, radiation doses received by

personnel are generally minimal because of the strict controls over personnel access to testing areas,

although extremity doses can be relatively high from handling neutron-activated materials. Radiation doses

are more of a concern at facilities where weapons and weapons-grade nuclear material are handled. At

these facilities, neutron radiation dose rates can be significant when processing relatively small quantities

of 238Pu or larger quantities of mixed plutonium isotopes (Faust et al. 1988). Penetrating doses from

gamma photons and plutonium x-rays can also be significant in some situations, as can skin and extremity

doses from plutonium x-rays. Overall, average individual annual doses at these facilities are slightly higher

than the DOE average. The collective doses received by employees at these facilities are generally higher

than the collective doses at other facility types because of the large number of individuals employed.

Also of significant concern at these facilities is inhalation of plutonium, where inhalation of very small

amounts could result in doses exceeding limits. 'lb prevent plutonium intakes, strict controls are in place

including process containment, contamination control procedures, and air monitoring and bioassay pro-

grams (Faust et al. 1988). As a result, significant internal exposures are very rare at these facilities.

3.5



3.11 OTHER

Individuals placed in this facility type can be generally classified under three categories: 1) those who

worked in a facility that did not match one of the 10 facility types described above, 2) those who did not

work for an appreciable time at any specific facility, such as transient workers, or 3) those for whom facility

type was not indicated on the report forms. Examples of a facility type not included in the 10 described

above include construction and irradiation facilities. In general, employees classified under this facility

type receive annual doses significantly less than the annual doses averaged over all DOE facilities. How-

ever, the wide variation in the type of work performed by these individuals results in a wide variation in

the types and levels of exposures. Although exposures to gamma photons are predominant, some individ-

uals may be exposed to beta particles, x-rays, neutrons, or airborne radioactive material.
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4.0 SUMMARY OF IONIZING RADIATION DOSES

Monitoring is required by DOE Order 5480.1B, Chapter XI, when the potential exists for an individual to

receive a dose or dose commitment in excess of 10% of the quarterly or annual occupational radiation

exposure standards shown in lhble 2.1. (Effective January 1, 1989, DOE Order 5480.1B, Chapter XI, was

superseded by DOE Order 5480.11. However, because this report addresses 1988 exposure data, the

requirements of the former Order are presented.) Depending on the administrative policy of the con-

tractor, monitoring may also be provided to individuals, such as clerical workers, for whom the exposure

potential is extremely low.

On November 6, 1987, DOE promulgated revised reporting requirements in DOE Order 5484.1, Chg 3,

which affected the reporting of occupational doses received during 1987 and beyond. Before 1987, DOE

contractors were required to report only the number of individuals who received an occupational whole-

body exposure in one of 16 dose-equivalent intervals ranging from "less than measurable" to "greater than

10 rem." Contractors are now required, however, to submit detailed exposure data for individual

employees who were monitored and for visitors who received a measurable exposure. (Contractors are

also required to provide a count of the total number of visitors monitored.) For 1988, data required to be

submitted for each individual included external penetrating whole-body dose equivalent, shallow dose

equivalent, and any uptake of radioactive material that resulted in a dose commitment to the critical

organ in excess of 50% of the pertinent annual dose equivalent standards set forth in DOE Order 5480. 1B,

Chapter XI. Consequently, this report is a summary of external penetrating dose equivalents and shallow

dose equivalents received by DOE and DOE contractor employees and visitors in 1988, and briefly sum-

marizes uptakes of radioactive material that were required to be reported.

One benefit of the new reporting requirements is that calculation of collective dose equivalents received by

DOE and DOE contractor employees and visitors will be more accurate than in the past. Previously, col-

lective dose equivalents were calculated by multiplying the number of individuals who received dose

equivalents in various dose-equivalent intervals by the midpoint of those intervals and then summing the

products. For this report, however, this calculational method was not necessary because the actual doses

received by individuals were reported by the contractors. This allowed the actual collective dose equiva-

lents received by individuals to be determined. Analysis of the 1987 and 1988 data indicated that using the

midpoints of the dose-equivalent ranges rather than the actual dose equivalents reported would have

resulted in an overestimate of the collective dose equivalent received by all DOE and DOE contractor
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employees and visitors by 15.5% for 1987 and 25.3% for 1988. Therefore, it is likely that the collective

dose equivalents reported for previous years were overestimated by approximately 20%.

Another important change resulting from the revised reporting requirements is that the specific employees

for whom the results of monitoring are required to be reported have changed. Although both the former

and current reporting requirements state that annual reports shall be submitted for all monitored DOE

and DOE contractor workers, the current requirements define the term "monitored worker" whereas the

former requirements did not. Monitored workers are defined by the current requirements as those

employees who work with or near ionizing radiation or radioactive material and who are monitored in

accordance with DOE Order 5480.1B. Therefore, the term "monitored worker" is generally considered to

be synonymous with the term "radiation worker." As a result, some contractors chose not to report data

for individuals who were not required to be monitored, especially those who received no measurable dose.

This probably accounts for the significant decrease in the number of monitored employees reported for

1987 and 1988 compared to previous years (see Figure 4.1).

4.1 DISTRIBUTION BY DOSE INTERVAL

The number of employees and visitors who received a dose equivalent in each of 16 dose-equivalent ranges

is presented in Thble 4.1. No DOE or DOE contractor employee received a dose equivalent greater than

3 rem, which is significantly less than the DOE radiation protection standard of 5 rem. A total of 81,629

DOE and DOE contractor employees were reported to have been monitored for whole-body ionizing radi-

ation exposure in 1988. This represents 49.3% of all DOE and DOE contractor employees. In addition to

the employees, 52,529 visitors were monitored at DOE facilities. Visitors may include radiation workers

from another DOE facility present on a temporary basis.

For comparison, 'Table 4.1 lists both the actual collective dose equivalents reported for each dose-equiva-

lent interval and the collective dose equivalents that would have been calculated had the midpoints of the

dose-equivalent intervals been multiplied by the number of persons in those intervals. The latter calcula-

tional method was used in reports prior to the 20th annual report for calendar year 1987 (DOE/EH-0128)

because individual exposure data were not submitted to the central repository. The data indicate that 73%

of the overestimate of the total collective dose equivalent using this method is attributable to the "Measur-

able to 0.1 rem" dose-equivalent interval.

A comparison of the number of DOE and DOE contractor employees, the number of monitored

employees reported, and the number of monitored employees reported who did not receive a measurable
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TABLE 4.1. Distribution of Whole-Body Ionizing Radiation Doses for DOE/DOE Contractor
Employees and Visitors by Dose-Equivalent Interval, 1988

Dose-Equivalent Number of Persons Collective Personrem(a)
Interval (remW') Employees Visitors ibtal Employees Visitors ibtal

<Measurable 49,833 46,278 96,111 0 0 0
Measurable to 0.10 23,609 5,749 29,358 637 115 752 (1,468)(c)

0.10 to 0.25 4,299 336 4,635 679 49 728 (811)
0.25 to 0.50 2,083 110 2,193 721 37 758 (822)
0.50 to 0.75 842 38 880 515 22 537 (550)
0.75 to 1.00 427 7 434 368 6 374 (380)

1 to 2 502 10 512 658 13 672 (768)
2 to 3 34 1 35 77 2 80 (88)
3to4 0 0 0 0 0 0
4to5 0 0 0 0 0 0
5to6 0 0 0 0 0 0
6to7 0 0 0 0 0 0
7to8 0 0 0 0 0 0
8to9 0 0 0 0 0 0
9tolO 0 0 0 0 0 0
>10 0 0 0 0

___

ibtal 81,629 52,529 134,158 3,655 245 3,901 (4,887)

(a) Throughout this report there may be minor variations in collective dose-equivalent values
because of rounding.

(b) Reported individual dose equivalents that equalled a value defining the boundary between
two successive intervals were placed in the higher of the two intervals.

(c) Numbers in parentheses indicate the collective dose equivalents calculated by multiplying the
midpoints of the dose-equivalent ranges by the numbers of persons in those ranges.

dose equivalent is presented for the years 1980-1988 in Figure 4.1. The figure also illustrates the average

dose equivalent per employee who received a measurable exposure. The number of monitored employees

reported for 1987 and 1988 decreased significantly from the number reported for previous years.(a)

Of the monitored employees reported for 1988, 61.0% received a dose equivalent that was less than mea-

surable, 38.3% received a dose equivalent between measurable and 1 rem, and 0.7% received a dose

equivalent greater than 1 rem (Figure 4.2). The dose equivalent received by 88.1% of the visitors to DOE

facilities was less than measurable. Only 11.9% of the visitors received a dose equivalent between mea-

surable and 1 rem, and 0.02% of the visitors received a dose equivalent greater than 1 rem (Figure 4.2).

(a) Much of this decrease is attributable to the revised reporting requirements discussed on page 4.2.
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FIGURE 4.2. Percentage of Monitored Employees and Percentage of Monitored Visitors Who Received
Dose Equivalents Less Than Measurable, Measurable to 1 Rem, or Greater Than 1 Rem,
1988

The collective whole-body dose equivalent was 3,655 person-rem for all DOE and DOE contractor

employees, and 245 person-rem for visitors to DOE facilities, for a total DOE collective dose equivalent of

3,901 person-rem. The contribution of the individuals (employees and visitors) in each dose-equivalent

interval to the collective dose equivalent is shown in Figure 4.3. Individuals whose exposure was between

measurable and 1 rem contributed the greatest portion (80.7%) of the total person-rem.

The distribution of whole-body doses for DOE and DOE contractor employees for the years 1965-1988 is

presented in Thble 4.2. As indicated, the fraction of all monitored employees who received a dose

equivalent greater than 1 rem has declined dramatically since 1965, starting at about 5%, leveling off at

about 2% from about 1977 to 1987, and dropping to less than 1% in 1988. This general downward trend

in occupational radiation exposures can be observed in Figure 4.4, which shows the collective dose

equivalent for employees from 1965 to 1988 who received a dose equivalent greater than 1 rem. The

collective dose equivalent for employees who received an exposure less than 1 rem was not included

because, before 1974, less-than-measurable exposures were not distinguished from measurable exposures in

the reporting system. This decrease in collective dose equivalent has been achieved even though some

�1 rem
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FIGURE 4.4. ibtal Collective Dose Equivalent for all DOEiDOE Contractor Employees Who Received
a Dose Equivalent Greater Than 1 Rem, 1965-1988

DOE contractor employees received a dose equivalent greater than 1 rem, approximately 20% of the

employee collective dose equivalent was attributable to individual dose equivalents greater than 1 rem.

4.2 DISTRIBUTION BY FACILITY TYPE

The number of individuals (employees and visitors) and the distribution of the annual whole-body dose

equivalents in each of 11 facility categories were reported to the central repository. The assignment of

exposures to one of the 11 facility types (listed in DOE Order 5484.1, Chg 3) is a policy decision of each

field organization. For this section of the report, visitors and DOE offices were also considered a facility

type. The contribution of each facility type to the collective dose equivalent is shown in Figure 4.6. The
largest percentage of the total collective dose equivalent was in the category, "Weapons Fabrication and

ibsting" (19.6%). The smallest contribution was from DOE offices (0.1%). A summary of the data is pre-
sented in Thble 4.3.

The average dose equivalent by facility type per individual monitored and per individual who received a

measurable dose equivalent is shown in läble 4.4. The average dose equivalent per individual monitored
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FIGURE 4.5. Log Probability Plots of Annual Exposure for Potentially Exposed and Measurably
Exposed DOE and DOE Contractor Employees (Workers), 1988

for all facilities combined was 29 mrem. The highest average dose equivalent per individual monitored was

observed at fuel processing facilities (113 mrem), and the lowest was observed at DOE offices (3 mrem).

The average dose equivalent per individual who received a measurable dose equivalent was 103 mrem. The

highest average dose equivalent per individual who received measurable dose equivalent was observed at

fuel processing facilities (217 mrem), and the lowest was observed at DOE offices (19 mrem).

43 DISTRIBUTION BY FIELD ORGANIZATION

For each field organization, the number of monitored individuals reported, the number of individuals who

received a measurable dose equivalent, and the collective dose equivalent are shown in 'Table 4.5.

Differences in the collective dose equivalent at each field organization reflect differences in the number

of employees at the facilities, the nature of the work performed, and the administrative policy concerning

whether the dose distribution is reported for all monitored employees or only for those for whom
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FIGURE 4.6. Contribution of Each Facility 1pe to the ibtal Collective Dose Equivalent, 1988
(numbers indicate person-rem)

monitoring is required. Thble 4.6 provides an indication of the work performed at each field organization

by showing the fraction of the collective dose equivalent at each field organization attributed to each

facility type.

läble 4.7 presents collective dose equivalents for each field organization from 1980 to 1988. As indicated

by the 1988 data, the practice of using the midpoints of dose-equivalent ranges to calculate collective dose

equivalent overestimates the actual collective dose equivalent. This practice was necessary for pre-1987

data because of the lack of a requirement to report individual exposure data. For 1988, this practice would

have resulted in overestimates in collective dose equivalents ranging from 13% (Nevada) to 81%

(Schenectady). The collective dose equivalent for all DOE and DOE contractor employees and visitors

would have been overestimated by 15.5% in 1987 and 25.3% in 1988. Therefore, it is likely that the

collective dose equivalents reported for the years 1980 to 1986 were overestimated by approximately 20%.

This topic will be discussed in more detail in Section 4.7.
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The data in Thble 4.7 are illustrated in Figure 4.7. This figure indicates the average, median, and extreme
values of the collective dose equivalent per field organization for the years 1980 to 1988.

4.4 DISTRIBUTION BY OCCUPATION CATEGORY

DOE Order 5484.1, Chg. 3, requires that for each monitored individual (employee and visitor), a three-
digit occupation code be included indicating the generic occupation that best fit the individual's occupation
title. The 44 three-digit codes pertained to DOE occupation codes summarizing all Standard Occupational
Classification (SOC) codes from the Department of Commerce's SOC Manual of 1980. The DOE is consi-
dering a revised requirement to report occupations by the full four-digit SOC code. This would eliminate
the need for an intermediate code, would standardize occupational classifications, and would provide
research data at a greater level of detail.

For this report, the 44 DOE occupational classifications were summarized into 11 general occupations to
facilitate analysis:

• Management - managers and administrators; sales; support and clerical

• Scientists - engineers; scientists; health physicists; miscellaneous professionals; doctors
and nurses

• lbchnicians - health technicians; engineering technicians; science technicians; radiation
monitors/technicians; miscellaneous technicians

• Service - firefighters; security guards; food service employees; janitors; miscellaneous
service

• Agriculture - groundskeepers; forest workers; miscellaneous agriculture

• Construction - mechanics/repairers; masons; carpenters; electricians; painters; pipe fitters;
miners/drillers; miscellaneous repair/construction

• Production - machinists; sheet metal workers; operators - plant/system/utility; machine
setup/operators; welders and solderers; miscellaneous precision/production

• 'fransport - truck drivers; bus drivers; pilots; equipment operators; miscellaneous transport

• Laborers - handlers/laborers/helpers

• Miscellaneous - military; miscellaneous

• Unknown - indicates that an occupation code was not specified on the form.
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FIGURE 4.7. Average, Median and Extreme Values of the Collective Dose Equivalent
per Field Organization, 1980-1988

Thble 4.8 lists the number of individuals monitored, the number of individuals monitored who received a

measurable dose equivalent, and the average dose equivalents for each occupation category. The

"Unknowif category accounted for both the most individuals monitored and the most individuals
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TABLE 4.8. Distribution of Whole-Body Ionizing Radiation Doses for DOE/DOE Contractor
Employees and Visitors by Occupation, 1988

Average Dose
Equivalent Per

Average Dose Individual
Number of Indivi- Equivalent Monitored Who

Number of duals Monitored Collective Dose Per Individual Received A Mea-
Individuals Who Received A Equivalent Monitored surable Exposure

Occupation Monitored(a) Measurable Exposure iperson-rem) (mrem)(a) (mrem)

Unknown 23,310 9,754 969 42 99

Management 9,700 2,903 173 18 60

Scientists 21,257 6,202 385 18 62

'Thchnicians 9,069 4,183 646 71 154

Service 5,126 1,966 56 109 28

Agriculture 112 50 1 9 20

Construction 8,575 4,579 560 65 122

Production 6,159 3,924 862 140 220

liansportation 2,145 720 45 21 63

Laborers 1,615 929 82 51 88

Miscellaneous 5,404 2,837 118 22 42

All
Occupations 92,472 38,047 3,901 42 103

(a) Not including 41,686 visitors who were reported to have been monitored and received no measurable
dose, but for whom no further information was supplied.

monitored who received a measurable exposure. Individuals in the "Production" category received the
highest average dose equivalent per individual monitored (140 mrem) and the highest average dose
equivalent per individual monitored who received a measurable exposure (220 mrem). Figure 4.8 illus-
trates the data in Thble 4.8 including an indication of the sex distribution of the individuals. Figure 4.9
illustrates the collective dose equivalent values in 'läble 4.8 as a pie chart. Thble 4.9 lists the number of
individuals monitored according to occupation and facility type.
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FIGURE 4.9. Contribution of Each Occupation Category to the ibtal Collective Dose Equivalent, 1988
(numbers indicate person-rem)

The number of individuals monitored and collective dose equivalent by occupation and dose-equivalent

range are illustrated in three-dimensional format in Figure 4.10. The left half of the figure indicates te
number of individuals monitored for any specified occupation and dose-equivalent range. For example, the
heights of the bars indicate that most individuals monitored received either a less-than-measurable dose or
a measurable dose less than 0.1 rem, and that more scientists and individuals of unknown occupation were
monitored than were individuals of any other occupation. The exact number monitored is indicated by the
numbers adjacent to the bars; for example, 435 technicians were monitored who received a dose equivalent
between 0.25 and 0.50 rem. The right half of Figure 4.10 indicates the collective dose equivalent by

occupation and dose-equivalent range. The figure demonstrates that technicians, construction workers,
production workers, and individuals of unknown occupation received the majority of the collective dose
equivalent received by DOE and DOE contractor employees. The numbers adjacent to the bars indicate
the heights of the bars in person-rem. For example, the collective dose equivalent received by the
435 technicians who received individual dose equivalents between 0.25 and 0.50 rem was 152 person-rem.
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4.5 DISTRIBU11ON BY AGE AND SEX

The 1988 exposure data submitted per DOE Order 5484.1, Chg. 3, included information on the age and sex

of the exposed individuals (employees and visitors). Unfortunately, some forms were submitted without

the required information. For the analysis in this report, 10 age categories were defined: 19-and-less.

eight 5-year age groups beginning with the 20-24 age group, and ending with 65—and-greater. In addition,

individuals for whom age was not specified were arbitrarily placed into the 65-and-greater age group.

Regarding sex of the exposed individuals, a separate category for unspecified sex was defined. It was clear

from the data that if sex was not specified on the form, other information such as age, occupation, or

facility type were likely to be unspecified or unknown as well. For example, of the 3,149 monitored

individuals for whom sex was not specified on the report form, 3,083 (98%) also were not identified by age.

Similarly, the occupation was listed as unknown or was unspecified for 2,990 (95%) of the individuals for

whom sex was unspecified.

Thble 4.10 lists the number of individuals who received various penetrating dose equivalents by age and

sex. The age group having the most monitored individuals was the 30-34 group; the age group having the

fewest was the 19-or-less group. 'Table 4.11 presents similar data by collective dose equivalent rather than

by number of monitored individuals. Again, the age group receiving the highest collective dose equivalent

was the 30-34 group; the lowest was the 19-or-less group. Figure 4.11 illustrates the number of individuals

by sex who received penetrating dose equivalents in various dose-equivalent ranges. Figure 4.12 illustrates

the number of individuals by sex and age range who were monitored for ionizing radiation in 1988.

Thhle 4.12 lists the number of individuals monitored, the number of individuals monitored who received a

measurable exposure, and the collective and average dose equivalents received by age range. The age

group receiving the highest average dose equivalent per individual monitored was the 25-29 group

(57 rnrem); the age group receiving the lowest was the 19-and-less group (9 mrem). The age groups

receiving the highest average dose equivalent per individual who received a measurable exposure were the

25-29 and 30-34 groups (124 mrem); the lowest was the 19-and-less group (40 mrem).

Thble 4.13 presents similar data by sex rather than age. Males received approximately 88% of the collec-

tive dose equivalent received by individuals for whom sex was specified. Males also received higher average

dose equivalents per individual monitored than did females (45 mrem versus 32 mrem) as well as higher

average dose equivalents per individual monitored who received a measurable exposure (107 mrem versus

96 mrem).
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TABLE 4.11. Collective Dose Equivalents by Age, Sex, and Exposure Range, 1988

Average Dose
Equivalent Per

Individual
Monitored

Collective Dose-Equivalent in Each Dose-Equivalent Interval (rem)(a) Who Received

Meas.- 0.10- 0.25- 0.50- 0.75- 1.0- 2.0- 3.0- ibtal a Measurable

Age Rangc Sex(b) <Meas. <0.10 025 050 0.75 10 10 3.0 4.0 >4.0 personrem(C) Exposure (mrem)

<19 M 2 1 1 3 38

F 1 50

U

20-24 M 24 24 21 16 9 9 104 83

F 7 4 4 3 2 3 22 69

U

25-29 M 84 87 102 77 56 128 16 550 130

F 17 15 18 11 6 17 83 96

U

30-34 M 109 120 134 110 87 133 10 704 127

F 20 22 18 20 14 19 4 118 113

U

35-39 M 103 123 134 87 54 114 4 618 118

F 16 15 16 16 8 13 5 89 104

U

40-44 M 79 81 82 54 29 62 1 394 98

F 13 9 11 9 6 7 2 58 91

U

45-49 M 66 65 66 41 27 42 2 309 94

F 9 5 6 4 4 8 3 38 93

U

50-54 M 56 47 49 32 29 31 5 249 92

F 6 4 2 3 2 5 5 27 89

U

55-59 M 50 50 49 28 24 43 6 249 99

F 4 2 1 1 3 5 17 94

U

60-64 M 29 27 27 10 8 22 2 124 87

F 2 1 1 2 4 3 12 135

U

>65 or M 18 9 9 2 2 5 45 44

unspecified F 3 1 1 5 29

U 34 15 9 12 3 4 2 79 44

ibtal M 620 635 672 456 328 587 52 3,350 107

F 97 78 77 69 44 81 26 471 96

U 35 15 9 12 3 4 2 80 44

(a) Reported individual dose equivalents that equalled a value defining the boundary between two successive intervals were placed in

the higher of the two intervals. Collective dose-equivalent values less than 1 rem are not shown.

(b) M = male, F = female, U = unspecified.
(c) May not exactly equal the sum of the numbers in the row because of rounding.
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TABLE 4.12. Number of Individuals (Employees and Visitors) Monitored and Average
Penetrating Dose Equivalents by Age, 1988

Average Dose
Equivalent Per

Average Dose Individual
Number of Indivi- Equivalent Monitored Who

Number of duals Monitored Collective Dose Per Individual Received A Mea-
Individuals Who Received A Equivalent Monitored surable Exposure

Age Range Monitored(a) Measurable Exposure (person-rem) (mrem)(a) (mrem'

436 99 4 9 40
20-24 4,208 1,572 126 30 80
25-29 11,106 5,092 633 57 124
30-34 15,114 6,610 822 54 124
35-39 14,264 6,092 707 50 116
40-44 11,931 4,670 452 38 97
45-49 9,841 3,706 347 35 94
50-54 8,043 3,001 276 34 92
55-59 7,284 2,705 266 37 98
60-64 4,512 1,511 136 30 90
>65 or

unspecified 5,733 2,889 129 23 45
All Individuals 92,472 38,047 3,901 42 103

(a) Not including 41,686 visitors who were reported to have been monitored and received no measurable
dose, but for whom no further information was supplied.

Because of the sensitivity of fetuses to ionizing radiation, which is greater than that of children or adults, it
is important to evaluate the doses received by women of child-bearing age. Thble 4.14 presents the
number of women of child-bearing age (arbitrarily assumed to include women up to the age of 44) who
received a measurable dose equivalent in 1988, by facility type. A total of 3,735 women of child-bearing

age received a collective dose equivalent of 372 person-rem. The average individual dose equivalent for
these women over all facilities was 100 mrem.

Figure 4.13 presents the number of individuals monitored and collective dose by age range and occupation

in three-dimensional format. The figure indicates that many monitored individuals were either scientists or
individuals for whom occupation was unspecified. Also, many monitored individuals were in the age range
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TABLE 4.13. Number of Individuals Monitored and Average Penetrating Dose Equivalents by Sex, 1988

Average Dose
Equivalent Per

Average Dose Individual

Number of Indivi- Equivalent Monitored Who

Number of duals Monitored Collective Dose Per Individual Received A Mea-

Individuals Who Received A Equivalent Monitored surable Exposure

Sex Monitored(a) Measurable &posure (person-rem) (mrem)(a) (mrem)

Male 74,794 31,335 3,350 45 107

Female 14,529 4,889 471 32 96

Unspecified 3,149 1,823 80 25 44

All Individuals 92,472 38,047 3,901 42 103

(a) Not including 41,686 visitors who were reported to have been monitored and received no measurable
dose, but for whom no further information was supplied.

from 25 to 44. Production workers, construction workers, technicians, and workers of unspecified

occupations in the age range 25-39 generally received the highest collective dose equivalents.

Figure 4.14 presents the age distributions of both the number of workers and collective dose equivalents

for males and females. As indicated by the ages pertaining to the 50% mark on the figure, the median

ages for monitored workers at DOE facilities in 1988 were approximately 37 and 42 for females and males,

respectively. The median ages for collective dose equivalent were approximately 36 and 38, respectively,

indicating that in general, younger workers receive slightly higher doses than do older workers.

4.6 DISTRIBUTION BY TYPE OF EXPOSURE

For calendar year 1988, DOE Order 5484.1, Chg. 3, required that specific information on the types of

radiation doses received b each worker be reported. Specifically, these included the external penetrating

dose equivalent (at a depth in tissue of 1.0 cm) including neutron exposure, the dose equivalent from

neutron exposure only, and the shallow dose equivalent. From these data, the external penetrating beta-

gamma dose equivalent can be derived by subtracting the neutron dose equivalent from the external

penetrating dose equivalent including neutron exposure. That is, the two contributors to external

penetrating dose equivalent are beta-gamma radiation and neutron radiation.
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TABLE 4.14. Penetrating Doses Received by Female Employees and Visitors of Child-Bearing Age, 1988

Number of Females Receiving Measurable
'Ibtal Doses in Each Age Range ibtal

Facility '1rpe Persons <19 20-24 25-29 30-34 35-39 40-44 Person-rem

Accelerator 115 2 9 30 25 31 18 7

Fuel/Uranium 133 2 27 51 28 25 5
Enrichment

Fuel Fabrication 246 16 65 66 55 44 26

Fuel Processing 248 26 60 82 57 23 42

Maintenance and 886 9 68 201 242 210 156 81
Support

Reactor 257 26 80 73 39 39 19

Research, General 384 2 39 82 134 81 46 52

Research, Fusion 2 1 1

Waste Processing! 274 2 23 72 79 61 37 33
Management

Weapons Fabrica- 829 5 41 159 211 216 197 96
tion and 1ësting

Other 361 — 68 84 83 76 50 12

ibtal Persons 3,735 20 318 861 1,046 855 635

ibtal Person-rem 1 22 83 118 89 58 372

Thble 4.15 lists the various types of dose equivalents received by facility type. Of the total external

penetrating dose equivalent of 3,901 person-rem received, 2,997 person-rem (76.8%) were attributable to
beta-gamma radiation and 904 person-rem (23.2%) were attributable to neutron radiation. Neutron

radiation contributed the highest percentage of the total penetrating dose equivalent at weapons

fabrication and testing facilities (36.6%). The total shallow dose equivalent reported to have been received
was 5,950 person-rem. Relative to the total penetrating dose equivalent, the total shallow dose equivalent
was greatest at fuel fabrication facilities, where the shallow dose equivalent exceeded the penetrating dose
equivalent by a factor of almost 4. However, because the critical organ regarding shallow dose equivalents
is the skin and because the radiation risk coefficient for induction of fatal skin cancers is low (NCRP

4.30
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FIGURE 4.14. Age Distribution of Number of DOE and DOE Contractor
Employees (workers) and Collective Dose Equivalent, 1988

1987a), the penetrating dose equivalents are of the most concern regarding health effects. The magnitude

of the postulated health effects from radiation doses received at DOE facilities is discussed in Section 7 of

this report.

DOE Order 5484.1, Chg. 3, also requires data to be reported on total effective dose equivalent, effective

dose equivalent resulting from internally deposited raclionuclides, and extremity dose equivalent. However,

these requirements were deferred pending revision of DOE Order 5480.1B, Chapter XI. As discussed in

Sections 2 and 4 of this report, the revision did not become effective until January 1, 1989; therefore, the

1988 exposure data did not include this information. However, subject to the previous reportuig require-

ments, internal depositions of radioactive material were required to be reported under some circumstances.

A report of internal body deposition of radioactive materials was required when:

1. any uptake of radioactive material occurred during the reporting year that, either taken independently
or added to a current burden, was estimated to result in a dose commitment to the critical organ in
excess of 50% of the pertinent annual dose-equivalent standard set forth in DOE Order 5480.1B,
Chapter XI; or when
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TABLE 4.15. Distribution of Dose Equivalents by Facility l3rpe for Various 1jpes
of Dose Equivalents, 1988(a)

Dose Equivalent by Dose-Equivalent 1Vpe (person-rem)
Penetrating - Penetrating - Penetrating -

Facility 1\rpe ibtal Beta-Gamma Neutron Shallow

Accelerator 217 185 31 203

Fuel/Uranium 38 37 1 109

Enrichment

Fuel Fabrication 193 190 3 751

Fuel Processing 385 310 75 637

Maintenance 723 580 143 882
and Support

Reactor 410 396 14 496

Research, General 560 378 183 • 525

Research, Fusion 7 7 0 7

Waste Processing 355 240 115 367
/Management

Weapons Fabrication 805 509 296 1,619
& ibsting

Other 209 166 44 352

ibtal 3,901 2,997 904 5,950

(a) Visitors and DOE offices are not delineated as facility types for this table;
collective doses received by visitors or at DOE offices have been incorporated
into the appropriate facility type listed in the table.

2. any previously unreported uptake of radioactive material was determined to have been reportable
according to the above criteria by reason of the most recent dose-equivalent estimates.

Only one case of internal body deposition was reported in 1988 that exceeded 50% of the pertinent annual

dose-equivalent standard as set forth in DOE Order 5480.1B, Chapter XI. That exposure occurred during

1985.

läble 4.16 lists the reported cases of internal body depositions occurring since 1980 and identifies each by

the first year known in which the dose equivalent exceeded 50% of the annual standard. Also listed are

the radionuclide(s) involved, the organ showing the highest percent of the annual standard, and the num-

ber of individuals in each dose-equivalent range. Revisions to previously reported cases are included.
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TABLE 4.16. Dose Distributions for Cases of Internal Body Depositions, 1980-1988

Critical Dose-Equivalent Interval (rem)
Radionuclide Organ 7.5-10 10-15 15-20 25-50 50-100 100-200

1980 Pu Bone 2 2U, 5U, U Lung 1

1981 Pu, 9Pu, Pu Bone 1 1

Pu, 9Pu, 0Pu Lung 1

U, 5U, U Lung 3

1982 Pu Bone 3 1

8Pu, 239Pu, 0Pu Bone 1

1983 9Pu, 0Pu, Am Bone 1

U, 235JJ Lung 4

1984 Pu, 11Am Lung 1

1985 234U, 235U, U Lung 2
Pu, Am Lung 1

1986 None

1987 2Pu Liver 1 1

1988 Pu, 9Pu, Am Bone 1

4.7 EVALUATION OF TRENDS

Doses received by DOE and DOE contractor employees have decreased dramatically over the last several

years (see lIthie 4.7). For example, in 1985, the collective dose equivalent received by employees was

8,223 person-rem; in 1988, this value was 3,655 person-rem. Some of this decrease (—20% as indicated in

Section 4.3) is attributable to the fact that the 1985 value was estimated from the numbers of individuals

reported to have received doses in various dose-equivalent ranges. However, the majority of the decrease

is attributable to other factors.

The most evident example of the recent dramatic decrease in collective doses is at the Richland Field

Organization. In 1987, the collective dose equivalent to employees at Richiand was 2,467 person-rem; in

1988, this value dropped by over 73% to 653 person-rem. This decrease was primarily the result of both

changes in the type of work performed and facility closures. A dramatic decrease also occurred from 1987

to 1988 at the Oak Ridge (40%) and Idaho (26%) field organizations.
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FIGURE 4.15. Average Dose Equivalent Per Individual Who Received a Measurable Exposure, 1980-1988

The 1988 data demonstrate that the significant decrease in collective dose equivalent is not attributable to

fewer individuals being monitored, but to lower doses to those individuals who are monitored. Figure 4.15

illustrates the recent dramatic decrease in average annual dose equivalent per individual monitored who

received a measurable exposure. 'Thble 4.17 lists similar data for each facility type. Thble 4.18 lists collec-

tive dose equivalent by facility type for the years 1980 through 1988.

One correlative effect of lower average individual dose equivalents is fewer employees who exceed various

dose-equivalent levels. Figure 4.16 illustrates the number of employees who received dose equivalents

greater than 0.5 rem, 1.0 rem or 2.0 rem from 1980 to 1988. As indicated in the figure, the numbers

decreased significantly in 1988. As a result, fewer employees are being exposed to doses that are

significant fractions of the annual dose limit. This may be important if the annual dose limits are

eventually lowered, which is currently under consideration.
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FIGURE 4.16. Number of Employees Who Received Dose Equivalents Greater than
0.5 rem, 1 rem, or 2 rem, 1980-1988

As presented previously in this report, occupational exposure data are often analyzed by fitting the data to

a lognormal distribution. However, Kumazawa and coworkers have demonstrated that such data do not

follow a lognormal distribution at doses near the dose limits (Kumazawa and Numakunai 1981; Kumazawa,

Shimazaki and Numakunai 1982; Kumazawa, Nelson and Richardson 1984). Rather, the data follow more

closely a normal distribution, and, therefore, occupational exposures are best described by a hybrid

lognormal distribution. This distribution is based on the hypothesis that all occupational exposures are

affected to some extent by the existence of dose limits, and that doses near the limits are affected more

than are relatively low doses. Consequently, the hybrid lognormal model describes an occupational expo-

sure distribution such that the sum of individual exposures multiplied by a constant, and its logarithm,

follows the lognormal distribution. Thus, the exposures will follow the lognormal component in the lower
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range, where the effect of dose limits is less pronounced, and will follow the normal distribution in the

higher range, where the effect of dose limits is strong (Kumazawa and Numakunai 1981).

Kumazawa, Shimazaki and Numakunai (1982) documented a computer code that performs hybrid log-

normal analysis of exposure data. This code was used in this report to describe the 1988 DOE occupa-

tional exposure distribution for DOE and DOE contractor employees (Figure 4.17). The figure indicates

the fraction of workers (y-axis) whose dose equivalents were less than various values (x-axis). For example,

the figure indicates that 99% of monitored DOE and DOE contractor employees received doses less than

approximately 840 mrem.

One way in which hybrid lognormal analysis of occupational exposure data can be used is to provide an

estimate of collective or average dose equivalent when other methods are inadequate. As presented pre-

viously in this report, before 1987, exposure data were reported simply as the numbers of individuals whose

dose equivalents fell into one of 16 dose-equivalent intervals. As a result, collective and average dose

equivalents were estimated by assuming that each individual received a dose equivalent equal to the mid-

point of the appropriate interval. This "midpoint method" provided overestimates because a majority of

individuals received a dose equivalent less than the midpoint of the appropriate interval. This method was

not necessary for the 1987 and 1988 exposure data because the actual dose equivalents measured for each

individual were reported. For example, 'Table 4.1 in this report demonstrated that 4,635 individuals

received a dose equivalent in 1988 that was between 0.10 and 0.25 rem. The collective dose equivalent

received by these individuals was 728 rem. Had the "midpoint method" been necessary to estimate the

collective dose equivalent, the estimate would have been 4,635 multiplied by 0.175 rem, or 811 rem.

Hybrid lognormal analysis of DOE and DOE contractor employee exposures for the years 1980 through

1988 was performed to determine the error in estimating average and collective dose equivalents using the

"midpoint method." 'Table 4.19 presents the results of this analysis. A comparison of the actual average

dose equivalents for 1987 and 1988 with the averages determined using hybrid lognormal analysis indicates

that the hybrid lognormal method provides a reasonably accurate estimate of average dose equivalent,

unlike the "midpoint method." Comparing the estimates for the years in which the actual averages were

unknown (1980 through 1986) indicates that using the "midpoint method" to determine average dose

equivalents likely resulted in overestimates ranging from 15% to 27% during that period. The average

overestimate during that period was approximately 18%. Therefore, it is likely that collective dose equiva-

lents at DOE facilities determined for years before 1987 were overestimated by between 15% and 20%.
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TABLE 4.19. Comparison of Calculated and Actual Average Dose Equivalents for DOE Employees to
Average Dose Equivalents Determined Using Hybrid Lognormal Analysis, 1980-1988

Estimated
Average Employee Dose Equivalent. mrem "Midpoint Method"

"Midpoint Methodn(a) Actual(b) Hybrid Lognormal(c) Overestimate'1

1980 86.6 68.0 27%

1981 83.3 70.7 18%

1982 84.3 72.7 16%

1983 89.0 77.3 15%

1984 88.5 75.1 18%

1985 85.7 73.5 17%

1986 83.9 71.3 18%

1987 84.1 73.8 67.9 14%

1988 54.5 44.8 43.1 22%

(a) Determined by assuming that each individual reported to have received a dose equivalent
in a given dose-equivalent interval received a dose equivalent equal to the midpoint of
that interval. This method was used prior to 1987 to calculate average and collective dose
equivalents. The values for 1987 and 1988 indicate the values that would have been calcu-
lated using this method.

(b) Determined from reported individual dose equivalents. This information was not available
before 1987.

(c) Calculated by fitting the data to a hybrid lognormal distribution and determining average
dose equivalent using the procedure described by Kumazawa, Shimazaki and Numakunai
(1982).

(d) "Midpoint method" average dose equivalent divided by hybrid lognormal average dose
equivalent for 1980-1986; "midpoint method" average dose equivalent divided by actual
average dose equivalent for 1987 and 1988. The overestimates also apply to collective
dose equivalents for the years indicated.
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5.0 LIFETIME EXPOSURE STUDY

The data in Section 4.0 demonstrated that annual doses received by DOE and DOE contractor employees

and visitors are significantly less than DOE limits. It is also important, however, to determine the

distribution of lifetime doses of employees who have spent much of their career in the nuclear industry.

For example, knowledge of the lifetime dose distribution for DOE and DOE contractor employees may

provide insight into whether or not the same workers consistently receive the highest annual doses. Such

information may be useful for evaluating the impact of cumulative lifetime dose limits based on a worker's

age; variations of this type of dose limit have been proposed recently by the NCRP (NCRP 1987a), and a

five-year cumulative exposure limit is currently being considered by the ICRP.

This section presents preliminary results of a study of lifetime doses received by radiation workers at a

major DOE facility. The study involves the examination of approximately 300,000 individual dose histories

on over 30,000 individuals. There are more dose histories than individuals because one dose history is

available for each year an individual worked at the facility. The type of information that is recorded for

each worker includes date of birth, sex, and radiation dose for each year of record (including records for

penetrating radiation, non-penetrating radiation, and tritium intakes). Other information that is available

includes building and job codes, which can be used to obtain information concerning the type of work

performed by each worker. Analysis of these data is in progress and the findings will be presented in

future reports. The results from preliminary analyses of penetrating dose are described in this section.

Figure 5.1 illustrates the distribution of cumulative lifetime doses of individual workers who were

employed at a certain DOE facility at any time during the years 1944 through 1984. Only those doses

received at the particular facility are included, i.e., doses received offsite prior to employment at the facility

are not included. Each line on the graph represents a specified percent of workers who had lifetime doses

equal to or lower than indicated for various ages. Specifically, the upper distribution line, which represents

the 100th percentile distribution, indicates the highest lifetime dose by worker age for the 40-year period.

For example, the highest lifetime dose that any 40-year-old worker had at any time during that period

(1944 through 1984) was approximately 50 rem; the highest lifetime dose of any 55-year-old worker was

approximately 77 rem. Looking at the 90th percentile distribution, the value indicated for a 45-year-old

worker, for example, is approximately 8 rem. In other words, only 10% of the 45-year-old workers at the

facility during the period 1944 through 1984 had cumulative doses greater than 8 rem.
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There are several important points to consider when analyzing the data in Figure 5.1. First, even though

approximately 30,000 individuals are represented, the figure was derived from over 300,000 individual

annual dose histories. Accordingly, individuals who worked more than one year at the facility are repre-

sented more than once in the figure. Another important feature of the data in Figure 5.1 is that once an

individual left the facility, dose histories for the individual were discontinued. For example, Figure 5.1

indicates that the maximum lifetime dose of any 41-year-old individual at the facility was approximately 52

rem, while the maximum lifetime dose of any 42 year-old was slightly lower. This indicates that the 41

year-old who had accumulated 52 rem left the facility at that age. Otherwise, the maximum lifetime dose

of any 42 year-old would have to be at least 52 rem, because an individual's cumulative lifetime dose

cannot decrease over time.

Figure 5.2 presents the same data distributed by maximum years of employment rather than age. In this

figure, each worker is represented only once. For example, the data for individuals who worked exactly

20 years at the facility show that no worker had accumulated a dose of greater than 50 rem, and 10% of

the workers had accumulated a dose of 15 rem, or 750 mrem per year worked.

Although these data are preliminary, they do indicate the magnitude of lifetime exposures received at one

major DOE facility over a 40-year period. These data may be useful for determining the impact of regula-

tions that limit lifetime exposures or cumulative exposures over several years. For example, less than 1%

of the workers had a cumulative lifetime dose that exceeded their age in years, which is a limit recom-

mended by the NCRP (NCRP 1987a). Furthermore, although not obvious from the preliminary data

presented, only a small fraction of the workers received a cumulative dose greater than 10 rem over any

five-year period. This limit is being considered by the ICRP.
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6.0 REPORTABLE RADIATION EXPOSURE INCIDENTS

The DOE has established criteria for classifying, reporting, and investigating radiation exposure incidents

in DOE Order 5484.1. Depending on the individual doses received, incidents involving exposure to radia-

tion are classified as either 1pe A, l3pe B, or 1)pe C occurrences. A 1j,pe A occurrence involving radia-

tion exposure shall be reported to DOE Headquarters immediately, and an investigation of the incident

shall be conducted by a DOE Headquarters or field organization board. A l3rpe B occurrence involving

radiation exposure shall be reported to DOE Headquarters within 72 hours, and an investigation of the

incident shall be conducted by a DOE board appointed by the head of the field organization. A l3pe C

incident shall be reported by memo, and an investigation shall be conducted by DOE contractor personnel,

when their operations are involved, or by DOE personnel, when Federal operations are involved.

'JItbie 6.1 list the criteria for classifying incidents involving radiation exposures at DOE facilities. Descrip-

tions of such incidents are normally reported to the System Safety Development Center (SSDC) following

submittal of the investigation report. No such incidents were reported to have occurred in calendar year

1988.

TABLE 6.1. Dose Criteria for Classification of Incidents Involving
Occupational Radiation Exposures

Dose Criteria for Incident 1rpe
1Vpe of Exposure A(a) B(b)

_______

Whole-body 25 rem 5 rem 3 rem

Skin of the whole-body 75 rem 15 rem 5 rem

Thyroid N/A 15 rem 5 rem

Forearms 150 rem 30 rem 10 rem

Hands and feet 375 rem 75 rem 25 rem

Internal dose 5 times In excess N/A
annual of annual

standard standard

(a) Rem values pertain to a single exposure except for the value
for the whole-body, which pertains to a single or annual
cumulated exposure.

(b) Rem values pertain to doses accumulated in one quarter.

6.1





7.0 COMPARISON OF DOSES TO RISKS

Crucial to assessing the safety of DOE operations with respect to occupational radiation exposure is an

assessment of the risks from the doses received by DOE and DOE contractor employees. In Section 4 of

this report, summaries of the radiation doses received by DOE and DOE contractor employees were pre-

sented. Although the average doses were much lower than the DOE limits (indicating the impact of

ALARA programs), comparison of employee doses to risks is necessary for determining the magnitude of

health effects, if any, that may be expected to occur. This section compares the doses received by DOE

and DOE contractor employees in 1988 to risks based on published radiation risk coefficients and com-

pares the calculated risks to other risks incurred both inside and outside the workplace.

An important consideration in assessing the relative significance of the risk of radiation doses received at

DOE facifities is the doses received from sources other than working at the facilities. Everyone receives

radiation doses regularly from various sources, including terrestrial radiation from naturally radioactive

elements in the soil, cosmic radiation from space, radon in the air, and naturally radioactive potassium in

our bodies. Other sources of radiation to which many of us are exposed include radiation from medical

and dental procedures, cigarette smoke, fallout from past nuclear testing, and various food and other con-

sumer products. 1pical radiation doses received from each of these sources are listed in läble 7.1. By

comparison to the values in läble 7.1, the average dose equivalent received by a DOE and DOE contrac-

tor employee who received a measurable occupational exposure during 1988 (115 mrem) was less than the

average dose equivalent received by an individual from non-work-related sources. No employee received a

dose equivalent greater than the DOE occupational limit of 5 rem per year.

Although low doses of radiation have not been demonstrated to increase the incidence of cancer or other

diseases, risk estimates have been estimated by extrapolating from known effects at high doses to hypo-

thetical effects at low doses. Based primarily on data from survivors of the atomic bombings at Hiroshima

and Nagasaki, risk estimates have been developed that express the risk of death from cancer per unit

whole-body dose equivalent of ionizing radiation. According to several sources, data published around

1980 suggest that a population distributed over all ages and both sexes would experience approximately

1 x cancer deaths per person per rem (NCRP 1987a, ICRP 1977, NAS 1980, UNSCEAR 1977). How-

ever, as detailed in the BEIR III report (NAS 1980), risk coefficients vary considerably depending on the

age and sex of the exposed individual. Furthermore, the calculated risk to an individual exposed to low

levels of ionizing radiation depends highly on the models chosen to extrapolate from the Hiroshima and

Nagasaki data, where excess deaths were observed only at relatively high doses delivered over a very short

period of time.
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TABLE 7.1. Radiation Doses Received by Individuals in the U.S. from Sources
Other than Occupational Exposures (adapted from NCRP
Publication 93 [NCRP 198Th])

Average Annual Effective
Dose Equivalent

Per Member of the U.S.
Source Population (mrem)

Natural sources
Radon 200
Cosmic 27
lbrrestrial 28
Invivo 39

Nuclear Fuel Cycle 0.0005

Consumer Products
Domestic water supply 1 - 6
Building materials 3.6
Other 1 - 10

Medical 53

Thtal(a) —360

(a) Value pertains to a nonsmoker. An additional
1300 mrem per year is estimated to be received
by a typical smoker from inhalation of tobacco
smoke.

More recently, both the United Nations Scientific Committee on the Effects of Atomic Radiation

(UNSCEAR) and the Committee on the Biological Effects of Ionizing Radiations (BEIR) provided risk

estimates based on a reassessment of the A-bomb dosimetiy as well as extended followups of the survivor

data (UNSCEAR 1988; NAS 1990). In general , the associated risk estimates range from approximately

5 i0-' per rem to 1 x i0 per rem depending on age, sex, and risk projection model used and based on

acute exposures of at least 10 rem. For low doses and dose rates, both UNSCEAR and BEIR recognized

the need to reduce these risk estimates by applying a dose rate effectiveness factor (DREF) of at least 2 to

these values.

Figure 7.1 shows the estimated incidence of fatal cancers and the total number of person-years of life lost

based on the whole-body ionizing radiation doses received at DOE facilities in 1988. These hypothetical

data are based on age- and sex-specific risk equations provided in the BEIR V report (NAS 1990) and life

table calculations as described by Bunger, Cook, and Barrick (1981) and Merwin, 'Thaub, and Faust (1990).
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FIGURE 7.1.

0
I-

Age

Estimated Maximum Number of lbtal Deaths and Years of Life Lost from Radiation Doses
Received at DOE Facilities in 1988. (The values indicated are maximum estimates; the
actual values may be zero. See text for explanation.)

The values were calculated directly from the BEIR V risk equations and the doses received by employees

at DOE facilities in 1988. Applying a DREF to these values would be appropriate (NAS 1990;

UNSCEAR 1988) and would reduce the values by a factor of two or more. Furthermore, the BEIR V risk

estimates were based on studies of individuals who received high doses. Consequently, the actual number

of deaths and years of life lost from doses received at DOE facilities may be zero.

lb put into perspective the calculated risks from ionizing radiation doses received at DOE facilities, it is

important to review the risks associated with other activities. The primary purpose of this review is to
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indicate the effect of radiation doses received at DOE facilities on the health of workers relative to the

effects of other hazards. Thble 7.2 lists the estimated annual deaths per 100,000 persons in the U.S. popu-
lation for various hazards.

As indicated in 1ble 7.2, reducing radiation doses received at DOE facilities is only one way to improve

the health of workers. Other effective methods may include anti-smoking campaigns, increased safety

awareness, and the promotion of safe driving practices. Radiation doses received at DOE facilities do not

significantly reduce the overall health or life expectancy of workers relative to the other risks encountered

both in the workplace and as a part of everyday life.
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TABLE 7.2. Estimated Annual Fatality Rates in the U.S. Attributable to Various Causes(a)

Annual Number of Deaths
Cause Per 100,000 People or Workers

General Population
All causes 874
Heart Disease 323
Cancer, All 1rpes 193

Lung Cancer 51
Leukemia 7
Other Cancer 1pes 135

Accidents, All 1ipes 39
Motor Vehicle Accidents 19
Other Accidents 20

Other Causes 319
Occupational

Industrial injuries and illnesses 4•8(b)

Highway vehicles 1.6
Industrial vehicles or equipment 0.4
Falls 0.4
Heart attacks 0.3
Electrocutions 0.3
Caught between objects other 0.3

than vehicles or equipment
Assaults 0.3
Aircraft crashes 0.2
Struck by objects other than vehicles 0.2

or equipment
Explosions 0.2
Gas inhalation 0.1
Fires 0.1
Plant machinery operations 0.1
All other (including contact with 0.1

carcinogenic or toxic substances,
drowning, train accidents, and
various occupational illnesses)

Estimated cancer fatalities from
radiation doses received at
DOE facilities

(a) Sources: General population data for the year 1985 from NCHS (1988);
occupational data (except cancer fatalities from DOE radiation doses)
for the years 1986 and 1987 from DOL (1989).

(b) Ranges from a low of 1.9 per 100,000 in the services industry to a high
of 24 per 100,000 in the mining industry.

(c) Based on age- and sex-specific risk equations provided in the BEIR V report
(NAS 1990). These equations were based primarily on the Japanese A-bomb
survivor data, which represented acute exposures. The BEIR V committee
recognized the need to apply a dose rate effectiveness factor for chronic
exposures, which would reduce the risk estimate provided in the table by a
factor of at least two. Value indicates deaths per 100,000 DOE workers.
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APPENDIX A

DISTRIBUTION OF ANNUAL WHOLE-BODY DOSES BY
FACILITY TYPE FOR EACH FIELD ORGANIZATION, 1988
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APPENDIX B

DISTRIBUTION OF ANNUAL WHOLE-BODY DOSES TO
DOE CONTRACTOR EMPLOYEES AND VISITORS FOR

EACH FIELD ORGANIZATION, 1988
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APPENDIX C

DISTRIBUTION OF ANNUAL WHOLE-BODY DOSES FOR
DOE GOVERNMENT EMPLOYEES AND VISITORS

BY DOE FIELD ORGANIZATION, 1988
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APPENDIX D

1988 EXPOSURE DATA BY DOSE RANGE, EXPOSURE TYPE,
FACILITY TYPE, AGE, SEX, AND OCCUPATION FOR DOE
AND DOE CONTRACTOR EMPLOYEES AND VISITORS(a)

(a) Not including visitors who were reported to have been monitored and received no measurable dose,
but for whom no further information was supplied.
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APPENDIX E

1987 EXPOSURE DATA BY DOSE RANGE, EXPOSURE TYPE,
FACILITY TYPE, AGE, SEX, AND OCCUPATION FOR DOE

AND DOE CONTRACTOR EMPLOYEES AND vISITORS(a)

(a) Not including visitors who were reported to have been monitored and received no measurable dose,
but for whom no further information was supplied.
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APPENDIX F

OCCUPATIONAL DOSE LIMITS IN DOE ORDER 5480.11





Exposure Category

ibtal effective dose equivalent

Lens of eye

Extremity

Skin of the whole body

Other organ or tissue

Unborn child

Limit

5 rem/yr (effective dose equivalent)

15 rem/yr (dose equivalent)

50 rem/yr (dose equivalent)

50 rein/yr (dose equivalent)

50 rem/yr (dose equivalent)

0.5 rem/gestation period (dose equivalent)

* U.S. G.P.O. :1991—281—714:40038 El

Thble El. DOE Limiting Values for Assessed Dose from Exposure of Occupational
Workers to Radiation (effective January 1, 1989)
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