
DOE/EH-0036

Radiation Exposures for
DOE and DOE Contractor

Employees - 1985

Prepared for:
U.S. Department of Energy
Assistant Secretary for
Environment, Safety and Health
Office of Nuclear Safety

December 1986

18
Eighteenth Annual Report



This report has been reproduced directly from the best available copy.

Available from the National Technical Information Service, U. S. Department of Commerce, Springfield.
Virginia 22161.

Price: Printed Copy A04
Microfiche AOl

Codes are used for pricing au publications. The code is determined by the number of pages in the
publication. Information pertaining to the pricing codes can be found in the current issues of the following
publications, which are generally available in most libraries: Energy Research Abstracts, (ERA):
Government Reports Announcements and Index (GRA and 1); Scientific and Technical Abstract Reports
(STAR); and publication, NTIS-PR.360 available from (NTIS) at the above address.



Eighteenth Annual Report

Radiation Exposures For
DOE and DOE Contrador
Employees - 1985

December 1986

Prepared for U.S. Department of Energy
Assistant Secretary for
Environment, Safety, and Health
Office of Nuclear Safety

Under Contract DE-ACO6-76RL0 1830

Pacific Northwest Laboratory
Richiand, Washington, 99352

DOE/EH-0036
Dist. Category UC-41





EIGHTEENTH ANNUAL REPORT
RADIATION EXPOSURES FOR DOE AND

DOE CONTRACTOR EMPLOYEES
1985

PREFACE

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

summarizing occupational radiation exposures received by DOE and DOE contractor employees.

These reports provide an overview of radiation exposures received each year, as well as identifi-

cation of trends in exposures being experienced over the years.

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

occupational radiation exposure information to a central radiation records repository. At the same

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

puterize the processing of the radiation exposure reporting system. Annual summary reports were

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

mation 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 Admin-

istration (ERDA) and the U.S. Nuclear Regulatory Commission (NRC), each agency assumed respon-

sibility 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 computerize 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 programming 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-O011/9. The DOE and DOE contrac-

tor radiation exposure data for 1977-1979 were presented in DOE/EV-0066/10, 11, and 12, respec-

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

presented in DOE/EP-0040, DOE/EP-0040/1, and DOE/EP-0040/2. The data for 1983 and 1984 were

presented in DOE/PE-0072 and DOE/EH-0011, respectively. This report contains 1985 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.
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SUMMARY

All U.S. Department of Energy (DOE) and DOE contractors are required by DOE Order 5484.1,
Chapter IV, to submit occupational radiation exposure records to a central repository. The data
required include a summary of whole-body exposures to ionizing radiation, a summary of internal depositions

of radioactive materials above specified limits, and occupational exposure reports for terminating
employees. This report is a summary of the data submitted by DOE and DOE contractors for 1985.

A total of 95,806 DOE and DOE contractor employees were monitored for whole-body ionizing
radiation exposures in 1985. This represents 58.1% of all DOE and DOE contractor employees and is

an increase (4,203) from the number of employees monitored in 1984. In addition to the
employees, 96,665 visitors were monitored.

Of all employees monitored, 58.4% received a dose equivalent that was less than measurable, 39.8%

a measurable exposure less than 1 rem, and 1.9% an exposure greater than 1 rem. One employee
received a dose equivalent greater than 5 rem (8.66 rem). The exposure received by 91.9% of the
visitors to DOE facilities was less than measurable. Only 8.1% of the visitors received a measurable

exposure less than 1 rem, and 0.01% of the visitors received an exposufe greater than 1 rem. No
visitors received a dose equivalent greater than 2 rem.

The collective dose equivalent for DOE and DOE contractor employees was 8,223 person-rem. The

collective dose equivalent for visitors was 461 person-rem. The total dose equivalent for employees
and visitors combined was 8,684 person-rem. The average dose equivalent for all individuals
(employees and visitors) monitored was 45 mrem, and the average dose equivalent for all individ-
uals who received a measurable exposure was 182 mrem. The highest average dose equivalent for
all monitored individuals was observed at reactor facilities (205 mrem), and the lowest was
observed for visitors (5 mrem) to DOE facilities. These averages are significantly less than the DOE

5-rem/year radiation protection standard for whole-body exposures.

Ten new cases of internal depositions were reported in 1985 that exceeded 50 percent of the
pertinent annual dose-equivalent standard. Of these ten cases, eight occurred in a pervious year
and are reported now because recent revisions in the dose calculations established these cases as

reportable depositions. Twenty-six other cases reported during 1985 were considered to be the
continued tracking of previous depositions.

A total of 6,856 monitored employees terminated their employment in 1985. The average cumula-
tive dose equivalent for terminated employees who worked one to two years was 0.29 rem; two to
four years, 0.29 rem; four to six years, 0.44 rem; and longer than six years, 2.56 rem. The average
cumulative dose equivalent for employees who terminated with more than six years of employ-
ment appears high in comparison with the other data. However, this average includes the cumula-
tive exposure of some individuals who worked for DOE or DOE contractors for over 20 years.
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FIGURE 2. Percentage of Monitored Employees and Percentage of Monitored Visitors Who Received
a Dose Equivalent Less Than Measurable, Measurable to 1 Rem, or Greater Than 1 Rem, 1915

The collective dose equivalent was 8,223 person-rem for all DOE and DOE contractor employees,
and 461 person-rem for visitors to DOE facilities, for a total collective dose equivalent of 8,684
person-rem. The contribution of the individuals in each dose-equivalent interval to the collective
dose equivalent is shown in Figure 3. Individuals whose exposure was less than 1 rem contributed
the greatest portion (63.4%) of the total personrem.

The distribution of whole-body exposures for the years 1965-1985 Is presented in Table 3. As can be
observed in Table 3, the fraction of all monitored workers who received a dose equivalent greater
than 1 rem has gradually declined since 1965, starting at about 5% and leveling off at about 2% for
the last eight years. This general downward trend In occupational radiation exposures can be
observed in Figure 4, which shows the collective dose equivalent for all individuals from 1965 to
1985 who received an exposure greater than 1 rem. The collective dose equivalent for individuals
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 the collective dose equivalent has been achieved even though some work was
performed in older facilities which were not constructed using current design criteria. This trend
reflects both changes in the nature of the work performed at DOE facilities and the consistent
application of ALARA practices throughout all DOE operations.
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DOE and DOE Contractor Employees Visitors
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SUMMARY OF INTERNAL EXPOSURES

Internal body depositions of radioactive material result from accidental, not planned, exposures. A
report of internal body deposition of radioactive materials is required when:

1. any uptake of radioactive material occurred during the reporting year that either independently
or when added to a current burden was estimated to result in a dose commitment to the crItical
organ In excess of 50 percent of the pertinent annual dose-equivalent standard set forth in DOE
Order 5480.1, Chapter Xl; or when

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

Ten new cases of internal body depositions were reported which exceeded 50 percent of the perti-
nent annual dose-equivalent standard. Of these ten cases, eight occurred in a previous year and are
reported now because recent revisions in the dose calculations established these cases as reportable
depositions. Of these eight cases, five occurred before 1980 and are not listed in Table 9.

Table 9 lists the first year known in which the dose-equivalent exceeded 50 percent of the annual
standard, the radionuclide(s) involved, the organ showing the highest percent of the annual stand-
ard, and the number of individuals in each dose-equivalent range. Revisions to previously reported
cases are included.

TABLE 9. Dose Distributions for Cases of Internal Body Depositions, 1980-1985

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

1980 Pu Bone 2 2(a)

U, 2"U, U Lung 1

1981 'Pu, 'Pu, 240Pu Bone 1 1

Lung 1

U, U, U Lung 3

1982 'Pu Bone 3(b) 1

Pu, 'Pu, 240Pu Bone 1

Liver 1

1983 'Pu, 240pu, 241Am Bone 1

U, BSU Lung 4

1984 'Pu, 241Am Lung 1(C)

1985 U, U, U Lung 2

(a) One of these cases was formerly reported in the 15-25 rem dose-equivalent Interval, but was placed In the
25-50 rem Interval after a revision of the dose calculation.

(b)Two of these cases were previously not reported and are reported now because recent revisions of the dose
calculations established them as reportable depositions.

(c) Not Included In the previous annual report because It was recently determined that this deposition was
reportable.
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SUMMARY OF WORKER TERMINATIONS

A total of 6,856 monitored workers terminated their employment with DOE or DOE contractors in
1985. Table 10 gives the length of employment as well as the average cumulative dose equivalent for
the workers in each time interval. These data indicate that the average cumulative dose equivalent
for workers terminating in 1985 after ito 365 days of employment was significantly less than the
5 rem/year radiation protection standard for the whole body.

The average cumulative dose equivalent for workers who terminated after more than six years of
employment was 2.56 rem. This average appears high in comparison with the average cumulative
dose equivalent for employees who terminated with less than six years of employment. However,
this average includes the cumulative exposure of some individuals who worked for DOE or DOE
contractors for more than 20 years.

TABLE 10. Average Cumulative Dose Equivalent for Individuals Terminating in 1985

Total Cumulative Average Cumulative Dose
Length of Number of Dose Equivalent Equivalent Per Terminated

Employment Terminated Employees (person-rem) Employee (remi

1-90 days 1,530 803 0.52

90-180 days 1,233 613 0.50

180-365 days 789 345 0.44

1-2 years 642 187 0.29

2-4 years 627 181 0.29

4-6 years 373 163 0.44

>6 years 1,662 4,258 2.56

Total 6,856 6,550 0.96
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APPENDIX A

DISTRIBUTION OF ANNUAL WHOLE-BODY EXPOSURES
BY FACILITY TYPE FOR EACH DOE FIELD ORGANIZATiON, 1985
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APPENDIX I

DISTRIBUTiON OF ANNUAL WHOLE-BODY EXPOSURES
TO PERSONNEL FOR EACH DOE FIELD ORGANIZATION, 1985
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APPENDIX C

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

BY DOE FIELD ORGANIZATION, 1985
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