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"EDITOR'S NOTE

For the past 10 years, the NRC has published two annual
reports that summarized occupational radiation exposure
data reported by certain types of NRC Tlicensees. FEach
report has kept its same report number since 1979.
NUREG-0713, Vols. 1 through 5, contained data reported
by commercial nuclear power facilities only. NUREG-
0714, Vols. 1 through 5, contained exposure information
reported by several different types of NRC licensees.
As a cost-reduction measure, these two reports are now
being combined into one document, NUREG-0713, Vol. 6.
From this time forward, the data that would have been
presented in NUREG-0714 will be contained in subsequent
volumes of NUREG-0713; additional volumes of NUREG-0714
will not be published. It is hoped that this change
will not cause any cogfusion.






ABSTRACT

This report summarizes the occupational exposure data that are maintained in

the U.S. Nuclear Regulatory Commission's Radiation Exposure Information and
Reports System (REIRS). The bulk of the information contained in the report

was extracted from the 1984 annual statistical reports submitted by seven
categories* of NRC Ticensees subject to the reporting requirements of

10 CFR §20.407. These seven categories of licensees also submit personal iden- -
tification and exposure information for terminating employees pursuant to 10

CFR 820.408, and some analysis of these "termination" data are also presented in
this report.

Annual reports for 1984 were received from a total of 504 NRC Ticensees, 88 of
whom were 1icensed nuclear power reactors. Compilations of these reports indi-
cated that some 193,200 individuals were monitored, 108,500 of whom received a
measurable dose. The collective dose incurred by these individuals was calcu-
lated to be 59,400 person-rems {person-cSv)** which represents a slight (4%)
increase over the 1983 value. Since the number of workers receiving a measur-
able dose increased by 13%, the average measurable dose decreased to 0.55 rem
{cSv).

About 20% of the monitored individuals were found to have received doses greater
than 0.50 rem (cSv) as had been the case in the previous three years. However,
‘the number of individuals receiving doses greater than five rems (cSv) continued
to decrease.

Some 230,000 termination reports were submitted to the NRC which contained
personal identification and exposure information for about 67,500 individuals

who had completed their work assignment or employment with a covered category

of NRC licensees during 1984. This is about the same as the number of persons
terminating during each of the previous two years. The total number of monitored
individuals for whom personal identification and exposure information has been
incorporated into REIRS during the 16 years that it has been operating is now
about 350,000, some 300,000 of whom terminated from nuclear power facilities.

Analyses of these data indicate that about 6,000 individuals compieted work
assignments at two or more nuclear reactor facilities during calendar year 1984
and received an average dose of 0.91 rem (cSv). Approximately 2,000 of these
individuals worked at two or more reactor facilities during one calendar quarter
and received an average dose of 0.40 rem (cSv). Both averages declined some-
what from those found for 1983. However, these figures may have to be revised
because the termination data for about 15% of the individuals terminating during
1984 or 1983 were not computerized by the date of this publication.

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators, and reprocessors; manufacturers and distributors of byproduct
material; independent spent fuel storage installations; facilities for land
disposal of low-level waste; and geologic repositories for high-level waste.

**In the International System of Units the sievert (Sv) is the name given to
the units for dose equivalent. One centisievert (cSv) equals one rem;
therefore, person-rem becomes person-cSv.

iii






PREFACE

A number of NRC Licensees have inquired how occupational radiation exposure

data (from reports required by the NRC) are used by the NRC staff. This is a
very appropriate inquiry that may be of importance to many affected licensees.
In combination with other sources of information, the principal uses of the

data are to provide facts regarding routine occupational exposures to radiation
and radioactive material that occur in connection with certain NRC-licensed
activities, including individual and collective radiation doses from external
sources as well as pertinent information on the inhalation of radiocactive
material (nuclides involved, bioassay results, exposure magnitude, etc.). These
facts are used by the NRC staff as indicated below:

1. The data permit evaluation, from the viewpoint of trends, of the effective-
ness of the overall NRC/licensee radiation protection and ALARA efforts by
certain licensees. They also provide for the identification (and subsequent
correction) of unfavorable trends.

2. The external-dose data permit evaluation of the radiological risk associated
with certain categories of NRC-licensed activities, including the size of
the workforce and the collective dose.

3. The data provide for governmental monitoring of the potential transient-
worker problem.

4. The data are used in the establishment of priorities for the utilization of
NRC health physics resources: research, standards development, and regula-
tory program development.

5. The data are considered in reviews of inspection frequencies that are pro-
grammed for various categories of licensees,

6. The data may influence licensing action decisions.

7. The data are used for comparative analyses of radiation protection perfor-
mance: US/foreign, BWRs/PWRs, civilian/military, plant/plant, nuclear
industry/other industries, etc.

8. The data are used for justification of the expenditure of resources in the
annual budget process.

9. The data help provide facts for evaluating the adequacy of the current risk-
limitation system (e.g., are individual lifetime dose limits, worker popu-
lation collective dose limits, and requirements for optimization needed?).

10. The data permit comparisons of occupational radiation risks with potential
public risks when action for additional protection of the public involves
worker exposures.

11. The data help in the evaluation of the effectiveness of dose-reduction
measures (e.g., methods for reducing individuals' doses that may increase
the collective dose).



12. The data provide facts for answering Congressional and Administration in-
quiries and for responding to questions raised by public interest groups,
special interest groups, labor unions, etc.

13. The data provide information that can be used in the planning of epidemi-
ological studies.

With regard to routine workplace conditions, the annual statistical summary
reports required by § 20.407, the termination reports required by § 20.408, and
the annual dose data reported by work function in accordance with Subsec-

tion 6.9.1.5 of the standard technical specifications for nuclear power plants
provide the only centralized data base available to assist the staff in the
performance of its duties as listed above. It is to everyone's advantage if
these duties are performed by a well-informed staff in the light of factual

information. ;

Robert E. Alexander, Chief
Safety Research Applications Branch
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Occupatiocnal Radiation Exposure e
at Commercial Nuclear Power Reactors and Other Facilities
Seventeenth Annual Report, 1984

1 INTRODUCTION

One of the basic purposes of the Atomic Energy Act and the implementing regula-
tions in Title 10, Code of Federal Regulations, Chapter I, Part 20, is to pro-
tect the health and safety of the public, including the employees of the 1i-
censees conducting operations under those regulations. Among the regulations
designed to ensure that the standards for protection against radiation set out
in 10 CFR Part 20 are met, is a requirement that licensees provide individuals
likely to be exposed to radiation with devices tc monitor their exposure. FEach
licensee is also required to maintain indefinitely records of the results of
such monitoring. However, there was no initial provision that these records

or any summary of them be transmitted to a central location where the data
could be retrieved and analyzed.

On November 4, 1968, the U.S. Atomic Energy Commission (AEC) published an
amendment to Part 20 requiring the reperting of certain occupational radiation
exposure information to a central repository at AEC Headquarters. This informa-
tion was required of the four categories* of AEC licensees that were considered
to involve the greatest potential for significant occupational doses and of AEC
facilities and contractors exempt from licensing. A procedure was established
whereby the appropriate occupational exposure data were extracted from these
reports and entered into the Commission's Radiation Exposure Information Re-
porting System (REIRS), a computer system maintained at the Oak Ridge National
Laboratory Computer Technology Center in Oak Ridge, Tennessee. The computeri-
zation of these data ensured that they would be kept indefinitely and facilitated
their retrieval and analysis. The data maintained in REIRS have been summarized
and published in a report every year since 1969. Annual reports for each of the
years 1369 through 1973 presented the data reported by both AEC licensees and
contractors and were published in six documents designated as WASH-1350-R1
through WASH-1350-R6.

In January 1975, with the separation of the AEC into the Energy Research and
Development Administration (ERDA) and the U.S. Nuclear Regulatory Commission
(NRC), each agency assumed responsibility for collecting and maintaining occu-
pational radiation exposure information reported by the facilities under its
jurisdiction. The annual reports published by the NRC on occupational expo-
sure for calendar year 1974 and subsequent years do not contain information
pertaining to ERDA facilities or contractors. Comparable information for fa-
cilities and contractors under ERDA, now the Department of Energy (DOE), is
coliected and published by DOE's Division of Operational and Environmental
Safety at Germantown, Maryland.

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators, and reprocessors; and manufacturers and distributors of specified
quantities of byproduct material.



In 1982 and 1983, paragraph 20.408(a) was amended to require three additional
categories of NRC licensees to submit annual statistical exposure reports and
individual termination exposure reports. The new categories are (1) geologic
repositories for high-level radicactive waste, (2) independent spent fuel stor-
age installations, and (3) facilities for the land disposal of low-level radio-
active waste. Therefore, this document presents the exposure information that
was reported by NRC licensees representing two of these new categories. (There
are no geologic repositories for high-level waste currently licensed.)

This report and each of its predecessors summarizes information reported during
previous years. However, more Ticensee-specific data, such as the annual re-
ports submitted by each commercial power reactor pursuant to 10 CFR § 20.407
and their technical specifications, may be found in those documents listed on
the inside of the front cover of this report. Additional operating data and
statistics for each power reactor for the years 1973 through 1982 may be found
in a series of reports, "Nuclear Power Plant Operating Experience" [Refs. 1-9].
These documents are available for viewing at all NRC public document rooms, or
they may be purchased from the National Technical Information Service, as shown
in the Reference sectiom



2 LIMITATIONS OF THE DATA

A1l of the figures compiled in this report relating to exposures and doses are
based on the results and interpretations of the readings of various types of
personnel monitoring devices employed by each licensee. This information ob~
tained from routine personnel monitoring programs is sufficient to characterize
the radiation environment in which individuals work and is used in evaluating
the radiation protection program.

Monitoring requirements are based, in general, on 10 CFR § 20.202, which requires
licensees to monitor individuals who receive or are likely to receive a dose in
any calendar guarter in excess of 25% of the applicable quarterly Timits. For
most adults the quarterly limit for the whole body is 1.25 rems {cSv), so

0.312 rem (cSv) per quarter is the level above which monitoring is required.
Depending on the administrative policy of each licensee, persons such as visi-
tors and clerical workers may also be provided with monitoring devices for
identification or convenience, although the probabiiity of their being exposed
to measurahle levels of radiation is extremely small. Licensees are given the
option of reporting the dose distribution of only those individuals for whom
monitoring is required, or the dose distribution of all those for whom moni-
toring is provided. Many licensees elect to report the latter; however, this
may increase the number of individuals that one could consider to be radiation
workers. In an effort to account for this, the number of individuals reported
as having "no measurable exposure" has been subtracted from the total number of
individuals monitored in order to calculate an average dose per individual re-
ceiving a measurable dose, as well as the average dose per monitored individual.

One source of error that is present in the calculation of the annual collective
dose (i.e., the summation of each monitored person’s whole body dose) incurred
by workers is the assumption that the midpoint of the dose range is the mean
dose of the individuals reported in each dose range. This allows the coliec-
tive dose to be calculated without knowing each person's actual annual dose.
Past experience has shown that the actual mean dose of the individuals reported
in each range is less than the midpoint. Thus, the collective doses presented
in this report may be 10% higher than the sum of the actual individual doses.

The average dose per individual, as well as the dose distributions shown for
groups of licensees, also could have been affected by the multiple reporting
of individuals who were monitored by two or more licensees during the year.
Since individuals are not identified in the annual reports, an individual who
was monitored by five different licensees would have been counted once on each
report. Therefore, when the data were summed to determine the total number of
individuals monitored by a group of licensees, this person would be counted as
five individuals rather than as one. This could also affect the distribution
of doses because the individual has been counted five times in the Tower dose
ranges rather than one time in the higher range in which his actual accumulated
dose (the sum of his doses incurred at each facility) would have placed him.
This source of error has the greatest potential impact on the data reported by
power reactor facilities since they employ many short-term workers. Further
discussion of this is provided in Section 5.



Another fact that should be kept in mind before drawing any conclusions from

the annual statistical data is that all of the personnel included in the reports
may not have been monitored throughout the entire year. Many licensees such as
radiography firms and nuclear power facilities may menitor numerous individuals
for periods much less than a year. The average doses calculated from these
data, therefore, are less than the average dose that an individual would receive
if he were involved in that activity for the full year.



3 ANNUAL PERSONNEL MONITORING REPORTS - 10 CFR § 20.407

3.1 Definition of Terms and Sources of Data

3.1.1 Statistical Summary Reports

On February 4, 1974, 10 CFR § 20.407 was amended to require certain categories
of Ticensees to submit an annual statistical report indicating the distribution
of the whole body doses incurred by individuals whom they monitored for expo-
sure to radiation. Table 3.2 shows the eighteen dose ranges specified by 10 CFR
§ 20.407(b) among which the doses are to be distributed. In prior years, the
annual report was formatted differently and was not very useful as a basis for
estimating the collective dose.

3.1.2 Number of Monitored Individuals

This is the total number of individuals that the NRC 1icensees covered by

10 CFR § 20.407 reported as being monitored for exposure to external radiation
during the year. This number must include all individuals for whom monitoring
is required, and may include visitors, service representatives, contract work-
ers, clerical workers and any other individuals for whom the Ticensee feels
that monitoring devices should be provided.

3.1.3 Number of Workers with Measurable Doses

The number of workers with measurable doses is obtained from the annual dose
distribution reports submitted by NRC Ticensees pursuant to 10 CFR § 20.407 by
subtracting the number of individuals having less than measurable doses from
the total number of monitored individuals. This figure is used to calculate

an individual's average measurable dose because it deletes those individuals

who received exposures too small to be detected by personnel monitoring devices,
many of whom probably did not routinely work in radiation areas (and were
monitered for convenience or for identification purposes).

3.1.4 Collective Dose

The collective dose is used in this report to mean the summation of the whole

body external dose received by each monitored individual and has the units person-
rems (person-cSv).t The collective dose is not usually provided in the annual
dose distribution reports submitted pursuant to 10 CFR § 20.407, but NRC staff

tIn the International Systems of Units, the sievert (Sv) is the name given to
the units for dose equivalent. One centisjevert (cSv) equals one rem; there-
fore person-rems become person-cSv.

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators and reprocessors; manufacturers and distributors of byproduct
material; independent spent fuel storage installations; and facilities for land
disposal of low-level radiocactive waste.



calculated it from the reports by summing the products obtained by multiplying
the number of individuals reported in each of the dose ranges (shown in Table 1)
by the midpoint of the corresponding range. This assumes that the midpoint of
the range is equal to the arithmetic mean of the individua) doses in the range.
Past experience has shown that the actual mean dose of individuals reported in
each dose range is less than the midpoint of the range, and the collective doses
shown in this report for these may be about 10% too high. In 1981, a few power
reactor licensees began reporting the actual collective dose (as determined

from official personnel dosimetry results) on their § 20.407 annual reports, and
the NRC staff used these doses, when provided, instead of the above-described
calculations. The staff would prefer to use the actual collective dose and
encourages more licensees to make it available.

3.1.5 Average Individual Dose

The average individual dose is obtained by dividing the collective dose by
the total number of individuals reported as being monitored. This figure is
usually less than the average measurable dose because it includes the number
of those individuals who received zero or less than measurable doses.

3.1.6 Average Measurable Dose

The average measurable dose is obtained by dividing the collective dose by the
number of workers that received a measurable dose. This is the average most
commonly used in this and others' reports when examining trends and comparing
doses received by workers in various segments of the nuclear industry because
it reflects the deletion of those individuals receiving zero or minimal doses,
many of whom were monitored for convenience.

3.1.7 Number of Licensees Reporting

This is the number of NRC licenses issued to companies to use radioactive
material for certain activities that would place them in one of the six cate-
gories that are required to report pursuant to 10 CFR § 20.407. The third
column in Table 3.1 shows the number of licensees that have filed such reports
during the last several years. State Ticensees do not submit such reports to
the NRC.

3.1.8 CR

One of the parameters that the United Nations Scientific Committee on the Ef-
fects of Atomic Radiation (UNSCEAR) recommends be calculated for occupational
dose distributions to aid in the comparison of exposure data is a ratio “CR.M
CR is defined to be the ratio of the annual collective dose incurred by indi-
viduals whose annual doses exceed 1.5 rems to the total annual collective dose.
One UNSCEAR report [Ref. 10} states that normal values of CR should be between
0.05 and 0.50. This means that, usually, no more than 50% of the collective
dose should be due to individual doses that exceed 1.5 rems. The last column
in Table 3.1 shows the values of CR for the different types of Ticenses; one
can see that CR is close to 0.50 for three of the categories and is much less
than 0.50 for the remaining three categories for 1984.



Table 3.1
ANNUAL EXPOSURE DATA FOR CERTAIN CATEGORIES OF LICENSEES

1973 - 1984
Collective
Number of Dose Average Average Measur-
Number of Number Workers with (person- Individual able Dose per
License Calendar Licensees of Monitored Measurable rems or Dose Worker {rems
Category Year Reporting Individuals Doses person-cSv (rems or cSv) or cSv) CR+
Industrial 1984 361 8,458 5,446 2,430 0.30 0.46 0.46
Radiography 1983 340 8,624 5,131 2,384 0.28 0.46 0.45
1982 353 9,234 6,160 2,998 0.32 D.49 0.45
1981 266 9,938 5,489 2,652 0.27 0.48 0.48
1980 292 11,102 6,556 2,979 0,27 0.45 0.57
1979 341 11,969 6,904 3,461 0.29 0.50 047
1978 337 13,093 6,685 2,950 0.23 0.44 0.43
1877 339 10,569 6,197 3,159 0.30 0.51 0.45
1976 321 11,245 6,222 3,629 0.32 0.58 0.51
1975 251 9,178 4,693 2,796 0.30 3.60 0.53
1974 319 8,792 4,943 2,938 0.33 0.59 0.51
1973 341 8,206 5,328 3,354 041 0.63
Manufacturing 1984 38 5,009 1,932 642 0.13 0.33 0.46
and 1983 33 5,051 2,003 824 0.16 0.41 0.54
Distribution 1982 34 5,453 2,193 840 0.16 0.40 0.51
1981 29 4,846 2,395 904 0.19 0.38 0.52
1880 29 5,119 2,460 1,033 0.20 0.42 0.61
1979 28 3,937 2,219 asg - 0.23 0.40 0.55
1978 27 3,973 1,886 851 0.21 0.45 0.61
1977 30 4,243 2,459 1,329 0.31 0.54 0.63
1976 249 3,501 1,976 1,226 0.35 0.62 0.67
1975 19 3,367 1,859 1,188 0.35 0.64 0.64
1974 24 3,340 1,827 1,050 0.31 0.57 0.63
1873 34 4,251 1,925 1,177 0.28 0.61
Low-Level 1984 2 925 297 72 0.08 0.24 0.16
Waste Dispesal 1983 1 612 358 71 0.12 0.20 0.14
1982 1 680 25] 53 0.08 0.21 0.20
Independent 1984 1 32 32 13 0.41 0.41 0.06
Fuel Storage 1983 1 33 27 8 0.24 0.30 0.00
1982 1 35 32 9 0.26 0.28 0.00
Fuel 1984 14 9,488 5,772 818 0.09 0.14 0.04
Fabrication 1983 15 9,023 5,013 835 0.09 0.17 0.19
and 1982 16 9,808 5,433 831 0.08 0.15 0.20
Processing 1981 18 10,552 5,942 940 0.09 0.16 0.09
1980 18 10,204 5,900 1,111 0.11 0.19 0.12
1979 21 9,946 5,365 1,268 0.13 0.24 0.16
1978 29 11,305 6,100 1,525 0.13 0.25 0.24
1577 21 11,496 7,004 1,725 0.15 0.25 0,34
1976 24 11,227 5,285 1,830 0.16 0.35 0.41
1975 24 11,614 5,602 3,175 0.27 0.57 0.54
1974 26 11,084 4,728 2,836 0.26 0.60 0.61
1973 27 10,610 5,056 2,400 0.23 0.47
**Commercial 1984 88 169, 242* 94,996% 55,353 0.32 0.58 0.55
Light Water 1983 80 139,895* 83,546% 56,758 0.41 g.68 0.60
Reactors 1982 79 127,904* 80,871* 52,227 0.41 0.65 0.57
1981 73 123,978* 80,664* 54,271 0.44 0.67 0.58
1980 70 124,250% 77,903*% 53,810 0.43 0.69 0.59
1979 69 99,463% 62,316% 39,759 0.40 0.64 0.57
1978 68 72,448% 45,474% 31,910 0.44 0.70 0.61
1977 65 67,130%* 42,.867% 32,731 0.4% 0.76 0.64
1976 62 66,800 36,715 26,555 0.40 0.72 0,62
1975 54 54,763 28,034 21,270 0.39 0.76 0.64
1974 53 62,044 21,904 14,083 0.23 0.64 0.62
1973 41 44,795 16,558 14,337 0.32 0.87
Grand Totals 1984 504 193,154* 108,475 59,392 0.30 0.55 0.54
and Averages 1983 470 163,238% 96,878% 60,880 0,37 0.63 0.59
1982 482 153,118* 94 ,946% 57,008 0.37 0.60 0.56
1981 385 149,318 94, 490% 58,767 0.38 0.62 0.56
1980 410 150,675* 92,819% 58,933 0.39 0.63 0.57
1979 458 125,316* 76,804* 45,376 0.36 0.59 0.55
1978 453 100,819* 60,145% 37,236 0.37 0.62 0.59
1977 455 93,438% 58,527 38,944 0.42 a.67 0.62
1976 428 92,773 50,198 33,240 0.36 0.66 0.60
1975 388 18,922 40,188 28,429 0.36 0.71 0.62
1874 422 85,240 33,402 20,907 0.25 0.63 0.60
1973 443 67,862 28,867 21,268 0.31 0.74

+CR is the ratio of the annual collective dose delivered at annual doses exceeding 1.5 rems to the total

annual collective dose. (See Sectiond. ).

*These figures are adjusted to account for the multiple counting of trapnsient reactor workers (see
Section 5).

**Inciudes all LWRs that reported, although all of them may not have been in comnercial operation for a

full year,

but excludes the gas-cooled reactor.



3.2 Annual Whole Body Dose Distributions

Table 3.2 is a compilation of the statistical summary reports submitted by six
categories of licensees. One can see that in nearly every category some 40%-70%
of the doses are less than measurable. About 90% of the reported individuals
were monitored by nuclear power facilities where they received about 90% of the
total collective dose in 1984.

The "Adjusted Total" shown in Table 3.2 for the dose distribution of individuals
monitored by commercial power reactors in 1984 reflects corrections that were
made to the compilation of the annual reports to account for the counting of
transient workers more than one time. This adjusted total was also used in the
calculation of the "Grand Total" at the bottom of the table. Further discus-
sion of the data and methodology used in making these corrections is given in
Section 5.

It should be pointed out that annual exposures that exceed five rems (cSv) are
not necessarily classified as personnel overexposures. Although L.25 rems (cSv)
is the quarterly limit set forth in paragraph (a) of 10 CFR § 20.101, paragraph
(b) permits licensees, under certain conditions, to allow a worker to receive a
whole body dose of three rems (cSv) per calendar quarter (up to 12 rems (cSv))
annually. The conditions are that the licensee must have determined and re-
corded the worker's prior accumulated occupational dose to the whole body and
that the worker's whole body dose when added to his accumulated occupational
dose does not exceed 5(N - 18) rems (cSv), where N equais the individual's age
in years. Although there is no annual limit, annual exposures that exceed 12
rems {cSv) indicate that an overexposure has occurred. Any quarterly exposure
in excess of the applicable quarterly limits must be reported. A discussion of
various types of occurrences in which the Timits have been exceeded is given 1in
Section 6.

A summary of the annual whole body exposures reported to the Commission by cer-
tain categories of NRC licensees required to submit reports pursuant to 10 CFR
§ 20.407 during the past 16 years is presented in Table 3.3. About g5% of the
exposures have consistently remained less than two rems (cSv), and the number
of individuals receiving an annual exposure in excess of five rems (cSv) has
declined to remain at about one-tenth of one percent of the total number of
individuals monitored each year for the last three years.

3.3 Summary of Occupational Exposure Data by License Category

3.3.1 Industrial Radiography Licenses, Single and Multiple Locations

These licenses are issued to allow the use of sealed radioactive materials,
usually in exposure devices or "cameras," that primarily emit gamma rays for
nondestructive testing of pipeline weld joints, steel structures, boilers,
aircraft and ship parts, and other high-stress alloy parts. Some firms are
1icensed to conduct such activities in one location, usually in a plant, and
others perform radiography at multiple sites in the field. As shown in
Table 3.1, annual reports were received for 361 radiography licenses in 1984,
which is about the same number as reported in 1982 and 1983.
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Table 3.3

SUMMARY OF ANNUAL DOSE DISTRIBUTIONS
FOR CERTAIN NRC LICENSEES

1968-1984

Percent of Percent of  Number of
Total Number of Monitored Persons Individuals Individuals Individuals

Compiled (Adjusted* With Doses With Doses With Doses
Year Number Number) <2 rems >5 rems >12 rems
1968 36,836 97.2% 0.5% 3
1969 31,176 96.5% 0.5% 7
1970 36,164 96.1% 0.6% 0
1971 36,311 95.3% 0.7% 1
1972 44,690 95.7% 0.5% 8
1973 67,862 95.0% 0.5% 1
1974 85,097 96.4% 0.3% 1
1975 78,713 94, 8% 0.5% 1
1976 92,773 95. 0% 0.4% 3
1977 98,212 (93,438) 93. 8%* 0. 4%* 1
1978 105,893 (100,818) 94, 6%* 0.2%% 3
1979 131,027 (125,316) 95, 2%* 0.2%* 1
1980 159,177 (150,675) a4, 6%* 0. 3%* 0
1981 157,874 (149,314) 94, 6%* 0. 2%* 1
1982 162,456 (154,117) 94, 9%* 0.1%* 0
1983 172,927 (164,239)** 94. 6%* 0.1%* 0
1984 204,069 (194 ,840)** 95.91% 0.1%* 0

*Based on the distribution of individual doses after adjusting for the
multiple counting of transient reactor workers (see Section 5).

**The termination data for about 15% of the individuals terminating during 1983
or 1984 have not been entered into the REIR System.

Table 3.4 summarizes the reported data for the two types of radiography licenses
for 1984 and for the previous two years for comparison purposes. The table
shows that both the number of workers (701) receiving measurable doses and the
collective dose (196) of workers at the single-location facilities decreased by
about 9%. This resulted in the average measurable dose remaining at 0.28 rem
(cSv). The number of workers at firms having multiple-location licenses in-
creased by about 8% while the collective dose increased only about 6%. This
resulted in the average measurable dose decreasing slightly to 0.48 rem (cSv).
Overall, one finds that the average measurable dose for radiography workers
continues to remain at about 0.50 rem (cSv), as it has for the last ejght years,
and that the average dose for workers performing radiography at a single location
is usually about half this amount. This is probably due to the fact that it is
more difficult for workers to avoid exposure to radiation in the field, where
conditions are not the best and may change every day. In order to see the con-
tribution that each radiography licensee made to the total collective dose, a
summary of the information reported by each of these licensees in 1984 is
presented in alphabetical order in Appendix A.
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Tahle 3.4
ANNUAL EXPOSURE INFORMATION FOR INDUSTRIAL RADIOGRAPHERS

1982-1984

No. Workers Collective Average

of Number of with Dose Measurable

Licen- Monitored Measurable (person-rems Dose (rems
Type of License Year ses Individuals Doses or person-cSv) or cSv)
Single location 129 1,778 701 196 0.28
Multiple locations 1984 232 6,680 4,745 2,294 0.48
Total 361 8,458 5,446 2,490 0.46
Single Tocation 128 1,714 773 213 0.28
Multiple Tocations 1983 210 6,910 4,358 2,171 0.50
Total 338 8,624 5,131 2,384 0.46
Single location 126 1,977 942 187 0.20
Multiple locations 1982 227 7,258 5,218 2,811 0.54
Total 353 9,235 6,160 2,998 0.49

Since personnel monitoring data has frequently been found to have log-normal
distributions [Ref. 11], trends in the data reported by radiography licensees
may be observed from Tog probability plots* of the data. Figure 3.1 displays
such plots of the doses incurred by workers monitored by the two types of radio-
graphy licensees for each of the years 1982, 1983, and 1984. The plots of the
dose distributions of workers at single-location radiography facilities, where
the workers receive doses that are lower than those usually received by workers
at multiple-location facilities, form fairly straight lines and usually lie
above those of the multiple-location facilities. One feature of these types of
graphs is that several comparisons of various dose distributions can be quickly
made. For example, one can easily see that in 1984 about 85% of the workers
monitored by firms Ticensed for radiography at multiple locations received doses
that were less than one rem (cSv), while some 92% of the workers monitored at
single location radiography facilities received such doses. Also, the relative
positions and curvature of the graphs are indicative of certain characteristics
of the dose distributions. For example, the position of the 1983 and 1984 plot
of the dose distribution of workers at single-location facilities below that of
the 1982 plot indicates an increase in the average dose and in CR (as shown at
the bottom of the graph). This is due to the fact that there were more workers
with doses that exceeded three rems (cSv) in 1983 and 1984. The 1984 plot of
the multiple-Tocation licensees is quite close to those for 1982 and 1983, and
one finds similar average doses and values of CR each year.

*If the data have a log normal distribution, the data points will form a straight
line when plotted on log probability paper on which cumulative probabilities are
laid off on the vertical axis at distances proportional to the corresponding
number of standard deviations above or below the median and the dose is plotted
on the horizontal axis on a logarithmic scale.
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CUMULATIVE PERCENT OF WORKERS

Figure 3.1
ANNUAL DOSE DISTRIBUTION OF WORKERS
AT INDUSTRIAL RADIOGRAPHY FACILITIES
1982-1984
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*CR is the ratio of the annual collective dose delivered at individual doses exceeding
1.5 rems to the total annual collective dose.

Note: Each point on the curves represents the cumulative percentage of workers with
measurable doses who received doses less than the indicated annual dose.
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The tendency of the plots to curve upward for doses greater than one rem (cSv)
is typical of distributions having several workers with doses in the higher
dose ranges [Refs. 10, 11], and indicates that the entire distribution is not a
log-normal one. Another theoretical analysis of occupational dose distribu-
tions [Ref. 12] has found that these data may be fitted by a hybrid log-normal
distribution. At low doses, this distribution is log normal, but at higher
doses, where radjation control programs very closely monitor each worker's total
dose so that the frequency of doses approaching the dose limits is reduced, the
distribution is normal.

3.3.2 Manufacturer and Distributor Licenses, Broad and Other

These Ticenses are issued to allow the manufacture and distribution of radionu-
clides in various forms for a number of diverse purposes. Broad licenses are
issued to large facilities having a comprehensive radiological protection pro-
gram, and the other licenses are usually issued to smaller firms requiring a
more restrictive license. Some firms are medical suppliers that process, pack~
age, or distribute such products as diagnostic test kits, radioactive surgical
implants, and tagged radiochemicals for use in medical research, diagnosis, and
therapy. Other firms are suppliers of industrial radionuclides and are involved
in the processing, encapsulation, packaging, and distribution of the radionu-
clides that they have purchased in bulk quantities from production reactors and
cyclotrons. Major products include gamma radiography sources, cobalt irradiation
sources, well-logging sources, sealed sources for gauges and smoke detectors,
and radiochemicals for nonmedical research. However, only those NRC licensees
(about 35) that possess or use at any one time specified guantities of the
nuctiides listed in paragraph 20.408(a)(6) are required to submit annual

(10 CFR § 20.407) and termination (10 CFR § 20.408) reports.

Table 3.5 presents the annual data that were reported by the two types of
licensees for 1984 and the previous two years. The total number of workers
receiving measurable doses as reported by these types of licensees continued

to decline somewhat to 1,932 workers in 1984. The collective dose decreased

by about 22% or 200 person-rems (person-cSv), and the average dose declined to
0.33 rem (cSv). This reduction was primarily due to the fact that one fairly
large broad-scope licensee ceased its manufacturing and distribution activities.
Looking at the information shown separately for the broad and other licensees,
one can see that the values of all of the parameters remain higher for the

broad licensees, probably because this type of license allows the possession of
larger quantities of radioactive materials than do the other licenses. In order
to see the contribution that each of these licensees made toward the total values
of the number of persons monitored, number of workers, and collective dose,
Appendix A 1ists the values of these parameters for each licensee in alphabetical
order by licensee name for 1984,
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Table 3.5
ANNUAL EXPOSURE INFORMATION FOR MANUFACTURERS AND DISTRIBUTORS

1982-1984
Coliective

No. Workers Dose Average

of Number of with (person- Measurable

Licen- Monitored Measurable rems or Dose (rems
Type of License Year sees Individuals Doses person-cSv) or cSv)
M & D-Broad 13 4,625 1,716 594 0.35
M & D-Other 1984 25 384 216 48 0.22
Total 38 5,009 1,932 642 0.33
M & D-Broad 16 4,332 1,744 767 0.44
M & D-Other 1983 17 719 259 57 0.22
Total 33 5,051 2,003 824 0.41
M & D-Broad 18 4,610 1,892 821 0.43
M & D-Other 1982 16 843 307 69 0.22
Total 34 5,453 2,199 890 0.40

Figure 3.2 displays log probability plots of the doses incurred by workers

under the two types of manufacturing and distribution Ticenses for the years
1982 through 1984. The position of the curves plotted for the other licenses
above those plotted for the broad licenses indicates that a larger portion of
the workers reported by the other licensees have lower doses than those reported
by the broad licensees. For example, the graphs show that about 86% of workers
monitored by the broad licensees received doses that were less than one rem
(cSv), while about 95% of the workers monitored by the other licensees received
such doses in 1984.

3.3.3 Low-level Waste Disposal Licenses

These Ticenses are issued to allow the receipt, possession, and disposal of Tow-
level radioactive wastes at a Tand disposal facility. The licensee has the
appropriate equipment to pick up wastes from such places as hospitals and
laboratories, and transport them to a proper facility for storage and burial.

The requirement for this category of NRC Ticensee to fiie annual reports became
effective in January 1983. Two licensees in this category submitted annual re-
ports in 1984, while in 1982 and 1983 there was only one licensee in this cate-
gory. Table 3.1 summarizes the data reported for 1982 through 1984. 1In 1984,
the total number of monitored individuals increased because a second licensee

14
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ANNUAL DOSE DISTRIBUTION OF WORKERS
AT MANUFACTURING & DISTRIBUTION FACILITIES
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*CR is the ratio of the annual collective dose delivered at individual doses exceeding

1.5 rems to the total annual collective dose.

Note: Each point on the curves represents the cumulative percentage of workers with
measurable doses who received doses fess than the indicated annual dose.
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was included in this category. However, the collective dose, 72 person-rems
(person-cSv), remained about the same as that found for 1983 because the collec-
tive dose calculated for the one licensee that reported in 1983 declined by
about the same amount as that calculated for the licensee included for the first
time in 1984. The number of workers receiving measurable doses also decreased
s1ightly so that the average measurable dose rose somewhat to 0.24 rem (cSv).

Figure 3.3 displays log probability plots of the doses incurred by workers at the
low-level waste disposal facilities from 1982 through 1984. One can quickly

see that the distributions are quite similar, with all of the doses being less
than two rems (cSv) and about 90% of the doses being less than 0.75 rem (cSv)
each year. However, the position of the plot for 1984 below that for 1983 is
indicative of the slight increase in the average dose and CR. Appendix A sum-
marizes the exposure information reported by these licensees in 1984.

3.3.4 Independent Spent Fuel Storage Installation Licenses

These Ticenses are issued to allow the possession of power reactor spent fuel

and other associated radioactive materials for the purpose of storage of such
fuel in an independent spent fuel storage installation (ISFSI). Here, the spent
fuel, which has undergone at least one year of decay since being used as a source
of energy in a power reactor, is provided interim storage, protection, and safe-
guarding for a Timited time pending its ultimate disposal.

Table 3.1 summarizes the data submitted for 1982 through 1984 by the only licensed
ISFSI. Only about 35 individuals have been monitored at the facility each year.
However, in 1984 the collective dose increased by about 50% to a value of 13
person-rems (person-cSv). The average measurable dose also increased from

0.30 rem (cSv) to 0.41 rem {cSv). These increases were primarily due to a
significant increase in the amount of incoming spent fuel in 1984.

Figure 3.3 displays log probability plots of the doses incurred by workers at the
ISFSI for the years 1982 through 1984. The plots are quite similar for 1982

and 1983 when all doses were less than 0.75 rem so the value of CR was zero

each year. The plot of the 1984 data lies below that of the previous two years,
which indicates that there were doses in higher ranges than before, but all

doses were less than 2 rems {cSv) as reflected in the low value (0.06) of CR.

3.3.5 Fuel Fabrication and Reprocessing Licenses

The fuel fabrication licenses are issued to allow the processing and fabrication
of reactor fuels. In most uranium facilities where Tight water reactor fuels
are processed, uranium hexafluoride enriched in the isotope U-235 is converted
to solid uranium dioxide pellets and inserted into zirconium tubes. The tubes
are fabricated into fuel assemblies, which are shipped to nuclear power plants.
Some facilities also perform chemical operations to recover the uranium from
scrap and other off-specification materials. On a much smaller scale, fuel
assemblies containing plutonium oxide pellets can be similarly fabricated and
used in reactors for experimental purposes. However, there are no NRC licensees
engaged in this activity at this time.

The number of facilities licensed by the NRC to fabricate fuel, especially plu-

tonium fuel, has been decreasing for the last several years (Table 3.1). There-
fore, a number of licensees are primarily engaged in decommissioning activities,
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CUMULATIVE PERCENT OF WORKERS

Figure 3,3
ANNUAL DOSE DISTRIBUTION OF WORKERS AT LOW-LEVEL WASTE

DISPOSAL FACILITIES AND AT AN INDEPENDENT SPENT .FUEL STORAGE FACILITY

1982-1984
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*CR is the ratio of the annual collective dose delivered at individual doses exceeding
1.5 rems to the total annual collective dose.

Note: Each point on the curves represents the cumulative percentage of workers with
measurable doses who received doses less than the indicated annual dose.
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and the information that they provided for these years is shown as "Pu Decommis-
sioning" in Table 3.6.

Table 3.6
ANNUAL EXPOSURE INFORMATION FOR FUEL FABRICATORS
1982-1984
Workers Collective Average
No. of  Number of with Dose (person- Measurable
Licen- Monitored Measurable rems or Dose(rems
Type of License Year sees Individuals Doses person-cSv) or cSv)
Uranium Fuel Fab 11 9,379 5,947 815 0.14
Pu Decommissioning 1984 3 109 25 3 0.12
Total 14 9,488 5,772 818 0.14
Uranium Fuel Fab 11 8,440 4,746 748 0.16
Pu Decommissioning 1983 4 583 267 87 0.33
Total 15 9,023 5,013 835 0.17
Uranium Fuel Fab 11 8,652 5,117 724 0.14
Pu Decommissioning 1982 5 1,156 316 107 0.34
Total 16 9,808 5,433 831 0.15

Tabie 3.6 shows that the number of workers involved in decommissioning activities
decreased sharply in 1984, as did the collective dose. The major reason for

this is that there was one Ticensee involved in both decommissioning activities
and the analysis of post-irradiated fuel in 1982 and 1983. The decommissioning
is now complete and the licensee is no longer included in the fuel fabrication
category. However, it should be pointed out that three of the eleven Ticensees
primarily engaged in uranium fuel fabrication in 1982 and 1983 were also involved
in the decommissioning of plutonium facilities, and the report submitted by

each one covered both activities. Therefore, for comparison with data submitted
for previous years, the data in the "Total" row should be used because decom-
missioning activities were also being conducted during previous years and were
not shown separately. Appendix A Tists the number of persons monitored, the
number of workers receiving measurable doses, and the collective dose for each
of these licensees in alphabetical order by licensee name for 1984.

Figure 3.4 consists of the log probability plots of the dose distributions of
workers at fuel fabrication facilities for the years 1982 through 1984. The
plots for 1982 and 1983 are quite similar, with all doses being less than five
rems (cSv) and about 99.3% of the doses being less than two rems (cSv) each
year. The average dose and the value of CR were therefore about the same for
each year. However, in 1984, there were no doses greater than two rems (cSv)
so that the value of CR fell to 0.04.
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CUMULATIVE PERCENT OF WORKERS

Figure 3.4
ANNUAL DOSE DISTRIBUTION OF WORKERS
AT FUEL FABRICATORS AND PROCESSQRS
1982-1984
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Fuel reprocessing licenses are issued to allow the separation of usable uranium
and plutonium from spent nuclear fuel. There was only one commercial facility
that was ever licensed to reprocess fuel, and it has been shut down since 1972.
However, the licensee did some decontamination work and stored radicactive waste
at the facility for several years, and the annual report that was submitted each
year was usually grouped with those of the fuel fabricators. In February 1982,
the Department of Energy assumed possession and control of the reprocessing
facility to conduct waste solidification activities necessary for final decom-
missioning. During this period, the NRC Ticense will, in effect, be suspended,
and no reports will be filed with the NRC.

3.3.6 Water-Cooled Power Reactor Licenses

These licenses are issued to utilities to allow them to use special nuclear
material in a reactor to produce heat to generate electricity to be sold to
consumers. There are two major types of commercial reactors in the United
States - pressurized water reactors (PWRs) and boiling water reactors (BWRs) -
each of which uses water as the primary coolant.

As shown in Table 3.1, annual reporis were received from nuclear power facilities
for 88 licensed reactors where 169,242 individuals were monitored for exposure

to radiation in 1984. Of this number 94,996 workers received a measurable dose
and incurred a collective dose of 55,353 person-rems (person-cSv). It appears
that the collective dose is beginning to level off or decrease somewhat, while
the number of workers continues to increase. This has resulted in the average
measurable dose decreasing to 0.58 rem (cSv). The dose distributions of workers
monitored at each plant site is presented in alphabetical order by site name in
Appendix B.

Figure 3.5 presents the Tog-normal plot of the distribution of the whole body
doses received by radiation workers at nuclear power facilities in 1983 and
1984. One can quickly see that about 73% of the workers receiving measurable
doses at BWRs received doses that were less than one rem (cSv) while about 82%
of such workers at PWRs received doses of less than one rem (cSv). The position
of the BWR plots below those of the PWRs each year indicates that higher average
doses were received at BWRs. Also, departures from a straight line for doses
that exceed one rem are again seen, and, according to the hybrid log-normal
method [Ref. 127 of analyzing these dose distributions, the sharpness of the
departure indicates that a strong feedback mechanism operates when workers begin
to incur larger doses and may reflect efforts to keep doses as low as reasonably
achievable [Ref. 13].

Listed at the bottom of the figure are the values of CR for the last five years.
These show that a larger portion of the collective dose (about 60%) at BWRs
continues to be due to workers receiving doses greater than 1.5 rems (cSv) than
at PWRs, where CR is usually about 0.50. More detailed presentations and
analyses of the annual exposure information reported by nuclear power facilities
can be found in Section 4.
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Figure 3.5

ANNUAL DOSE DISTRIBUTION OF WORKERS AT
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3.3.7 High-Temperature Gas-Cooled Power Reactor Licenses

A license to operate a power reactor is issued to utilities to allow them to
use special nuclear material in a reactor to produce heatl to generate electri-
city to be sold to consumers. In this type of a reactor, a gas, usually helium,
is used as the primary coolant. Fort St. Vrain near Greeley, Colorado, is the
only such reactor in operation in the U.S. As shown in Table 3.7, annual whole
body doses incurred by workers at the plant have been minimal. No one has ever
exceeded an annual dose of 0.25 rem (cSv), and the average dose per worker is
usually less than 0.05 rem (cSv).

Table 3.7
ANNUAL EXPOSURE INFORMATION FOR FORT ST. VRAIN
1974-1984
No. of Individuals with Annual Annual Average
Doses in Ranges (rems or cSv) Total Collective Gross Measurable
No No. of Dose Electricity | Dose per
Measurable | Measurable {0.10- Individuals |{person-rems Generated Worker :
Year Dose Dose <0.10 [0.25 Monitored | or person-cSv) (MW-yr) (rems or cSv)
1974 1,597 63 1 1,661 3.3 0.0 0.05
1975 1,263 0 0 1,263 0.0 0.0 0.00
1976 1,362 25 0 1,387 1.3 2.8 0.05
1977 946 55 1 1,002 2.9 29.8 0.05
1978 8396 34 0] 930 1.7 75.7 0.05
1979 1,149 120 2 1,271 6.4 28.6 0.05
1980 902 57 1 960 3.0 83.2 0.05
1981 1,096 31 0 1,127 1.0 93.6 0.03
1982 978 22 0 1,000 0.4 72.6 0.02
1983 965 48 0 1,013 1.0 94.4 0.02
1984 1,616 62 8 1,686 3.0 10.9 0.04

22



4 COMMERCTIAL LIGHT WATER REACTORS - FURTHER ANALYSIS

4.1 Introduction

Since general trends in occupational radiation exposures at nuclear power reac-
tors are best evaluated within the context of other pertinent information, some
of the tables and appendices that summarize exposure data also show the type,
capacity, and age of the reactor; the amount of electricity generated; the type
of workers being exposed; and the sort of tasks being performed.

4.2 Definitions of Terms and Sources of Data

4.2.1 Number of Reactors

The number of reactors shown in Tables 4.1, 4.2, and 4.3 is the number of BWRs,
PWRs, and total Tight-water-cooled reactors (LWRs), respectively, that had been
in commercial operation for at least one full year as of December 31 of each of
the indicated years. This is the number of reactors on which the average number
of workers and average collective dose per reactor is based. Excluded are those
reactors that may have been in commercial operation for only a few months during
the first year, and conservative values are yielded for the averages. The date
that each reactor was declared to be in commercial operation was Ffound in
Reference 14,

4.2.2 Electric Energy Generated

The electric energy generated in gross megawatt-years (MW-yr) each year by each
facility is shown in Appendix C. This number was obtained by dividing the gross
megawatt-hoiirs of electricity annually produced by each facility by 8,760, the
number of hours in the year, except for leap years when the number is 8,784
hours. The gross megawatt-years of generated electricity that are presented in
Tables 4.1, 4.2, and 4.3 are the sums of that produced by the number of reactors
included each year. These sums are divided by the number of those reactors
included in each year to yield the average amount of electric energy generated
(MW-yr) per reactor, which is also shown in Tables 4.1, 4.2, and 4.3. The number
of gross megawatt-hours of electricity produced each year was also found in
Reference 14.

4.2.3 Collective Dose per Megawatt-Year

The number of megawatt-years of electricity generated was used in determining

the ratio of the average value of the annual collective dose to the number of
megawatt-years of electricity generated. The ratio was calculated by dividing
the total collective dose by the total gross megawatt-years generated and is a
figure that is a measure of the dose incurred by workers at power plants in
relation to the gross electric energy produced. This ratio was also calculated
for each reactor site and is presented in Tables 4.1, 4.2, and 4.3 and Appendix C.

4.2.4 Average Rated Capacity
The average rated capacity, shown in Tables 4.1, 4.2, and 4.3 was found by
dividing the sum of the net maximum dependable capacities (net MWe) of the

reactors by the number of reactors included each year. The net maximum depend-
able capacity is defined to be the gross electrical output as measured at the
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output terminals of the turbine generator during the most restrictive seasonal
conditions, less the normal station service loads. This “"capacity" of each
plant was found in Reference 14, and it is shown for each site in Appendix C.

4.3 Annual Whole Body Dose Distributions

Table 4.4 summarizes the distribution of the annual whole body doses received by
workers at commercial LWRs during each of the years 1973 through 1984. This
distribution is the sum of the annual dose distributions reported by each 1i-
censed LWR each year. As previously mentioned, the distribution reported by
each LWR site for 1984 is shown in Appendix B. The table shows that the number of
monitored individuals continues to increase while the collective dose appears

to be leveling off. However, the values of CR* show that the percentage of the
collective dose due to individual doses greater than 1.5 rems (cSv), has shown

a general decrease from its 1973 value of 72% to about 55% in 1984. The distri-
butions shown in Table 4.4 have been adjusted for the number of individuals that
may have been reported by more than one site (see Secti'n 5 for a discussion of
the methodology). Appendix D provides unadjusted dose c:stributions for BWRs
and PWRs separately for the years 1980 through 1984.

4.4 Average Annual Whole Body Doses

Some of the data presented in Tables 4.1, 4.2, and 4.3 are graphically displayed
in Figure 4.1, where it can be seen that the average collective dose and average
number of workers per BWR have been higher than those for PWRs since 1974 and
that the values of both parameters, in general, continued to rise at both types
of facilities until 1982. At that time, the average collective dose per reactor
appeared to begin leveling off or decreasing slightly, as did the number of
workers. However, in 1984 the average number of workers per reactor reached

an all-time high at both BWRs and PWRs, which resulted in lower average doses

at both types of facilities.

Figures 4.2 and 4.3 are plots of much of the information that is given in
Tables 4.1, 4.2, and 4. 3. The values of all of the parameters plottad, except
the number of workers and electricity generated, decreased somewhat from Je:t
year's values. In looking at these figures and the fluctuations in the param
eters for the years following the incident at the Three Mile Island Plant in
1979, one suspects that they reflect some of the impact that this incident had
on the nuclear power industry.

To further assist in the identification of any trends that might exist, Fig-

ure 4.4 dispiays the average and median** values of the collective dose per
reactor for BWRs and for PWRs for the years 1973 through 1984. The ranges of
the values reported each year are shown by the vertical lines with a small bar
at each end marking the two extreme values. The rectangles indicate the range
of values of the collective dose exhibited by those plants ranked in the twenty-
fifth through the seventy-fifth percentiles. Since the median values usually
are not as greatly affected by the extreme values of the collective doses, they
do not normally fluctuate as much from year to year as do the average values.
The median collective dose for PWRs continues to range between 400 and 500

*See definition in Section 3.1.8.
**The value at which 50% of the reactors reported greater collective doses and
the other 50% reported smaller collective doses.
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Figure 4.2
ANNUAL VALUES AT BWRs AND PWRs
1973 - 1984
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Collective Dose Per MW-Yr and Dose Per Worker — Use Scale x 1

Workers and Collective Dose Per Rea

ctor — Use Scale x 160

Figure 4.3
AVERAGE ANNUAL VALUES AT LWRs
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Figure 4.4
AVERAGE, MEDIAN AND EXTREME VALUES OF

- 1984
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person-rems (person-cSv). At BWRs the median fluctuates more from year to year,
and in 1984 the median decreased to 790 perscn-rems (person-cSv), which was
still nearly twice that found for PWRs (395 person-rems (person-cSv)).

Figure 4.4 also shows that in 1984 fifty percent of the PWRs reported collective
doses between 340 and 570 person-rems (person-cSv) while fifty percent of the
BWRs reported collective doses between 590 and 1,170 person-rems (person-cSv).
Nearly every year, the median collective dose is less than the average, which
indicates that the collective dose for most plants is less than the average
collective dose per reactor (the value that is widely quoted).

4.5 Plant Rankings by Collective Dose per Reactor

The number of reactors from which data have been collected is still rather small,
and the information reported by a few reactors where unusual conditions or prob-
Tems may have occurred could have a large impact on some of the statistics pre-
sented in this report. In an effort to identify those plants, Tables 4.5 and
4.6 1ist the BWRs and PWRs in ascending order of person-rems (person-cSv) per
reactor for each of the five years from 1980 through 1984. Two other parameters,
dose per worker and collective dose per megawatt-year, are also given for each
plant and could have been used in Tisting the plants as well. Also shown is a
parameter "CR" which is defined to be the ratio of the annual collective dose
delivered at individual doses exceeding 1.5 rems (cSv) to the total annual
collective dose. In 1984 the value of CR for about 65% of the U.S. plants fell
within the range 0.05 to 0.50 which is recommended by the UNSCEAR [Ref. 10].

Most of the reactors having values of CR greater than 0.50 were BWRs, the
highest value being 0.87.

Table 4.7 lists the plants that had been in commercial operation for at least
five years as of December 31, 1984, and shows the values of several parameters
for each of the sites. It also gives a number of averages for the two types

of reactors. Based on the 125 reactor-years of operation accumulated by the

25 BWR sites 1isted, the average annual collective dose per reactor was found
to be 1,067 person-rems (person-cSv), the average measurable dose was 0.80 rems
(cSv), and the average collective dose per megawatt-year was 2.7. Based on the
170 reactor-years of operation by the 34 PWR sites listed, these averages were
found to be 569 person-rems {person-cSv), 0.59 rem and 1.3, respectively.

In 1984, there were five BWR units where collective doses that exceeded

1,500 person-rems (person-cSv) were accumulated. Although these five units rep-
resented only 18.5% of the 27 BWRs operating in 1984, they contributed nearly
44% of the total collective dose incurred at BWRs in 1984. Most of the col-
lective dose accumulated at the BWR site with the highest collective dose

(4,082 person-rems (person-cSv)) was attributed to the replacement of all the
recirculation system piping.

At PWRs, there were five units where the collective dose exceeded 1,100 person-
rem (person-cSv). Although representing Tess than 10% of the 51 PWRs operating
in 1984, they contributed nearly 32% of the total collective dose at PWRs in
1984. The plant with the highest collective dose (2,880 person-rems (person-
cSv)) in 1984 accumulated most of the dose during the replacement of steam
generators.
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Table 4.7a

FIVE~YEAR TOTALS AND AVERAGES LISTED IN ASCENDING
ORDER OF COLLECTIVE BOSE PER BWR

1980-1984
Average
BURs *Total Workers Dose per Total Average
Collective with Worker Mega- Collective
Dose per Measurable  {rem or watt- Dose per
**Site name Site Doses cSv) years Mu-yr
La Crosse 1,111 907 1.22 136.5 8.1
Big Rock Point 1,260 2,389 0.53 242.0 5.2
Duane Arnold 3,014 4,997 0.60 1,507.7 Z2.0
Hatch 1,2 6,763 15,785 0.43 3,231.5 2.1
Browns Ferry 1,2,3 11,728 15,632 0.75 9,413.3 1.2
Cooper 4,072 5,444 0.13 2,336.2 1.7
Dresden 1,2,3 13,186 12,812 1.02 4,898.0 2.7
Vermont Yankee 4,404 5,758 0.76 2,032.1 2.2
Monticello 5,111 6,155 0.83 1,620.5 3.2
Nine Mile Point 5,197 7,490 0.69 1,809.2 2.9
Millstone Point 1 5,663 3,749 1.51 2,356.5 2.4
Peach Bottom 2,3 12,198 14,785 0.83 6,109.8 2.0
Fitzpatrick 6,716 10,193 0.66 2,788.4 2.4
Qyster Creek 7,826 9,597 0.82 855.4 9.1
Quad Cities 1,2 15,811 11,129 1.42 5,125.6 3.1
Brunswick 1,2 17,035 23,247 0.73 3,550.7 4.8
Pilgrim 12,245 16,065 0.76 1,719.0 7.1
{125 reactor-years)
Grand Totals and Averages 133,340 166,000 0.80 49,722.7 2.7
Averages per Reactor-year 1,067 1,328 397.8
Table 4.7b
FIVE-YEAR TOTALS AND AVERAGES LISTED IN ASCENDING
ORDER OF COLLECTIVE DOSE PER PUR
1980-1984
Average
PHRs *Total Workers Dose per Total Average
Collective with Worker Mega- Collective
Dose per Measurable  (rem or watt- Dose per
**Site name Site Doses cSv) years MW-yr
Davis Besse 633 5,017 0.13 2,2849.2 0.3
Prairie Island 1,2 1,291 3,648 0.35 4,484.0 0.3
Kewaunee 711 2,064 0.34 2,243.0 0.3
Yankee Rowe 1,405 2,880 0.49 541.% 2.6
Cook 1,2 3,267 7,180 0.45 7,553.8 0.4
Calvert C1iffs 1,2 3,488 8,140 0.43 5,404.6 0.7
Maine Yankeg 1,753 4,752 0.37 2,976.5 0.6
Three Mile Island 1,2 3,621 9,225 0.39 0.0 -
Crystal River 1,811 5,222 0.35 2,708.6 1.9
Point Beach 1,2 3,995 5,175 0.77 3,682.0 1.1
ficonee 1,2,3 6,371 11,001 0.58 9,042.7 0.7
Rancho Seco 2,160 4,568 0.47 2,069.5 1.0
Trojan 2,189 5,458 0.40 3,143.8 1.4
Fort Calhoun 2,339 4,090 0.57 1,530.8 1.5
Beaver Valley 2,657 7,687 0.35 2,077.8 1.3
Indian Point 3 2,735 4,730 0.58 1,626.8 1.7
Palisades 3,206 8,523 0.38 1,663.9 1.9
Zion 1,2 6,840 7,087 0.97 6,576.7 1.0
Ginna 3,752 4,797 0.78 1,801.6 2.1
Millstone Point 2 4,581 6,533 0.70 2,974.3 1.5
Turkey Point 3,4 9,957 11,639 0.86 4,385.4 2.3
Haddam Neck 5,115 7,048 0.73 2,315.9 2.2
Surry 1,2 15,037 16,900 0.89 4,742.0 3.2
Robinson 2 7,814 11,853 0.66 1,529.2 5.1
(170 reactor-years)
Grand Totals and Averages 96,728 165,227 0.59 77,363.6 1.3
Averages per Reactor-year 569 972 455.1

*For sites with more than one operating reactor, the collective dose per reactor

is obtained by dividing the collective dose for the site by the number of

reactors.

**5ites where not a1l reactors had completed five full years of commercial oper-
ation as of 12/31/84 are not included.
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In general, particularly for BWRs, the plants having the lower values of most
of the parameters shown are usually the newer plants. Some of the oider,
smaller plants also appear near the top of the listings since they report smalil
collective doses; however, the ratio of their collective dose to the number of
megawatt-years of electricity generated will be higher because of their Timited
power generation capacity. In the case of PWRs, this generalization does not
always apply. For example, Prairie Island and Susquehanna, three reactors that
have been operating for 10 or 11 years, have experienced Tower collective doses
than many newer reactors for years.

Usually, the combination of a large annual collective dose and a large collec-
tive dose to megawatt-year ratio for a plant indicates that extensive mainte-
nance or modifications were undertaken during the year. For example, maintenance
jobs that were large contributors to BWR doses in 1984 included replacement of
recirculation system piping, inspection for intergranular stress corrosion
cracking (IGSCC), IGSCC repair, Mark I torus modifications, and reactor vessel
component inservice inspection. The PWR facilities reporting high values for
these two parameters during the Tast few years generally have been involved in
extensive tube inspection, sleeving, and plugging related to the repair of steam
generators. It should be noted that the differences in nuclear plant designs

and the ages of plants [Ref. 15], even between plants of a given type, affect

the nature of these parameters as well, and one should be careful when attempting
to draw conclusions from these data.

4.6 Collective Dose by Work Function and EmpToyee Type

A second type of annual statistical report that is required by each plant's
technical specifications provides the collective dose of workers monitored at
each plant site by employee type (plant, utility, or contractor) and by work

and job functions. The report submitted for each reactor site, after undergoing
any necessary standardization, is provided in Appendix D. Summaries of the
collective doses shown in these reports are given in Tables 4.8, 4.9, and 4.10.
The collective doses obtained from these reports are not used in any other tables
in this document for the following reasons: the technical specifications of
each plant requires only 80% of the plant's collective dose be accounted for,

and some plants do not use the official dosimeter results in compiling the data.

Table 4.8 provides a detailed summary of the distribution of collective dose by
work function and personnel types for BWRs, PWRs, and all LWRs. It shows that
contract workers performing special maintenance at LWRs continue to incur the
Targest portion (35%) of the collective dose. Table 4.9 presents a more general
summary of these data for the last ten years, and one can see that the collective
dose incurred during routine and special maintenance activities has ranged be-
tween 67% and 77% during these years. Figure 4.5 graphically shows the trends
in the collective dose by work function and type of personnel for the years

1979 through 1984 for BWRs and PWRs separately. Contractor personnel incur

most of the collective dose during special maintenance while it is nearly equal-
1y divided between contractor and plant and utility personnel during routine
maintenance and waste processing and that the figures are fairly stable from
year to year. Because of this stability and the fact that a number of these
reports are not submitted in a standard format, summaries of these data will

not be presented in future reports of these NUREG series.
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Figure 4.5

COLLECTIVE DOSE BY WORK FUNCTION AND PERSONNEL TYPE
AT BWRs and PWRs, 1979-1984
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Table 4.10 presents the distribution of the collective dose for 198§9at atl
LWRs among five occupations. As expected, maintenance personnel incurred the
majority (7ﬁi6%) of the collective dose with contractor maintenance personnel
receiving about twice as much as the station and utility maintenance employees
combined. This is about the same as that reported for 198%% Supervisory per-
sonnel received,&fﬁ% of the dose, compared to %,7% in 1983w while workers 1in
the remaining three occupations--operations, health physics, and engineering--
received 6.8%, 11.0%, and /.5%, respectively, of the collective dose. None of
these valliés chahgad very mich from those found for 1982% either. The collective
doses shown in Tables 4.8 and 4.10 do not equal those shown in other tables in
the report because they are the sum of the doses taken from the type of annual
reports shown in Appendix D rather than the collective dose that was obtained
or calculated from the § 20.407 annual reports.

Another use made of the reports given in Appendix D is in proportioning the
collective dose obtained from the § 20.407 annual reports into the work functions
and personnel types shown in Appendix C. This was done in the following way:

(1) The collective dose incurred by workers in the work function "Reactor
Operations and Surveillance" on each plant's annual report submitted
pursuant to their technical specifications (the first number in the last
column in Appendix D) was determined.

(2) The ratio of this dose to the total collective dose (the last number 1in
the last column in Appendix D) was calculated and multiplied by the total
collective dose that had been estimated or obtained from the § 20.407
annual report. This product is the collective dose shown in the column
headed "Operations" in Appendix C.

(3) The collective.dose shown in the column headed "Maintenance and Others" in
Appendix C was determined by first summing the collective doses incurred
by workers in the five remaining functions given in Appendix D and then
calculating the fraction that this dose is of the total collective dose.
This fraction was multiplied by the total collective dose estimated from
the § 20.407 annual reports to yield the collective dose shown in this
column of Appendix C.

(4) A similar procedure was followed in determining the collective dose for
the columns headed "Contractor" and "Station & Utility" in Appendix C.

4.7 Health Implications of Average Annual Doses

If any damage to health is caused by exposure to radiation in the workplace, it
would Tikely manifest itself as certain types of cancer in the exposed worker
or, less likely, as inherited genetic damage in the first few generations of the
workers' offspring. However, the likelihood of cancer or genetic damage occur-
ring as a result of radiation exposure experienced by workers in the nuclear
industry is small. A vast amount of scientific information is available from
which estimates of these risks can be made. Much of this information, however,
has been obtained from epidemiologic studies of human populations at levels of
exposure considerably higher than those normally experienced in the workplace.
Complementary to this, information obtained from many animal and cell biology
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studies have greatly enhanced our knowledge and understanding of the biological
effects of ionizing radiation. Although using this information to estimate
risks in the workplace introduces uncertainties, these uncertainties can be
dealt with in such a manner that the risk is not 1ikely to be underestimated.
Thus, the discussion below is 1ikely to overstate the health implications rather
than understate them.

Cancer induction as a result of radiation exposure has been examined by many
organizations having scientific and medical expertise in the subject. One of
these, the National Academy of Sciences (NAS), published a comprehensive review
of the biological effects of jenizing radiation in 1980 [Ref. 16]. Based on
this report, a(I%%@E}working population receiving one million person-rems

suffer an estimated 100 to 200 additional cancer deaths over
the remaining years of their lives. This risk estimate can be applied to the
59,400)person-rems (person-cSv) (Table 3.1) and the 108,500 workers who received
measurable exposures in 19843 The result.is that for %he%d workers the ex-
pected number of additional cancer dq;;hsf%hat might result from radiation dose
received that year would be about‘&ﬁﬁiﬁgéﬁ These deaths would occur many years
following the exposure and would be fipaddition to the approximately 20,000
cancer deaths that occur normally in a population of 108,500 workers without
exposure to this amount of radiation. Perhaps more méaRiAGFul to the individual
workers are the health implications to the workers receiving the average dose of
0.55 rem (cSv) or the maximum dose ofcéigng_gr;ﬁiﬁgprems (cSv) during 19845 The
estimated increased cancer death risk.is aboUt one chance in 10,000 for the aver-
age dose and about one chance in(1,000/ for the maximum dose. Should a worker
receive 0.55 rem (cSv) per year comtiinuously during his entire working career
(working f?52;2%§ 20 until age 65) his risk of dying from cancer could increase

by less than{2%jover the normal risk‘of dying of cancer. These risks can be
compared to the“American Cancer Society's estimates of one chance in four of
developing cancer and.one chance in five of dx%ng of cancer. g

o Mo ) ‘ 250w 4, ~7£a£g
The potential genetic effects from a worker population receiving about 59,400
person-rems (person-cSv) is very small compared to genetic damages that normally
occur spontaneously in a population of this size. Approximately 100,000 serious
genetic defects occur normally in one million live births, i.e., an average of
about one serious defect in every ten Tive births. Theoretically, the total
genetic damage in the first generation children of the 108, QQ exposed* workers
would, according to the 1980 NAS report, be an increase’of Fot7 or lessrcases
(less than(EE%E%?fcompared to the expected 10,000 cases that pccur normally.
No significantiincrease in the number of genetic defects has®been observed in
the children of individuals exposed to ionizing radiation at/Hiroshima and
Nagasaki, Japani

*Assuming that, on the average, each exposed person will have one child in the
future, i.e., 108,500 children born to this worker population.

ffggag
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5 TERMINATION DATA SUBMITTED PURSUANT TO 10 CFR § 20.408

5.1 Termination Reports, 1969-1984

In 1969, the Atomic Energy Commission (predecessor of the NRC) began requiring
certain categories of licensees* to submit personal identification and exposure
information upon the termination of each monitored person’'s employment or work
assignment in the licensee's facility. The appropriate information on each
report has been manually coded and entered into the Commission's computerized
Radiation Exposure Information Reporting System (REIRS) for permanent retention.
The data are retrievable by several criteria - social security number, name,
facility, etc. - which allows statistical analysis of the data as well as the
tracing of individual dose histories. During the years that this information
has been collected, some 1,500,000 termination records have been received for
approximately 350,000 individuals who have been reported as having terminated
their employment at facilities in one or more of the categories of covered 1i-
censees. The figures given for the number of reports and the number of individ-
uals are different because numerous individuals have been terminated more than
once over the years and because some individuals may have had external doses
reported for more than one part of the body, as well as estimates of internal
depositions of radiocactive material, each of which is counted as one record.
Table 5.1 provides a breakdown of this information for individuals terminating
during each of 16 years and, since the majority of termination reports are

now submitted by nuclear power facilities, the number of records and individuals
that they reported are displayed separately. One can see that the number of
records continues to increase each year, primarily because of the growing need
for workers at power reactors.

5.2 Limitations of Termination Bata

When examining or using the statistics that are based on the termination data,
one should keep in mind that these data have various Timitations: (1) some
licensees submit a termination report for each monitored contractor employee
at the end of each monitoring period rather than waiting until the individual
actually completes his work assignment at the facility, (2) the period(s) of
exposure that are reported for terminating individuals may indicate the moni-
toring. period during which he may have been exposed to radiation rather than
the actual dates of exposure, (3) some licensees report cumulative periods of
exposure and doses rather than the actual periods and dose incurred during each
period, and (4) licensees having more than one licensed facility sometimes
include in the termination report submitted when the individual leaves the
second facility the dose that he incurred at the first facility, which may
already have been reported. Although attempts have been made to correct for
some of these problems, they are still a small additional source of error in
any statistics developed from the termination data.

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators, and reprocessors; and manufacturers and distributors of specified
guantities of byproduct material. Three other types of NRC licensees are now
required to submit reports pursuant to 10 CFR 8§ 20.407 and 20.408: geologic
repositories for high-level radiocactive waste; receivers of radioactive waste
from other persons for land disposal; and independent installations for the
storage of spent fuel.
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Table 5.1
TERMINATION REPORTS SUBMITTED TO THE NRC
1969-1984**

A1l Covered Categories® Power Reactor Licensees

Number of Number of Number of Number of

YEAR Termination Terminating Termination Terminating

Records Individuals Records Individuals
1969 5,009 3,992 790 727
1970 8,606 6,069 2,126 1,908
1971 12,955 8,874 2,246 2,197
1972 15,685 10,353 4,997 3,888
1973 19,985 15,588 11,525 9,071
1974 30,389 21,499 16,946 11,603
1875 44,676 27,415 38,376 22,627
1976 70,230 40,079 63,593 35,294
1977 88,295 42,183 81,074 36,864
1978 96,010 44 541 85,308 37,359
1979 133,470 58,913 118,218 48,305
1980 175,408 73,662 162,515 65,092
1981 189,762 72,603 181,327 67,482
1982 | 177,610 65,347 171,836 62,101
1983%* 196,731 69,647 190,957 67,098
1984%* 231,317 67,408 228,983 66,360

*Commercial nuclear power reactors; jndustrial radiographers; fuel processors,
fabricators, and reprocessors; manufacturers and distributors of specified
quantities of byproduct materials; low-level waste disposal facilities;
independent spent fuel storage installations; and geologic high-level waste
respositories,

**The termination data for about 15% of the individuals terminating during 1983
or 1984 have not been entered into the REIR System.

5.3 Transient Workers per Calendar Quarter

One use of the information contained in the termination reports is the examina-
tion of the doses being received by short-term workers. Since nearly half of

the termination reports indicated periods of exposure that were less than 90 days,
it is possible that several thousand individuals could have been empTloyed by

two or more licensees during the same calendar quarter. Thus, in this report,

a "quarterly transient" worker is defined to be an individual who began and
terminated employment at two or more different licensed facilities within one
calendar quarter. This allows one to examine the doses of those warkers most
likely to approach the quarterty limits without their employer's knowledge
since they move so rapidly among facilities.
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Table 5.2 displays some of the information gathered from these termination re-
ports that were submitted by all covered licensees and by licensed nuclear power
facilities, separately. One can quickly see that the vast majority of these
individuals are,monitored by nuclear power facilities. The number of these
individuals increased about twentyfold during the five years 1372 through 1976,
but has remained between 2,350 and 2,550 since 1981. The top part of Table 5.2
also shows that the average individual dose (which is close to being a guarterly
dose for these workers) continues to decrease, dropping to an average dose of
0.26 rem {cSv) in 1984.

The bottom half of the table separates the information shown for power reactor
licensees into that for reactor workers employed by two, three, and four or

more different reactorllicensess” The table shows that most of these transients
were reported by two different licensees during a quarter. The smaller number
of workers terminated by three or more licensees received higher average doses
than those terminated by two employers every year until 1982. From that year
onward, the average dose of workers terminated from three or more facilities

has been about the same or less than the average dose of the workers terminating
from two nuclear power licensees.

Examination of these records also revealed that some individuals have worked for
as many as six different NRC licensees during one calendar quarter. However, on
the average, less than two instances per year have been found in which a worker
exceeded his quarterly limit of three rems (cSv) as a result of his working at
two or more different licensed facilities within one calendar quarter. In a
few of these instances, the doses that the workers had received while employed
by the first utility were revised upward later in the year. The underestimates
resulted in quarterly doses that slightly exceeded three rems (cSv). A very
few quarterly exposures exceeding three rems (cSv) may have gone undetected
because a worker's dose was received over a period spanning a calendar quarter
and was reported for the entire period. When this happens, it is not possible
to determine the portion of the dose received during each quarter.

Lo Y d

5.4 Transient Workers per Calenddr Year

Since the number of transient workers per calendar quarter comprise only a small
percentage of the total number of individuals terminating each year, it was
decided to change the criteria so that the records of more workers would be exam-
ined. This was done by selecting the records of all individuals who began and
terminated two or more periods of employment with at least two different reactor
facilities within one calendar year and summing each worker's whole body doses.
An examination of these data would allow one to determine the number and average
dose for these "annual transients." Since more than 95% of these transients

are reported by nuclear power facilities, only the termination records of these
individuals were examined in detail. Table 5.3 summarizes the number and doses
of the transients found among the individuals terminating during the eight years
from 1977 through 1984. The number of these workers increased from about 3,200
workers in 1977 to about 6,000 in 1984. However, after reaching a high of about
6,000 person-rems (person-cSv) in 1980, the collective dose incurred by these
workers decreased to about 5,500 person-rems (person-cSv) in 1984. The average
dose also decreased somewhat in 1984 to a value of 0.81 rem (cSv).
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The Tower portion of Table 5.3 shows the number and doses of workers who were
terminated by two, three, and four or more different licensees during each
calendar year. In 1984 there were sharp decreases in the collective and average
doses of workers terminated by more than two facilities. This is probably due
to the utilities' increased efforts to keep the annual doses of all workers less
than five rems (cSv). This is further borne out by the fact that, as shown in
Table 5.4a, the distribution of the doses of these transient workers was such
that there were only 11 workers with doses greater than five rems (cSv) in 1984,
Table 5.4a shows that in prior years, there were usually between 50 and 100
transient workers with annual doses greater than five rems {cSv).

Another way in which the distribution of the doses received by transient workers
can be useful is in the determination of the impact that the inclusion of these
individuals in each of two or more licensee's annual reports had on the annual
summary (Table 4.4) for all nuclear power facilities (one of the problems
mentioned in Section 2). Table 5.4a shows the actual distribution of these
transient workers' doses as determined from the above-described termination
reports and compares it with the distribution of the doses of these workers as
they would have appeared in a compilation of the annual statistical reports
submitted by each of the nuclear power facilities. During each of the years
shown, each of the transient workers was counted an average of 2.6 times. This
was not surprising because some individuals were reported by as many as nine
different facilities.

Table 5.4b illustrates the impact that the multiple reporting of these transient
workers had on the staff's compilations of the annual statistical reports for
the years 1978 through 1984. Since each nuclear power facility reports the
distribution of the doses received by workers while monitored by the particular
facility during the year, one would expect that a summation of these reports
would result in individuals being counted several times in dose ranges lower
than the range in which their total accumulated dose {the sum of the personnel
monitoring results incurred at each facility during the year) would actually
place them. Thus, while the total collective dose would remain the same, the
number of workers, their dose distribution, and average dose would be affected
by this multiple reporting. This was found to be true because too few workers
were reported in the higher dose ranges. For example, in 1983 the compiled
annual reports indicated that 85,694 workers received a measurable dose, 85 of
whom received doses greater than five rems (cSv). After accounting for those
individuals that were reported more than once, the adjusted distribution indi-
cated that there were only 80,552 workers that received a measurable dose and
that 163 of them received doses greater than five rems (cSv). This resulted

in an average measurable dose of 0.70 rem (cSv) rather than the 0.66 rem {cSv)
obtained from the compiled reports.

Since the number of transient workers receiving measurable doses is only about

5% of the total number of workers receiving measurable doses during the year,
their impact on most of the statistics derived from compilations of the annual
summary reports is not very great. However, when examining the number of annual
doses exceeding five rems, one finds that the adjusted statistical distribution
indicates that the number of workers who received doses greater than five rems
(cSv) was between 50 and 80 more than the number found in the compiled statistical
distribution each year until 1984. This is more clearly shown in Table 5.5,

where it can also be seen that in 1984 the number of workers receiving doses
greater than five rems (cSv) was found to be 11 workers. Most of this reduction
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is probably due to the fact, as stated in the footnote, that not all of the
1984 termination reports had yet been processed. After discussions with several
firms that provided contract personnel to work at nuclear power facilities
during 1984, it was determined that 110 would be a more realistic estimate of
the number of workers with annual doses greater than five rems.

Table 5.5
ANNUAL WHOLE BODY DOSES EXCEEDING FIVE REMS (cSv)

Compiled Number Adjusted Number Percent of
Year >5 Rems (cSv) >5 Rems (cSv) Workers
1977 270 351 0.9
1978 103 158 0.4
1979 130 180 0.3
1980 311 391 0.5
1981 189 235 0.3
1982 74 135 0.2
1983* 85 163 0.2
1984* 0 11(110)** <0.1(0.1)**

*Figures for these years may be incomplete because the
termination data for about 15% of the individuals termin-
ating during 1983 or 1984 have not been entered into the
REIR system.

*XEstimate based on discussions with firms providing contract
personnel.

5.5 Temporary Workers per Calendar Year

To complete the exmination of the doses received by the short-term workers em-
ployed at nuclear power facilities, Table 5.6 summarizes the data compiled on
“temporary workers". For purposes of this report, temporary workers were defined
to be those individuals who began and ended their employment at only one nuclear
power facility during the calendar year. Table 5.6 shows that the number of
these temporary individuals has increased by some 64% between 1977 and 1984
while the number of reactors has increased by about 40% during this time. The
number of temporary workers receiving a measurable dose, however, has increased
by only 27%. The average dose per monitored individual remains at about 0.30
rem (cSv) and, since about half of them received less than measurable doses,

the average measurable dose remains at about 0.60 rem (cSv). Comparison of
these figures with those in Table 5.4b reveals that these workers comprised 28%
of the total number of workers (92,918) receiving a measurable dose in 1984,
while their collective dose was unly 26% of Lhe total collective dose. Their
average measurable dose was also slightly less than the overall average of 0.59
rem (cSv).
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Table 5.6

TEMPORARY WORKERS PER CALENDAR YEAR
(Individuals Terminated by Only One Employer)

Collective Average Average

Number of Number with Dose Dose Measurable

No. of Temps. Measurable (person-rems or (rem or Dose

Year Reactors Monitored Doses person-cSv) cSv) (rem or cSV)
1977 57 29,090 19,094 11,373 0.39 0.60
1978 64 28,864 17,110 9,821 0.34 0.57
1979 68 38,347 21,491 9,488 0.25 0.44
1980 69 48,383 28,305 16,168 0.33 0.57
1981 71 48,265 28,675 16,755 0.35 0.58
1982 75 44,503 25,646 14,266 0.32 0.56
1983* 76 47,428 24,144 14,902 0.31 0.62
1984* 79 47,622 26,188 14,653 031 0.56

*Figures for these years may be incomplete because the termination data for
about 15% of the individuals terminating during 1983 or 1984 have not been
entered into the REIR System.

5.6 Dose Distribution by Sex

In 1980 the sex of terminating individuals was first entered into the REIR
System, along with the usual identification and dose data that have always been
entered. Since the sex of the individual is not normally indicated on the
termination reports, the sex was determined by examining the first name or
salutation of each individual for whom either one was shown. The REIR System
now contains the sex of about 65% of the individuals terminating since 1980.

Table 5.7 summarizes the results of several analyses of the termination data
submitted for individuals for whom the sex had been entered in the REIR System.
Females comprise between 5% and 8% of the total number of the annual transients
(individuals beginning and ending one or more periods of employment during the
year). Table 5.7 also shows that the collective dose incurred by these females
is only about 1.3% of the total collective dose incurred by the total number of
annual transients. Consequently, the average measurable dose for female workers
was found to be 0.26 rem (cSv) while it was 0.73 rem {cSv) for the male workers
termipating in 1983. Figure 5.1 shows the distribution of doses of these workers,
and one can quickly see that some 90% of the females received doses that were
less than 0.10 rem (cSv); only 65% of the males received such doses. There

were no females in this population that received a dose greater than five rems
(cSv), but there were about 100 male workers that received doses between five
and nine rems (cSv) in 1983, the last year for which this ana]ysiiywas done.
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PERCENT OF MONITORED MALES OR FEMALES

70

60

L)

Dose Distribution of Males and Females Terminating from LWRs

Figure 5.1

1983

NOT

MEAS.

measurabie dose of 0.73 rem{cSv)

(] Males — Comprised 82.9% of the 45,313 monitored individuals, or 96.4% of the 25,195
workers with measurable doses. for whom sex was determined.
They incurred 98.7% of the collective dose and received an average

///] Females — Comprised 7.1% of the 45,313 monitored individuals, or 3.6% of the 25,195

workers with measurable doses, for whom sex was determined.

They incurred 1.3% of the collective dose and received an average

measurable dose of 0.26 rem{¢Sv)

0.50- 075  1.0.
50 0.75 1.0 2.0

DOSE RANGES {rems or ¢Sv)
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5.7 Age Distribution

Since the REIR System contains birth dates for about 60% of the approximately
300,000 individuals that have terminated from nuclear power facilities since
1969, it is possible to examine the age distribution of these terminated workers.
Table 5.8 shows the percentage of these individuals in each of twelve age groups,
ranging from 20 years old to 79 years old as of the year 1985. There is a small
portion of the workers less than 25 or older than 65 with the vast majority
(63.8%) being between 25 and 45 years of age.

Table 5.8
AGE DISTRIBUTION OF TERMINATED REACTOR WORKERS
AS OF 1985
Age Range (Years) Percent in Range
20-24 2.0
25-29 12.4
30-34 18.1
35-39 19.1
40-44 14,1
45-49 10.0
50-54 7.8
55-59 6.7
60-64 5.3
65-69 3.1
70-74 1.2
75-79 0.2
> 80 0.1
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6 PERSONNEL OVEREXPOSURES - 10 CFR § 20.403 and 10 CFR § 20.405

6.1 Control Levels

One requirement of the above-referenced sections of Part 20, Title 10, Chapter I,
Code of Federal Regulations, is that all persons licensed by the NRC must submit
reports of all occurrences involving personnel radiation exposures that exceed
certain control Tevels, thus providing for investigations and corrective actions
as necessary. The term "overexposure" is not necessarily intended to indicate
that a worker has been subjected to an unacceptable biological risk. Based on
the magnitude of the exposure, the occurrence may be placed into one of three
categories:

(1) Category A

10 CFR & 20.403(1) - Exposure of the whole body of any individual to
25 rems (cSv) or more; exposure to the skin of the whole body of any
individual to 150 rems (cSv) or more; or exposure of the extremities
(feet, ankles, hands or forearms) of any individual to 375 rems (cSv)
or more. The Commission must be notified immediately of these events.

(2) Category B

10 CFR & 20.403(b) - Exposure of the whole body of any individual to
5 rems (cSv) or more; exposure of the skin of the whole body of any

individual to 30 rems (cSv) or more; or exposure of the extremities

to 75 rems (cSv) or more. The Commission must be notified within

24 hours of these events.

(3) Category C

10 CFR § 20.405 - Exposure of an individual to radiation or concentra-
tions of radicactive material that exceeds any applicable quarterly
limit in Part 20 or in the licensee's license but is less than the
values given above. This includes reports of whole body exposures
that exceed 1.25 rems (cSv), or that exceed 3 rems {(cSv), as discussed
in Section 3.2. Reports of skin exposures that exceed 7.5 rems (cSv)
and extremity exposures that exceed 18.75 rems (cSv) are included,

and reports of exposures of individuals to concentrations in excess

of the Tevels given in 10 CFR § 20.103 and Appendix B usually fall
into this categorykas}weii. These reports must be submitted to the
Commission within- 30 days of the occurrence.

6.2 Summary of Overexposurés

Table 6.1 summarizes all the occupational overexposures to external sources of
radiation as reported by Commission licensees pursuant to § 20.403 and § 20.405
during the years 1977 through 1984. For 1982, 1983, and 1984, it shows the
number of individuals that exceeded various limits while employed by one of
several types of licensees. For the years 1977 through 1981, only the over-
exposures reported by licensed industrial radiography firms are shown separately.
Most of the occurrences included in the "Others" category come from research
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Table 6.1
PERSONNEL OVEREXPOSURES TO EXTERNAL RADIATION

1977-1984
Types of Overexposures and Doses
License Persons and Whole Body (rems or cSv) | Skin (rems or cSv) Extremity {rems or cSv)
Year | Category Doses (rems ar cSv) <b.00 | >5 <25 | »25 >7.5¢<30 | »30<150( >150 [ >18.75<75} »>75b<375 | >375
Industrial No. of Persons 3 1 3
Radiegraphy | Sum of Doses 12.5 8.2 127.¢
Power No. of Persons 3
Reactors Sum of Doses 7.6
1984 | Medical No. of Persons 2 1 1
Facitities Sum of Doses 5.7 5.2 18.8
Marketing No. of Persons 1
& Manufact. Sum of Doses 21.8
Others No. of Persons 1 3
Sum of Doses 1.7 70.1
Industrial No. of Persons 1 1
Radiography | Sum of Doses 4.7 650
Powar No. of Persons 8
Reactors Sum of Doses 14.9
1983 | Medicatl Mo. of Persons 3
Facilities Sum of Doses 5.2
Marketing No. of Persons 1° 2
& Manufact. Sum of Doses 25 49.5
Others No. of Persons 25 2
Sum of Doses 837 228
Industrial No. of Persons 6 3
Radiography | Sum of Doses 16.1] 20.7
Power No. of Persons 1 1
Reactors Sum of Doses 5.0 9.4
1982 | Medical No. of Persons b4
Facilities Sum of Doses 1.9
Marketing No. of Persons 1b
& Manufact. Sum of Doses 1.3
Others No. of Persons 1 15 2
Sum of Doses 4.3 569 206
Industrial No. of Persons 7 1
1981 | Radiography | Sum of Doses 12.2 7.1
A1l Others | No. of Persons 10 2° 1 4
Sum of Doses 24.1 30.9 8.1 102.9
Industrial No. of Persons 4 1 1
1980 | Radiography | Sum of Doses 23.6 7.7 56.0
A1l Others No. of Persons 84 3 3
Sum of Doses 285.4 73.5 33,000
Industrial No. of Persons 8d 3
1979 | Radiography | Sum of Doses 25.9 34.6
A1l Others No. of Persons 30 3® 7 1 2f 15 19
Sum of Doses 65.0 39.0 125.7 40.0 327 468.1 147
Industrial No. of Persons 4 1 1
1978 | Radiography | Sum of Doses 15.3 21.6 150
A1l Others No. of Persons 12 4 1 2 2
Sum of Doses 36.0 51.9 §27.3 i8.2 49,2
Industrial No. of Persons 7 2h 1
1977 § Radiography | Sum of Doses 23.7 23.2 630
No. of Persons 38 1 3! 10
A1l Others Sum of Doses 75.0 220 40.0 224

Sthis person simultaneously received an extremity overexposure of 61 rems (¢Sv) that is not shown.

Th1s person simultaneously received a skin overexposure of 15.2 rems (cSv) that is not shown.

“One of these persons simultaneously received an extremity overexposure of 21 rems (cSv) that is not shown.
One of these persons simultaneously received an extremity overexposure of 46 rems (cSv) that is not shown.
0ne of these persens simultaneously received an extremity overexposure of 45 rems (cSv) that is not shown.
These two persons simultaneously received extremity overexposures of 82 and 38 rems (cSv) that are not shown.
This person simultanecusly received & skin overexposure of 13 rems {cSv) that is not shown.

-This persan simultanecusly received an extremity overexposure of 18 rems (c5v) that is not shown.

This person simultaneously received an extremity overexposure of 26.9 rems {cSv} that is not shown.
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facilities, universities, and measuring and well-logging activities. In 1980
the total number of individuals reported as being overexposed was 96, a consider-
able increase over the numbers reported for other years. This increase was due
to the overexposure of some 67 individuals at one nuclear power facility during
steam generator repair work. They received doses between three and five rems.

In 1984, the total number of overexposed individuals was 19, which is the lowest
number reported during the years shown. The highest whole body dose in 1984 was
8.2 rems (cSv). In each of the years from 1977 throuvgh 1983, the highest whole
body doses were 220, 27.3, 17.0, 7.7, 9.4, and 25 rems (cSv), respectively.

There were two incidents in 1984 in which external exposures of the magnitude
described in Category A or B were received. In one incident, a radiographer
received a whole body dose of 8.2 rems (cSv) while performing radiography in a
field site in Utah. The radiographer failed to perform ciequate radiation
surveys after making radiographic exposures and did not realize that the radio-
graphic source had not returned to the fully retracted and shielded position.

In the second incident, the dosimeter worn by a nuclear medicine student indicated
a whole body dose of 5.2 rems (cSv) for the month of December. Investigation
failed to find the cause of exposure, and it was assumed that the student

incurred the dose. Although both of these doses are all in excess of NRC

Timits, they are below the level where observable medical effects would be
expected.

There were two instances in 1984 in which the estimated intake of radioactive
material exceeded the quarterly intake 1imit, equivalent to exposure for 520
hours at the maximum permissible concentrations (MPC-hours). Both incidents
involved thyroid uptakes of iodine-125 in which one individual received an
estimated thyroid dose of 2,000 rems (cSv) or less and the other received a
thyroid dose of 300 rems (cSv) or less. Both individuals were involved in
research activities, and their excessive thyroid burdens were discovered during
routine bioassays. It is doubtful that either was the result of excessive
airborne concentrations of iodine-125, but exactly how the uptakes actually
occurred was never discovered. No change in thyroid function was observed in
either individual.

There was one reportcof personnel exposure to airborne concentrations of soluble
uranium in excess of the applicable 1imit equivalent to exposure for 40 hours at
the maximum permissible concentration in 1984. The report indicated that an
uptake equal to 90 MPC-hours may have been incurred by an employee while working
in a ventilation dust collection unit.
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APPENDIX A
INDUSTRIAL RADIOGHRAPHERS

Single Location 1984

0
g%7!

Total.  Workers with Collective Average
Licensee Name License Number Individuals Measurable Dose  Meas'ble Dose
Monitored Dose {man-rems; (rems or cSv)
ALEX LURPORATIUN 29-05208-02 & o 0 0.00
ALLX CIRPURAT 10N — w5 29-01208~03 Q 0 o 0«00
Adr PRODUCTS AND C4LMIVALL 470510504 15 12 1 0s12
ALLUY CRAFTS CONMPANY 13-17511-01 4 ? o Oell
ALUNSY & CARUS IRON wdrnd 5221350301 2 2 o] 0. 18
AMULD B IL CLMPANY 1I2=06708-01 4 4] [+ O 00
AMAIR/DARL LnG VALV CUMPANY 27T=—15476—01 & 5 Q 0. 08
ARMY, DERARTMENT UF THL 13-18235-01 39 11 H 0«05
AMMYs DERPARTMENT UOF THw 29-00047-06 170 23 1 De05
ARHOW TANK & ONGINcERING CO, 22-1 3253-01 £ o Q Ce 00
ALSOCIATED PIPING § EMGInLL HAN 43-1119-01 u 8 0e1l2
ATLANTIC REJEARCH CLRPLIRATE UM 45-0 280804 15 15 4 0.27
BABCOCK & WILCOX COMPANY 340 2160-03 46 32 2 0.05
BE.OIT WORPURAT.OMN 480241202 2 o 0 Oe 00
8 RG-WARNER CORPORA T'ION 37-16828-01 10 o o] 0«00
BRAND EXAMIWATIUN SLRVICES Q6-17156—-01 36 3z 48 1.51
BRIGHTON CORP. 34-2 148001 3 3 4 1.29
BIULAEYE INTERNATIONAL 34-06627-01 a 2 005
BUCYRUS=CRIL Cla 4B-06390—-01 y o C.CO
CAUMEY TesTING SERVICLL INCa 13-1 634701 33 23 21 0.92
CAPITOL STEkL CORPURATIUN 25-156365-01 2 1 Ce28
CARLIBL SHELL & TUBE . INC. L2-19438-01 s 1 0. 10
CATERPLILL AR TRACTOR COMPANY 12-18023-21 2 o Ga 03
CrlCAGU IRIDGE AND SRU0M CO. 12-0 56 39—0 1 7 s 4] 0,05
CHICAGD BRILGE AND IRON Cu, 430533702 15 [ 3 [ 9 I 4
COLT INDUSTHRIED OPERATING CURP, 480 2387—03 5 0 o] 0.00
CUMBUSTAON LG REER ING 45=02325-02 12 10 1 0=13
CINSECO INC. 48-16774-01 C o 1] 0. 00
CUNSULIDATED FOUNDRIES & MF Ga 34—04657T~02 < c ¢ 0.00
CONSULIDATED X—RAY SERVICEL 29-2 145201 83 £:3:) as 0.97
CONSTRULT AUN EnGl nEER Lok OO, F#=-18456—01 1 28 7 3 Oe 13
COPES VUL CAN 37-19530-01 i 1 1 Oe 63
COUNTER & CUa 29-21308-01 o o 0 0. 00
CHANE CLUMPANY — IND AN URCHARD 20—00518-02 4 o (o] 000
DAY AND Z IMMERMANN INC. 42-15051-02 3 0 0«05
DuPTe UF ARHMY 35-19189—02 3y 1 o 0. 18
DEPTs DF NAVY , USS 04—} 8082-01 2¢ 3 o 005
DEPTe UF THE NAVY . NONDESTRUCT 04-06145—03 9 o [} 0. 00
CONNECTICUT, STATE F 06-06472-03 37 2 o 0.05
DWGE FOINDRY AND MACHING CO, 37-15324-01 3 o 0.13
DRAVO CORPORATLION 330 085002 3 1] 0+13
DWNCAN FOYNDRY €& MA O ING WO KKS 12-05687-01 0 o 0. 00
D UHALDY CUMPANY { THE) 3A7-g22719-02 10 S 2 0.39
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APPENDIX A {cont.)
INDUSTRIAL RADIOGRPHERS

Single Location -1984

Total Workers with Collective  Average
Licensee Name License Number Individuals  Measurable Dose  Meas'ble Dose
Monitored Dose (man-rems) (rems or cSv)
DLWRIRUN COMPANY INCURPORAIE D 340639801 & 5 2 Ce31
Ew te DU PONT DE nEmOURS B Oy, C7T 004553 & 1 c 0.05
EvPIRLC STCEL CALTINGS, IhCe 27-0z2448-01 3 1 o G.38
E XXUN CUMPANY Ue. S. Al 250 4375-02 & 0 0 Qe GO
GENERAL ELECTRIC LOMPANY 20-00815-05 12 & 0 005
GENERAL ELECTRIC COMPANY 24-00499-10 3 1 0 0. 05
GNERAL MOTURS CORP e 21=06678—04 4 [»} o) 0.00
GeNLRAL MUT RS CORPURATIUN 12=0=251-01 4 4 0 0.05
GLNERAL MDTURS (ORFPURATLUN 21-02392-01 H 0 0 0. 00
GENERAL MOTURS CORPGRATIUN 34=15315-02 24 [} 0 0.00
GLUBL X-RAY SERVICES 1o 35-195194~01 33 33 29 Ce89
G i FPLUNIRILS I NCIRPURATLE L 480 2844-01 1 o 0. 05
HARKRILON LTREL CAST anGE Cu 130214101 & 4 1 0. 16
LSS O VIRGEIN ©SLAND UKD 55— 5B 3302 11 3 Q 0.13
Bt STobil, STRULTURLS INCa A7T-17534-01 [ 3 1] Ge 05
PAGER DOLC =R AND COMP AaNY 29-02015-02 2 2 1 O« 40
IaTER EURs OUPARIMEONG b Trn 24-026 19-C2 rd 3 0 0.05
FNTLRIOK, DLPARIMENT OF Thc A6—01142~03 [e) 1 o] 0«05
JUN LERE FOURDR Y 12-09111~01 3 3 o 0. 05
K AST mMLTALS CURPORA TI Uty 14— 7200-01 & Z o Ca S
K SEV—raAYES COMPANY NG, 12-0 236002 4 0 0 0. 00
KO TUGe Cle 13-21248-01 0 0 0«00
L/pARLE INCa Fo-15b514-01 -._— z 0 0. 21
LUENSD LTLLL JOMR AN Y S7T-J2=8Z7T 01 3] o0 [o] Ce 00
L YNCHUURG FLUNDRY C LM ANY 45—1 746401 o 2 0 D.18
MAGNAFLUX CunrPUORATL 12-00622—-07 4 35 334 288 Oe86
MARAT -ON ULl CORFPAKY 34-01541—-02 4¢€ 9 1 0. 05
MASON & MARNGER—LILA Y @A LIIN O 16=17692—01 <)) 2 0 0. 05
MASSTLLON STEEL CASTi™ne CU, 24—026 0501 M ] o 0G0
MAY ARD ELECTRIC SToble JAST ile 45-07080-01 4 4 2 ettt
M OMANUS INSPECTION wiRvICE 43—1 41 58~-01 3 3 1 0e18
MANNEAP L IS ELECTRIC olrkll CAb 22-03572-02 P o C Os 00
MISSOURT STeFuL CASTINGL Cu.e Z5-15152—C1 4 I G Co GO
NAT JONAL AE RUMAUT 10L Al 82 Aalc 39— 0507—-04 4y 12 1 0.05
NAT IDWAYL AEROMNAUT ICH ANU SP Al 450 us Bo—0C %) 6 0 Qe 05
NAVYe DEPARTMLNT OF Wity A, s1-176TF-01 i 9 z Na 25
NAVYy DLPARIMeNT Ot Tiic GO 6l4ab-01 by 11 1 0. 05
N/VYs DEPARTMENT OF T Va—0YR69—0 1 10w 3 o CalS
NAVY, DEPAK EMLNT UF Tr. 2u-01012-02 e 50 5 0. 10
NAVYs DCPARITMET OF Tl G703 1420 % 16 2 Gel?
NMAVYy DLePARTMLNT OF Tt S9=~-0 61 26-01 57 a9 & Oa11
N&HvYe ULPARIMeNT - [a: 2Y9=-12047~01 o 0 C C. 00
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APPENDIX A (cont.)

INDUSTRIAL RADIOGRAPHERS

Single Location - 1984

Total Waorkers with Collective  Average
Licensee MName License Number Individuals Measurable Dose Meas'ble Dose
Monitored Dose {man-rems {rems or cSv)
WNAVYs DLPARTMLNT UF THL 46 -0u6 31~ 1 & Q o 0.00
N&V Yy LIPARTMENT UF Tot SJo—-1925%-C1 24 24 1 Qe U5
NAVYs DoPAR eMONT OF THb w3-0ude7-01 z4 23 2 Ce GB8
NmVYs otPT W Tne “3—14031-0Zz i 0 0 0. 00
NAVYy DLPTs OFs USS FRAM C. s1—19283-01 bS] ] 1 Cell
NOLES STEEL TANR COMPANY £1—Q4a741-01 4 1 0 0.05
NURTHWEST ALRLLINEL Litw s e2—1 o0t~ 01 27 3 ¢ 0. 05
O ARJMAA STine CALT INGD Cue an—21159-01 & 3 c 0,13
DAk Al LINESs IHC. 24—l 3591—C 1 24 1 1 C.63
P e Xe EMNGINLERING CIMPAY I NCs c0—12102—01 2 2 o 005
PiLTuew LAST b L INC. a8H-3 256502 3 3 o 0.G5
FoOinG YLVANT A SH P aU LG Cue 27T—2 1006701 < 5 C £. (5
P AiTISRURGH—LGE S MUTHLL Contie 43-1 49 1b—01 2 2 o G005
AUFE DL IUNAL SERVILED LUy, 12-21501-01 7 ¢ 0.05
GUAKE R ALLOY CASTiNG CUMPARY ST—03671-01 2z 17 =5 0,18
REFINLRY PRLOUCTS CuRPORATI ik 48 =0 36650 e 1 1 D63
ROICHMOND ENGLREER NG CoMmPANY 45-0z884—-01 16 3 1 Ce2C
S aANYU R HE ob ARGH PrUOLJUC T LG, RG—0 204401 7 1 o) 005
SIAFER VALVE CUe 34—-21198~01 ] a Qe 00
S iVYEx STLEL CASTING LUMPANY 140540701 4 1 o Cel8
SOUTHWLSTORIG eNGIN LRIMNG L0 - 24-19500-01 k1 3 1 O.24
STe LLUJ1% SIEEL CALTLHG INC. s4-0 158701 = = ] 0«05
STRLUTHERS WLLLS CURPORATIUN 47-11192~01 4 0 Q.05
T AYLUR AND FEady COMPASY co—Geb2a—-01 & o o Ou 00
Tl b yNE unrTOCALET 34—-00412—-03 V] 1) c Cu00
T riudul, ChEML CAL CUPURATION L1008 5H6—02 v 0 o} s 00
ThIUKOL CriEesi CAL CORPORATION—/ 43-03227-01 & a8 4] 0«05
THIUSOL CURFORAFION 17-16L380—01 54 24 2 0eCB
T RANS AURLD AGRLIMEL st 2a—-05151—0(5 24 = 2 Qe 35
U eS el e WURTHINGION HJ M2 CURH 29-0r210-02 4 o} 3] 0. 00
UNITED STATES PIPE AND FLUUN WY 2= 7262-01 3 o] o] C.CO
v trATH COMPANY (Tric) HGis=-0 B3 95—01 [~ 2 ¢ 0. 05
W OAIKE GHA FUUNDRY CIMPANY Linc, 4fH—1 37 7601 & % o) 0.C5
WLATHCRLY FIUNDRY ARD #MalqgF Acl, J7-09859-01 2 Q c CaCO
WEHMR STeEL (LIMPANY 45~02005-02 4 3 1 0. 20
WESTEAN Z TR CONIUM 1629601 11 1 4] 0«05
W SsTINGHDUSE LLEC TR IC Clntb. S7T-03632-01 16 7 1 007
WisTe HGHMUJUSE flbew TH v vl S7—-IELQ9 0L &, 3 3 0,87
WIHETL G CURVORATION 12—04921—01 & v u] Q.00
WL AM PUOWLLL COMPANY (THe ) 240296301 [5) s} < 0. 05
W OESCONMS AN CENTRAISUG AL LivClOR P 48-11o41—01% 4 3 2 0. 37
WoasLiheS aiy aDUJSTRAL TiaT o qfi—1 raB0-01 £14 25 16 (e &6
WD INDUSTRIES PEPo FAGRICAT. S5e] 4 580 1) 5 4 % 1. 36
YuBA HEAT THRAMNSFER CORPURAT IuN 15—~1 473501 2 3 z CeB1
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APPENDIX A D >/;

INDUSTRIAL RADIOG HERS
Multiple Locationg~1984

Total Workers with Collective  Average
Licensee Mame License Number Individuals Measurable Dose Meas'ble Dose
Monitored Dose (man-rems! /vems e cSy)
A=l INSPECT alng Inl 49-2 1496-01 4. 4 5 Te20
ABC TESTING 201 9778—01 10 10 3 Ce29
AOVEX CUORPORATION 45-10452-01 15 12 12 1,03
AdR FURCE s DEPARTMENT OF FHL G991 51 49—01 & &6 o 0u05
ALASKA TwOULTRIAL X—RAY 50~-10084-01 7 6 4 D62
ALASKA WELDING LENTER ‘ 20-19202-01 59 S6 52 0e %3
ALl EGAENY LASS,. IT-20734—-01 3 2 ] Oell
ALl IEL INSPECTION SeRVICCY  1xC, 211842801 i 11 9 7 0. 72
ALLIS—CHALMERS CORPURAT EON 371 6260—03 i 20 1 o 0. 05
AMERICAN AIRLINES INC, 35-1 3964-01 : 76 29 5 Cel6
AVERLCAN UL CUMPANY { 1.4 ) 13-04155~-10 27 lo 1 0.05
AMERICAN TELTING £ INSH.CTL 1 12—211031-01 7 7 2 Ce23
ANMOCD D1 CUMPANY 45-01378—-02 13 2 Q 0.0
ARAYy DEPARTHMENT UF THo 60240505 T 6 o] 0. 05
ARNOLL GRECHNE TEST16HG LAt . 20-01074 -0 39 30 5 C.18
ALTRUIE Y LG 37T-095928-01 15 9 4 D46
BASCOCK & WILCOX e (Ti ) 34-02160-04 133 44 8 Oet8
SANER TLSTiinG SERVIVES Iiole 20-1 906701 4 4 ¢ 0.05
S ASEIN 1wOUS TR IAL X~RAY. INC . 4x~19906-01 o] 4] 0 0.00
BAN ERUN WORKS CURPIRA 1O 18-G WBEE~04 17 3 G Ce 05
B oNJAMIN Fo SHAW CUMPARY g 39-13318-01 2 2 o 0el8
S L MILLUK INC. S5-19048-01 1& 13 10 077
BraANC A waA LT OLRAPHLIC LA 29=034 0b—0 2 ) 449 49 & Oe il
BEHAUN ENGIN_CERING To3Tiu, JnNe, £2—- 053702 v 0 o) Ou 00O
BRIGES GENGINEERING & TLSTING 20-16401—-01 & s 3 G 64
SHILTUL STl AND @ MUN #0RK 45—1 694701 o 5 1 0.21
BGOTHC—TW ININGy FNC, U4 —1 95 22— 1 8& 8p 81 Ce99
C b R LADURATOR IE S 03-1 Y91 79—0 & 4 4 a 0. 05
CAPITAL A—HAY SeEdvies A5~11114-01 26 25 65 2.65
CARRUIL ENGINSL RS 20-13042~0) s 1 0 0,18
CATALYTIC INC, 37-12931~02 J D o 0«00
CATIRPILLAR TRALTOR i aPANY 120 GO 13-02 16 2 ¢ 0.18
ConTIFIRD TeSTING CLABINATUR Lo o 9=l 15001 o & 0 0.05
Crd NE WU TRACT 40N G ORI URAT 2o z2-1d3a2-01 In 13 5 O 34
CnlCAGU IRILGE AND RO (i 42—-15553~-02 1135 112 59 0.52
CLEVELAND XA=RAY IRSPECTION Fil 45—-15205-01 51 51 48 094
CiiBY AND TnICLMS b To L ki 4=y ST 37131 o =Y 5 Oy G4
CHLUNIAL vax CU. 2U-19%003—-01 o o] o 0.00
CALUMGL A GAS TRANSM 1SS ol L Lk, A7=1 06060 -1 o 4 1 D 14
CiMbBULT IUN ENGLNEEIR ING e, L6—-Cal534-01 L 11 11 1 Oel3
CNSULIDATE D TESTING L AsS 21~D 1545—03 ) > s 4 CeB1
CNDULIUA TE D X—itAY o v [ i, 42-0u456-02 92 91 64 Qe 70
CUNLBUMCKS PUYER CONPAWY 21 -JabC6—L 3 22 ia 5 G, 28
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INDUSTRIAL RADIOGRAPHERS
Multiple Locations-1984

Total Workers with Collective  Average
Licensee Name License Number Individuals Measurable Dose Meas'ble Dose
Monitored Dose {man-rems) (rems or cSv)
CoRPURACLIUN GLOTEC b2—21486—-01 0 4] 0. 00
C RANE COMEP ALY 24—00563-02 o 9 0.53
ool EiOaNLL /U alz dve . HH—0u331-01 - 2 1 (e S0
D & % TESTING INGC A4~-21453-01 14 12 12 QeSS
DAaLlEL INTERNMATIONAL CLKR 290 126102 a4 31 19 Cebl
DAY TUIN X—RAY CUMPANY 340694301 12 10 4 0e35
DLFTe UF wWAVY s MARL 1LLAND anV, 40036400 5e 45 3 De 07
DEPTe UF NAVY » NAVAL DXAFLUS IV 190 G318—-03 25 o s} 0e 00
DEPTe UF HNAVY s USS5 A L4—1 (BT2-01 [ [} s} 0«00
DiPTa DF NAVY s USS U, a4 =3} ¥9T76—-01 16 15 1 Oe 05
DPTe UF NAVY . US55 H,| C4—1 &130-C1 24 0 0 000
DPTe UF NAVY s USH b LA4—1TT0O5—-01 11 o o Ca00
DiIPTe LF NAVY, JSb {¥ va—16G13-C1 1¢ 0 o] 0.00
LUiPTe OF NAVYs USH 4 Va—1L041—-01 149 19 2 De D9
OUPTe UF THC NAVY V9-21465-01 13 8 1 Oel0
DEPTe UF THE Navy 31182502 132 &4 G 0. 05
DERPT. OF FHL NAVY, 04 =04484-03 8 1 0.10
DiPTe OF THL NAVY . =053 14—05 7 o] Q 0. 00
DEPTe UE THi wAVY s ULS 5, SY=197 70~ 1 16 1 o 0«05
DUOUE SNE LIGAT COHMPANY S7T—-17507-01 14 12 2 Cal3
4 e CUNAELL & CuUMPANY A7T-171537-0C1 2 ) ° CaOG
EASTERN TESTING AND InSPECT Iin 29-098 14— 1 27 24 20 0«83
EMASCU SERVICLES Qi . 29-37056-03 Sl 31 10 0.33
EGE & FudRiDA, INCs Q9=-21233—01 25 22 3 0,14
FLPASLH NATURAL GAYS LUMPANY 42-0 420102 4 4 1 Ou 29
E W) ITABLE GAS COMPANY 37—-17491-01 ¥ o ¢ 0.00
€ aaM CUOMP ANY 35-16191-01 429 429 56 0.13
FACTOIY MUTUAL RELEARCH (URPOK 20-04007—02 2 c 0.05
FINLAY TESTING LABUKATURILD H3-17854-01 5 4 Je B4
FOSTER WHEELER ENERGY Curte IL1—-0L1776-05 3£ 14 5 Qe 36
FRANKLIN ROLEARCH CENTLH I7-00637-11 16 o 0. 05
FROEHLING & ROBCERTHSUN ahile 45-08890—-301 13 3 0.39
G fMMA FILIELD RADIOGRAPHIC FALLRL, 12-13858-01 25 20 15 V.73
GAaMMA SCAN COMPANY 07—19528-01 Y] o Q. CO
GiINERAL DYNAMICS CORPOHATIURN 060 3TB1-08 1 0o 94 23 0«28
G iENERAL DYNAMICSH CORPURAT 2O 20—11915-01 21 9 1 0e 10
Gl CUNSTRUCT ION TE T LG ua-Q 06 1604 241 180 G4 0.31
GLADS TONE L ABS. INCe (Tri) 34=-01764-02 5 ] 0«13
GIEAT LAKES TESTING CUORP. 13-21306-0C1 o] o] Ca 0O
GRikNLLL COMPANYs [la 38—02839~01 14 12 3 0«26
e Co NMUTTING CO. 34-14924—01 o 0. 08
Hae Re INSPECTION SLRVICE INC. 15-06209-01 6 Qe 73
ot X—RAY SERVICES INCae 17-19236—01 & 7 110
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APPENDIX A (cont.)

INDUSTRIAL RADIOGRPHERS
Multiple Locations 1984

Total Workers with Collective  Average
Licensee Name Licenss Number Individuals  Measurable Dose  Weas'ble Dose
Menitored Dose {man-rems)-{rems or cSv)
HARDY ASSOCIATES LT L. 0-19946-01 ) 3 1 0«31
ALRIFON FEST NG LABURATUORY 4 ihwe M- 0681-33 8 & 1 Oels
HUUSTON INSPECTIUN SERVICE 42-23150-01 20 20 62 3.10
HUTCHINSON AREA VO—TCCH ENS LT, 221555601 274 31 2 005
LADEPLNDENT INSPELT iUn 42194 41~C1 3 2 3 1.69
PNDIPENDENT TESTING LA, 031598102 57 49 25 Ce51
LrDUSTRIAL GAMMA RNIMPECTIUN 24—1 985001 1 o [} Q.00
INOUS IR IAL INSPLCTION 24-1 407101 47 43 30 0.69
LDUSTRIAL LABORATURILS INC, 41 —04226—02 I &6 Ce79
EADUSTRIAL NDT COMPANY 451949401 it 9 Gud3
INDUSTRIAL NOT SERVICLS 13-06147~04 7 [ Ce 30
JHOUSTRIAL TELTING LABUKATURY 37~-1L6406=-01 14 1 0. 05
INSPEUTION & FESTING CUMPANY I1-19921-01 23 23 26 lel1
ENSPECTJON SERVLCE WORP OUF 2t i 37-11636-31 & 5 7 1. 32
FGPEUCT iGN DERVICL, INC. 41-21154—01 35 25 13 0e53
INTERMIKITAIN TESTINHG CibdA RY 05078 72—C1 25 25 3 172
ENTERNATIUNAL FESEI G LAHS. 29-14027~-01 2 o Osl1
JaTe WWilltiv COMPARY 1hCu 12-145025-01 4 3 073 ..
JACKSUNVILLYL LalPYARDS IMC. 09-126311 01 10 7 1 Cu20
AN X—RAY SERVICE S iNCa 21 =1 0560-C1 1o 15 13 0.88
JINLS s OTH 353214 25-01 34 30 15 0.51
Loaniitead o ST ING LAFIKAWIRY 22—1 489701 [3) 2 1 De a0
LATY INSPUCTION STRVILS 2F=~21473—-01 2 c o 0. GO
LA EiaINLewliny TLSUING Cu, 10-003456—-03 243 196 22 0. 11
LitHIGh TESTING LABGRA TURLES C7-01173-03 4 B Ou56
LUCKH LY SHIPDUIL LI NG & CUN ST, 46092002 11 4 o 0.05
MAGNA Crdn «Nwe £1-1491311-21 27 15 De 4
MALLACHUSLT IS MATER1ALS i, £0=-149130-01 T 4 0. 08
MATERIALS TiiSTING LASGRATURY 45—1 ¥1H1=01 9 9 1¢ 1.16
MAYTTEWGLY & OUARLILL Y SERVACL 252147901 o] o] Qw00
MeT LAL i, 45-099 65301 7 7 D.23
MAT=CrieM CNGINELR ING LAc, 43-19652-01 37 36 22 062
MET—CrM BENGINEER Tid LAA, 43-31 1213-0Z 1l 9 9 1.03
MITALUGICs INCe U2-197268-01 94 81 39 0,43
MiTALSALES INC. 431714201 & a4 3 D4
METILS QNC. 42-16534—01 26 9 5 0e53
MIU—Cuid I NSPECTION 49-18670-01 o3 93 84 Oa48
M IDLA NI =RUE S CORP UR AT d Ui 34-01115-02 £, 0 0 0. 00
MAIDWE LT INSPECTIDON SERVICL LTD, 48~16296-01 1 9 ¢ & Ce83
MANNO T MAMJIFACTUR ING CURP 37-1 146031 0 I+ 0.00
MUNRD L A~-RAY CO. 17-12201-02 4 4 3 0,69
MINTAIA X=RAY InC. 25—-21134~01 1 1 3 2.50
MOitd SO~ AnUD SEwe WU MP ALY 3t . I1-1o9 4601 14 13 3 Qe 26
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APPENDIX A {cont.}
INDUSTRIAL RADIOGRAPHERS
Multiple Locations - 1984

Total Workers with Collective  Average
Licensee Name License Number Individuals Measurable Dose  Meas'ble Dase
e Monitored Dose {man-rems) (rems or cSv)
NATIONAL INSPECTION & CUimSUL. 0Y—-2128B9-01 ¢ o 0. 00
NAVY UERPTs WAVAL SUu oAbt H3—1 0226—01 27 1 CeC5
NoAarY :PT. USL ACAD LA L4108 46—01 e 22 0.05
NAVYs DLPAKR IMENT UF Jus F 31—-1t:014~-01 Y9 9 1 Ce 05
NAVYs OUPARWMENT UF Ut b 31-17v270—01 14 14 2 Cell
NAVYs DEPARTMERT OF o O S1-1u096-01 13 0 0 0.00
NAYYy UiPARIMENT UF Uas P Al—1 792801 20 2 o 005
NAVYy DILPARIMINT OF Jus Y s1=178C02-01 7 V] 0 O« Q0
NAaYs DEPARIMLNT OF Tl Ga—-03141-01 24 1 L] 0.05
NAVY, DIPARIALNT WF TAl Ca-1 325201 ) 0 0 0.00
NAVYs JERANITALNT UF Titi 060 71 H0—01 18 17 2 O.11
NAVYs DrPARTHMENT OF THx 45-0a052~03 B4 T2 &6 0. 09
N#aVYs DEPAR IMENT OF T 45-1 65002 14 [ Y 0. 00
NavYe DoPAr PALNT UF Tid L6-03078-01 B2 7Y 12 0.15
NsVY¥s DEPTS OF hiEs (ULl C, 09—-19932—01 11 11 1 005
NAVY, LGP Te UF THEs USSE M. 04-19966—01 17 17 1 0.05
NAVYs DERPTe UF IdEs ULS o, Ca—z 124601 is 7 o 0. 05
NDE SRVICE., INC. 05-19821-01 15 15 i1 De72
MUl CURRUSEWLN & Cun IRUL SER WV 42-21135-01 o 4 Q 0G0
Ntw YURK TESTING LALURA fuRlaL 31-Q 293301 7 = 2 0.37
NEWHAORT wLWS InDUSTRIAL ~UORP. 34-~16805-01 4 3 o 0. 05
NEWPURT NEWS InNoUSTRIAL CORE 45-1 1569-01 v o o 0.00
MEWPOKT NEWS: SHIPOUILLIMNG 45 -0 G4 2802 95 89 aa 0. 38
NI TLSTInG SERVICE I7-18348-02 15 3 1 0e20
NUNDE STRUCTIVE INSPrUTIUON SLREV, 47—-11883-01 11 11 & G+ 6B
MNONDESTRUCTIVE TESTING CURP. 29-19742-01 24 24 5 0.21
NUWTER LORPURATION 2640378301 16 13 1 0. 06
NORFOLK SHISSUILD ING AND O9R YO 45—1 204201 17 11 1 007
MuUiTH AMERICAN INSPOCTauNe anNC, 37T-23370-01 24 21 14 Cu66
NIRTHEASTLRN RESEAROY £ TEST 291 800601 I\ 0 1] 0.00
NUCLE A ENERGY SERYV ICE INC, 42-1 655901 128 88 61 0.69
NuLEAR INSTALLATION SHokvae Clis 09-23042-01 [ 2 0. 05
MWl §aTERRATE UnAL 12-17506—01 3 4] 0.05
OKLAHOMA TRST ING LABORATORI =S 35-10577-01 14 7 0«13
oW DUMINIUN IRUN & STefL CURP, 45—1 5581 —C1 3 0 Oel3
P ANHANDLE EASIERN PIPE LINg LU 151 T729-01 Q 1 009
PARKER inDUSTRIAL X=RAY LAB. 06—0 133703 13 8 3 0o 35
PATZIG TESTING LABS JNu, 14—-18897-02 6 1 Cel9
Pt LATIN AMERICAs LTDa 10-1 998001 a 0 0 0. 00
PLINN INSPECTION CUO. 35-211484-01 9 7 O 74
PERIND CUKP . 26—21490-01 a o O« 00
PAOTON FIELD INSPELTIOMs INLe 212101001 1 o O« 05
PITTSOURGH UES MOINUCS STekl U, 140183704 1¢ 4 1 0a11
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APPENDIX A (cont.)

INDUSTRIAL RADIOGRAPHERS
Multiple Locations -1984

Total Workers with Collective  Average
Licensee Name License Number Individuals Measurable Dnse Meas'ble Doge
Monitored Dase {man-rems} ( rems or cSv)
PITTSouRGH WES MOINGSS LT:EL Cu 37060702 14 7 2 0.27
PITISOURGH 85T INw LADLURA U HY 2T-U 02 TE-2S 524 323 176" 0.55
PLANT L4NSPoLTidN <O, C4-21032~01 & 1] 0 0. 00
PURIAGLE ATUMIC X—RAY COMITA MY 35074 88—0 3 2 1 1 0«63
PR INSPECTIUM, 1 & . AT-2 142801 .; c o 0. 00
Puwis PIP NG CUuMPAN v 370 H945-01 4 1 Ce 3}
PHRECTLION COMPONERNT L CurP . 71028001 53 25 2 Ce07
PHIGRLSE BERVICLS oI NC W 34-19592-01 11 2 (-5 §
PHOGRESS] VE F ABRI CA IOKS 24-21200-01 I V] 0O
PLLLMAN PUOWZR PRCOUUCTS IT—28042-01 94 S0 16 0e32
QelCe LASIRATQRKILS LHC . 09—-11579—33 27 < Ce34
Uuay CIMY TuSTING LAgUieaTur Y 14=17989-01 o 4 Ge58
GUALTTY ALBURANCE L ASORATUR IE% 18~1 90 78—C 1 4 2 Ceb1
RADIOGRAPHY INSPECILJdiNe INC « 15-2 1451 -1 25 24 12 Oa g9
REALT U CONTRULS s 04—-153265~-01 14 6 1 Oe i3
RELIANCL FouTine LAcURATUR] 19~1 71 76—-01 1z 10 3 Oe31
RAICHARD KRUFGEL s ulh GLNLRAL T 34-09037-01 S 5 8 1.58
RUCKAEL L INTERNATLONAL Ca—-17624—03 o o o] 0.00
S L 5 INSPECLTIUN CDmPANY 12-19780-C 1 1% 13 7 OS54
O M TH—U MUY CUMPA WY Ca—1 945701 13 1t 2 0.17
SWTHWEST X—RAY CORP. 03-21354-01 36 36 40 1e12
S5rACE SCEENCE SERVIC 5 INCe 09— 75 50~ § 41 28 20 0a72
SPECTRUM LASURATORILS 1.6 290726601 4 3 0 0. 05
S ganbetlTauN SERV Ionnh 14—19B899~0 1 N e 0 0.00
5Te t{dJiS ToSTING LASOKATOR (L3 24-~00188—-02 1% 14 19 1«35
STUNE & #cBLTLR ENGINELNRING Clu. 20-05603—-C2 42 10 0.23
SUY Ra¥ TUSTING JAT RNATI LN AL V4195 1U~0] 0 0 0.00
S5UPER IuR INIXISTRIAL X=~nAY C U 12=0 237001 iz 6 H 0. 09
TLNNELD 1 RNC, 4z-09073-02 25 24 &6 Ce26
TeMNhESLEL VALLEY AU THORLTY 4106832086 35 21 3 0u13
TIRLX CORPORATION 34~-19607—01 5 0 o] 0.00
TLSTING INSTITUTE UF ALALKA 5C =1 Ta46-01 B 4 2 0«37
T OHNS INL AND BOTTUA Iives 21-1 709501 o 0 4} 0«00
TrANS-ZALTERN INSPECTIthe 5t RV S7-14855-01 Bo T4 61 Oe82
TERANS-WORLD TESTING LAnles 1A, 342 43 60-01 11 11 4 0.34
THI-STAIE INSPELT IOV & WwiNS UL, S7T—19640-01 0 a 0400
TAUTOM LTC. Co—2 275501 20 13 9 Oe 69
T S5A GAMMA RAY IHNC. 35~17178-01 15 14 19 1«33
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APPENDIX A (cont.)

INDUSTRIAL RADIOGRAPHERS
Multiple Locations-1984

Yotal  Workers with Collective  Average
Licensee Name License Number individuals Measurable Dose Meas'bie Dose
Monitored Dose {man-rems) {rems or cSy)
TULSA INSPECTION SERVICLs INCe 35-2 336201 53 40 22 0.54
Tuald CoIY TESTING A:D Hib, ¥2-31376=02 47 28 18 Ou b4
TWIN PORTS TESTING, Ing. 482 347601} 11 8 10 1.22
Jabe TESTING CUes LiCa 29-024 7769 5 o 5 0.00
ULRA TECHNOLOGY s 1NCe 50-2 336301 o 0 o 0.00
URION BUILEK COMPANY 47-10182-01 23 20 12 Ue 61
UNITED INSPECTIONS INCa 35-2 36 36—01 le 14 I O.4a1
UNLFED STATES TeESTING CiMPANY 3T-15445-02 a2 a1 11 0.26
UNITED TECHNOLDGIES CunrP 06— IS 2205 o o 0 0.00
UnVERSAL TECHNICAL TELTING LA 37-00453-03 13 12 8 0.65
UNIVERSAL TUSTING LABORATOR i 291 639701 27 6 1 0.15
VENLGAS INDUSTRIAL SE5TING LAG 2u—1 484702 5 3 2 0e56
V RGINIA DEPARTMENT OF HIGH waY 451 33B0—02 z o 0 0aCO
WeMe KELLUGG CONSTRUCTURSs AnC 42-16573-01 3 o o 0400
WESTERN LNDUSTRIAL X—RAY P4—2 13BG—01 a9 39 37 Cega
WSTEHN STRESS, INC. 492 3690-01 13 11 1 0. 06
WESTERN X-RAY COMPANY 35-1 9993—01 i3 g 5 0.51
X R~ TESTING OF MICHEGAN 21-0 54 72—01 5z 23 5 0uz23
X -AY » AINus 460 34 14—03 25 28 14 0.51
X -HCAN INSPCCTION CUMPANY 351950701 = 5 6 1.16
AMMYs DEPARTMENT OF THe 2900604708 0 0 0 0.00
MLLOY LABURATURIES INCae 451 ST 33-04 o 0 o 0e00
WASHI NGTON UNIVERSETY 24-00167=12 & 0 ) 0400
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APPENDIX A (cont.)
MANUFACTURERS AND DISTRIBUTORS

1984
) Program Total Workers with Collective Average
Licengee Name License Numbe Type Individuals Measurable Dose Meas’ble Dosa
Monitored Dose  (man-rems) {rems or c¢Sv)

ABBOTT LABORATORIES 12-00621-03 | BROAD | 1310 i7s 12 0e07
ACCURAY CORPORATION 34-00255-013 BROAD 357 223 17 0.08
AMERSHAM CORPGORAT 11 12-12836-01 | BROAD 229 75 22 0e29
Ee Re 3QUIBL AND SOHS fiCe 290-30139—02 | pRroAD 406 234 a1 O.ia
H AL LUKTUN CUMPANY 35-00s502-0L | BROAD 57 57 10 0.17
M aLLT wCKRDD T/ MICL EA 5 24-04266-01 | BROAD 350 326 184 .56
Ne# ENGLANL NUCLEAR CUkt, 20-00320~09 { BROAD 99 50 9 0e17
N4 ENGLAND NUCLEAR CURk 20-1 1868~01 BROAD 6206 227 123 0.54
NEW SNGLAND NUCLAR CORMY 20~0 032013 BROAD 455 201 146 0e72
P ITTWAY CORPURA 1 UN 12-15023~01 BROAD 36 o o 0. 00
RAMOSE Y tNGLKEERING e 42-01485-04 BROAD | 9z &0 18 0.30
Viutiau Al UPCRATLIONS Livie 20~00277-03 BROAD 64 28 10 0. 36
U PJuri CUMPANY 21-00182-03 BROAD | sos 60 Ce 08
A IRCO INCORPORATED 29-02085-01 | OTHER 27 1 o 0. 18
ATOAT G LNFRGY UOF CANADA L1, 54 -0 030004 l OTHER } o o 0 0.00
ATUMIC ENLCRGY OF CAwADAN LM, 54-00300—09 OTHER § 28 25 & 0.25
ATUMLC ENERGY OF CAMADA LiM, 540030012 OTHER, o o o 0.00
CAMnR IDGE NUCLZAR CiRRpP:r Z0~06799-02 OTHER 24 1z 2 0a 15
ELFRETH AlLbrY APOTHLCANY A7=15461-01 OTHER 2B 21 4 0.18
GHIMA DIAGNUS FIC LAIKA TOR] 5 cO=15%2153-01 OTHER 19 15 17 111
KAY—RAY INCe 1&-11184-02 OTHER G 0 0 0. 00
MALINCKRUDT, INC. z4-04206-07 | *gryep o o o 0e00
MALLINCKRUUTs INC. #7-21345-01  |*HTHER o o o 0.00
MALLINCKRID 1s INC o 37T-23326-01  [¥QTHER 0 0 0 600
NFd ENGLANLG NUCLEAR COhiz 20-00320—19 OTHER 4 4 ¢ 0.5
NUCLE AR PrHAKMACYs 1HNCe 37-21322-01 |*OTHER & & 1 .19
NUILEAR PHARMACY ~7-19586-01 {*QTHER 18 6 1 Ge13
NUCLEAR REStARCH COr? 37-02401-04 OTHER o o 0 000
PilARd ATUP ES T NC . €1-19219-01 :‘OTHER 14 4 o c.08
PrHAXM AT LS IMNCa 34—1 0654 -0 1 ’OTHER 20 19 a 021
PiArdMaTURLES I, 24—-19007-01  PFOTHER

" 12 o 0.00
Pra’MATIRES TNCa 34~19003-01 OTHER .
PHARM 4100 TS & Cui 13-19451-61 |¥OTHER i ° 0-08
S ¥ILUR CUKPe 12~19333-01  [*OTHER ) ° 0+ 00

" _ 40 35 4 0.12
S YR CIRP. 24—-19¥360-01 *OTHER; - 17 3 0u17
S NCUR CURP. 34-15467-01 *UTHER 14 3 o 0.05
S YNCOR CURP. 34-113484-01 *@THER - . - 031
5 YNCOK CORP . 85—-1 358301 “‘OTHER 1

) _ . © 6 0 0.07

S YNCOR CURP. 37-21092-01 J¥OTHER - . ) 0u1s

Activity includes distribution of radiopharmaceuticals
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APPENDIX A (cont.)

FUEL FABRICATORS AND PROCESSORS

CHEM—JCLEAR SYSTEMZy INCe

N JCLE AR ENGINEERL NG COMBANY

GLNERAL ELECTRIC CUOWP ALY

40-19524-02
l6=19204~01

UGN~ 25 00

* - -
Engaged primarily in decommissioning activities.

74

1984
Total  Workers with Collective  Average
Licensee Name License Number | ‘mdividuals Measurabte Dose  Vieas'ble Dose
, Monitored Dose _(man-rems] (rems or cSv)
ATOMICS INTERNATIONAL SNM=0021 112 A77 61 013
BABCOCK & WILCAOX CO. * SNN=0414 109 25 3 0.12
BABCOCK AND WILCOX SNM=1168 179 121 46 G.38
BARBCOCHK AND WILCOX INC SNH=Q(G2 24 31 1859 127 0.07
COMBUSTION ENGTINEERING INC. SHM=1067 212 96 29 G.29
COMBUSTION ENGINEERINGs INC, SNM-0033 09, 36 3 0.09
EXXON NUCLEAR COMPANY INC, SNM=1227 873 621 75 Q.12
GENERAL ATCOMIC COMPANY SNN=0AT6 1500 412 42 Ce 10
GENERAL ELECTRIC COQ. SNM=1097 1225 787 109 Ce 14
NWwEAR Fuli SLIViITes lfa. SNv=0124 90 626 37 Oe 08
Gl TED MIGLEAR CORP . * GNM-GT T o 0 o 0.00
UNE T RUCLCAR CORPURATIUN SN~ 3 ok 126 64 4 G+ 06
WESTINGHUUSL ELECTR IC (kP SNM—~1107 7 38 646 283 Oc b4
WESTINGHOUSE ELECTRIC CORP LNM—-1120 c o 0 0. 00

LOW-LEVEL WASTE DISPOSAL FAC.

546
379

INDEPENDENT SPENT FUEL STORAGE INSTALLATION

3z

262
35

a2

87
16

13

0e22
Cedd

Oettl



APPENDIX B

Annual Whole Body Doses at Licensed Nuclear Power Facilities
1984
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APPENDIX C
Personnel, Dose and Power Generation Summary

1969 - 1984

*A discussion of the methods used to collect and calculate the
information contained in this appendix is given in Section 2.1.
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APPENDIX D
Number of Personnel and Collective Dose by Work and Job Function

1984

MNote: A “t’ preceding a plant name indicates that the licensee’s input was recategorized by NRC staff,
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APPENDIX E

Summary of Annual Whole Body Dose Distributions
by Year and Reactor Type
1980 - 1984



SLBNPLALpUL JUBLSURJY 4O Butluodad B|dL(Nw 404 PBIIBUAOIUN DUR ULBUDY PIULEIUOD mmg:m.ﬁ_*

[96.€G llecos  [80LL21 € L1 86 [ ¢6l] 98q ZEST{GISY (vivlL| BISVEBUT [0286 PSLZLL Bed6e | LIELV S§MT - 0861
99zp2 {€29% |E¥96L e gl Bt ty EBI[ yoy |VBST [0655 | gzpz pLet  |Leas PLUL  EZ86L 90¥EE SHd - 0801
0gs62  [V6OPE  [5908% < 09| 62l cog tL0LfLegz |vO8Y | U60CECBZ [egzy [1[9% bIL6 LZ6ET SNg - 0861
ehIPS E8IC8 [90Gbel | ¢ T ¢ LT 18] €6 98y €64L|9%5Y (99411 c06v 5299 [92e0l [[LeeL ee6e | tecev SYMT - (861
12982 |lSE€L%  |62€VL L z 5 I T zgz| ¢B8 [1D0C [E6E9 | 7762 D89t |06 Bwel pOCol | 81692 SUAd - 3ol
L[VG2 [¢EBYE |ZZ10S [ 0 0 0 Z ] ¢e | bee| LIb S8V [ELES | 9Ct7eGz [9EGv [698v DELLL | GvESL Syng - 1861
0612 |L9EV8 | SLBel T 0 7 el | 95| 2¢ev| yigL{989r [S580L| G6/v[GEZO [v180L [€69¢T |OBVIE | £68tp SUN1 - 2861
€5.L¢ [9v1eS [BIE(8 t 0 i EL | 6% | 20z| teg [82€2 [L909 | 6vZZ[00GE |[(1w9 2923 [9€Gl¢ | éce6e SYNd - 2861
IEV%C |GEect | 968LF 7 0£z| €8LL{0SEe |V6LV | 9v02l6eSZ [EOvb |LEWD [vF66 19951 SANg - 2961
I¥95 979858 [ 712951 7 9L | G9 | vbS| 0c6L [LLEG |LZL121| B0Z7 0IV9 96201 |[122L [OUBLE | 1Z0LS STTT - 56T
9t06e lesles }ezes8 2 Gle[ 869 |l2ve |21S9 | £8Lc [E9BE [0929 |v6BZ [Gevle | OGEEE SHMd = TT61
GGY/Z |CLVEE | ¥6LLS v 91 | €9 [ 66| 2521 U682 [659G | 5261|1092 [9c0v |ZIEV [SZv0L | 12ZLl Sung - €801
vlehs 176086 | BOLZST 662 | 6/01 |/96% JeGtzL| J6ES 99LZ Jz6vlL |¥O7FL |PA96E | 91968 SgHT -
Url8e T/g69g 12986 (L | 185 [€5eC [vZ19 | 866 [EE1V G869 |66GS |Z88ve | GL8ZE SUMd - Vo61
vZ0ZZ [SOLLY | 9v8e9 Glc |66 |VLiZ [6/0G | Oo%C [ceos |06 [G910 [L66V1 | IvZLZ SYRME - Vool
{rgo-uosied| sesog paoy [1)r4 % o'zt oot 0’6 o8 0L o@n olm o' oe [/ ot GLo 05’0 s2'0 oLe> ainsodxg

.““ann.“.ﬂ.v m.“m“ﬂ ._.o_.“._mﬂ‘z < <001 -0'6 -0’8 B -0’9 08 -0 -0t 02 0L -SL0 - 050 - G20 “0L'0 -_o.a.”_.‘“. Aﬁ”n_ on;.._. 401083y puR Je3)

es0Qq yim e1o oN

FAPHED] desinn (ASD 40 sWaL) ebupy Buimo|jo ou Ul S50 APOR DJOAS YIIM S[ENPIALRUY JO 2oqUIny

¥86L - 0861
3dAL ¥0LI¥3Y QNV Y¥3A A SNOILNAIYLISIO 3S00 AQO8 310HM

3 Xtpuaddy
'3

TYANNY 40 AYVHWNS

164



U5 NUCLEAR REGULATORY COMMISSION

BIBLIOGRAPHIC DATA SHEET

SEE INSTRUCTIONS ON THE REVERSE

NAC FORM I3E
(2-84)

NACM 1102,
3201, 3202

b REPORT NUMBER (Amsigned by TIDC, add Vol No., it snyl

NUREG-0713, Vol. 6

2. TITLE AND SUBTITLE

Occupational Radiation Exposure at Commercial Nuclear
Power Reactors and Other Facilities 1984

Seventeenth Annual Report

3 LEAVE BLANK

& AUTHORIS}
Barbara Brooks

4, DATE REPORT COMPLETED

MONTH I YEAR

June 1986

6 DATE REPORT ISSUED

YEAR

1986

MONTH

October

B. PROJECT/TASK/WORK UNIT NUMBER

7. PERFORMING OAGANIZATION NAME AND MAILING ADDRESS finzlude Zip Code)
Division of Regulatory Applications
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

9. FIN OR GRANT NUMBER

~

10, SPONSORING ORGANIZATION NAME AND MALLING ADDRESS {include Zip Code) 11a. TYPE QF REPOAT

Divistion of Regulatory Applications
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Annual

b. PERIOD COVERED {fnclusive daras)

1984

12 SUPPLEMENTARY NOTES

13. ABSTRACT (200 word's or lost)
This report summarizes the occupational radiation exposure information that has
been reported to the NRC's Radiation Exposure Information Reporting System (REIRS)
by nuclear power facilities and certain other categories of NRC licensees during
the years1969 through 1984. The bulk of the data presented in the report was
obtained from annual radiation exposure reports submitted in accordance with the
requirements of 10 CFR 20.407. Data on workers terminating their employment at
certain NRC Ticensed facilities were obtained from reports submitted pursuant to
10 CFR 20.408. The 1984 annual reports submitted by about 500 licensees indicated
that approximately 195,000 individuals were monitoried, 171,000 of whom were
monitored by nuclear power facilities. They incurred an average individual dose
of 0.30 rem (cSv) and an average measureable dose of 0.55 rem (¢Sv). Termination
radiation exposure reports were analyzed to reveal that about 67,500 individuals
completed their employment with one or more of the 500 covered licensees during
1984*, Some 66,100 of these individuals terminated from power reactor facilties,
and about 5,500 of them were considered to be transient workers who received an
average dose of (.91 rem (cSv).

*These figures may be incomplete because data for about 15% of the individuals
terminating during 1984 has not been entered into REIRS.

15 AVAILABILITY
STATEMENT

Unlimited

14 DOCUMENT ANALYSIS ~ 2 KEYWORDS/CESCRIPTORS
occupational radiation exposure
industrial radiography
power reactors transient workers

16 SECURITY CLASSIEICATION
{Thu pagel

Unclassified
(This raport!

Unclassified

collective dose fuel fabricators

average dose
b, IDENTIFIERAS/OPEN.ENDED TERMS

17. NUMBER OF PAGES

18. PRICE










UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20655
. OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300

SPECIAL FOURTH-CLASS RATE
POSTAGE & FEES PAID
USNRC

WASH. D.C.
PERMIT No. G-67




	COVER

	PREVIOUS REPORTS IN SERIES

	EDITOR'S NOTE

	ABSTRACT

	PREFACE

	TABLE OF CONTENTS

	1. INTRODUCTION

	2. LIMITATIONS OF THE DATA

	3. ANNUAL PERSONNEL MONITORING REPORTS - 10 CFR § 20.407

	3.1 Definition of Terms and Sources of Data

	3.1.1 Statistical Summary Reports

	3.1.2 Number of Monitored Individuals

	3.1.3 Number of Workers with Measurable Doses
 
	3.1.4 Collective Dose

	3.1.5 Average Individual Dose

	3.1.6 Average Measurable Dose

	3.1.7 Number of Licensees Reporting

	3.1.8 CR

	Table 3.1



	3.2 Annual Whole Body Dose Distributions

	3.3 Summary of Occupational Exposure Data by License Category

	3.3.1 Industrial Radiography Licenses, Single and Multiple Locations

	Table 3.2

	Table 3.3

	Table 3.4

	Figure 3.1


	3.3.2 Manufacturer and Distributor Licenses, Broad and Other

	Table 3.5


	3.3.3 Low-Level Waste Disposal Licenses

	Figure 3.2


	3.3.4 Independent Spent Fuel Storage Installation Licenses

	3.3.5 Fuel Fabrication and Reprocessing Licenses

	Figure 3.3

	Table 3.6

	Figure 3.4


	3.3.6 Water-Cooled Power Reactor Licenses

	Figure 3.5


	3.3.7 High-Temperature Gas-Cooled Power Reactor Licenses

	Table 3.7




	4. COMMERCIAL LIGHT WATER REACTORS - FURTHER ANALYSIS

	4.1 Introduction

	4.2 Definitions of Terms and Sources of Data

	4.2.1 Number of Reactors

	4.2.2 Electric Energy Generated

	4.2.3 Collective Dose per Megawatt-Year

	4.2.4 Average Rated Capacity

	Table 4.1

	Table 4.2

	Table 4.3



	4.3 Annual Whole Body Dose Distributions

	4.4 Average Annual Whole Body Doses

	Table 4.4

	Figure 4.1

	Figure 4.2

	Figure 4.3

	Figure 4.4


	4.5 Plant Rankings by Collective Dose per Reactor

	Table 4.5

	Table 4.6

	Tables 4.7a and 4.7b


	4.6 Collective Dose by Work Function and Employee Type

	Table 4.8

	Table 4.9

	Table 4.10

	Figure 4.5


	4.7 Health Implications of Average Annual Doses


	5. TERMINATION DATA SUBMITTED PURSUANT TO 10 CFR § 20.408

	5.1 Termination Reports, 1969-1984

	5.2 Limitations of Termination Data

	Table 5.1


	5.3 Transient Workers per Calendar Quarter

	5.4 Transient Workers per Calendar Year

	Table 5.2

	Table 5.3

	Table 5.4a

	Table 5.4b

	Table 5.5


	5.5 Temporary Workers per Calendar Year

	Table 5.6


	5.6 Dose Distributions by Sex

	Table 5.7

	Figure 5.1


	5.7 Age Distribution

	Table 5.8



	6. PERSONNEL OVEREXPOSURES - 10 CFR § 20.403 AND 10 CFR § 20.405
	6.1 Control Levels
	6.2 Summary of Overexposures

	Table 6.1



	REFERENCES

	APPENDIX A - ALPHABETICAL LISTING OF ANNUAL EXPOSURE DATA COMPILED FOR CERTAIN NRC LICENSEES, 1984

	APPENDIX B - ANNUAL WHOLE BODY DOSES AT LICENSED NUCLEAR POWER FACILITIES, 1984

	APPENDIX C - PERSONNEL, DOSE AND POWER GENERATION SUMMARY, 1969-1984

	APPENDIX D - NUMBER OF PERSONNEL AND COLLECTIVE DOSE BY WORK AND JOB FUNCTION, 1984

	APPENDIX E - SUMMARY OF ANNUAL WHOLE BODY DOSE DISTRIBUTIONS BY YEAR AND REACTOR TYPE, 1980-1984

	BIBLIOGRAPHIC DATA SHEET




