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ABSTRACT

This report summarizes the occupational exposure data that is maintained in the
U.S. Nuclear Regulatory Commission's Radiation Exposure Information and Reporis
System (REIRS). The bulk of the information contained in the report was ex-
tracted from the 1982 and 1983 annual statistical reports submitted by seven
categories* of NRC licensees subject to the reporting requirements of 10 CFR

§ 20.407. These seven categories of licensees also submit personal identifica-
tion and exposure information for terminating empTloyees pursuant to 10 CFR

§ 20.408, and some analysis of this data is also presented in this report.

Anhual reports were received from 482 NRC licensees in 1982 and from 467
licensees in 1983. Compilations of the reports for 1982 jndicated that some
154,000 individuals were monitored, 94,000 of whom received a measurable dose.
The collective dose incurred by these individuals was calculated to be 57,000
man-rems {man-cSv)¥, and the average measurable dose was found to be 0.60 rem
(¢Sv). These figures are about the same as those found in 1981.

Compilations of the reports for 1983 indicated that about 173,000 persons were
monitored and that about 101,000 of them received a measurable dose. The col-
lective dose was calculated to be some 61,000 man-rems (cSv), and the average
measurable dose was 0.60 rem (cSv), the same as that found in 1982. In both
1982 and 1983, about 20% of the individuals monitored received doses greater
than 0.50 rem (cSv) as had been the case in 1980 and 1981. However, the
number of individuals receiving doses greater than five rems (cSv) decreased
from 0.14% (203 persons) in 1981 to 0.09% (136 persons) in 1982.

In 1982, some 158,000 termination reports submitted to the NRC contained per-
sonal identification and exposure information for about 59,000 individuals who
had completed their work assignment or employment with a covered category of

NRC licensees. This is about 10,000 less than the number of persons terminating
in 1981. The total number of monitored individuals for whom personal identifica-
tion and exposure information has been incorporated into the Commission's Radia-
tion Exposure Information and Reports System during the fifteen years that it

has been operating is now about 300,000,

Information on occurrences involving personnel exposures to radiation or radio-
active materials that exceeded certain control limits was obtained from reports
submitted by all NRC licensees pursuant to 10 CFR § 20.403 and § 20.405. In
1982 the total number of individuals involved in such occurrences was 32, and
in 1983 the number was 41. The number of overexposures reported by radiography
firms continued to decline from previous years' values; only two occurrences
involving radiographers were reported in 1983.

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

tIn 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,
man-rem becomes man-cSv.
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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
“&re to provide facts regarding_routine occupational exposures to radiation and._
radioactive material that occur in connection with certain NRC-1icensed activi-
£ies, including individual and collective radiation doses from external_sources
as‘ﬂgllﬂg§_gg§§ig§pt information on the inhalation of radicactive material (nu-
clides 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 radio1ogic51 risk associated
with certain categories of NRC-Ticensed 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, BWR's/PWR's, 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-
Timitation system (e.g., are individual lifetime dose Timits, worker popu-
Jation 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.
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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
inquiries and for responding to questions raised by public interest groups,
special interest groups, labor unicns, etc.

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

With regard to routine work-place 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 Subsection 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 1isted above. It is to everyone's advantage if these duties are
performed by a well-informed staff in the light of factual information.

Beginning with the next report in this series, we plan to expand the data anal-
ysis sections in an effort to provide for additional practical applications.
Suggestions for advanced analysis of this type are invited.

42 ALt el

Robert E. Alexander, Chief
Occupational Radiation Protection and
Health Effects Branches



Occupational Radiation Exposure
Thirteenth and Fourteenth Annual Reports, 1982 and 1983

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 pubTic, including the employees of the
licensees 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 to monitor their exposure. Each
Ticensee 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 reporting 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
Reporting 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 1969 through 1973 presented the data reported by both AEC licensees and
contractors and were published in six documents designated as WASH-1350-Rl
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
occupational radiation exposure information reported by the facilities under
its jurisdiction. The annual reports published by the NRC on occupational
exposure for calendar year 1974 and subsequent years do not contain informa-
tion pertaining to ERDA facilities or contractors. Comparable information for
facilities and contractors under ERDA, now the Department of Energy (DOE), is
collected 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.



On September 29, 1978, 10 CFR § 20.407 was amended to require that all NRC
specific licensees submit annual radiation exposure reports for each of the
calendar years 1978 and 1979. The reports were statistical summary reports
exactly like those that had been required of the previously named four catego-
ries of NRC licensees. Therefore, the reports published for the years 1978 and
1979 (NUREG-0593 and NUREG-0713, Vol. 1) summarized the annual exposure data
that had been submitted by all types of NRC licensees. In 1980 the applica-
bility of the reporting requirements of §§20.407 and 20.408 reverted back to
four types* of NRC licensees, and the annual report (NUREG-0714, Vols., 2 and 3)
published for the years 1980 and 1981 contains exposure information pertaining
to only those four categories of licensees.

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 radioactive 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 1icensees representing two of these new categories. (There
are no geclogic repositories for high-level waste currently licensed.)

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. '

Monitering requirements are based, in general, on 10 CFR § 20.202 which requires
Ticensees to monitor individuals who receive or are likely to receive a dose

in any calendar quarter in excess of 25% of the applicable quarterly limits.

For most adults the quarterly limit for the whole body is 1.25 rems, so that
0.312 rem per quarter is the level above which monitoring is required. Depending
on the administrative policy of each licensee, persons such as visitors and
clerical workers may also be provided with monitoring devices for identification
or convenience, atthough the probability of their being exposed to measurable
levels of radiation is extremely small. Licensees are given the option of
reporting the dose distribution of only those individuals for whom monitoring

is reguired, or the dose distribution of all those for whom monitoring is pro-
vided. Many licensees elect to report the Tatter; 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 receiving a
measurable dose, as well as the average dose per monitored individual.

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



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 collective
dose to be calculated without knowing each person's actual annual dose by
multiplying the number of individuals in each dose range by the midpoint of the
range, and then summing these products. 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 muitiple 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 lower 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 4.

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 monitor 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 Annual Whole Body Dose Distributions

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 exposures incurred by their employees.” In prior years the

annual report was formatted differently and was not very useful as a basis for
estimating the collective dose. Tables 1 and 2 are compilations of the statis-
tical reports submitted for calendar years 1982 and 1983 by six categories® of
licensees. For each category, they show the number of individuals That incurred
an annual whole body dose that fell within one of the 18 dose ranges and the
collective dose (man-rems) estimated to have been received by these indivi-
duals. The collective dose was calculated by assuming that each individual

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators and reprocessors; manufacturers and distributors of byproduct
material; independent fuel storage installations; and facilities for land disposal
of low-level radioactive waste.
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received an annual dose equal to the midpoint of the dose range in which he
appears. The number of individuals in each dose range was multiplied by this
midpoint, and then these products were summed. Overall, the tables show that
apout 40% of the total number of individuals monitored each year received expo-
sures that were too small to be detected by personal radiation monitoring
devices, as has been the case for the last six years. The collective dose
increased slightly between 1982 and 1983 to a value of 60,300 man-rems (man-cSv)
and is about 2,000 man-rems (man-cSv) more than that found for 1981.

The "Adjusted Total" shown in Table 1 for the dose distribution of individuals
monitored by commercial power reactors in 1982 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 Table 1. No adjustments
were made to the distributions shown in Table 2 because the necessary data for
transient workers has not yet been computerized. Further discussion of the
data and methodology used in making these corrections is given in Section 4.

It should be pointed out that very few of the annual exposures that exceed five
rems (cSv) are classified as personnel overexposures. Although 1.25 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 (1) the licensee must have determined and
recorded the worker's prior accumulated occupational dose to the whole body

and that (2) the worker's whole body dose when added to his accumulated occupa-
tional dose does not exceed 5(N-18) rems (cSv) where "N" equals 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 1imits have been
exceeded is given in Section 5.

A summary of the annual whole body exposures reported to the Commission by
certain categories of NRC Tlicensees required to submit reports pursuant to

10 CFR § 20.407 during the past sixteen years is presented in Table 3. About
95% of the exposures have consistently remained Tess than two rems (cSv), and
the number of individuals receiving an annual exposure in excess of five rems
(cSv) has remained at two tenths of one percent of the total number of indivi-
duals monitored each year for 1982 and 1983.

3.2 Summary of Occupational Exposure Data by License Category

As was previously explained, the statistical data contained in the annual reports
required by 10 CFR § 20.407 provide the dose distribution of the workers moni-
tored by each licensee and permit an estimate to be made of the collective dose
incurred by these groups of individuals. This information was collated and sum-
marized to yjeld the information shown in Table 4. Figures in the third column
indicate the total number of individuals for whom monitoring was provided by

the Ticensees in each category, and the fourth column gives the number of these
individuals that received a measurable whole body dose (referred to as “workers"
in this report). If one then divides the total collective dose (shown in the
fifth column) by each of these figures, two average doses are found. The aver-
age dose per monitored individual is shown in the sixth column and is always
smaller than the average dose per worker, shown in the seventh column. The




TABLE 3

SUMMARY OF ANNUAL WHOLE BODY EXPOSURES
FOR CERTAIN CATEGORIES OF LICENSEES

1968-1983

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) 84.6% 0.2% 3
1979 131,027 (125,316) 95.2% 0.2% 1
1980 159,177 {150,675) 94, 6% 0.3% 0
1981 157,874 (149,314) 94. 6% 0.2% 1
1982 162,456 (155,211) 94, 9% 0.1% 0
1983 172,915 (N/A) 95.2% 0.1% 0

*The total number of monitored individuals after adjusting for the muitiple
counting of transient reactor workers (see Section 4).



TABLE 4

ANNUAL EXPOSURE DATA FOR CERTAIN CATEGORIES OF LICENSEES
1973 - 1983
Number of |[Collective [Average Dose |Average Measur-
Number of Number Workers with Dose per Monitored| able Dose per
LICENSE Calendar |Licensees |of Monitored] Measurable |{man-rems | Individual Worker (rems "
CATEGORY Year Reporting | Individuals Doses or man-cSvi{rems or cSv) or cSv) CR
Industrial 1983 340 8,624 5,131 2,384 0.28 0.46 0.45
Radiagraphy 1982 353 9,235 65,160 2,998 0.32 0.49 0.46
1981 266 9,938 5,483 2,652 0.27 0.48 G.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 0.47
1578 337 13,093 6,685 2,950 0.23 0.44 0.43
1977 i 339 10,569 6,197 3,158 6.30 0.51 0.45
1976 ! 321 11,245 6,222 3,629 9.32 0.58 0.51
1875 291 9,178 4,693 2,796 0.30 0.60 0.53
1974 319 8,792 4,943 2,938 0.33 0.59 0.51
1973 341 8,206 5,328 3,354 0.41 0.63
Manufacturing {1983 33 5,051 2,003 824 0.16 0.41 0.54
and 1982 34 5,453 2,199 890 0.16 0.40 0.51
Distribution (1981 i 29 4,846 2,395 904 0.18 0.38 0.52
1980 29 5,119 2,460 1,033 0.20 0.42 0.61
1979 28 3,937 2,219 888 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 24 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
{1973 34 4,251 1,925 1,177 0.28 0.61
Low-Level 11983 1 612 358 71 0.12 0.20 0.14
Waste Disposal {1982 1 680 251 53 0.08 6.21 0.20
Independent §1983 1 33 27 8 0.24 0.30 0
Fuel Storage (1982 1 35 32 9 0.26 0.28 0
Fuei 1983 15 9,023 5,013 835 0.09 0.17 0.19
Fabrication 11982 16 9,808 5,433 831 0.08 0.15 0.20
and '1981 18 10,552 5,942 940 0.09 0.16 0.09
Processing 1980 18 10,204 5,900 1,111 0.11 0.18 0.12
1979 21 9,946 5,365 1,268 0.13 0.24 0.16
1978 20 11,305 6,100 1,525 0.13 0.25 0.24
1977 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 11,064 4,728 2,836 6.26 0.60 0.61
1973 27 10,610 5,056 2,400 0.23 0.47
**Commercial {1983 80 148,571 88,688 56,758 0.38 0.64 0.57
Light Water 1982 79 129,000* 80,227% 52,227 0.40 0.65 0.57
fleactors 1981 73 123,978% 80,664* 54,271 0.44 0.67 0.58
1980 70 124,250* 77,803% 53,810 0.43 0.69 0.58
11979 : 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 i 65 67,130% 42,867* 32,731 0.49 0.76 0.64
1975 {2 66,800 36,715 26,555 0.40 0.72 0.62
11975 ! 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 1983 : 467 171,914 101,220 60,880 0.35 0.60 0.56
and Averages 1982 482 154,211% 94,302% 57,008 0.37 0.60 0.56
1981 385 149,314% 94,490* 58,767 0.39 0.62 0.56
11980 410 150,675% 92 ,819% 58,933 0.39 0.63 0.57
1974 459 125,316% 76,804% 45,376 0.36 0.59 0.55
1978 453 100,819* 60,145* 37,236 0.37 0.62 0.58
11977 455 93,438% 58,527% 38,944 0.42 0.67 0.62
1976 428 92,773 50,198 33,240 0.36 0.66 0.60
1975 i 388 78,922 40,188 28,429 0.36 0.71 0.62
1974 | 422 85,240 33,402 20,907 0.25 0.63 0.60
11973 ! 443 67,862 28,867 21,268 0.31 0.74

+CR is the ratio of the annual collective dose
{See Section 3.2).
*These figures are adjusted to account for the muitiple counting -of transient reactor workers (see

annual collective dose.

Section 4).

**Includes all LWRs that reported, although all

full year.
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detivered at annual doses exceeding 1.5 rems to the total

of them may not have been in commercial ocperation for a



latter average is normally used for radiation workers because it deletes the
minimal exposures of many individuals who are monitored for convenience or for

identification purposes.

One of the parameters that the United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR) recommends be calculated for occupational
dose distributions to aid in the comparison of exposure data is the ratio "CR."
CR is defined to be the ratio of the annual collective dose incurred by indivi-
duals whose annual doses exceed 1.5 rems to the total annual collective dose.
The latest UNSCEAR report [Ref. 1] 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 4 shows the values of CR for the different types of
licenses; one can see that CR is close to 0.50 for three of the groups and

is much less than 0.50 for the remaining three groups.

3.2.1 Industrial Radiography Licenses, Single and Multiple Locations

These licenses are issued to allow the use of sealed radioactive materiais,
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
Ticensed 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 4,
annual reports were received for 353 radiography licenses in 1982 and for

340 licenses in 1983. This means that more than 98% of the covered radiography
licensees filed an annual report, and extrapolations to account for those not
reporting were not necessary.

Table 5 summarizes the reported data for the two types of radiography 1icenses
for 1982 and 1983 and shows that the number of workers receiving measurable
doses reported by the single-Tocation license decreased by 18% while the
collective dose increased by 14% between 1982 and 1983. This resulted in the
average measurable dose increasing from 0.20 rem (cSv) to 0.28 rem {cSv). The
number of workers at firms having multiple-location 1icenses also decreased by
about 16%, and the collective dose decreased even more (23%). This resulted in
the average measurable dose decreasing to 0.50 rem (cSv). Overall, one finds
that the average measurable dose for radiography workers continues to remain at
about one~half of one rem (cSv), as it has for the last seven years, and that
the average dose for workers performing radiography at a single location is usu-
ally less than half this amount. This is probably due to the fact that it is
much 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 contribution that each radiography licensee made to the total collective
dose, a summary of the information reported by each of these licensees in 1982
and in 1983 is presented, in alphabetical order, in Appendix A.



TABLE 5

ANNUAL EXPOSURE INFORMATION FOR INDUSTRIAL RADIOGRAPHERS
1982 and 1983

Workers Average
Number of with Collective Measur
Type of License Year Monitored Measurable Dose able Dose
Individuals Doses (manrems (rems or
or man-cSv) cSv)
Singte location 1982 1,977 942 187 0.20
Multiple locations 1982 7,258 5,218 2,811 0.54
Total 1982 9,235 6,160 2,998 0.49
Single location 1983 1,714 773 213 0.28
Muttiple Tlocations 1383 6,910 4,358 2,171 0.50
Total 1983 8,624 5,131 2,384 0.46

Since personnel monitoring data has frequently been found to have Tognormal
distributions [Ref. 2], trends in the data reported by radiography licensees
may be observed from log probability plots* of the data.

Figure 1 displays such plots of the doses incurred by workers monitored by the
two types of radiography licensees for each of the years 1982 and 1983. -One

can see that the plots of the dose distributions of workers at single location
radiography facilities, where the workers receive doses that average about half
of those received by workers at multiple-location facilities, form fairly
straight lines and usually 1ie 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
about 85% of the workers monitored by firms licensed for radiography at mul-
tiple locations received doses that were less than one rem (cSv), while some 96%
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.

Further examination of the plots of the dose distribution of workers at single
location radiography facilities reveals that the position of the 1983 plot 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 six workers
received doses that exceeded four rems (cSv) in 1983. Looking at the plots for
the multiple location licensees for 1982 and 1983, one can quickly see that they
are quite similar to each other, and one would expect to see similar average
doses and values of CR.

"
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 1

ANNUAL DOSE DISTRIBUTION OF WORKERS
AT INDUSTRIAL RADIOGRAPHY FACILITIES

1982 & 1983
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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 [Ref. 1, 3], and indicates that the entire distribution is not a
log normal one. Another theoretical analysis of occupational dose distribu-
tions [Ref. 4] 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 radiation control programs very closely monitor each worker's
total dose so that the frequency of doses approaching the dose Timits is
reduced, the distribution is normal.

3.2.2 Manufacturer and Distributor Licenses, Broad and Other

These licenses are issued to allow the manufacture and distribution of radionu-
clides in various forms for a number of diverse purposes. Broad Ticenses are
issued to large facilities having a comprehensive radiological protection pro-
gram, and the other Ticenses 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 guantities 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 non-medical research. However, only those
NRC licensees (about 30) that possess or use at any one time specified quanti-
ties of the nuclides listed in Paragraph 20.408(a)(6) are required to submit
annual (10 CFR § 20.407) and termination (10 CFR § 20.408) reports. As shown
in Table 4, annual reports were received from 34 and 33 manufacturing and dis-
tribution licensees in 1982 and 1983, respectively.

Table 6 presents the annual data that were reported by the two types of licensees
in 1982 and 1983. 0One can see that the total number of workers receiving
measurable doses, as reported by these types of licensees decreased by about
nine percent between 1982 and 1983, as did the collective dose. This resulted
in the average dose remaining at about 0.41 rem (cSv). This is about the same
as the average measurable doses found in 1980 and 1981. Looking at the informa-
tion shown separately for the bread and other types of Ticensees, 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 Ticensees made toward the total values
of the number of persons monitored, number of workers, and collective dose,
Appendix A lists the values of these parameters for each licensee in alpha-
betical order by licensee name for 1982 and 1983.

Figure 2 displays log probability plots of the doses incurred by workers under
the two types of manufacturing and distribution licenses for the years 1982 and
1983. 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 Ticensees. For example, the graphs show that about 86% of workers mon-
itored by the broad licensees received doses that were less than one rem (cSv),

12



Figure 2
ANNUAL DOSE DISTRIBUTION CF WORKERS
AT MANUFACTURING & DISTRIBUTION FACILITIES
1982 & 1983
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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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TABLE 6

ANNUAL EXPOSURE INFORMATION FOR MANUFACTURERS AND DISTRIBUTORS
1982 and 1983

Workers Collective Average
Number of with Dose Measurable
Type of License Year Monitored Measurable {man-rems Dose (rems
Individuals Doses or cSv) or cSv)
M & D-Broad 1982 4,610 1,892 821 0.43
M & D-Other 1982 843 307 69 0.22
Total 1982 5,453 2,199 890 0.40
M & D~-Broad 1983 4,332 1,744 767 0.44
M & D-Other 1983 719 259 57 0.22
Total 1983 5,051 2,003 824 0.41

while about 98% of the workers monitored by the other licensees received such
doses.

3.2.3 Low-level Waste Disposal Licensees

These licenses are issued to allow the receipt, possession and disposal of
Tow-level radioactive wastes at a land 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 1icensee to file annual reports became
effective in January 1983. The one licensee in this category submitted annual
reports for 1982 and 1983, although the facility is located in and licensed by
an Agreement State, which has primary regulatory authority over its activities.
The licensee is an older company with a fairly large operation, and Table 4
summarizes the data reported for 1982 and 1983. One can see that the collective
dose, although rather small, increased by about 30% from 1982 to 1983. However,
the number of workers receiving measurable doses increased by some 40%, so that
the average measurable dose remained at about 0.20 rem (cSv).

Figure 3 displays log probability plots of the doses incurred by workers at
the Tow-level waste disposal facility during 1982 and 1983. One can quickly
see that the distributions are quite similar, with all of the doses being less
than two rems (cSv) and about 92% of the doses being less than 0.75 rem {c5v)
each year. This resulted in the average measurable doses remaining at about
0.20 rem (cSv) each year and in rather low values of CR each year. Appendix A
lists the exposure information reported by this licensee.

3.2.4 1Independent Spent Fuel Storage Installation
These licenses are issued to allow the possession of power reactor spent fuel
and other associated radiocactive 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's decay since being used as a

14



CUMULATIVE PERCENT OF WORKERS

Figure 3
ANNUAL DOSE DISTRIBUTION OF WORKERS AT LOW-LEVEL WASTE
DISPOSAL FACILITIES AND AT AN INDEPENDENT FUEL STORAGE FACILITY
1982 & 1983
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*CR is the ratio of the annual collective dose delivered at individual doses exceeding
1.5 rems to the total annuat 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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source of energy in a power reactor, is provided interim storage, protection,
and safeguarding for a limited time, pending its ultimate disposal.

Tabie 4 summarizes the data submitted by the only Ticensed ISFSI for 1982 and
1983. Only about 35 individuals were monitored at the facility and a collective
dose of 8 or 9 man-rems (man-cSv) was incurred each year. The average dose for
the approximately 30 workers receiving measurable doses each year was found to
be about 0.30 rem (cSv).

Figure 3 displays log probability plots of the doses incurred by workers at
the ISFSI in 1982 and 1983. The plots are similtar, with all doses being less
than 0.75 rem so that the value of CR was zero each year. Appendix A Tists
the exposure data reported by this licensee.

3.2.5 Fuel Fabrication and Reprocessing Licenses

The fuel fabrication Ticenses are issued to allow the processing and fabrication
of reactor fuelis. In most uranium facilities, where 1ight water reactor fuels
are processed, uranium hexafuoride 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.
Same 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
plutonium fuel, has been decreasing for the last several years (Table 4).
Therefore, a number of licensees (five in 1982 and four in 1983) are primarily
engaged in decommissioning activities, and the information that they provided
for 1982 and 1983 is shown as "Pu Decommissioning” in Table 7.

Table 7

ANNUAL EXPOSURE IMFORMATION FOR FUEL FABRICATORS
1982 and 1983

Workers Collective Average

Number of with Dose Measurable

Type of License Year Monitored Measurable (man-rems Dose(man-rems

Individuals Doses or man-cSv)  or man-cSv)
Uranium Fuel Fab 1982 8,652 5,117 724 0.14
Pu Decommissioning 1982 1,156 316 147 0.34
Total 1982 9,808 5,433 831 0.15
Uranium Fuel Fab 1983 8,440 4,746 748 0.16
Pu Decommissioning 1983 583 267 87 0.33
Total 1983 9,023 5,013 835 0.17
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One can see that the collective dose incurred during decommissioning is much
less than that incurred during fuel fabrication, but the small number of workers
incurring the dose results in an average measurable dose that is about twice
that received by the fuel fabrication workers. However, it should be pointed
out that three of the eleven licensees primarily engaged in uranium fuel fabri-
cation 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 "Totals" row should be used because decommissioning activities were also
being conducted during previous years and were not shown separately. Appendix A
1ists 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 ticensee name for 1982 and 1983.

Figure 4 consists of the log probability plots of the dose distributions of
workers at fuel fabrication facilities for the years 1982 and 1983. 0One can

see that the distributions 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.

Fuel reprocessing licenses are issued to allow the separation of usable uranium
and plutonium from spent nucltear fuel. There is only one licensed commercial
facility that has ever reprocessed fuel, and it has been shut down since 1972.
However, the licensee was still doing some decontamination work and storing
radioactive waste at the facility, and the annual report that was submitted
each year was usually grouped with those of the fuel fabricators. In Febru-
ary 1982, the Department of Energy assumed possession and control of the
reprocessing facility to conduct waste solidification activities necessary

for final decommissioning. During this period, the NRC license will, in
effect, be suspended, and no reports will be filed with the NRC.

3.2.6 Water-Cooled Power Reactor Licenses

These 1icenses are issued to utilities to allow them to use special nuciear
material in a reactor to produce heat to generate electricity tc be sold to
consumers. There are two major types of commercial reactors in the United
States - pressurized water reactors and boiling water reactors - each of which
uses water as the primary coolant.

As shown in Table 4, annual reports were received from nuclear power facilities
for 79 licensed reactors where 129,000 individuals were monitored for exposure

to radiation in 1982. Of this number 80,227 workers received a measurable dose
and incurred a collective dose of 52,227 man-rems (man-cSv). These figures are
about the same as those reported in 1981. In 1983, the collective dose increased
somewhat to reach a high of 56,758 man-rems (man-cSv), while the average
measurable dose remained about the same. Figure 5 provides plots of the total
values of several of the parameters given in Table 4.

Table 8 shows the contribution made by the two major types of power reactors.
One can see that the average dose per worker, collective dose per reactor,
number of workers per reactor and collective dose per megawatt-year have been
greater for boiling water reactors (BWRs) than that found for pressurized water
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CUMULATIVE PERCENT OF WORKERS

Figure 4
ANNUAL DOSE DISTRIBUTION OF WORKERS
AT FUEL FABRICATORS AND PROCESSORS

1982 & 1983
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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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Figure 5
TOTAL ANNUAL VALUES
AT LIGHT WATER COOLED REACTORS
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reactors (PWRs) for the last ten years. This can be easily seen in Figure 6
which plots the average values of the annual collective dose and number of
workers for each year since 1969.

Figure 7 presents the log normal plot of the distribution of the whole body
doses received by radiation workers at nuclear power facilities in 1982 and
1983. 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 the workers at PWRs received such doses. Also, departures from a straight
line for doses that exceed one rem are again seen, and, according to the

hybrid log normal method [Ref. 4] of analyzing these dose distributions, the
sharpness of the departure indicates that a strong feedback mechanism operates
when workers begin to incur large doses. Listed at the bottom of the figure
are the values of CR for the last four 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 reactors can be found in the two annual
reports, NUREG-0713, Vol. 4 [Ref. 5] and NUREG-0713, Vol. 5 [Ref. 6].

3.2.7 High Temperature Gas Cooled Power Reactor Licenses

A Ticense to operate a power reactor is issued to utilities to allow them to
use special nuclear material in a reactor to produce heat to generate electri-
city to be sold to consumers. However, 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 9, annual whole body doses incurred by workers at the plant have been
minimal. For the last three years, everyone monitored has received a whole
body dose that was less than 0.10 rem (cSv), and no one has ever exceeded an
annual dose of 0.25 rem (cSv). The average dose per worker remains at about
0.03 rem {cSv) or less.

TABLE 9
ANNUAL EXPOSURE INFORMATION FOR FORT ST. VRAIN
1974 - 1983
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| (man-rems Generated Worker
Year Dose Dose <0.10 {0.25 Monitored | or man-cSv) (Md-yr.) |(rems or cSv)
1974 1597 63 1 1,661 3.3 0.0 0.05
1975 1263 0 0 1,263 0.0 0.0 0.00
1976 1362 25 0 1,387 1.3 2.8 0.05
1977 946 55 1 1,002 2.9 29.8 0.05
1978 896 34 0 930 1.7 75.7 0.05
1979 1149 120 2 1,271 6.4 28.6 0.05
1980 902 57 1 860 3.0 83.2 0.05
1881 1096 31 0 1,127 1.0 93.6 0.03
1882 978 22 0 1,000 0.4 72.6 0.02
1983 965 48 0 1,013 1.0 94.4 0.02
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CUMULATIVE PERCENT OF WORKERS

Figure 7
ANNUAL DOSE DISTRIBUTION OF WORKERS AT
LIGHT WATER REACTOR FACILITIES
1982 & 1983
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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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For the ten years ending on December 31, 1983, the total collective dose for
workers at the site is about 27 man-rems (man-cSv), and a total of 481 mega-
watt-years of electricity had been generated. This yields a ten-year average
of about 0.04 man-rem (man-cSv) per megawatt-year which is a small fraction of
the average value of this parameter found for LWRs (see Table 4).

3.3 Health Implications of Average Annual Doses

If any damage to health is caused by exposure to radiation in the work place,

it would probably 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 either cancer or genetic
damage occurring as a result of occupational radiation exposure experienced by
workers in the nuclear industry is small. A vast amount of scientific informa-
tion is available from which estimates of these vrisks can be made. Much of

this information, however, has been obtained from epidemiologic studies of

human populations at levels of exposures considerably higher than those normally
experienced in the work place. Complementary to this, information obtained

from many animal and cell biology studies has greatly enhanced our knowledge

and understanding. Although using this information to estimate risks in the
work place introduces large 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 likely 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), completed a comprehensive review
of the biological effects of ionizing radiation in 1980 [Ref. 8]. Based on

this report, a large working population receiving one million man-rems (man-cSv)
might suffer an estimated 100 to 200 additional cancer deaths over the remaining
years of their Tives. This risk estimate can be applied to the collective dose,
61,000 man-rems (man-cSv) and the population, 101,000 workers, receiving measur-
able exposures, presented in Table 4 of this report. The result is that, for
the work force reported as being exposed in 1983, the expected number of cancer
deaths that might resuit from occupational radiation dose received that year
would be about ten. (Results derived from the 1982 data would be quite similar.)
These deaths would occur many years following the exposure and would be in addi-
tion to the approximately 18,000 cancer deaths that occur normally in a popula-
tion of 100,000 workers without exposure to this amount of radiation. Perhaps
more meaningful to the individual workers are the health implications to the
workers receiving the average dose of 0.60 rem (cSv) or the maximum dose of

25 rems (cSv) during 1983. The estimated increased cancer death risk is about
one chance in 10,000 for the average dose and about four chances in 1,000 for
the maximum dose. Should a worker receive 0.60 rem (cSv) per year continucusly
during his entire working career (working from age 20 until age 65) his risk

of dying from cancer could increase by Tess than 2% over 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 six of
dying of cancer.

The potential genetic effects from a worker population receiving about 61,000
man-rems (man-cSv) is very small compared to the genetic damages that normally
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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 101,000 workers would,
according to the 1980 NAS report, be an increase of four or Tess cases (less
than 0.05%) compared to the expected 10,000 cases that occur normally. No
significant increase in the number of genetic defects has been observed in the
children of individuals exposed to ionizing radiation at Hiroshima and

Nagasaki, Japan.

4. TERMINATION DATA SUBMITTED PURSUANT TO 10 CFR § 20.408
4.1 Termination Reports, 1969-1983

In 1969, the Atemic Energy Comm}ssion (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 reten-
tion. 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 infor-
mation has been collected, some 1,100,000 termination records have been re-
ceived for approximately 300,000 individuals who have been reported as having
terminated their employment at facilities in one or more of the categories of
covered licensees. The figures given for the number of reports and the number
of individuals are different because numerous individuals have been terminated
more than once over the years and because some individuals may have had exter-
nal doses reported for more than one part of the body, as well as estimates

of internal depositions of radioactive material, each of which is counted as
one record. Table 10 provides a breakdown of this information for individuals
terminating during each of fifteen years and, since the majority of termina-
tion 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.

4.2 Llimitations of the Termination Data

When examining or using the statistics that are based on the termination data,
one should keep in mind that these data have various limitations: (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

*Assuming that, on the average, each exposed person will have one child in the
Tfutur‘e, i.e., 161,000 children born to this worker population.

Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators, and reprocessors; and manufacturers and distributors of speci-
fied quantities of byproduct material.
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TABLE 10

TERMINATION REPORTS SUBMITTED TO THE NRC
1969 - 1983** -

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
1975 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 185,841 71,780 177,832 66,902
1982*% 158,316 59,147 153,390 56,491
1983** 88,188 35,766 86,223 34,563

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

**The termination data for all individuals terminating during 1982 or 1983 have
not been entered inte the REIR System.
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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 an additional source of error in any
statistics developed from the termination data.

4.3 Transient Workers per Calendar Quarter

One use that is being made of the information contained in the termination
reports is the examination 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 employed by two or more licensees during the same calendar
quarter. Thus, in this report, a "quarteriy transient" worker is defined to

be an individual who began and terminated employment at twe or more different
licensed facilities within one calendar quarter. This allows one to examine
the doses of those workers most Tikely to approach the quarterly Timits without
their empioyer's knowledge since they move so rapidly among facilities.

Table 11 displays some of the information gathered from these termination
reports that were submitted by all covered Ticensees and by Ticensed nuclear
power facilities, separately. One can gquickly see that the vast majority of
these individuals are monitored by nuclear power facilities. The number of
these individuals increased more than twentyfold during the five years 1972
through 1976 but now appears to be increasing at a much smaller rate. They

have comprised about two percent of the number of workers receiving a measurable
dose (Table 4) for the Tlast several years. This probably reflects the eartier
rapid rate of growth of the nucTear power industry and its need for short-term
workers. The tabie also shows that the average individual dose {which is close
to being a quarterly dose for these workers) has tended to decrease during this
time and has remained less than 0.5 rem during the last five years. Examina-
tions of these records also revealed that some individuals have worked for as
many as six different NRC licensees during one quarter. However, on the average,
Tess than two instances per year have been found in which a worker exceeded his
quarterly Timit of three rems (cSv) as a result of his working at two or more
different Ticensed 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 guarterly
exposures exceeding three rems (cSv) may have gone undetected hecause a worker's
dose was received over a period spanning more than one 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. This method of reporting is
considered by the NRC staff to be inconsistent with the requirements of 10

CFR 20.408, and Ticensees will be advised that such reports are not acceptable.

4.4 Transient Workers per Calendar Year

Since the number of transient workers per calendar quarter comprise only a
small percentage of the total number of individuals terminating each year,

27



TABLE 11
TRANSIENT WORKERS PER CALENDAR QUARTER

1972-1983

A1l Covered iLicensees

No. of Persons Collective Average

Terminated by Two Dose Individual
or more Licensees {man-rems or Dose (rem

Year Within One Quarter man-cSv) or cSv)
1972 69 63 0.91
1973 157 138 0.88
1974 332 170 0.51
1975 709 508 0.72
1976 1299 904 0.70
1977 1481 870 (.59
1978 1570 720 0.46
1979 1809 836 0.46
1980 2355 1063 0.45
1981* 2344 955 0.41
1882%* 1977 773 0.39
Power Reactor Facilities
1972 57 57 1.00
1973 146 123 0.84
1974 285 158 0.55
1975 684 493 0.72
1976 1257 889 0.71
1977 1437 851 0.59
1978 1500 680 0.45
1979 1754 802 0.46
1980 2218 1033 0.47
1981% 2335 952 0.41
1982%* 1922 771 0.40

*Revised according to latest compitations.

**Figures for 1982 may be incomplete because all of the 1982 termination data
have not been computerized at this time.
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it was decided to change the criteria so that the records of more workers would
be examined. This was done by selecting the records of all individuals who
began and terminated two or more periods of employment with at least two dif-
ferent 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 12 summarizes the
number and doses of the transients found among the individuals terminating during
the six years 1977 through 1982. A similar collation has not been done for the
1983 data because not all of them have yet been computerized. 0One can see that
the number of these workers increased from about 3,200 workers in 1977 to about
5,400 in 1980 and 1981. The 4,481 workers shown for 1982 may indicate a
decreasing trend or may be due to the fact that all of the 1982 termination data
have not yet been computerized. The average dose, however, remains at about

1 rem {cSv). More details about these annual transients and a discussion of

the impact that the inclusion of these individuals in each of two or more
licensee's annual dose distribution reports had on the annual compilation of

the reports submitted by all of the nuclear power facilities are presented in
the NRC reports designated as NUREG-0713, Vols. 4 and 5 [Refs. 6 and 7].

TABLE 12

TRANSIENT WORKERS PER CALENDAR YEAR
AT NUCLEAR POWER FACILITIES

1977-1982
Collective

No. of No. of Individuals Dose Average
Commercial Terminated by {man-rems or Dose

Year Reactors Two or More Licensees man-cSv) (rems or cSv)
1977 57 3,161 3,776 1.29
1978 64 3,202 3,231 1.01
1979 67 4.022 3,891 0.97
1980 69 5,463 6,028 1.10
1981* 73 5,425 5,381 0.99
1982%* 75 4,481 4,954 1.11

*Revised according to latest compilations.
**Figures for 1982 may be incomplete because all of the 1982 termination data
have not been computerized at this time.
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5. PERSONNEL OVEREXPOSURES - 10 CFR § 20.403 and 10 CFR § 20.405

5.1 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 reporis of all occurrences involving personnel radiation exposures that
exceed certain control levels, 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:

Category A

10 CFR & 20.403(1) - Exposure of the whole body of any individual to

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

Category B

10 CFR § 20.403(b) - Exposure of the whole body of any individual to 5
rems or more; exXposure of the skin of the whole body of any individual to
30 rems or more; or exposure of the extremities to 75 rems or more. The
Commission must be notified within 24 hours of these events.

Category C

10 CFR § 20.405 - Exposure of an individual to radiation or concentrations
of radioactive material that exceeds any applicable quarterly limit in

Part 20 or in the 1icensee's license but is less than the values given
above. This includes reports of whole body exposures that exceed 1.25 rems,
or that exceed 3 rems, as discussed in Section 3.1. Reports of skin expo-
sures that exceed 7.5 rems and extremity exposures that exceed 18.75 rems
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 category as well. These reports must be submitted to the Com-
mission within 30 days of the occurrence.

A short description of the seven occurrences reported in 1982 and 1983 that
resulted in individuals receiving exposures of the magnitudes indicated in
Category A or B is given in Sections 5.2.1 and 5.2.2.

5.2 Summary of Overexposures

Table 13 summarizes all of the occupational overexposures to external sources

of radiation as reported by Commission Ticensees pursuant to § 20.403 and

§ 20.405 during the years 1977 through 1983. For 1982 and 1983, it shows the
number of individuals that exceeded various 1imits while employed by one of
several types of licensees. For the years 1977 through 1980, only the over-
exposures reported by licensed industrial radiography firms are shown separately.
Most of the occurrences included in the "A11 Others" category come from research
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TABLE 13

PERSONNEL OVEREXPOSURES TO EXTERNAL RADIATION

1977 - 1983
Types of Overexposures and Doses
License Persons and whoie Body (rems or cSv) [ Skin (rems or c5v) Extremity (rems or cSv)
Year | Category Doses (rems or cSv) <500 [>5 <25 | »&5 >7.5<30 |>30<I50 ] >150 | >18.75<75 | 2/5<375 [ >375
Industrial No. of Persons 1 1
Radiography | Sum of Doses 4.7 650
Power No. of Persons 7
Reactor Sum of Doses 13.2
1983 § Medical No. of Persons 2
Facilities Sum of Doses 3.5
Marketing No. of Persons 12 2
& Manufact. | Sum of Doses 25 49.5
Others No. of Person 25 2
Sum of Doses 837 228
Industrial No. of Persons [ 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 2
Facilities Sum of Doses 1.9
Marketing No. of Persons lb
1982 | & Manufact. § Sum of Doses 1.3
A1l 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
A11 Others | No. of Persons 10 2 1 4
Sum of Doses 24.1 30.9 8,1 102.9
Industyial No. of Persons 4 1 1
1980 | Radiography | Sum of Doses 23.6 7.7 56.0
No. of Persons 84 3 3
All Others Sum of Doses 285.4 73.5 33,000
Industrial No. of Persons Bd 3
1979 | Radiography | Sum of Doses 25.9 34.6
Al1 Others | No. of Persons 3p 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
No. of Persons 12 4 1 2 2
A1l Others Sum of Doses 36.0 51.9 127.3 18.2 49.2
Industrial | No. of Persons 7 2" 1
1977 | Radiography | Sum of Doses 23.7 23.2 630
. No. of Persons 38 1 3i 10
A1l Others Sum of Doses 75.0 220 40.0 224

3This person simultaneously received
cThis person simultaneously received
aine of these persons simultaneously
One of these parsons simultaneously
One of these persons simultaneously

f

an extremity overexposure of 61 rems {cSv)} that is not shown.

& skin overexposure of 15.2 rems (c5v) that is not shown.

received an extremity overexposure of 21 rems (cSv) that is not shown.
received an extremity overexposure of 46 rems (cSv) that is not shown,
received an extremity overexposure of 45 rems (cSv) that is not shown.

Sthis person simultaneously received a skin overexposure of 13 rems {cSv) that is not shown.

1
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?This person simultaneously received an extremity overexposure of 18 rems (cSv) that is not shown.
This person simultaneously received an extremity overexposure of 26.9 rems (cSv) that is not shown.

These two persons simultaneously received extremity overexposures of 82 and 38 rems (cSv) that are not shown.



facilities and universities. In 1980 the total number of individuals reported
as being overexposed was 96, a considerable increase over the numbers reported
for other years. This increase was due to the overexposure of some 67 individ-
uals at one nuclear power facility during steam generator repair work. They
received doses between three and five rems. In 1982, the total number of over-
exposed individuals was 32, and the highest whole body dose was 9.4 rems (cSv).
In 1983, the number of individuals involved in such occurrences increased to
40, and the highest whole body dose was 25 rems (cSv). In 1980, 1979, 1978,
and 1877, the highest whole body doses were 7.7, 17.0, 27.3 and 220 rems {cSv),
respectively.

There were no instances in 1982 or 1983 in which the estimated intake of
radicactive material exceeded the guarterly intake limit, equivalent to
exposure for 520 hours at the maximum permissible concentrations (MPC-hours).
There were thirteen reports of personnel exposures to airborne concentrations
of soluble uranium in excess of the applicable Timit equivalent to exposure
for 40 hours at the maximum permissible concentration in 1982. Ten of these
(a1l Tess than 100 MPC-hours) occurred at two uranium milling facilities
during non-routine cleanup operations, and bioassay results indicated that
protective devices had prevented physical uptake of the material. One of
these mills shutdown in the fall of 1982. There were no reported exposures
to excessive concentrations.in 1983.

5.2.1 Personnel Overexposures - 1982

Radiography Company - License Number 35-16191-01

On October 4, 1982, while working on a pipeline in Indiana, a radiographer and
his assistant received whole body doses of 5.3 and 6.5 rems {cSv), respectively.
After completing a radiograph, they failed to make adequate surveys to ensure
that the radicactive source, iridium-192, was properly secured within the
exposure device, and they waited in close proximity to the device until they
noticed that their self-reading pocket dosimeters were off scale. Although the
doses are in excess of NRC 1imits, they are below the level where observabie
medical effects would be expected.

Nuclear Power Facility - License Number DPR-39

On March 25, 1982, a shift engineer at the Zion nuciear power plant received a
whole body dose of about 5 rems (cSv) when he entered the Unit 1 reactor cavity to
check for water leakage. The incore instrumentation thimbles had been retract-
ed and were significant sources of radiation in the reactor cavity. Several
problems that contributed to the overexposure included inadeguate preplanning,
surveys, and training and a shortage of calibrated high-range portable survey
instruments.

Nuclear Power Facility - License Number DPR-26

On June 1, 1982, a contractor employee at the Indian Point plant received a
whole body dose of 8.7 rems (cSv) to bring his dose for the second quarter of
1982 to 9.4 rems (cSv). The exposure occurred when the employee, a diver, swam
in the vicinity of a misplaced spent fuel assembly while assisting in the instal-
lation of new fuel racks. Several factors that contributed to the overexposure
were instrument malfunctions that did not allow the proper detection of the
radiation field in the area of the spent fuel bundle by either the diver or the
health physics personnel.
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Shielding Manufacturer - License Number SMB-179

In May 1983, the licensee, a company that fabricates kinetic energy penetrators
and shielding from depleted uranium, discovered higher radiation doses to
foundry workers' hands than had previously been measured. It was estimated

that extremity overexposures ranging from 20 to 127 rems (cSv) had been received by
fifteen foundry workers during the fourth quarter of 1982, extremity doses
between 21 and 143 rems (cSv) were received by fourteen workers during the first
gquarter of 1983, and extremity doses from 20 to 40 rems (cSv) were received by
thirteen workers during the second quarter of 1983. The overexposures occurred
when the inside of the workers' leather gloves became contaminated with deplet-
ed uranium, and the skin of the palms of the hands received larger doses than
anticipated. No visible damage to the workers' hands were found.

Radiography Company - License Number 42-19788-01

During an inspection of the licensee's activities conducted by the NRC staff on
January 4-5, 1983, records were found that indicated that two radiographers
apparently received whole body doses of 8.9 and 3.6 rems (cSv) during the month
of October 1982. Although a specific event or incident was not identified

that could have caused the overexposures, the exposures indicated a need for
the licensee to strengthen his radiation safety program, particularly for

field operations.

5.2.2 Personnel Overexposures ~ 1983

Radiography Company - License Number 37-15445-02

On June 7, 1983, the licensee was conducting radiography at a temporary job
site in Hoboken, New Jersey. An iridium-192 source became disconnected

from the drive cable of the radiography device, and the licensee was unable to
return the source to its safe shieided position. The licensee requested assis-
tance from a company that manufactures iridium-192 sources. The employee

of the second company retrieved the iridium-192 source the next day, but he
received a calculated dose of 650-1100 rems (cSv) to his thumb and index finger
because an adequate survey was not conducted prieor to the recovery attempt.

The exposed individual was examined by a physician who did not identify any
physical effects nor did he expect any subsequent health effects.

Gauge Manufacturer - License Number 12-11184-01

During the third quarter of 1983, an employee of a company that makes, distributes,
and repairs industrial gauges containing sealed radiation sources received an
apparent whole body dose of 25 rems (cSv) and a 60 rem (cSv) dose to the hands.
He was also involved in Toading and unloading sealed radiocactive sources into
source holders. Although the doses received by the individual are in excess of
NRC 1imits, they are still below the level where observable medical effects
would be expected. However, there were further indications of inadequacies in
the licensee's radiation protectien program, and on August 15, 1983, the NRC
suspended the company's license. The suspension was rescinded on September 16,
1983, after NRC inspections determined that the licensee had taken adequate
corrective actions.
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