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ABSTRACT

This report summarizes the occupational exposure data that are maintained in
the U.S. Nuclear Regulatory Commission’s Radiation Exposure Information and
Reporting System (REIRS). The bulk of the information contained in the report
was extracted fer the 1989 annual statistical reports submitted by six of the
seven categories” of NRC licensees subject to the reporting requirements of

10 CFR § 20.407. Since there are no geologic repositories for high level waste
currently licensed, only six categories will be considered in this report.
These six categories of Ticensees also submit personal identification and
exposure information for terminating employees pursuant to 10 CFR § 20.408,
and some analysis of this "termination" data is also presented in this report.

Annual reports for 1989 were received from a total of 448 NRC Ticensees, 112
of which were operators of nuclear power reactors. Compilations of the 448
reports indicated that 216,294 individuals were monitored, 111,153 of whom
received a measurable dose (Table 3.1). The collective dose incu;red by these
individuals was calculated to be 39,997 person-rems (person-cSv)‘ which
represents a decrease of 0.9% from the 1988 value. The number of workers
receiving a measurable dose increased, and the collective dose decreased,
resulting in the average measurable dose decreasing from 0.41 rem (cSv) in
1988, to 0.36 rem (cSv) in 1989. About 11% of the monitored individuals were
found to have received doses greater than 0.50 rem (cSv), which is down from
the 1988 value of 14%.

Some 113,535 termination reports (Table 5.1) were submitted to the NRC which
contained personel identification and exposure information for 79,394
individuals who had completed their work assignment or employment with a
covered category of NRC licensees during 1989. The total number of monitored
individuals for whom personal identification and exposure information has been
incorporated into REIRS during the 21 years that it has been operating is now
about 640,000, 566,159 of whom terminated from nuclear power facilities.
Analyses of these termination data indicate that 10,344 individuals completed
work assignments at two or more nuclear reactor facilities during calendar
year 1989 and received an average dose of 0.64 rems (cSv). Approximately
3,545 of these individuals worked at two or more reactor facilities during one
calendar quarter and received an average quarterly dose of 0.21 rem {cSv).
These termination reports can also be used to analyze career dose data of
occupational exposure. This analysis has been performed for individuals
terminating from reactors from 1977 through 1989 and is presented by dose,
career length, sex, and age in Sections 5.6 and 5.7. Of the 506,092
individuals monitored, 299,170 recevied measurable dose with an average career
dose of 1.44 rems (cSv) and an average career length of 3.27 years.

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 repositaries for
high-Tevel 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.
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EDITOR’S NOTE

The NRC currently has a three-year contract with Science
Applications International Corporation (SAIC) to assist
the NRC Staff in the preparation of the NUREG-0713
series. SAIC will be suggesting changes in the
presentation of certain data in these reports. Readers
should be alert to these changes, and the NRC welcomes
responses, especially where these changes can be
improved upon. Comments should be directed to Charleen
T. Raddatz, Office of Nuclear Regulatory Research, U.S.
Nuclear Regulatory Commission, Washington, D.C. 20555
(301)492-3745,
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PREFACE

A number of NRC Licensees have inquired as to how the occupational radiation
exposure data that are extracted from 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

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. These facts are used
by the NRC staff as indicated below:

1. The data permit evaluation, from the viewpoint of trends, of the
effectiveness 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 assist in the evaluation of the radiological risk
associated with certain categories of NRC-licensed activities and are
used for comparative analyses of radiation protection performance:
US/foreign, BWRs/PWRs, civilian/military, plant/plant, nuclear
industry/other industries, etc.

3. The data provide for the monitoring of transient workers who may affect
dose distribution statistics through multiple counting, or who may
exceed regulatory limits on radiation exposure due to the accumulation
of exposure at multiple sites per calendar quarter or calendar year.

4, The data help provide facts for evaluating the adequacy of the current
risk limitation system {e.g., are individual lifetime dose limits,
worker population collective dose limits, and requirements for
optimization needed?).

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

6. The data are used in the establishment of priorities for the utilization
of NRC health physics resources: research, standards development, and
regulatory program development.

7. The data provide facts for answering Congressional and Administration
inquiries and for responding to questions raised by public interest
groups, special interest groups, labor unions, etc.

8. The data provide information that may be used in the planning of
epidemiological studies.
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Occupational Radiation Exposure
at Commercial Nuclear Power Reactors and Other Facilities
Twenty-second Annual Report, 1989

1 INTRODUCTION

One of the basic purposes of the Atomic Energy Act and the implementing
regulations in Title 10, Code of Federal Regulations, Chapter I, Part 20, is
to protect the health and safety of the public, 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 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 Tocation 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
information was required of the four categories® of AEC Ticensees that were
considered to involve the greatest potential for significant occupational
doses and of AEC facilities and contractors exempt from lTicensing. 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 that was
maintained at the Oak Ridge National Laboratory Computer Technology Center in
Oak Ridge, Tennessee, until May 1990. At that time the data were transferred
to a database management system at Science Applications International
Corporation (SAIC) at Oak Ridge, Tennessee. The computerization of these data
ensure that they are kept indefinitely and facilitate 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-R1 through
WASH-1350-R6.

Commercial nuclear power reactors; industrial radiographers; fuel processors, fabricators, and
reprocessors; manufacturers and distributors of specified quantities of byproduct material.
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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
information 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
Safety at Germantown, Maryland.

In 1982 and 1983, paragraph 20.408(a) of Title 10 of the Code of Federal
Regulations 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 radiocactive waste, (2) independent spent fuel
storage installations, and (3) facilities for the land disposal of low-level
radioactive waste. Therefore, this document presents the exposure information
that was reported by NRC Ticensees representing two of these new categories.
(There are no geologic repositories for high-level waste currently licensed.)

This report and each of the predecessors summarizes information reported
during previous years. However, more licensee-specific data, such as the
annual reports 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 section.

1-2



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
obtained 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 quarter in excess of 25% of the applicable quarterly
Timits. For most adults the quarterly 1limit for the whole body is 1.25 rems
(cSv), so0 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 visitors and clerical workers may also be provided with monitoring
devices for identification or convenience, although 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 required, or the dose distribution of all
those for whom monitoring 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 receiving a measurable dose, as well
as the average dose per monitored individual (for example, see Table 3.1}.

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 (dose
ranges are shown in Table 3.2)}. This allows the collective 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 usually less than the midpoint. Thus, the collective doses presented for
categories of licenses shown in this report may be 10% higher than the sum of
the actual individual doses. However, nearly 70% of the nuclear power
reactors reported the actual collective dose in 1989 so the total collective
dose used in this report is more accurate than if the collective dose would
have been calculated for each site.
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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 corresponding to the actual
accumulated dose (the sum of the doses incurred at each facility). 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 point is provided in Section 5.

Another fact that should be kept in mind when examining the annual statistical
data is that all of the personnel included in the report 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
involved in that activity for the full year.

Considerable attention should also be given when referencing the collective
totals presented in this report. The differences between the totals presented
for all Ticensees that reported versus only those Ticensees that are required
to report should be noted. Likewise, one should pay close attention to the
differences between all power reactors (including the high temperature gas
reactor, HTGR), all pressurized water reactors (PWRs), all boiling water
reactors (BWRs), and all light water reactors (LWRs). The totals may be
inclusive or exclusive of those licensees that were in commercial operation
for less than one full year. These parameters vary throughout the tables and
appendices of this report in order to provide the most comprehensive analysis
of all the data available. The apparent discrepancies among the various tables
are a necessary side-effect of this endeavor.

Also, it should be again pointed out that this report contains information
reported by NRC Tlicensees only. Since the NRC licenses all commercial nuclear
power reactors, fuel processors, fabricators and reprocessors, and independent
spent fuel storage facilities, information shown for these categories reflects
the U.S. experience. This is not the case, however, for the remaining
categories of industrial radiography, manufacturing and distribution of
specified quantities of by-product material, and low-level waste disposal.:
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Companies that conduct these types of activities in Agreement States? are
Ticensed by the state and are not required to submit occupational exposure
reports to the NRC. Therefore, information shown for these categories does
not reflect the total U.S. experience.

States that have entered into an agreement with the NRC that allows each state to license organizations
using radioactive materials for certain purposes. There are now 29 Agreement States.
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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 exposure to radiation. Since the regulations do not require
these licensees to report the collective dose incurred by the individuals
shown on the statistical reports, the dose distributions are used as the basis
for the staff’s calculation of the collective dose (see Section 3.1.4).

3.1.2 Number of Monitored Individuals

This is the total number of individuals that the NRC licensees 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
workers, clerical workers and any other individuals for whom the Tlicensee
feels that monitoring devices should be provided. Most Ticensees submit the
dose distribution of the total number of persons for whom monitoring was
provided in their annual § 20.407 reports, but a few report only those for
whom monitoring was required.

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 Tlicensees 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
the average measurable dose per worker 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 monitored for convenience or for identification purposes).

Commercial nuclear power reactors; industrial radiographers; fuel processors, fabricators and
reprocessors; manufacturers and distributors of by-product material: independent spent fuel storage
installations; and facilities for land disposal of law-Tevel radioactive waste.
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3.1.4 Collective Dose

The concept of collective dose is used in this report to denote the summation
of the whole body external doses received by all monitored individuals and has
the units person-rems (person—cSv)E. The collective dose is not usually
provided in the annual dose distribution reports submitted pursuant to 10 CFR
§ 20.407, but NRC staff calculated it from the reports by summing the products
obtained by multiplying the number of individuals reported in each of the dose
ranges by the midpoint of the corresponding range. This assumes that the
midpoint of the range is equal to the arithmetic mean of the individual 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. 1In 1981, a few power reactor licensees began reporting the
actual collective dose (as determined from official personnel dosimetry
results) on the § 20.407 annual reports, and, when provided, the NRC staff
used these doses 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 other 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.

In the International Systems 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.
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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
categories that are required to report pursuant to 10 CFR § 20.407. The third
column in TabTe 3.1 shows the number of licensees that have filed such reports
during the Tast several years. State licensees do not submit such reports to
the NRC.

3.1.8 CR

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 a
ratio "CR." CR is defined to be the ratio of the annual collective dose
incurred by individuals whose annual doses exceed 1.5 rems to the total
annual colTective 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 licensees; one can see that most categories now have a CR
that is less than 0.50 and that 1989 is the fifth year in a row the CR for
commercial LWRs and the grand total for all licensees has dropped below 0.50.

3.2 Annual Whole Body Dose Distributions

Table 3.2 is a compilation of the statistical summary reports currently being
submitted by six categories of Ticensees. In nearly every category a large
number of the doses are less than measurable, and very few doses exceed 4 or 5
rems (Csv). About 90% of the reported individuals continue to be monitored by
nuclear power facilities where they receive about 90% of the total collective
dose.

It should be pointed out that annual exposures that exceed five rems (cSv) are
not necessarily 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 Ticensees, under certain conditions, to allow a worker

The collective dose of warkers with doses exceeding 1.5 rems {cSv) was caleulated by assuming that half
of the collective dose incurred by warkers with doses between one and two rems {cSv) was due to doses
greater than 1.5 rems (Csv). This value was then added to the collective dose incurred by workers in
the higher ranges.
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TABLE 3.1
ANNUAL EXPOSURE DATA FOR CERTAIN CATEGORIES OF LICENSEES

1980-1989
Humber of Collective Average
Workers Dose Average Measurable
Hurber of Number With (person- individual Dose per
License Colendar Licensees of Monitored Measurable rems or Dose (rems Worker {(rems
Category+ Year Reporting Individuals Doses persaoh-cSv) ar g5y) or_c5v) CR*
Industrial 1989 276 6,745 4,352 2,067 0.31 0.47 0.42
Radiography 1988 286 6,878 &, 223 1,981 0.29 0.47 0.43
1987 312 7,236 4,454 i,835 0.25 0,41 0.36
1905 335 7,952 5,130 2,108 0.26 0.41 0.39
1985 340 B,4T6 5,550 2,374 0.28 0.43 0.45
1985 351 8,458 5,446 2,490 0.30 0.46 0.46
1983 340 8,624 5,131 2,384 0.28 0.46 0.45
1982 353 9,235 6,160 2,598 0.32 0.49 0.46
1981 266 2,938 5,485 2,652 0.27 0.48 0.48
1980 292 11,102 6,556 2,979 0.27 0,45 0.45
Manufacturing 1989 1) 4,554 2,345 770 0.17 0.33 0.53
and 1988 146 2177 B&3 343 0.t6 0.40 0.62
Distribution 1987 24 3,589 2,317 Ti6 0.20 0.31 0.54
1985 33 4,042 2,065 745 0.18 0.36 0.49
1985 33 3,958 2,250 755 0,19 0.3 0.50
1985 40 5,076 1,977 671 0,13 0.3 0,44
1983 33 5,051 2,003 824 0.16 0.41 0.54
1982 34 5,453 2,199 B0 0.16 0.40 0.51
1981 29 &, B46 2,395 i 0.19 0.38 0.52
1980 29 5.11¢ 2,460 1,033 0,20 0.42 0.61
Low-Level 1989 2 925 119 35 0.04 0.2¢ 0.17
Waste 1984 2 B&4 17 27 0.03 0.1é 0.06
Disposal 1987 2 778 173 24 0.03 0.14 0.00
1986 2 996 175 31 0.03 0.18 0,05
1985 2 1,240 252 70 0.06 0.28 Q.24
1984 2 925 297 72 0.08 0.2% 0.6
1943 1 512 358 71 o.t2 0.20 0.14
1982 1 580 251 53 008 0.21 0.20
Independent 1989 2 190 102 13 0.17 0.33 0.09
Spent Fuel 1988 2 217 57 25 0.12 0.44 0.27
Storage 1987 2 129 64 41 0.32 0.64 0.40
1985 1 32 32 34 1.06 1.06 0,46
1985 1 32 32 34 1.06 1.06 0.51
1984 t 32 32 13 0.41 0.41 0.06
1943 1 33 27 B 0.24 0.30 0.00
1982 1 35 32 ? 0,26 0.28 0.00
Fuel 1989 ] 11,583 2,¥92 243 0.02 0.08 0.00
Fabrication 1988 10 11,994 3,059 455 0.04 0.12 0.0%
anrd 1987 10 10,370 3,994 514 0.05 0.13 0.0%
Processing 1986 10 8,017 3,790 466 0.06 n.12 0.01
1985 " 8,596 5,032 643 0.07 0.13 0.05
1985 14 9,488 5,772 B18 0.09 0.14 0.04
1983 i 9,023 5,013 835 0.09 0.17 0.1%
1982 16 ¢,808 5,433 831 0.08 0.15 0.20
1981 18 10,552 5,942 940 0.09 0.16 0.09
1980 18 10,204 5,900 111 0.11 0.1% 0,12
Commercial 1989 112 192,297 101, 243 36,849 0.19 0.34 0.33
Light Water 1988 113 197,918™ 97,831% 41,076 0.21 0.42 0.38
Reactorste 1987 106 209, 100%% o, 93Kk 40,947 0.19 0.41 0.35
1986 Lt 194 ,048% 93,502 42,9682 0.22 0.43 0.44
1985 o3 180, 254%* 94 BT 43 624 D.24 0.46 0.47
1985 L] 165,8034 5, 224" 55,353 0.33 0.58 0.57
1983 80 139,885 43, 546m 56,758 0.41 0.58 0.60
1982 79 127,904%* 80,871% 52,227 0.41 0.65 0.57
1981 3 123,978% B0, 664%* 54,271 0.44 0.47 0.58
1980 70 124, 250%* 77 903w 53,810 0.43 0.6% 0.59
Grand Totols 1989 448 216, 2944 111,153%* 39,997 0.18 0.36 0.34
and Averoges 1988 429 220, D4 8%* 107,079%* 43,906 0.20 0.41 0.38
1987 454 232,77k 112,097 44,079 0.19 0.39 0.37
1986 482 215,0874* 110, 694%* 46,366 0.22 0.42 0.43
1985 480 202, 556%* 107,985+ 4T 474 0.23 0.44 0.46
1984 506 189, 7a2%* 108, TaB** 59,421 0.3 0.55 0.56
1983 470 163, 238** 04, 878%> 60,880 0.37 0.63 0,59
1982 482 153, 1184 94, JhGe 57,008 0.37 0.60 0.56
1981 385 149,314 94,490%* 58,767 0.3% 0.62 0.56
1980 410 150,675 92,819%* 53,933 0.39 0.63 0.57

¥ These categories consist only of MRC licensees. Agreement State licensed organizations do not report
occupational exposure data to the KRC. (see Section 2 for categories)
*CR is the ratio of the onrwal collective dose delivered at annual doses exceeding 1.5 rems to the total anmual
cokiective dose. (5ee Section 3.1.8)

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

***Includes all LWRs that reported, although all of them may not have been in commercial operation for a full year.
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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 recorded 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
equals the individual’s age in years. Although there is currently no annual
limit, annual exposures that exceed 12 rems (cSv) indicate that an over
exposure has occurred,

In 1989, one individual employed by an industrial radiographer was reported to
have received a dose in excess of 12 rems. A report was provided to the NRC
and a discussion of the incident is included in Section 6. Any quarterly
exposure in excess of the applicable quarterly Timits must also be reported.

A discussion of various types of occurrences in which the 1imits have been
exceeded is given in Section 6.

A summary of the annual whole body exposures reported to the Commission by
certain categories of NRC Ticensees required to submit reports pursuant to 10
CFR § 20.407 is presented in Table 3.3, which shows that about 95% of the
exposures have consistently remained less than two rems (cSv) between 1967 and
1984. For the past three years the percentage of workers with less than 2
rems (cSv) has been greater than 98%. The number of individuals receiving an
annual exposure in excess of five rems (cSv) has been gradually declining
since 1971 and has been less than 0.01% since 1985.

3.2.1 Log Probability Plots

Since personnel monitoring data has been found to have log-normal
distributions [Ref. 11], trends in the data reported by licensees may be
observed from log probability p]otsB of data. Figure 3.1 displays such a plot
of the doses incurred by workers monitored by certain NRC licensees (see
Section 3.1.1) for the year 1989. There are a few characteristics of these
distributions readers should keep in mind. First, each sing