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ABSTRACT

This report suminarizes the occupational exposure data that are maintained in the U.S.
Nuclear Regulatory Commission's (NRC) Radiation Exposure Information and Reporting
System (REIRS). The bulk of the information contained in the report was compiled from the
1985 annual reports submitted by six of the s¢ ven categories’ of NRC licensees subject to the
reporting requirements of 10 CFR 20.2206. Since there are no geologic repositories for high
level waste currently licensed, only six categories will be considered in this report.

Annual reports for 1995 were received from a total of 2886 NRC licensees, of which 109 were
operators of nuclear power reactors in commercial operation. Compilations of the reports
submitted by the 295 licensees indicated that 143,884 individuals were monitored, 77,737 of
whom received a measurable dose (Table 3.1). The collective dose incurred by these
individuals was 24,884 person-cSv (person-rem)’ which represents a <0.1% decrease from
the 1964 value. The number of workers receiving & measurable dose also decreased,
resulting in the average measurable dose of 0.32 cSv (rem) for 1985. The average
measurable dose is defined to be the total collective dose (TEDE) divided by the number of
workers receiving a measurable dose. These figures have been adjusted to account for
transient reactor workers.

in 19985, the annual collective dose per reactor for light water reactor licensees (LVWRs) was
199 person-cSv (person-rem). This is the same value that was reported for 1994. The annual
collective dose per reactor for boiling water reactors (BWRs) was 256 person-cSv (person-rem)
and, for pressurized water reactors (PWRs), it was 170 person-cSv (person-rem).

Analyses of transient worker data indicate that 17,153 individuals completed work assignments
at two or more licensees during the monitoring year. The dose distributions are adjusted each
year to account for the duplicate reporting of transient workers by multiple licensees. In 1995,
the average measurable dose calculated from reported data was 0.26 cSv (rem). The
corrected dose distribution resulted in an average measurable dose of 0.32 cSv (rem).

Commercial nuclear power reactors, industrial radiographers, fuel processors fabricators. and reprocessors manufacturers
and distributors of byproduct material independent spent fuel storage instaliations facilties for lend disposal of low-level
waste and geologic repostories for high-level waste

in the International System of Units the sievert (Sv) is the narre given to the units for dose equivalent One centisievert (cSv)
equals one rem therefore person-rem becomes person-cSv

il NUREG-0713



EDITOR'S NOTE

ThoNRCeumnttyhunﬂvo-yurcontmctwﬁhScbnco
Applications international Corporation (SAIC) to assist the NRC
Staff in the preparation of the NUREG-0713 series. Mr. Charles
Hinson (NRR) assisted in the preparation of this NUREG, serving
as the NRC Technical reviewer. SAIC will be suggesting
d\monhthopnnmnbnofcmdndnhthounpom.
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:

Mary L. Thomas: (301) 415-6230
E-Mail Address: mit1@nrc.gov
REIRS Project Manager

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commissioi
Washington, D.C. 20555
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FOREWORD

Based on information received from 204 licensees required to subm.t annual reports, collective
doses decreased by less than 1% from 1994 to 1995. The annual collective dose decreased by
less than 1 % at light-water reactors frum 1994 to 1995 Collective doses reported by industrial
radiographers, low-level waste disposal facilities, fuel fabrication and processing facilities also
showed a decrease wheres- .nanufacturers and distributors and independent spent fuel storage
facilitios showed sligh: increase.

NUREG-0713, Volume 17, summarizes the occupational exposure data for 1995 that are
maintained in the U.S. Nuclear Regulatory Commission's Radiation Exposure Information
Reporting System (REIRS). It does not present staff positions or requirements. However, the
NRC staff believes that it can be & useful tool in evaluating the effectiveness of an ALARA
program.

g X T -

Mary L. Thomas

Radiation Protection and Health Effects Branch
Divisiz.i of Regulatory Applications

Office of Nuclear Regulatory Research
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PREFACE

A number of NRC licensees have inquired as to how the occupational radiation exposure data
that are compiled from the individual exposure reports required by § 20.2206 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 oc ~upational 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, facility/facility,
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 fcr additional protection of the public involves worker exposures.

8. 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, eic.

8. The data provide information that may be used in the planning of epidemiological studies.

xi NUREG-0713




Occupational Radiation Exposure
at Commercial Nuclear Power Reactors and Other Facilities
Twenty-eighth Annual Report, 1995

1 INTRODUCTION

One of the basic purposes of the Atomic Energy Act and the implementing regulations in Title
10, Code of Federal Regulations, Chapter |, Part 20, is to protect the he.alth and safety of the
public, including the employees of the licensees conducting operatioris under those
regulations. Ainong the regulations designed to ensure that the standards for protection
against radiation set out in 10 CFR 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 indc“nitely 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 10 CFR 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 licensees that were considered to involve the greatest potential for
significant occupational doses and of AEC facilities and contractors exempt from licensing. 3
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 comy uter system that was maintained at the Oak
Ridge National Laboratory Computer Technoiogy Center in Oak Ridge, Tennessee, until May
19980. At that time, the data were transferred 1o a database management system at Science
Applications Intemational Corporation (SAIC) at Oek Ridge, Tennessee. The computerization
of these data ensures that they are kept indefinitely and facilitates their retrieval and analysis.
The data maintained i~ RE'RS have been summarized and published in a report every year
since 1969. Annual reports iar each of the years 1969 through 1873 presented the data
reported by both AEC licensees and contractors and were published in six documents
designated as WASH-1350-F(1 through WASH-1350-R6.

in January 1975, with the separation of the AEC into the £nergy Research and Development
Administraiion (ERDA) and the U.S. Nuclear Regulatory Commission (NRC), each agency
assumed responsibility for collecting and maintaining occupational radiation exposure

Commercial nuciear power reactors mm.mmm.m.mm.m
and distributers of specified quantities of byproduct material

1-1 NUREG-0713




information reported by the facilities under its jurisdiction. The annual reports published by the
NRC on occupational exposure for calendar year 1874 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 Office of Health, a division of Environment, Safety and Health, in
Germantown, Maryland.

In 1982 and 1983, paragraph 20.408(a) of Title 10 of the Code of Federal Regulations was
amended to require tiree additional categories of NRC licensees to submit a..nual statistical
exposure reports und individual termination exposure reports. The new categories are (1)
geologic repositories for high-level radioactive waste, (2) independent spent fuel storage
instaliations, and (3) facilities for the land disposal of low-leve! radioactive waste. Therefore,
this document presents the exposure information that was reported by NRC licensees

representing two of these new categories. (There are no geologic repositories for high-leve!
waste currently licensed.)

This report and each of the predecesso's summarizes information reported for both the current
year and for previous years. More licensee-specific data for previous years, 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 for the specific year desired. 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.

In May of 1991, the revised 10 CFR 20 "Standards for Protection Against Radiation; Final
Rule" was published in the Federal Register. The revision redefined the radiation monitoring
and reporting requirements of NRC licensees. Instead of summary annual reports (§ 20.407)
and termination reports (§ 20.408), licensees are now required to submit an annual report of
the dose received by each monitored worker (§ 20.2206). Licensees were required to
implement the new requirements on or before January of 1994. This report is the second
compilation of radiation exposure information collected under the revised 10 CFR 20. Cenrtain
sactions of the report have been modified to account for the change in the reporting of
exposure information. Readers are encouraged to comment on these changes.
Recommendations for further analysis or for different presentation of information are welcome.
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1.1 Radiation Exposure Information on the internet

in May of 1995, the NRC bagan pursuing the dissemination of radiation exposure information
via a World Wide Web site on the Intemet. This allows interested parties with the appropriate
equipment to access the data electronically rather than through the published NUREG-0713
document. A web site was created for radiation exposure and linked into the main NRC web
page. The web site contains up-to-date information on radiation exposure, as well as
information and guidance on repcrting radiation exposure information to the NRC. Interested
parties may read the documents on-line or down-load information to their systems for further
analysis. Software, such as REMIT, is also available for downloading via the web site. There
are also links to other web sites dealing with the topics of radiation and health physics. The
NRC intends to continue pursuing the dissemination of radiation exposure information via the
World Wide Web and will focus more resources on the electronic distribution of information
rather than the published hard copy repors.

The main web URL address for the NRC is:

http://lwww.nrc.gov

The NRC radiation exposure information web URL address is:

http://www.saic.com/home/nrc_rad

Comments on this repc rt or the NRC's web page should be directed to:

REIRS Project Manager

Office of Nuclear Regulatory Research
U.S. Nuc'ear Regulatory Commission
Washington, DC 20555
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2 LIMITATIONS OF THE DATA

All of the figures compiled in this report relating to exposures and doses ara 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 specified in 10 CFR § 20.1502, which requires licensees to
monitor individuals who uceive or are likely to receive a dose in a year in excass of 10% of the
applicable limits. For most adults, the annual limit for the whole body is 5 cSv (rem), so 0.5 cSv
(rem) per year is the level above which monitoring is required. Separate dose !imits have been
established for minors and pregnant workers. Monitoring is required for any individual entering
a high or very high radiation area. Depending on the adminis*rative policy of each licensee,
person’ such as visitors and clerical workers may also be provided with monitoring devices for
dei,. .ation or convenience, aithough the probability of their being exposed to measurable
levels i radiation is extremely small. Licensees are given the option of reporting the dosec 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 etfort
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 caiculate an
average dose per individual receiving a measurable dose, as well as the average dose per
monitored individual (for example, see Tavle 3.1).

The Revised 10 CFR § 20 was publisi:ed in the Federal Register on May 21, 1991. With the
revision of Part 20, licenseos report the monitoring results for each individual. Tnis has
eliminated the need for the staff to calculate collective dose from the statistical distributions
and has improved the accuracy of the collective dose information presented in this report.
Licensees were required to implement the new reporting requirements as of January 1, 1994.
Certain licensees began reporting under these new requirements during 1993, and that data
has been included in the analyses presented here.

Another impact of the Revised Part 20 is the change from whole body dose to total effective
dose equivalent (TEDE). The TEDE includes both external and internal dose. The TEDE is
determined by summing the deep dose equivalent (DDL) from external radiation exposure and
the committed effective dose equivalent (CEDE) from internal exposures. In previous reports,
only the whole body dose (equivalent to the DDE) was reported and analyzed. Inthe 1994
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report, the TEDE is presented and analyzed in all graphs and tables unless otherwise noted.
Readers should be aware of this change from external whole body dose to the TEDE. For
most licensed activities, the internal dose is not a significant contributor to the TEDE.
However, workers at Fuel Fabrication facilities receive significant exposures from internal
exposure. This change in reporting requirements can be seen in the 1994 and 1995 data for
this licensee category. (See Section 3.3.5)

The average dose per individual, as well as the dose distributions shown for groups of
licensees, also can be affected by the multiple reporting of individuals who were monitored by
two or more licensees during the year. Licensees are only required to report the doses
received by individuals at their licensed facility. A dose distribution for a single licensee does
not consider that some of the individuais may have received doses at other facilities. When
the data are summed to determine the total number of individuals monitored by a group of
licensees, individuals may be counted more than once. This can also affect the distribution of
doses because individuals may be counted multiple times in the lower dose ranges rather than
one time in the higher range corresponding to the actual accumulated dose for the year (the
sum of the individual's dose accrued at all facilities). 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 inciuded 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 caiculated 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 licensees that reported versus
only those licensees that are required to report should be noted. Likewise, one should pay
attention to the differences between all power reactors [including the high temperature gas
reactor (HTGR), all pressurized water reactors (PWRs), and all boiling water reactors (BWRs)).
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 shouid again be pointed out that this report contains information reported by NRC

licensees only. Since the NRC licenses all commercial nuclear power reactors, fuel processors,
fabricators and reprocessors, and independent spent fuel storage facilities, information shown
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for these categories reflects the U.S. experience. This is not the case, however, for the
remaining cateqgories of industrial radiography, manufacturing and distribution of specified
quantities of by-product material, and low-levei waste disposal. Companies that conduct these
types of activities in Agreement States” are licensed by the state and are not required to
submit occupational exposure reports to the NRC. Approximately twice as many facilities are
licensed to Agreement States than the number licensed by the NRC. This report also does not
include non-occupational exposure such as exposure due to medical x-rays, fluoroscopy, and
accelerators. information shown for these categories does not reflect the total U.S. experience.

’ mmmwmwsmommmmnacm.owmmnnnommmmwm
materials for certain purposes As of 12/31/54 there are 20 Agreement States
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3 ANNUAL PERSONNEL MONITORING REPORTS - 10 CFR 20.2206

3.1 Definition of Terms and Sources of Data

3.1.1 Statistical Summary Reports

On February 4, 1874, 10 CFR 20.407 was amended to require certain categories® of licensees
to submit an annual statistical report indicating the distribution of the whole body doses
incurred by workers whom they monitored for exposure to radiation. Since the regulations did
not require these licensees to report the collective dose incurred by the workers shown on the
statistical reports, the dose distributions were used as the basis for the staff's calculation of the
collective dose (see Section 3.1.4).

The revised 10 CFR 20 was published in the Federal Register on May 21, 1891. Section
20.2206 of the revised rule requires licensees to report the radiation exposure monitoring
results for each individual for the monitoring year. All licensees were required to implement the
new reporting requirements on or before January 1, 1994,

Under the new requirements, the individual's total effective dose equivalent (TEDE, as defined
in § 20.1003) is reported, so that the dose distributions may be determined directly from the
individual's exposure. The TEDE is summed per individual and tabulated into the appropriate
dose range to generate the dose distribution for each licensee. The total collective dose is
more accurate using this method, since the licensee reported the dose to each individual and
the total collective dose was calculated from the sum of these doses and not statistically
derived from the distribution (see Section 3.1.4). The TEDE includes the dose contribution
from the committed effective dose equivalent (CEDE) for those workers who had intakes that
required monitoring and reporting of internal dose. Reports submitted under formerly

af »icable 10 CFR 20.407 did not include the whole body contribution from internal dose.

3.1.2 Number of Monitored Workers

The number of monitored workers refers to the total number of workers that the NRC
licensees, who are covered by 10 CFR 20.1502, reported as being monitored for exposure to
external and internal radiation during the year. This number includes all workers for whom
monitoring is required, and rnay include visitors, service representatives, contract workers,
clerical workers, and any other workers for whom the licensee feels that monitoring devices
shouid be provided.

’ wmmmmmwwmwmmmm
mmuomm_mmmmm‘mmmw disposal of low-levei
radioactive waste
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For licensees submitting under the revised 10 CFR 20.2206, the total number of workers was
determined from the number of unique personal identification numbers submitted per licensee.
Uniqueness is defined by the combination of identification number ar.d identification type.
[Ref. 18]

3.1.3 Number of Workers with Measurable Doses

Under the revised 10 CFR 20.2208, the numher of workers with measurable dose includes any
individual with a TEDE greater than zero cSv (rem). This does not include workers with a
TEDE reported as zero, not detectable (ND), or not required to be reported (NR). [Ref. 18)

3.1.4 Collective Dose

The concept of collective dose is used in this report to denote the summation of the TEDE
received by all monitored workers and has the units person-cSv (person-rem).® The revised 10
CFR 20.2206 requires that the TEDE be reported, so the collective dose is caiculated by
summing the TEDE for all monitored workers. The phrase “collective dose” is used
throughout this report to mean the collective TEDE, unless otherwise specified.

It should be noted that the collective dose in past years was, in some cases, calculated from
the dose distributions by summing the products obtained from multiplying the number of
workers reported in each of the dose ranges by the midpoini of the corresponding dose 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 workers
reported in each dose range is less than the midpoint of the range, and therefore the resultant
calculated collective doses shown in this report for these licensees may be about 10% higher
than the sum of the actual individual doses. Care should be taken when comparing the actual
collective dose caliculated for 1995 with the collective dose for previous years because of this
change in methodology. In addition, prior to 1994, doses only included the external whole
body dose. Although the contribution of internal dose to the TEDE is minimal for most
licensees, it should be taken into consideration when comparing the 1995 collective dose with
the ccliective dose for prior years. One noted exception is for fuel fabrication licensees where
the CEDE in some cases contributes the majority of the TEDE (see Section 3.3.5.).

. In the international System of Units, the sievert (Sv) is the name given to the units for dose equivelert.  One centisievert (cSv)
eguals one rem therefore person-rem becomas person-cSy
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3.1.5 Average Individual Dose

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

3.1.6 Average Measurable Dose

The average measurable dose is obtained by dividing the coliective TEDE by the number of
workers who 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 deletes those workers receiving zero or minimal
doses, many of whom were monitored for convenience or identification purposes.

3.1.7 Number of Licensees Reporting

The number of licensees refers to the 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 20.2206. The third column in Table 3.1 shows the
number of licensees that have filed such reports during the last 10 years. Agreement State
licensees do not submit such reports to the NRC and are not inciuded in this report.

318 CR

One of the parameters that the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) recommends "»e calculated for occupational dose distributions to aid
the comparison of exposure data is a ratio "CR. "R is defined to be the ratio of the annus
collective dose incurred by workers whose annuial doses exceed 1.5 cSv to the total annu al
collective dose. One UNSCEAR report [Ref. 10] states that normal values of CR should be
between 0.05 and 0.50. A CR of 0.50 means that 50% of the collective dose is due to
individual doses that exceed 1.5 cSv (rem).

Prior to 1994, the value of CR was calculated from the statistical distributions that were
submitted under 10 CFR 20.407. For this calculation, it was assumed that the doses were
uniformly distributed between each dose range interval. The number of peopie in each dose
range above 1.5 cSv was multiplied by the midpoint of the dose range to estimate the
collective dose attributed to each dose range. The collective dose of workers with doses
exceeding 1.5 cSv in the 1 to 2 cSv range was calculated by assuming that half of the
collective dose incurred by workers with doses between 1 and 2 cSv was because of doses
greater than 1.5 cSv. This value was then added to the collective dose incurred by workers in
the higher ranges. This was known to yield a conservative CR value, but was a useful
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TABLE 3.1

ANNUAL EXPOSURE DATA FOR CERTAIN CATEGORIES OF LICENSEES

1686 - 1965
Number of Caliectie Avorage
Workers TEDE Measurabie
Number of Number Witn (person- Average TEDE por
License Calenda: Licensaes o Monitored Maasuable c8v or TEDE (cSv Worker (cSv

___M Yoar I'm Indhchuats TEDE person-rem | or rem) of rem) CR~
Inchustrial 1005 13 35% 2485 1338 038 054 040
Radwograpty 1984 1% 32% 2,351 1,415 044 060 061
198 m T 3007 1508 034 0863 048

e 248 6 702 4285 1,884 028 04s 037

1981 248 € 820 4848 2180 o 0 e 040

1980 258 6523 4.458 2120 033 D4 o4

98P axn 6748 43862 2,087 031 047 o

1988 208 sers ax 1.981 028 047 04

1987 2 72% 4454 1,838 028 041 0%

1968 338 782 i.‘lg 2108 027 041 0w

Manutuctuning 1905 » 2008 122 594 [F-] 048 058
and 1984 “ 2841 1,261 580 020 G 48 058
Dustritsstion 1993 58 4913 2264 880 014 030 047
Al [ 34 $210 2250 784 018 03§ 054

e 50 4830 1982 TR 016 037 (51

1980 S8 4203 227 893 01 03 086

1988 48 4 554 2,345 ™ 017 R & ] 083

ese il 217 L 343 'R 0 40 os2

1587 24 350% 27 7i8 020 on 054

1086 33 4042 2088 748 018 038 04s

LowLew! 1998 2 212 56 8 004 01§ 000
Wusie e 2 202 83 2 on 027 015
Oisposal 1983 2 432 ”n F3) 005 027 o
1992 2 @7 a2 37 [ Cas 034

196 2 P05 147 3% 004 027 024

1990 2 T84 1186 F- 00 023 017

1988 2 25 18 3% 004 02 017

1Bk 2 864 m 27 003 0w oos

7 2 e 173 24 oo 014 000

1908 2 e 178 b3 co3 018 008

indepandent 1905 1 104 Ak 51 048 104 o8
Gpent Fuel 1964 1 158 8% @ 027 047 044
Storage 1962 2 13 2 14 01w 028 01
e 2 280 [ " 004 013 000

1981 2 41 24 4 0w 017 000

1990 2 56 b7 € 4 027 Goo

1986 2 80 02 b ] o 008

1088 2 7 87 26 044 027

1987 2 126 64 4 0 08a c &0

= 1988 1 £ 2 34 100 108 L
Fuel TS [ 4108 2958 1217 030 041 038
Fabrication 1964 ] 3 508 2847 1147 o 040 040
and 1982 e 7640 281 338 004 013 ooe
Pracessing e " 8438 5081 545 008 on 003
1081 " 1" R 7 e 00 010 001

1980 " 14 508 asm 22 003 on o0

1908 e 11.583 28 24 co2 ooe 000

1888 10 11884 3080 455 004 o oo

1987 10 1037 3984 $14 006 01 o0

2 1988 10 807 370 486 008 012 oo
Commercial 1996 108 133,008 70 988 21874 018 oM (]
Light Water 1984 108 142,707 73,780 21095 018 02% 008
Reactors*™ 1962 114 186 282 88 87 206 305 01 on o
1.2 114 183 800 a7 26 200 018 on 024

198 118 178 042 #1088 20528 01 en 02

1990 118 187 081 98 82 38 607 020 03 033

B8 13 188477 100 080 38 830 LR ] ] 03 033

1988 mm 183532 96 652 40 058 o 04 03

me7 108 205 895 87 982 3% 708 D18 oa 037

AL 101 191878 96 535 41832 02 043 0 44

Grand Toteis 065 206 143 884 77.737 24 884 c17 032 LXK
and Averages 99 303 152 834 80 401 24 901 01 031 013
1983 380 188 712 4187 28014 016 oy 024

1962 442 205 008 108 080 3253 01 03 026

196 47 203 441 101 788 AN 3 0w on 027

1980 a7 213182 106 547 39874 [+ ] ] 03 034
1980 445 212474 108 980 %078 018 0% 034
1868 @7 216 ol2 108 841 42 boe 020 o (']
1987 455 27w 108 994 42 838 0% 03 oy
1980 487 213,017 107,727 45 318 021 042 043

* These categories consist only of NRC licensees Agreement State hicensed organizations do not report occupational exposure data to the NRC
"unumdnmmmmummwumuuuummu (Section 3 1 8)

*muuMhmmm.mmdeyummmwmumm 1984 and 1995 data are only for
reactors that completed & full year of aperation during the yea: nwumwmummmmmmdm

reactor workers (see Section §)
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indicator when consistently applied to the data from year to year.

The last column in Table 3.1 shows the values of CR for the different types of licensees. With
the implementation of the revised 10 CFR 20 in 1994, licensees were required to submit dose
records for each individual. This allowed the NRC to determine the CR value directly by
summing the collective dose for individuals with a total TEDE greater than or equal to 1.5 cSv
and divide it by the collective TEDE for the licensee. This method yieided a large reduction in
the CR for Reactors. The CR value for Reactors dropped 64% from 0.22 in 1993 to 0.08 in
1994 and to 0.06 in 1985. Using the previous methodology, the CR value would have been
calculated to be 0.23 in 1994 and 0.19 for 1995. One of the contributing factors for this
difference is the administrative controls imposed at nuclear power facilities for individuals who
exceed 1 cSv. This causes the dose distribution to drop off sharply above 1 cSv with fewer
exposures exceeding 1.5 cSv. Therefore, the actual CR is significantly less than the value that
is caiculated by assuming a uniform dose distribution.

Other licensees, such as Manufacturing and Distribution and Independent Spent Fuel Storage,
have experienced increases in the CR value and exceed the 0.50 value recommended by
UNSCEAR. Fuel Fabrication doses, including the CR value, have increased primarily because
of the inclusion of internal exposure in the TEDE for 1994 and 1995. However, the overall
average CR for all licensees remained below 0.50, and decreased to a value of 0.10 in 1995
primarily because of the decrease in CR at power reactor licensees.

3.2 Annual TEDE Dose Distributions

Table 3.2 is a statistical compilation of the exposure reports submitted by six categories of
licensees (see Section 3.3 for a description of each licensee category). The dose distributions
are generated by summing the TEDE for each individual and counting the number of
individuals in each dose range. In nearly every category a large number of workers receive
doses that are less than measurable, and very few doses exceed 4 or 5 cSv (rem). About 90%
of the reported workers continue to be monitored by nuclear power facilities where they receive
approximately 90% of the total collective dose.

Under the regulatory limits of the revised 10 CFR 20.1201, annual TEDE in excess of 5 cSv
(rem) for occupationally exposed adults is, by definition, exposures in excess of regulatory
limits (see Section 6).

Table 3.3 gives a summary of the  