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ABSTRACT

This report summarizes the occupational exposure data that are maintained in
the U.S. Nuclear Regu1atory Commission’s Radiation Exposure Information and
Reporting System (REIRS). The bulk of the information contained in the report
was extracted fr?m the 1989 annual statistical reports submitted by six of the
seven categories' of NRC licensees subject to the reperting reguirements 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 licensees 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 licensees, 112
of which were operators of nuclear power reactors. Compilations of the 448
reports indicated that 216,234 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
rep . ents a decrease of 0.9% from the 1988 value. The number of workers
receiv ng a measurable dose increased, and the collective dose decreased,
resulting in the average measurable dose decreasing from 0.4]1 rem (cSv) in
1988, to 0.36 rem (<Sv) 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 irom nuclear power facilities.
Analyses of these termination data indicate that 10,344 individuals completed
work assignments at two or more nuclear reactor “acilities during calendar
year 1989 and received an average dose of 0.64 .ems (cSv). A proximately
3,545 of these individua’ < worked at two or mure reactor facilities during cne
calendar quarter and received an average quarterly dose of 0.21 rem (cSv).
These termination reports can alsu 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 car 7r length of 3.27 years.

Commercial nuclear power reaclors: Sndusteial radiographers; fuel processurs, fabrigators, and
reprocessars; manufaciurers and distributors of byproduct material; independent spent fuel storage
imstallations: fanilities ¥or Jand disposal of low-level waste, and geologic repositories for
Righ-level wacte

In the luternatipnal System of Units the sievert [3v] s the name Given ta the units for dose
pguivalent . Dne centizstevert {cSv) equals ong rem, therpfore, HErson-ram DEcomes person-ciy

i
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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 cranges 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 upun. Comments should be directed to Charleen
1. Raddatz, Office of Nuclear kegulatory Research, U.S.
Nuclear Regulatory Commission, Washington, D.C. 20558
(301)492-3745.
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Occupational Radiation Exposure
at Commercia: Nuclear Powar Reactors and Other Facilities
Twenty-second Annual Report, 1989

1 INTRODUCTION

One of the basic purposes of the Atomic Energy Act and the implement ing
regulations in Title 10, Code of Federal Regulations, Chapter I, Part 20, 1is
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 im 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 requived 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 Headguarters. This
information was required of the four categories’ of AEC Ticensees that were
considered to involve the greatest potential for significant occupatioral
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 Tnformation Reporting System (REIRS), a computer system that was
maintained at the Oak Ridge National Laboratory Computer Technology Center in
Dak 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 Ticensees and contractors
and were published in six documents designated as WASH-1350-R1 through

WASH-1350-R6.

Commercial nuclear power reactors; industrial radiographers; fuel procesgors, fabrigators, 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
octupational 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 Cermantown, Maryland.

In 1982 and 1983, paragraph 20.408(a) of Title 10 of the C fe of Federa:
Regulations was amended to require three additional categories of NRC
licensees to submit annual statistica)l exposure reports and individual
termination exposure reports. The new categories are (1) geologic
repositories for high-level radioactive 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 licensees representing two of these new categories.
(There are no geolegic 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
Intormation Service, as shown in the Reference section.
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Companies that conduct these types of sctivities in Agreement States’ are
licensed by the state aad are not required to submit occupational exposure
reports to the NRC, Therefore, information shown for these catogories does
not reflect the total U.S. wxperience.
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yaing radioactive matertals for zertain purposes Thery are now 78 Agreement States
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3 ANNUAL PERSONNEL MONITORING REPORTS - 10 CFR § 20.407
3.1 Definitior of Terms and Sources of Data

3.1.1 Statistical Summary Reports

On Fobruur{ 4, 1974, 10 o FR § 20.407 was amended to require certain

categories’ of licensees to submit an annual statistical report indicat -

the distribution of the whole body doses incurred by individuals whom ''.gy
monitored for exposure to radiastion. Since the regulations do not regiire
these licensees to report the collective dose incurred by the individuals
shown on the statistical reports, the dose distribut‘ons are used as the basis
for the staff’'s calculation of tie <sllective dose (see Sectiun 3.1.4).

3.1.2 Number of Monitored Individuals

This is the total wumber 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, anc may include visiiors, se.vice representatives, contract
workers, clerical workers and any other individuals for whom the licensee
feels that mon toring “evices should be provided. Most licensees submit the
dose distributy 1 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 Workars with keasurable Doses

The number of workers with measurable doses it ohtained frox (he annual dose
distribution reports submitted by NRC licensees pursuant to 1L CFR § 20.407 by
subtraciing the number of individuals having less than measurable doses from
the tetal number of monitored individuals. This figure is used to calculate
the average measurable do.e per worker because it deletes those individuals
who received exprsures t50 smali to be detected by personnel monitoring
devices, many of whem probably did not routinely work in radiatior areas (and
were monitored for convenience or for identification purposes).

Commercial nuclear power reactors; industrial radiographers; fuel processors, fabricats and
rrgrocessors; manufacturers and distributors of by product material; independent spent fuel etorage
snstal lations, snd facilities for land disposal of low-level radicactive waste
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3.1.4 Collective Dose

The concept of coliective 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)®. 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 ¢:.h dose range 15 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 offic al personnel dosimetry
resulte) on the § 20.407 annual reports, and, when provided, the NRC staff
used these doses instead of the above-described calcvlations. The staff would
prefer tr use the actual collective dose and encourages more licensees to make
it availadble,

3.1.5 Average Indiviaual 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 Tess 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,

1 the Interrational Systems of Umits, the sievert {Sv) 1z the name glven tn the units for dose
equiveiant. One centisievert (Csv) eyuals one rem; therefore person-rem becomes personsgdv
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Cummulative Percent of Workers

Figure 3.1

Annual Dose Distribution u! Workers at Certain NRC Licensees

*CH b the ratio of the dose delivered at inkividual 0oses excoeting 1 5 rems 10 the annual collective dose

Note £ ach pont on the curves represents the cumutative parcantage of workeis with measw abie doses

who racevied Goses less than the idhicated anngal gose
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2.3.1 Industria) Radiography Licenses, Single and Multiple Locations

These 1icenses are issued to allow the use of sealed radioactive materials,
usually in exposure devices or "cameras," that primarily emit gamma rays for
nondestructive testing of pipeline weld joints, steel structures, boilers, air
craft and ship parts, and other high-stress alloy parts. Some firms are
licensed to conduct such activities in one location, usually in a permanent
facility which was designed and shielded for radiography, and others perform
radiography at multiple, temporary s‘tes in the field. The radioisotopes most
commonly used are cobalt-60 and iridium-192. As shown in Table. 3.1, annual
reports were received for 270 radiography licensees in 1989, which is 10 less
than that reporting in 1988,

Table 3.4 summarizes the reported data for the two types of radiography
Ticenses for 1989 and for the previous two years for comparison purposes. For
single location facilities, the table shows that in 1989, the number of

TABLE 3.4
ANNUAL EXPOSURE INFORMATION FOR INDUSTRIAL RADIOGRAPHERS
1987-1989
Lol lective
Workers Dose Average
Number Number of with { person- Measurable
of Muritored Measurable rems or Dose (rems
Year Type of License Ligenses Individuals Loses person-clv) of gSv)
1889 Single Tocation 7 4ph a4 kL 0.12
Multiple locations ] 5,756 4,028 1,980 0.50
Total 278 6.74% 4,352 ¢.028 n.47
1988 Single location 17 1,182 aes &0 0.15
Myltiple lacations 208 5,686 3,628 1,841 0.60
Total 2588 f.878 4,723 1,880 0.47
1847 S$ingle location &3 1.318 a5 44 0,11
Multiple Yocations 228 5,818 4,038 i, 78]
Total 3iz 7.236 4 454 1,835 0.4
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workers receiving measurable doses (324) decreased by 18% over last year's
value, while the collective dose decreased to 39 person-rems (cS5v). This
resulted in the average measurable dose decreasing from 0.15 in 1986 w0 0.12

rem (cSv) in 1989.

At firms having multiple-location licenses in 1989, the number of monitored
workers with measurable dose increased by 5%, and the collective dose
increased by 4% from the 1988 values. This resulted in the average
measurable dose remaining at 0,50 rem (cSv). However, the average dose for
workers performing radiography at a single location was one-fourth that
amount. This was probably due to the fact that it is more difficult for
workers to avoid exposure to radiation in the field, where conditions are not
the best and may change every day. In order to see the contribution that each
radiography licensee made to the total collective dose, a summary of the
information reported by each of these licensees in 1989 is presented in
Appendix A in descending order of average measurable dose.

Figure 3.2 shows the number of personnel with measurable dose per licensee,
the total collective dose per licensee, and the average measurable dose for
both types of industrial radiography focilities from 1973 through 1989, Al
three parameters have remained fairly stable since 1983 with a slight increase
in 1988 and 1989 due primarily to an increase in the total collective dose and

a decrease in the number of licensees.
1.2.2 Manufacturer and Distributor Licenses, Type "A" Broad and Limited

Manufacturer and distributor licenses are issued to allow the manufacture and
distribution of radionuclides in various forms for a number of diverse
purposes. The products are usually distributed to persons specifically
licensed by the NRC or an Agreement State. Type “A" Broad 1icenses are issued
to larger organizations who may use many different radionuclides in many
different ways and who have a comprehensive radiation protection program. The
Limited 1icenses are usually issued to smaller firms requiring a more
restrictive license. Some firms are medical suppliers that process, package,
or distribute such products as diagnostic test kits, radicactive surgical
imprants, and tagged radiochemicals for use in medica! research, diagnosis,
and therapy. Limited firms are suppliers of industria)l radionuclides and are
involved in the processing, encapsulation, packaging, and distribution of the
radionuclides that they have purchased in bulk quantities from production
reactors and cyclotrons. Major products include gamma radiography sources,
cobalt irradiation sources, well-logging sources, sealed sources for gauges
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and smoke detectors, and radiochemicals for aonmedical research. However,
only those NRC licensees that possess or use at any one time specified
quantities 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.

Table 3.5 presents the annual data that were reported by the two types of
licensees for 1989 and the previous two years. The total number of workers
receiving measurable doses as reported by these types of Ticensees decreased
dramatically by about 63% to 868 workers in 1988 but increased to a value of
2,345 in 1989. The collective dose also increased to the highest value in six
years resulting in an average dose of 0.33 rem (cSv). Looking at the
information shown separately for the Type "A" Broad and Limited licensees, one
can see that the values of all of the parameters remain higher for the Broad
licensees, probably because this type of license allows the possession of
larger quantities of radioactive materials than do the Limited licenses.
However, when attempting to examine trends in the data presented for this
category of 1icensees, one should note that the types and quantities of
radionuc)ides may fluctuate from year to year, and even during the year, so
that some )icencees may report dose data one year and not the next and may be

TABLE 3.5
ANNUAL EXPOSURE INFORMATION FOR MANUFACTURERS AND DISTRIBUTORS
1987-1989
Lollective
wurkers Dose Average
Numbe r Number pf with {person Measarable
of Mo Yored Measyrable rems or Done {rems
Year 1ype of License Licenses Individuals fluves person-chy) or tov)
188% Mk D-"A" Broad i §.617 1,956 7zl 0.8
M D-Limted 87 sy 100 44 0. 34
Totel 48 4,55 2,545 T G 43
T ¥ & D-"A"-Broad 10 Z.119 847 40 0.4
ME&D-Limited b L1 al ] 0.19
Total i6 i.an fibR 343 0,40
1887 ¥ & D-"A"-Broad 13 i 2,005 61 Y
MAD-Limited 13 i 77 131 0.2%
Tota! o4 3. 588 7317 LAl 6.3
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included as a Broad licensee one year and a Limited licensee at other times.
Since the number of reporting licensees is quite small, these fluctuations may
have a significant impact on the values of the parameters. For example, the
increase in the total collective dose in 1989 is a result of more licenses
reporting, whereas the collective dose per licensee continues to decrease as
shown in Figure 3.3.

Figure 3.3 also shows the number of personnel with measurable dose per
ticensee, the total collective dose per licensee, and the average measurable
dose for both Type "A" Broad and Limited manufacturing and distribution
facilities. While the collective dose per licensee has decreased considerably
from a value of 62.5 person-rems (cSv) in 1975 to a value of 16.0 person-rems
(cSv) in 1989, the number of workers with measurable dose per )icensee has
fluctuated greatly over the years with the largest yearly decrease occurring
between 1987 and 1988. This value decreasea again in 1989 to a value of 47.1
which is the lowest value recorded since before 1973.

In order to see the contribution that each of these licensees made toward the
total values of the number of persons menitored, number of workers, and
collective dose, Appendix A lists the values of these parameters for each
licensee in descending order of average measurable dose for 1989,

3.3.3 Low-Level Waste Disposal Licenses

These licenses are issued to allow the receipt, possession, and disposal of
low-level radioactive wastes at a land disposal facility. The licensee has
the appropriate facilities to receive wastes from such places as hospitals and
laboratories, store them for a short time and dispose of them in a properly
prepared burial ground. The licensees in this category are located in and
licensed by Agreement States that have primary regulatory authority over its
activity. However, they alsc have an NRC license that covers certain special
nuclear material they might receive. The annual dose reports submitted by
these licensees include all doses received during the year regardless of
whether they were due to NRC or Agreement State )licensed material.

The requirement for this category of NRC licensee to file annual reports
became effective in January 1983. While in 1982 and 1983 there was only one
Ticensee in this category, there have been two licensees in this category
since 1984, Table 3.1 summarizes the data reported for 1982 through 1989,
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In 1989, the number of workers veceiving measurable doses (119) decreased 30%
from last year (171), while the collectivs dose increased from 27 to 3%
person-rem (-cSv). The iverage measurable dose, therefore, increased from 0.16
person-rem (-cSv) to 0.i'9 person-rem (-cSv). Appendix A sumrarizes the
exposure information reported by these two licensees in 1989,

Figure 3.4 shows the number of personnel with measurable dose per licensee,
the total collective dose per licensee, and the average measurable dose for
low-level waste disposal facilities from 1982 through 1889. As one would
expect, since only two licensees have been involved in this activity over the
past six years, the numbers have remained fairly stable from 1984 through
1989,

3.3.4 Independent Spent Fuel Storage Installation Licenses

These licenses are issued to allow the possession of power reactor spent fue)
and other associated radicactive materials for the purpose of starage of cuch
fuel in an independent spent fuel storage installation (1S€S1). Here, the
spent fuel, which has undergone at least one year of decay since being used as
@ source of energy in a power reacter, is provided interim storage,
protection, and safeguarding for a limited time pending its ultimate disposal.
There have been three licenses issued for these activities, two at nuclear
power plants and one at an ndependent facility. In 1987, one reactov licensee
began reporting the dose distribution information for the spent fuel storage
activities separately, while the other reactor Ticensee combinea the data with
the report for all activities at the site. Only those two licensees (one
reactor and one independent) that reported dose distribution information
separately are included in this analysis of independent spent fue! storage
installation facilities for 1989,

Table 3.1 summarizes the data submitted for 1982 through 1986 by the only
ISFST that is separate from a nuclear power plant and shows the sum of this
facility with the one located -t the power plant for 1987 through 1989, The
number of individuals receiving measurable dose in 1989 was 102, a significant
increase from the 57 individuals reported in 1988. The collective dose also
increased from a value of 25 person-rems (-cSv) in 1988 to a value of 30
person-rems (-cSv) in 1989. The average measurable dose, however, decreased
for the third year in a row to a value of 0.33 rem (cSv). The value of CR has
decreased also to a value of 0.09 which is one third of the value of 0,27
calculated for 1988. A contributing factor te the relatively high average
dose reported in previous years was that the licensees reported the doses of
only those workers required to be monitored for exposure to radiation, unlike
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most other licensees which report the doses of all individuals for whom
monitoring was provided. This had a tendency to result in the calculation of
a higher average dose.

Figure 3.5 shows the number of personnel with measurable dose per licensee,
the total collective dose per licensee, and the average measurable dose per
worker for independent spent fuel storage facilities. While the averige
measurable dose per worker decreased in 1989, the number of personnel with
measurable dose per licensee increased from 28.5 in 1988 to 51 in 1989 along
with an increase in the collective dose per licensee from 12.5 person-rems
(<cSv) in 1988 to a value of 16.5 person-rems (-cSv) in 1989, The average
measurable dose per worker decreased from 0.44 rem (cSv) in 1988 to 0.33 rem
{cSv) in 1989, This is a significant improvement over the data for the years
1985 and 1986, where the average measurable dose for both years was 1.06 rems
(cSv). Appendix A summarizes the exposure information reported by the two
installations that reported in 1989,

3.3.5 Fuel Fabrication and Reprocessing Licenses

The fuel fabrication licenses are issued to allow the processing and
fabrication of reactor fuels. In most uranium facilities where 1ight water
reactor fuels are processed, uranium hexafluoride enriched in the isotope U-
435 1s converted to solid uranium dioxide pellets and inserted into zirconium
alloy tubes, The tubes are fabricated into fuel assemblies which are shipped
to nuclear power plants. Some facilities also perform chemical operations to
recover the uranium from scrap and other off-specification materials. On a
much smaller scale, fue)l assemblies containing plutonium oxide pellets can be
similarly fabricated and used in reactors for experimental purposes. However,
there are no NRC Jicensees engaged in this activity at this time,

Table 3.6 snows “hat the number of fuel fabrication facilities has dropped to
8 in 1989. A number of licensees were involved in decontamination and
decommissioning of their plutonium facilities, and for several years, the data
for these licensees were shown in the “Decommissioning” category in Table 3.1.
Since these facilities have ceased to fabricate plutonium fuel, they are not
required to file annual reports and are no longer shown in the tables.

Table 3.6 also shows that in 1989, the colluctive dose decreased by about 47%
to 243 person-rems (-cSv) (the lowest dose yet reported), down from 455
person-rems {-cSv) in 1988. The number of workers with measurable external
doses alsp decreased, resulting in the average measurable dose dropping to
0.08 rem (cSv) in 1989,
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3.3.6 Light Water-Cooled Power Reactor (LWR) Licenses

These licenses are issued to = ilities to allow them to use special nuclear
material in a reactor which produces heat and generates electricity to be sold
to consumers, There are two major types of commercial LWRs in the United
States - pressurized water reactors (PWRs) and boiling water reactors

(BWRs) - each of which uses water as the primary coolant.

As shown in Table 3.1, annual reports were received from nuclear power
facilities for 112 licensed LWRs where 192,297 individuals were monitored for
exposure to radiation in 1985. Of this number, 101,243 workers received a
measurable dos. and incurred a collective dose of 36,842 person-rems
(person-cSv). This is 10% lower than the collective dose of 41,076 reported
for 1988, The number of workers with measurable doses has increased somewhat
which has resulted in the average measurable dose of 0.36 rem (cSv) in 1989.
It is important to note that these figures have been adjusted for the multiple
counting of transient reactors workers (see Section 5). The reported duse
distribution of workers monitored at each plant site is presented in
alphatetical order by site name in Appaendix B.

More detailcd presentations and analyses of the annual exposure information
reported by nuclear power facilities can be found in Sections 4 and §.

3.3.7 High-Temperature Gas-Cooled Poeer Reactor (HIGR, Licenses

A license to operate a power reactor ‘s issued to utilities to allow them to
use special nuclear material in a reactor to produce heat to generate
electricity to be sold to consumers. In the HTGR, a gas, usually helium, is
used as the primary coolant. Fort St. Vrain near Greeley, CLolorado, was the
only suck reactor in operation in the /1.5, but has not been in commercial
operation since 1988. As shown in Tab'e 3.7, annua)l whole body doses incurred
by workers at the plant have been minimal,

No one exceeded an annual dose of 0.25 rem (cSv) until 1985 when the highest
annual dose was between | and 2 rems (cSv). In 1986 the average dose per
worker dropped back down to 0.03 rem (cSv) along with a large decrease in the
number ~f workers at the site. In 1989 the number of workers with measurable
doses was 55 with an average measurable dose of 0.05 rem. Although the 1986
maintenance activities resulted in the larg:st collactive and average annual
doses in the history of tne plant, these doses remain much smaller than those
for PWRc and BWRs.
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§ COMMERCIAL LIGMT WATER REACTORS - FURTHER ANALYSIS

4.1 Introduction

Genaral trends in o.cupationa) radiation exposures at nuclear power reactors
are best evaluated within the context of other pertinent information. In this
chapter, some of the tables and appendices that summarize exposure data also
show the type, capacity, and age of the reactor; the amount of electricity
generated; the types of workers being exposed; and the sort of tasks being
performed. Exprosure data is then presented as a function of these data.

4.2 Definitions of Terms and Sources of Data
4.2.1 Number of Reactors

The number of reactors shown in Tables 4.1, 4.2, and 4.3 is the number of
BWRs, PWRs, and LWRs, respectively, that had been in commercial operation for
at least one full year as of December 31 of each of the indicated years. This
is the number of reactors on which the average number of workers with
measur:ble Jose and average collective dose per reactor is based. Excluded
are those reactors that may have been in commercial operation for only a few
months during the first year and reactors that have been defueled and declared
that they will not be commercially operated again. This yields conservative
values for many of the averages shown in the tables. The date that each
reactor was declared to be in commercial operation was found in Reference 14,

In prior years Three Mile Island 2 has been included in the compilation of
data for commercially operating reactors. The reactor has been shut down
since the 1979 accident and has been in the process of defueling and
decommissioning since that time, Three Mile Island 2 is not included in the
data analysis for 1989, and will no longer be included in the operational vata
analysis presented in this report. Data for this reactor, however, will be
listed in Appendices B, C, D and E for reference purposes.

4.2.2 Electric Energy Generated

The electric energy generated in gross megawatt-years (MW yr) each year by
each facility is shown in Appendix C and graphically represented in Appendix

. This number was obtained by dividing the aross megawatt-hours of
electricity annually produced by each facility by 8,760, the number of hours
in the year, except for leap years when the number is 8,784 hours. The gross
megawatt-years of generated electricity that are presented in Tables 4.], 4.2,
and 4.3 are the sums of that produced by the number of reactors included in
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TABLE 4.1
SUMMARY OF ANNUAL INFORMATION REPORTED BY COMMERCIAL BOILING WATER REACTORS+

1973-1989%
Average
Annal Coliective Recrage N Averaae
(oilective %o of Average Jose Fer Persannel Collec- Average Arerage
Number Doses workers Gross Dose Per Bractor with tive Dose Electricity ey v
of iperson- with flectricity Wark, - iperson- Measyrable per Mg gr fmenrated Jependat e
Reactors rems of Measzurabls enerated {rems or rems or Dosss {persor-—rem Fer Reactor Capacity
Year Inc Y uded w-cSw ) Doses (- yr ) cSv) person~cliv ) Per Reactor iy (M- yr ] Mot (W)
i973 12 o4 5,340 3,393.9 0.85 380 445 1.3 283 438
1974 14 7,095 8,769 4,060.2 0.81 507 626 1.7 290 485
1975 18 12,611 14,607 5,786.48 0.86 701 812 > U 4 321 o
1976 23 12,626 17,869 8,435.1 0.71 549 777 1.5 367 637
1877 23 19,041 21,388 9,102.5 0.89 828 930 2.1 39 637
1978 25 15,273 20,278 11,856.0 0.75 611 811 1.3 w7e 660
1979 25 18,325 25.245 1:,671.0 0.73 733 1,019 1.6 467 660
1980 26 29,530 34,094 10.868.2 0.87 i,136 | . N 2.7 4i8 663
1981 26 25,471 34,755 10,5895.2 0.73 $80 1,337 2.3 419 663
1982 26 24 437 32,235 ,614.6 2.76 940 1.280 2.3 408 663
1983 26 27,455 33.473 9,730.1 0.82 1.056 1,287 2.8 374 663
1984 -/ o 27,087 41,105 10,019.2 0.66 1,004 1,522 2.7 37l 754
1985 Vi 26,573 38,237 12,284.0 0.5¢ 709 1,319 1.7 478 778
1986 30 19,570 37,928 12,102.1 0.5 652 1.264 1.6 403 786
1987 " g 16,87¢ 41,737 15,109.0 0.40 527 1,300 1.1 472 832
1888 34 17,986 40,305 16,665.8 0.45 529 i,185 1.1 430 845
689 36 15,674 44 350 17,543.5 0.3% 435 i,232 0.9 487 887

sincludes only those resctors that kad been in commercial operstion for at Tease ane ful) year as of Decemper 31 of each of the indicuted years, anc oll
figures are uncorrected for muitiple reporting of tramsient individuels

The folloving plants have ceased operation and were removed from the 113t of commercially operating reactors in sach of the ysers indicated
*In 1964, Humboldt Bay. shut down s'nce 7/7%

**in 1985, Dresden |, shut duws since 10/78

*=*in 1987 Lalrosse, shut dorm since &4/30/87.

e e s e e e e e e L e B =

L ‘il wm‘d ‘s B o3 . T T e mt et e ke AT e TR el e S e e et A e







i

TABLE 4.3
SUMMARY OF ANNUAL INFORMATION RcPORTED BY COMMERCIAL LIGHT WATER COOLED REACTORS+
1973-1989
Ryerags
Arnus! Collective RAve age Ko Avarage

Cellective Ho. of ~rage Gose Per Pei el follec- Average Average

Number Doses Workers bross Dose ter Reacto With tive Dose Electricity Max

cf {perzon- With tlectriciiy ¥oorker {person- Measurable per M- ygr Generated fependabie

Heactors rems or Meas rabie henerated {rem= or Tems or Doses {per=orn-rem Per Reactor Tapacily

Year Inc ) uded person-civ) Coses (- yr ) <Sv) person-£5¢} Fer RKeactor "-yr} (M- yr] Net (e}
1973 24 13,962 14,78C 7.164.1 D.94 582 616 1.9 299 49]
1974 33 13,650 18,139 10,590.9 0.7% 414 550 i.3 3¢1 546
1975 44 29,879 25,491 17,768.9 0.82 4:5 579 1.2 404 626
1976 53 26,433 35,457 21,760 .1 0.75% 430 669 1.2 411 €73
1977 57 32,508 42,206 26,448.3 n.77 570 742 1.2 454 867
1578 64 31.801 45,978 31.696.5 0.6%8 497 718 1.0 495 688
18769 67 39,982 54,073 249,926 .0 0.62 597 956 1.3 447 712
1980 68 53,795 80,331 29,157.5 0.67 791 1,181 1.8 429 714
1981 70 54,144 82.106 3i,452.9 0.66 773 1,173 1.7 449 718
1982 74 52,190 84,381 32,755.2 0.62 705 i,142 1.6 443 737
1983 78 56,472 85,646 32,925.6 0.5¢ 753 1,142 l.z 435 743
1984 78* 85,235 58,099 36.497.¢€ 0.5 708 1,258 15 568 790
1985 BZ** 43,042 92,870 41,7547 .46 525 1,133 i.0 0% 804
1986 g9 42,653 106,922 45,198.0 0.47 475 1,134 0.9 508 844
1987 Geha 43,590 104,330 52,116.3 G.39 423 1,087 0.§ 543 852
1988 102 40,772 103,227 59,595.1 0325 400 1,012 0’ 584 871
1989 107 36,152 163,253 62,223.0 0.33 338 1,012 Y 582 883

+Includes only those reactors that has been in commercial operation for at least one full year as of December 31 o¥ zacn of the indicated years, and ail
figures are uncorrected for multiple reperting of transien: individuals

The ¥o)icwing piants have ceased operation and were semived from the 1ist of commercially aperating 1eactors in each of the yesrs Tndicated:
*in 1824, Indian Soint 1 and Humholdt Hay, shut gown since 10/74 and 7/78 respectively

**in 1985, Dresden . shut dowr since 10/78.

*#ria 1987, Lalrosse, shut down since &/30/87
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SUMMARY DISTRIBUTION OF ANNUAL WHOLE BOUY DOSES AT COMMERTIAL LIGMT WATER REACTORS*
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TABLE 4.4
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1977 - 1989

o’ lpe-

Live

Narbor of Individuals with Whole Bocy Doses tn the Rangos (rems or Sv] Wusber  Gose™*

o Tota® wi*h  [person-

Meas'ble Meas'ble 016~ 0.25 0 %0- 0.7%  1.0- 2.0- 30- 495 59 69 70 B0 950 100 Nomper  Measyrable rems or ‘

Year Exposure <010 w25 0.5 0.7% 1.0 2.0 30 40 S0 B0 0 86 90 100 120 120 Menitored § wosie cSv) A
18?7 22 562 12,395 6,030 4,518 2.890 Z.220 5,648 2.856 1,288 861 18¢ a3 8 23 & 67,420 35,858 32,508 ¢85
1978 28,372 15,101 6,382 4,938 3. 088 7,747 5995 3,034 1,197 514 s ¥ s ¢ 1 6 2 7,046 4267 31,800 0.8
197 43 330 22,508 8,985 7,488 4,767 3,25 7,572 3,304 1400 545 nr &z 7 3 i 103,445 0,119 39,982 ©.57
1980 50,873 26,803 10676 8.904 5.57%¢ 4,138 10877 4407 1816 &N 25 118 24 7 1 125.376 74503 53,795 0.9
o 1981 39,765 26,836 11.226 9,330 6,02 4497 11176 €81l 1,99 £33 103 93 $ 2 1 0 1 115,918 76,850 54,144 0.57
(',\ 1982 41,713 29,225 11,713 9.903 6,229 4,420 10.22C 4,715 Z.086 566 97 3 5 9 1 1 120,938 /M.223 S2,19¢ c.Se
1983 47,048 29,107 11,195 8 344 5.851 4276 11,245 5.332 2.265% 718 121 | 8 2 126,852 79,604 56,477 0©.68
1984 54,670 36,296 13.427 10,275  6.336 4.506 11,283 5206  2.122 87 2 2 145,980 90310 55,235 O
1965 59,634 35,831 13,008 11,041 6,627 4547 10,080 3,575 1,000 157 ) 145,862 865,828 43062 048
1986 68,050 41,463 14,573 1], 842 7,016 4,897 10,241 3,662 56 145 161,55% 93,804 47,653 048
1987 85,858 41,227 15,833 12,838 7,588 5,331 16,811 .18 7 hG 182,117 96,158 40.5%0 0. 78
1988 88,467 40,226 15,813 13,.%3 7.903 5.461 10.310 2.442 si1 26 1 184,413 95,946 40.772 09
1980 85,881 45279 17,308 13,808 7,97¢ 5.1% 8,674 | 604 350 k) 186,067 100,186 36,152 ©.3)

*Sumnary of reperts submitted in accordance with 10 CFR 20 407 by plants that had been in commercial operation for at least one full year as of December 31 of erch of the

indicated years. Figures shown have been adjusted for the muliple reporting of transient individuals (see Section 5]

**The collective dose, when not reported by the utilit es, was calculated by the NRC staff using methods described in this document.

**2c0 ig the ratio of annua! collective dose delivered at individual doses exceeding 1.5 rems (cSv) to the total amnual collective dose.
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uncorrected dose distributions for BWRs and PWRs separately for the years 1983
through 1989,

4.4 Average Annua) Whole Body Doses

Some of the data presented in Tables 4.1, &.2, and 4.3 are graphically
displayed in Figure 4.1, where it can be seen that the average collective dose
and average number of workers per BWR have been higher than those for PWRs
since 1974 and that the values of both parameters, in general, continued to
rise at both types of facilities until 1983. At that time, the average
collective dose per reactor appeared to begin leveling off or decreasing
slightly. After a sharp decrease in 1985, the collective dose has continued
the decreasing trend in 1989 with collective doses per reactor of 435
persor-rem (-cSv) and 288 person-rem (-cSv) at BWRs and PWRs, respectively.
The number of workers with measurable dose per reactor has increased to 1232
for BWRs and decreased to 900 for PWRs in 1989,

Figures 4.2 and 4.3 are plots of most of the other information that is given
in Tables 4.1, 4.2, and 4.3. The value for the total collective dose for all
light-water reactors dropped sharply from a value of 40,772 person-rem (-cSv)
in 1988 to 36,152 person-rem (-cSv) ‘- 989. Together with the drop in the
number of workers with measurable dose, this created a decrease in the average
measurable dose from 0.39 rem {cSv) in 1988 to 0.33 rem (cSv) in 1989. Power
generation indicators such as gross electricity and average maximum dependable
capacity net continued to increase fo: the ninth straight year, while the
average collective dose per reactor and average collective dose per
megawatt-year were seen to drop to less than half the 1980 values during the

same time period.

The fluctuations in the parameters for the years following the accident at the
Three Mile Island plant in 1979 may reflect some of the impact that this
incident had on the nuclear power industry. The decrease see<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>