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ABSTPACT

This report presents an updated compilation of occupational radiation
exposures at commercial nuclear power reactors for the years 1969 through
1983. The summary of the data for calendar year 1983 is- based on informaticn
received from the 75 Tight-water-cooled reactors (LWRs) and one high :
temperature gas-cooled reactor (HTGR) that had been declared to be in
commercial operation for at least one full year as of December 31, 1983. This
represents an increase of one reactor over the number contained in last year's
report. The total number of personnel monitored at LWRs in 1983 was 136,700,
a slight increase from that found in 1982 (129,300). The number of workers
that received measurable doses during 1983 was 85,600 which is about 1,000
more than that found in 1982. The total collective dose at LMRs for 1983 is
estimated to be 56,500 man-rems (man-cSv*), which is about 4,000 more man-rems
{man-cSv) than that reported in 1982. This resulted in the average annual
dose for each worker who received a measurable dose increasing slightly to
0.66 rems (cSv), and the average collective dose per reactor increasing by
about 50 man-rems (man-cSv) to a value of 753 man-rems (man-cSv). The
collective dose per megawatt-vear of electricity generated by each reactor
also increased slightly to an average value of 1.7 man-rems (man-cSv) per
megawatt-year. A brief discussion about the health impTlications of these
annual occupational doses is also provided.

The report also presents a summary and some analyses of the exposure data
contained in the "termination reports" that have been submitted to the
Commission by nuclear power licensees pursuant to 10 CFR §20.408. As of
December 31, 1983, personal identification and exposure information had been
collected and computerized for a total of 280,000 terminating reactor
personnel. Analyses of these data indicate that, in 1982, some 56,500
individuals completed their employment with one or more reactor Ticensees.
About 2,000 of these individuals were quarterly transient** workers who
incurred an average dose of 0.40 rem (cSv), and some 4,500 individuals were
yearly transient** workers who incurred an average dose of 1.11 rems (cSv).
The collective dose (about 5,000 man-rems {(man-cSv)) incurred by the yearly
transients constituted ten percent of the total collective dose calculated for
1982. The termination data reported in 1983 have not yet been completely
computerized; therefore, such analyses for transient workers in 1983 were not
available for presentation in this report.

*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: there-
fore man-rems become man-cSv.

**Transient workers are those workers who begin and end their employment or
work assignment at two or more different licensed facilities within one
calendar quarter (quarterly transients) or one calendar year (yearly
transients).
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PREFACE

A number of nuclear power plant personnel have inquired as to how occupational
radiation exposure data (from reports required by the NRC) are used by the NRC
staff. This is a very appropriate inquiry that may be of importance to many
affected iicensees. 1In combination with other sources of information, the
principal uses of the data by the staff are listed in this preface. In
general, the data provide facts regarding routine occupational exposures to
radiation and radioactive material that occur in connection with NRC-1icensed
activities, including individual and collective radiation doses from external
sources as well as pertinent information on the inhalation of radiocactive
material (nuclides involved, bioassay results, exposure magnitude, etc.). These
facts are used by the NRC staff as indicated below:

1. The external-dose data permit evaluation, of the radiological risk asso-
ciated with NRC-Ticensed activities, including the size of the workforce
and the collective dose.

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

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

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

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

6. Licensing action decisions are often influenced by the data.

7. The data are used for comparative analyses of radiation protection per-
formance: US/foreign, BWR's/PWR's, civilian/military, plant by plant,
nuclear industry with other industries, etc.

8. The data permit analysis of annual dose distribution changes which can
trigger investigations as to the cause.

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

10. The data provide facts for evaluating the adequacy of the current risk-
Timitation system (e.g., are individual 1ifetime dose 1imits, worker
population collective dose limits, requirements for optimization, etc.,
needed).
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11. The effectiveness of dose-reduction measures is evaluated using the data
(e.g., methods for reducing individual doses that may increase the
collective dose).

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

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

14. The data provide information which can be used in the planning of
epidemiological studies.

With regard to routine work-place conditions, the annual statistical summary
reports required by § 20.407, the termination reports required by § 20.408, and
the annual dose data reported by work function in accordance with Subsection
6.9.1.5 of the standard technical specifications provide the only centralized
data based available to assist the staff in the performance of jts duties as
listed above. It is to everyone's advantage if these duties are performed

by a weli-informed staff in the light of factual information.

Beginning with the next report in this series (1984 data), we plan to expand
the data analysis sections in an effort to provide for additional practical
appiications. Suggestions for advanced analysis of this type are invited.

Robert E. Alexander, Chief
Occupational Radiation Protection Branch
Division of Radiation Programs

and Earth Sciences
Office of Nuclear Regulatory Research
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OCCUPATIOGNAL RADIATICON EXPOSURE AT
COMMERCIAL NUCLEAR POWER REACTORS
1983

1. INTRODUCTION

In 1974, the NRC staff began changing the technical specifications of operating
nuclear power reactors to require the submittal of an annual report that indi-
cated the number of individuals exposed and their cumuiative annual doses,
categorized by type of personnel, work function, and occupation. (The format
for reporting is contained in each plant's technical specifications and is
similar to that shown in Appendix C of this report.) To obtain data for
previous years, reactor licensees were requested to provide similar information
for each year since 1969 in which they had a unit in commercial operation. In
every instance, an estimate of the total collective dose incurred by all
individuals monitored during the year was provided; however, the number of
workers who received measurable doses could not always be determined. The
information given in Appendix A is therefore not complete for all plants for
the years 1969 through 1972.

On February 4, 1974, 10 CFR § 20.407 was amended to require licensed nuclear
power utilities, among other licensees, to submit an annual statistical report
indicating the distribution of the whole body doses of all individuals mon=~
itored at each facility. These reports (see Appendix B) allow an estimate to
be made of the total collective dose and indicate the number of workers
receiving measurable doses. The collective dose and number of workers obtained
from these reports were used throughout this report (except for Tables 8, 9,

10 and Appendix C) for the years 1973 through 1983.

Plant operating data, such as plant capacity and megawatt-years of electricity
generated, were obtained or derived from data included in various issues of
the "Operating Units Status Report," (Ref. 1), and from the report "U. S. Cen-
tral Station Nuclear Power Plants, 1976" (Ref. 2).

This report and each of its predecessors summarizes information reported
during previous years. However, more plant-specific data, such as the annual
reports submitted by each plant 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
of the years from 1973 through 1981 may be found in a series of reports,
"Nuclear Power Plant Operating Experience" (Refs. 3-10). These documents

are avaijlable for viewing at all NRC pubiic document rooms, or they may be
purchased from the National Technical Information Service, as shown in the
Reference section.



2. SUMMARY OF OCCUPATIONAL MONITORING DATA AND POWER GENERATION

2.1 Definitions of Terms and Sources of Data

2.1.1 Number of Reactors

Tables 1 through 3 provide summaries of the plant data given in Appendix A
for boiling water reactors (BWRs), pressurized water reactors (PWRs), and
all 1ight-water-cooled reactors (LWRs), respectively. The number of reac-
tors included each year (those without parentheses) are those reactors
that had been in commercial operation for at least one full year as of
December 31 of each of the indicated years. The figure shown in paren-
theses (for the years 1969-1972) is the number of reactors that provided
both the number of individuals that received measurable doses (referred

to as "workers") while visiting or working at the facility and the summa-
tion of the annual whole body doses (collective dose) of all of these
workers. The annual collective doses shown in parentheses and the other
information marked with an asterisk are based on the data submitted by
the number of reactors shown in parentheses.

2.1.2 Collective Dose

The collective doses shown for 1969 through 1972 were obtained by special
requests made to the licensee or from monthly and semi-annual operating
reports that had previously been submitted pursuant to plant technical
specifications. When possible, the number of workers receiving measurable
doses was obtained in the same manner. Beginning with 1973, the collective
dose and the number of workers receiving measurable doses were obtained
from the annual reports submitted pursuant to 10 CFR §20.407. For the
years 1973 through 1980, the annual collective dose was calculated for
each facility by summing the products obtained by multiplying the number
of individuals reported in each of the dose ranges (shown in Table 7 and
Appendix B) by the midpoint of the corresponding range. Past experience
has shown that the actual mean dose of individuals reported in each dose
range is less than the midpoint of the range, and the collective doses
shown in this report for these may be about 10% too high. In 1981, a few
facilities began reporting the actual collective dose (as determined from
official personnel dosimetry results) on their 20.407 annual reports, and
the NRC staff used these doses, when provided, instead of the above-des-
cribed calculations. The staff would prefer to use the actual collective
dose and encourages more licensees to make it available.

2.1.3 Collective Dose by Work Function and Employece Type

In Appendix A, the collective dose that was calculated from or provided
with the § 20.407-type annual reports is collated by work function
(operations and maintenance) and by personnel type (contractor and
station and utility combined) for each plant site. The proportion of the
collective dose shown for each type is the same as that reported in the
plant's annual report required by its technical specifications (see
Appendix C). This was done in the following way:
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(1) The collective dose incurred by workers in the work function "Reactor
Operations and Surveillance" on each plant's annual report submitted
pursuant to their technical specifications (the first number in the last
columns in Appendix C) was determined. (2) The ratio of this dose to

the total collective dose (the last number in the last columns in Appen-
dix C) was calculated and multiplied by the total collective dose that

had been estimated or obtained from the § 20.407 annual report. This pro-
duct is the collective dose shown in the column headed "Operations" in
Appendix A. (3) The collective dose shown in the column headed "Mainte-
nance and Others” in Appendix A was determined by first summing the
collective doses incurred by workers in the five remaining functions given
in Appendix C and then calculating the fraction that this dose is of the
total collective dose. This fraction was multiplied by the total collec-
tive dose estimated from the § 20.407 annual reports to yieid the collec-
tive dose shown in this column of Appendix A. (4) A similar procedure
was followed in determining the collective dose for the columns headed
"Contractor" and "Station & Utility" in Appendix A.

2.1.4 MWorkers With Measurabie Whole Body Doses

The number of workers with measurable doses, rather than the total number
of individuals monitored, is shown in Tables 1 through 3 and Appendix A.
These values were used to calculate the average annual dose per worker
and the average number of personnel per reactor. This was done to delete
those individuals, many of whom probably did not routinely work in radia-
tion areas (and were monitored for convenience or for identification
purposes), who may have received exposures too small to be detected by
personnel monitoring devices.

2.1.5 Electric Energy Generated

The electric energy generated in gross megawatt-years (MW-yr) each year
by each facility is shown in Appendix A. This number was obtained by
dividing the gross megawatt-hours of electricity annually produced by each
facility by 8,760, the number of hours in the year. The gross megawatt-
years of generated electricity that are presented in Tables 1 through 3
are the sums of that produced by all of the reactors included each year.
This sum is divided by the number of those reactors included each year to
yield the average amount of electric energy generated (MW-Yr) per reactor,
which is also shown in Tables 1 through 3.

2.1.6 Collective Dose per Megawatt-year

The number of megawatt-years generated was used to determine average
values of the annual collective dose per megawatt-year generated. This
was calculated by dividing the total collective dose by the total gross
megawatt-years generated to yield a quotient that is used as a measure of
the dose incurred by workers at power reactors in relation to the gross
electric energy produced. This value was also calculated for each reactor
site and is presented in Tables 4 through 6 and Appendix A.

2.1.7 Average Rated Capacity

The average rated capacity, shown in Tables 1 through 3, was found by
dividing the sum of the net maximum dependable capacities (Net MWe) of

6



the reactors by the number of reactors incliuded each year. The net
maximum dependable capacity is defined to be the gross electrical output
as measured at the output terminals of the turbine generator during the
most restrictive seasonal conditions, less the normal station service
loads. This is the "capacity" shown for each plant in Appendix A.

2.2 Average Annual Occupational Doses

Some of the data presented in Tables 1 and 2 are graphically displayed

in Figure 1, where it can be seen that the average collective dose and
average number of workers per BWR has been higher than that for PWRs for
the Tast ten years and that the values of both parameters have, in general,
continued to rise at both types of facilities. However, looking at the
number of workers per reactor reported each year since 1980, it appears
that the number of workers per BWR has levelled off at about 1300 workers,
while at PWRs the number has levelled off at around 1100 workers. From
Table 1, it can be seen that the average collective dose per reactor, dose
per worker, and collective dose per megawatt-year at BWRs showed increases
over those found for 1982. At PWRs (Table 2), the values of these three
parameters remained nearly the same as the 1982 values.

Figures 2 and 3 are plots of much of the information that is given in
Table 3 for all Tight water reactors. One can see that all of the
parameters plotted showed increases over last year's values. In looking
at these figures and the fluctuations in the parameters for the years
following the incident at the Three Mile Island Piant in 1979, one might
wonder if they reflect some of the impact that this incident had on the
nuclear power industry.

To further assist in the identification of any trends that might exist,
Figure 4 displays the average and the median®* values of the collective

dose per reactor for BWRs and for PWRs for the years 1973 through 1983.

The ranges of the values reported each year are shown by the vertical

Tines with a small bar at each end marking the two extreme values. The
rectangles indicate the range of values of the collective dose exhibited

by those plants ranked in the twenty-fifth through the seventy-fifth per-
centiles. Since the median values are not as greatly affected by the
extreme values of the collective doses, one can see that they do not usually
fluctuate as much from year to year as do the average values. The median
collective dose for PWRs appears to have Tevelled off at about 500 man-rems
{(man-cSv),** while for BWRs it has increased to about 1100 man-rems (man-
¢Sv). Nearly every year, the median collective dose is less than the aver-
age, which indicates that the collective dose for most plants is less than
the average collective dose per reactor (the value that is widely quoted).

*The value at which 50% of the reactors reported greater collective doses and
the other 50% reported smaller collective doses.

**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; there-
fore man-rems becomes man-cSv.
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MAN-REMS PER MW-YR AND DOSE PER WORKER — USE SCALE X 1
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FIGURE 3
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FIGURE 4
MEDIAN AND EXTREME VALUES OF

THE COLLECTIVE DOSE PER REACTOR
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2.3 Plant Rankings By Collective Dose Per Reactor

The number of reactors from which data have been collected is still rather
small, and the information reported by a few reactors where unusual condi-
tions or problems may have occurred could have a Targe impact on some of
the statistics presented in this report. In an effort to identify those
plants, Tables 4 and 5 1ist the BWRs and PWRs in ascending order of man-
rems per reactor for each of the years 1978 through 1983. Two other para-
meters, dose per worker and collective dose per megawatt-year, are also
given for each plant and could have been used in 1isting the plants as
well. Also shown is a parameter "CR" which is defined to be the ratio of
the annual collective dose delivered at individual doses exceeding 1.5

rems (cSv) to the total annual collective dose. This indicates the propor-
tion of the total collective dose at the piant that was received by indi-
viduals who incurred higher annual doses, viz., of 1.5 rems (cSv) or greater.
CR 1s one of the parameters that the Un1ted Nations Scientific Committee

on the Effects of Atomic Radiation (UNSCEAR) recommended be used in the
analysis and comparison of exposure data. The latest UNSCEAR report (Ref.
11) states that, under normal conditions, the values of CR 1ie between

0.05 and 0.50, and one can see that CR for about haif of the U.S. plants
fell within th1s range in 1983.

Table 6 gives the grand totals of the collective dose and megawatt-years

of electricity generated for each commercial BWR and PWR based on data
reported since 1969. For all but those few plants that began commercial
operation before 1969, these totals would be the "lifetime" totals for

each site. Dividing the total collective dose by the total megawatt-years
generated, the average collective dose per megawatt-year was obtained for
each site, and, by dividing the collective dose by the total number of
reactor- years for which data were reported, the "lifetime" average collec-
tive dose per reactor-year was obtained. The upper half of the table lists
the sites in ascending order of man-rems (man-cSv) per reactor-year based
on data submitted through 1983, and the Tower half lists them similarly
based on data submitted through 1982. One can quickly see that the average
collective dose per megawatt-year has risen to 2.0 at BWRs and remained

at 1.1 at PWRs. The average collective dose per reactor-year also appears
to increase at a faster rate at BWRs than at PWRs, and based on data accu-
mulated through 1983, the collective dose per reactor~year was calculated
to be 510 and 749 man-rems (man-cSv) per reactor-year for PWRs and BWRs,
respectively.

In general, one can see from the listings in Tables 4 through 6 that the
plants having the lower values of most of the parameters shown are usually
the newer plants. Some of the older, smailer plants also appear near the
top of the Tistings since they report small collective doses; however,

the ratio of their collective dose to the number of megawatt-years gener-
ated will be higher because of their Timited power generation capacity.
Usually, when a plant reports a large annual collective dose, and a large
collective dose to megawatt-year ratio as well, it indicates that extensive
maintenance or modifications were undertaken during the year. For example,
the PWR facilities reporting high values for these two parameters during
the last few years generally have been involved in extensive tube-sleeving
jobs related to the repair of steam generators. Other major sources of
exposures at PWRs in 1983 were maintenance of reactor vessel internals and

12
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TABLE 6
GRAND TOTALS AND AVERAGES

a Light Water Reactors Listed in Ascending Order of Man-rems per Reactor-year (Rx-yr)
1969 - 1983
Collective HMegawatt Han-rems Collective Megawatt- Man-rems
dose gears Man~rems Rx=years per Psz deose years Man-rems Rx-year; Rpfr'
BWRs {man-rems) generated per Mé-yr reparted  Ri-yr {man-rems) gemerated per M-yr reported  Rxvyr
* 2,579 347 7.4 14 184 Davis Besse 534 2,478 0.2 6 89
;:qckszzePoint 3:794 6§33 6.0 15 253 Prairie Island 1,2 2,433 7,984 2.3 13 iig
Humboldt Bay 4,861 339 14.3 15 324 Kewaunee 1,290 3,333 1.2 2 i
Cooper Station 4,316 4,519 10 9 480 Yankee Rowe 3,116 1, 7 o 2 394
Hateh 1,2 5,974 5,439 1.l 12 498 Point Beach 1,2 7,055 9,371 o7 N E
Honticello 6,383 4,978 1.3 12 532 Cogk 1,2 3,974 9,526 0. u 308
Quane Arnald 4,478 2,338 1.9 8 580 Maine Yankee 3,429 6,265 a3 I HY
Yermant Yankee 6,433 4,203 1.5 11 585 Fort_Ca]huun 3,287 3,%32 é.g : A
Browns Ferry 1,2,3 14,669 14,193 1.0 23 538 McGuire 690 i, o 1 i
Oresden 1,2,3 26,010 13,179 2.0 40 E50 Calvert {195 1,2 4,935 9,011 .7 . e
Hine Mile Point 18,525 5,207 2.0 4 752 Rancho Seco 2,835 3,879 3'5 : EEN
Peach Bottom 2,3 15,557 11,986 1,3 18 854 Seqqnyah 1,2 1,061 2,2:; O-E 3 b
Qyster Creek 14,455 5,244 2.8 14 1,032 Trojan 2,506 4,2 0.6 : 38
Fitzpatrick 8,795 3,998 2.2 ] 1,099 Beaver Valiey 2,562 2,382 .
140 Ocenee 1,2,3 1%,027 16,034 0.7 28 394
qQuad Citfes 1,2 22,790 16,044 2.3 20 L z2fs 7 2.0 4 396
#illstone Point 1 14,156 5,426 2.6 12 1,180 Three Hile Isiand 1,2 5,547 2,82 8 s 39
Brunswick 1,2 18,826 5,361 3.5 i; %ggg érl{ansiszl.z ;;gg it o s 399
atem 1, N . -
PHigrim 17,634 4,443 4.0 ' Farley 1,2 3’;22 g'ggg g'g g :gg
. 749 Crystal River 2,578 N
Totals and Averages 202,235 101,877 2.0 e Noith Anna 1.2, 3827 41547 6.9 8 491
Palisades 7,191 4,080 1.8 14 514
Zion i,2 10,102 12,138 0.8 19 532
St. Lucie 3,864 4,18 0.9 K 552
Haddam Meck 9,330 7.123 1.3 15 622
Indian Point 3% 3,151 1,481 2.1 5 628
San Onofre 1 10,083 3,879 2.5 1% 672
Ginna 8,886 4,430 2.0 13 684
Indian Point 1,2% 7,102 2,688 2.6 10 710
Turkey Point 3,4 15,042 9,563 1.6 21 716
Millstone Point 2 6,954 4,013 1.7 8 871
Rebinson 10,979 5,676 1.9 12 515
Indian Point 1,2,3* 15,575 4,419 3.5 17 916
Surry 1,2 26,368 9,556 2.8 21 1,256
Totals and Averages 208,576 181,748 1.1 409 510
*Indian Peint 3 began reporting separately in 1979.
b Light Water Reactors Listed in Ascending Order of Man-rems per Reactor-year (Rx-yr)
1969 - 1982
Collective Megawatt Man-rems Collective Hegawatt- Han-rems
BWR dose years Man=rems Rx-years per PWRs dose years Man-~rems Rx-years per
§ (Man-rems) generated per Md-yr  reported Rx-yr (man-rems) generated per My-yr reported Rx~yr
LaCrosse 2,266 322 7.0 13 174 Davis Besse 454 1,886 G.2 5 91
Big Rock Point 3,531 590 6.6 14 252 Prarie Island 1,2 2,200 7.063 0.3 17 129
Huaboldt Bay 4,844 339 14.3 14 346 Kewauriee 1,125 3,456 0.3 8 141
Cooper Station 3,023 4,122 0.7 a 178 McGuire 169 525 9.3 1 169
Hateh 1,2 4,675 4,505 1.9 10 467 Yankee Rowe 3,048 1,744 1.7 14 218
Ouane Arnold 3,353 2,055 1.6 7 478 Point Beach 1,2 5,652 8,723 9.7 2z 257
Vermont Yankee 4,906 3,857 1.3 16 481 Ranche Sece 2,048 3,531 0.6 7 292
Browns Ferry 1,2,3 11,306 12,652 0.9 20 565 Cook 1,2 1,315 8,089 ¢4 11 301
Monticells 6,262 4,483 1.4 11 569 Beaver Valley x,750 1,821 1.9 6 303
Dresden 1,2,3 22,427 12,266 1.8 37 506 Fort Calhoun 2,854 2,867 1.0 9 iy
Hine Mile Point 9,665 4,878 2.0 13 743 Maine Yankee 3,265 5,588 0.6 30 326
Peach Bottom 2,3 12,594 31,361 1.1 18 8y Arkansas 1,2 3,372 5,150 0.6 10 337
Oyster Craek 12,198 5,217 2.3 13 938 Calvert C1iffs 1,2 4,287 7,614 0.6 12 356
Fitzpatrick 7,705 3,482 2.2 7 1,101 Farley 1,2 2,181 3,083 0.7 6 as4
Quad Cities 1,2 20,299 8,955 2.3 18 1,328 Three Hile Island 1,2 4,388 2,827 1.6 12 366
M{11stone Point 1 13,912 4,786 2.9 11 1,265 Trojan 2,199 3,711 G.6 6 366
Brunswick 1,2 15,351 4,724 3.2 12 1,279 deonee 1,2,3 §,820 13,892 0.7 25 393
Pilgrim 16,472 3,883 4.2 10 1,647 Lrystal River 2,026 2,247 0.9 5 405
Salem 1,2 2.612 3,650 0.7 [ 435
Totals and St. Lucie 2,650 3,891 0.7 [ 443
Averages 174,779 92,147 19 244 718 Patisades 6,214 3,626 1.7 13 478
Zion 1,2 8,791 10,915 0.8 17 517
Korth Anna 1,2 3,262 3,209 1.0 3 544
Haddam Meck 7,946 6,669 1.2 14 568
Sequoyan 570 584 1.0 1 570
Indian Point 3* 2,534 1,472 1.7 4 533
Turkey Paint 3,4 12,362 8,685 1.4 19 650
Ginna 8,031 4,055 2.0 12 669
San Onofre 9,928 3,479 2.5 14 709
Millstone Point 2 5,083 4,018 1.3 7 726
Indian Point 1,2% 6,616 1,985 3.3 a8 827
Robinsen 2 16,056 5,266 1.9 11 914
Indian Point 1,2,3* 15,575 4,410 3.5 17 916
Surry 1,2 23,148 8,642 2.7 i9 1,218
Totals and Averages 179,580 158,270 1.1 360 493

*Indian Paint 3 began raporting separately in 1979.
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feedwater nozzle replacement. At BWRs, inspections and repairs of primary
piping and pipe welds and Mark I torus modifications have contributed to
increased doses. It should be noted that the differences in nuclear plant
designs and the ages of plants (Ref. 12) even between plants of a given
type affect the nature of these parameters as well, and one should be
careful when attempting to draw conclusions from these data.

ANNUAL DOSE DISTRIBUTIONS

Annual Whole Body Dose Distributions

Table 7 summarizes the distribution of the annual whole body doses received
by workers at commercial LWRs during each of the years 1969 through 1983.
This distribution is the sum of the annual dose distributions reported by
each licensed LWR each year. The distribution reported by each LWR for
1983 is shown in Appendix B. From Table 7, one can see that, prior to 1973,
the reports had a different format such that, for doses Tess than two rems
(cSv), there were only two dose ranges, 0.0 to 1.25 rems (cSv) and 1.25 to
2.0 rems (cSv). This did not allow an estimate of the collective dose,

as previously described, to be made for these years. For the years after
1972, the table indicates that the annual collective dose increased nearly
every year, as did the number of monitored individuals. However, the
values of CR show that the portion of the collective dose due to individual
doses greater than 1.5 rems (cSv) has decreased from a high of 0.72 in 1973
and has Tevelled off at about 0.55 for the last few years.

Since personnel monitoring data have frequently been found to have log-
normal distributions (Ref 13), trends in the data may be observed from
Jogprobability plots of the data. If the data are log normally distributed,
the data points will form a straight line when plotted on log-probability
paper on which cumulative probabilities are laid off on the vertical axis
at distances proportional to the corresponding number of standard devia-
tions above or below the median and the dose is plotted on a logarithmic
scale on the horizontal axis. Figure 5 displays such plots of the dose
distributions of workers at BWRs and PWRs for 1982 and 1983. The positions
of the plots for the PWRs above those of the BWRs indicates that a larger
portion of workers at PWRs received lower doses, which resulted in lower
median doses (point at which the 50 percentile line crosses each plot)

and smaller values of CR.

Further examination of the plots reveals that they form fairly straight
Tines only to about 1.5 rems (cSv) where they start to curve upward. This
curve is typical of distributions when there are several workers in the
higher dose ranges, (Ref. 11) and indicates that the entire distribution
is not a log-normal one. A new theoretical analysis of occupational dose
distributions (Ref. 14) has found that these data are far better fitted
by a hybrid log-normal distribution. At Tow doses, this distribution is
log-normal, but at higher doses, where radiation control programs require
that each worker's total dose be closely monitored so that the freguency
of doses approaching the dose limits is reduced, the distribution is
normal. This method of analyzing occupational doses may prove to have
several valuable applications (Ref. 15) for individuals involved in
radiation protection programs.
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Cumulative Percent

FIGURE 5

CUMULATIVE PERCENT OF ANNUAL INDIVIDUAL DOSES

1982 & 1983

99.99

99.9 —

VE—

BWRs — 1982 O
19830

PWRs — 1982 @
1983 &2

|

Median Measurable * -
Dose
1983 1983 1982 1981 1980 —
BWRs 0.35 0.63 0.59 0.57 0.63
20~ PWRHs 018 0.50 0.49 0.52 0.47
| ! | | ] i I I I
0.10 0.25 0.50 0.75 1.0 2.0 3.0 40 50 6070 10.0

Annual Dose (rems}

NOTE: Each point on the curves represent the cumulative percentage of workers with
measurable dose who received doses less then the indicated annual dose. The median
measurable dose is the dose at the which the curve crosses the fiftith percentile.

*
CR is the ratio of the annual collective dose delivered at individual doses exceeding
1.5 rems to the total collective dose.
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3.2

The compilation of the distribution data submitted by each facility into
one report, however, introduces an additional source of error. Since
individuals are not identified in the annual distribution reports, an
individual who was monitored by five different reactor facilities would
have been counted once on each facility's report. Therefore, when the
data were summed to determine the total number of individuals monitered
by all facilities, this person would have been counted as five individuals
rather than as one. This affects the distribution of doses as well as
the number of individuals and the average dose, because the individual
could have been counted five times in the Tower dose ranges rather dhan
one time in a higher range in which his actual accumulated dose (the sum
of his doses incurred at each facility) would have placed him. Further
discussion of this is provided in Section 4.4.

Dose Distribution by Work and Job Function

Tables 8, 9, and 10 summarize the annual data submitted in accordance
with plant technical specifications in a format similar to that shown in
Appendix C. The Ticensees are requested to record the collective doses
received by station employees, utility employees, and contract workers
ameng various prescribed work functions and occupations. The report
submitted by each station for 1983 is contained in Appendix C. One may
note that in some cases, the lTicensee data had to be modified slightly
in order to fit into the prescribed categories.

Table 8 provides a detailed summary of the distribution of collective
dose by work function and personnel types for BWRs, PWRs, and all LWRs. It
shows that contract workers performing special maintenance at LWRs incur
the largest portion of the collective dose. Table 9 presents a more
general summary of these data for the last nine years, and one can see
that workers involved in routine and special maintenance activities
continue to incur most of the total collective dose. At BWRs (Table 8),
workers involved in these activities received 76.7% of the collective
dose for BWRs; at PWRs, these workers received 70.8% of the collective
dose, each being one percent less than that found for 1982. The portions
of the collective dose received by workers during inservice inspection
and refueling at BWRs are 7.9% and 4.3%, respectively; at PWRs, such
workers received 7.2% and 4.9%, respectively, of the collective dose.
Overall, contractor personnei received 63.4% of the collective dose (1.5%
more than last year), and the station and utility employees received the
remaining 36.6% at LWRs.

Table 10 presents the distribution of the collective dose at all LWRs
among five occupations. As expected, maintenance personnel incurred
the majority (72.1%) of the collective dose with contractor maintenance
personnel receiving about twice as much as the station and utility
maintenance employees combined. Supervisory personnel received only
2.7% of the dose, while workers in the remaining three occupations-
operations, health physics, and engineering - received 7.9%, 9.8%, and
7.4%, respectively, of the collective dose. A1l of these values are
about the same as those found for 1982. The collective doses shown in
Tables 8 and 10 do not equal those shown in other tables in the report
because they are the sum of the doses taken from the type of annual
reports shown in Appendix C rather than the collective dose that was
obtained or calculated from the $20.407 annual reports.
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3.3 Health Implications of Average Annual Doses

If any damage to health is caused by exposure to radiation in the work
ptace, it would Tikely manifest itself as certain types of cancer in the
exposed worker or, less likely, as inherited genetic damage in the first
few generations of the workers' offspring. However, the 1iklihood of
cancer or genetic damage occurring as a result of radiation exposure
experienced by workers in nuclear power plants is small. A vast amount

of scientific information is available from which estimates of these risks
can be made. Much of this information, however, has been obtained from
epidemiologic studies of human populations at levels of exposure consider-
ably higher than those normally experienced in the work place. Complemen-
tary to this, information obtained from many animal and cell biology
studies have greatly enhanced our knowledge and understanding of the bio-
logical effects of jonizing radiation. Although using this information

to estimate risks in the work place introduces uncertainties, these
uncertainties can be dealt with in such a manner that the risk is not
tikely to be underestimated. Thus, the discussion below is Tikely to
overstate the health implications rather than understate them.

Cancer induction as a result of radiation exposure has been examined by
many organizations having scientific and medical expertise in the subject.
One of these, the National Academy of Sciences (NAS), pubiished a compre-
hensive review of the biological effects of ionizing radiation in 1980
(Ref. 16). Based on this report, a large working population receiving

one million man-rems (man-cSv) might suffer an estimated 100 to 200 addi-
tional cancer deaths over the remaining years of their lives. This risk
estimate can be applied to the 56,471 man-rems (man-cSv) (Table 3) and the
85,646 workers who received measurable exposures. The result is that, for
the total work force exposed at commercial LWRs in 1983, the expected num-
ber of additional cancer deaths that might result from radiation dose
received that year would be about ten. These deaths would occur many years
following the exposure and would be in addition to the approximately 15,000
cancer deaths that occur normally in a population of 85,000 workers without
exposure to this amount of radiation. Perhaps more meaningful to the
individual workers are the health implications to the workers receiving

the average dose of 0.66 rem {cSv) or the maximum dose of eight or nine
rems (cSv) during 1983. The estimated increased cancer death risk is about
one chance in 10,000 for the average dose and about one chance in 1,000

for the maximum dose. Should a worker receive 0.66 rem (cSv) per year
continuously during his entire working career (working from age 20 until
age 65) his risk of dying from cancer could increase by approximately 2%
over the normal risk of dying of cancer.i These risks can be compared to
the American Cancer Society's estimates of one chance in four of developing
cancer and one chance in six of dying of cancer.

The potential genetic effects from a worker population receiving about
60,000 man-rems (man-Sv) is very small compared to genetic damages that
occur spontanecusly in this population. Based again on the 1980 NAS report,

1The use of the linear quadratic dose-response model in making this risk
estimate would estimate an increase in the risk of dying of cancer of less
than 1%.
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less than four serious genetic diseases could be induced in first genera-
tion children of the 85,000 exposed* workers and Tess than 60 in all future
generations. This number can be compared to the approximately 100,000
serious genetic defects that occur normally in one million 1ive births,
i.e., an average of about one serious defect in every ten live births.
Thus, the total genetic damage in the first generation children of 85,000
workers would be an increase of less than four cases (less than 0.05%) to
the expected 8,500 cases that occur normally.

3.4 High Temperature Gas Cooled Reactor (HTGR)

The only HTGR operating in the United States is the Fort St. Vrain plant
near Denver, Colorado. It is owned by the Public Service Company of
Colorado which was Ticensed to operate the plant on December 21, 1973.
The 330 MWe (net) rated plant began generating electricity in December
1976. However, the plant did not declare commercial operability until
July 1, 1979 and during 1983 the utility restricted the plant to a 70%

power level,

As shown in Table 11, annual whole body doses incurred by workers at the
piant have, in general, been minimal. For the last three years, everyone
monitored has received a whole body dose that was less than 0.10 rem {(cSv),
and no one has ever exceeded an annual dose of 0.25 rems (cSv). The aver-
age dose per worker has remained at about 0.03 rem (cSv) or less for the
last several years. For the 10 years ending on December 31, 1983, the
total collective dose for workers at the site was about 21 man-rems
(man-cSv), and a total of 481 megawatt-years of electricity had been gen-
erated. This yields a ten-year average of about 0.04 man-rem (man-cSv)per
megawatt-year. The average value of this parameter for PWRs is twenty-six
times as much (Tabie 6).

TABLE 11
ANNUAL WHOLE BODY DOSES AT FORT ST. VRAIN
1974 - 1983
No, of Individuals with Anndal
Doses in Ranges (Rems)
Average
Total Annual Gross Measurable
No No. of Coltective ¢ Electricity { Dose Per

Measurable | Measurable, | 9.10- | Individuals Dose (Mu-yrs) Worker
Year i Dose but <0.10 0.25 Monitored (man-rems) | Generated (rems)
1974 1597 63 1 1,661 3.3 0.0 0.05
1975 1263 0 0 1,263 0.0 0.0 0.00
1976 1362 25 ] 1,387 1.3 2.8 0.05
1877 346 55 1 1,002 2.9 29.8 0.05
1978 896 34 0 930 1.7 75.7 0.05
1979 1149 120 2 1,271 6.4 28.6 0.01
1980 902 57 1 960 3.0 83.2 0.05
1981 1096 31 0 1,127 1.0 93.6 0.03
1982 978 22 0 1,000 ¢.4 72.6 0.02
1983 965 48 0 1,013 1.0 94.4 0.02

*Assuming that, on the average, each exposed person will have one

future, i.e., 85,000 children born to this worker population.
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4, TERMINATION DATA SUBMITTED PURSUANT TO 10 CFR §20.408
4.1 Termination Reports, 1969-1983

In 1969, the Atomic Energy Commission (predecessor of the NRC) began requiring
operating nuclear power facilities and three other types of Ticensees* to
submit personal identification and exposure information upon the termina-

tion of each monitored person's employment or work assignment in the
Ticensee's facility. The appropriate information on each report is

manually coded and entered into the Commission's computerized Radiation

Exposure Information and Reporting System (REIRS) at Oak Ridge, Tennessee.
The data are retrievable by several criteria - social security number,
name, facility, etc. -~ which allows statistical analyses of the data as
well as the tracing of individual dose histories. During the years that
this information has been collected, some 1,040,000 termination records
have been received for approximately 280,000 individuals who have been
reported as having terminated their employment at nuclear power plants.
The figures given for the number of reports and the number of individuals
are different because numerous individuals have been terminated more than
once over the years and because some individuals may have had external
doses reported for more than one part of the body as well as estimates

of internal depositions of radioactive material, each of which is counted
as one record. Table 12 provides a breakdown of this information for
individuals terminating during each of the fourteen years and shows that
the number of such records has continued to increase each year for which
all of the data have been entered into REIRS. Part of this is due to the
fact that each annual transient worker (see Section 4.4) has terminated
an average of 2.6 times each year since 1978.

4,2 Limitations of the Termination Data

When examining or using the statistics in this report that are based

on the termipation data, one should keep in mind that these data have
various limitations: (1) Some licensees submit a termination report for
each monitored non-utility employee at the end of each monitoring period
rather than waiting until the individual actually completes his work
assignment at the facility. (2) The period(s) of exposure that are
reported for terminating individuals may indicate the monitoring period
during which he may have been exposed to radiation rather than the actual
dates of exposure. (3) Some Ticensees report cumulative periods of expo-
sure and doses rather than the actual periods and dose incurred during
each period. (4) Licensees having more than one Ticensed facility some-
times include in the termination report submitted when the individual
leaves the second facility the dose that he incurred at the first facility

*Industrial radiographers; fuel processors, fabricators, and reprocessors; and
manufacturers and distributors of specified quantities of byproduct material.
Three other types of NRC licensees are now required to submit reports pursuant
to 10 CFR 8§ 20.407 and 20.408: geologic repositories for high-level radioactive
waste; receivers of radioactive waste from other persons for land disposal;
and independent installations for the storage of spent fuel.
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which had already been reported. Although attempts have been made to
correct for some of these problems, they are still an additional source of
error in any statistics developed from the termination data.

TABLE 12
TERMINATION REPORTS SUBMITTED FOR REACTOR PERSONNEL
1969 - 1983
Number of Number of
Termination Terminating

Year Records Individuals
1969 790 730

1970 2,130 1,910

1971 2,350 2,200

1972 4,500 3,890

1973 11,530 9,070

1974 16,950 11,600

1975 38,380 22,630

1976 63,590 35,290

1977 81,704 36,864

1978 85,308 37,359

1979 118,218 48,305

1980 162,515 65,092
1981% 177,832% 66,902%
1982%* 153,390** 56,491%*
1983** 86,223*%* 34 ,563%*

*Data were updated based on more recent compilations.

**Not all of the termination data for individuals terminat-
ing during 1982 and 1983 have been entered into the REIRS.

4.3 Transient Workers per Calendar Quarter

One use that is being made of the information contained in the termination
reports is the examination of the doses being received by short-term
workers. Since nearly half of the termination reports indicated periods
of exposure that were less than 90 days, it is possible that several
thousand individuals could have been employed by two or more licensees
during the same calendar quarter. Thus, a "transient" worker is defined
here as an individual who began and terminated employment at two or more
different licensed facilities within one calendar quarter. This allows
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4.4

one to examine the doses of those workers most 1ikely to approach the
quarterly 1imits without the licensee's knowledge since they move so
rapidly among facilities.

Table 13 displays some of the information gathered from these termination
reports that were submitted by the licensed nuclear power facilities. The
number of these workers has increased more than twentyfold during the
five years 1972 through 1976, but now appears to be increasing at a much
smaller rate. The top part of Table 13 shows that the average individual
dose (which is close to being a quarterly dose for most of these workers)
showed a decreasing trend in the earlier years and has remained at about
0.42 rems (cSv) for the last two years.

The bottom half of the table separates the information shown in the top
part and presents the doses of the workers employed by two, three, and

four or more different reactor licensees. The majority of these workers
each year were reported by two different licensees during a gquarter. The
smaller number of workers terminated by three or more Ticensees received
higher average doses than those terminated by two employers every year
except for 1982. Examinations of these records have revealed that some
individuals have worked for as many as six different NRC 1icensees during
one calendar quarter. However, on the average, less than two instances per
year have been found in which a worker exceeded his quarterly limit of

3 rems (cSv) as a result of his working at two or more different licensed
facilities within one calendar quarter. In a few of these instances, the
doses that the workers had received while employed by the first utility
were revised upward later in the year. The under estimates resulted in
quarterly doses that slightly exceeded 3 rems (cSv). A very few quarterly
exposure exceeding 3 rems (cSv) may have gone undetected because a worker's
dose was received over a period spanning more than ene quarter and was
reported for the entire period. When this happens, it is not possible to
determine the portion of the dose received during each quarter.

Transient Workers per Calendar Year

Since the number of transient workers per calendar quarter comprise only
a small percentage of the total number of individuals terminating each
year, it was decided to change the criteria so that the records of more
workers would be examined. This was done by selecting the records of all
individuals who began and terminated two or more periods of employment
with at Teast two different reactor facilities within one calendar year
and summing each worker's whole body doses. An examination of these data
would allow one to determine the number and average dose for the "annual
transients." Table 14 presents the number and doses of the transients
found among the individuals terminating during the six years 1977 through
1982, A similar collation has not been done for the 1983 data because
not all of them have yet been computerized. One can see that the number
of these workers increased from about 3,200 workers in 1977 to about
5,400 in 1980 and 1981. The 4,481 workers shown for 1982 is may indicate
a decreasing trend or may be due to the fact that all of the 1982 termina-
tion data have not yet been computerized. The average dose, however,
remains at about 1 rem (cSv).
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The Tower portion of the table shows the number and doses of workers that
were terminated by two, three and four or more different reactor licensees
during the year. The average dose of workers empioyed by two licensees
increased to 0.99 rem (cSv) in 1982, while the average dose of those
employed by three licensees remained at 1.27 rems (cSv). The average

dose of workers employed by four or more licensees has continued to
decline from a value of 2.24 rems (cSv) in 1977 to a value of 1.47 rems
(cSv) in 1982.

In order to determine the impact that the inclusion of these individuals
in each of two or more licensee's annual reports had on the annual summary
(Table 7) for all nuclear power facilities (one of the probiems mentioned
in Section 3.1), Tables 15a and 15b are presented. Table 15a shows the
actual distribution of these transient workers' doses as determined from
the above-described termination reports and compares it with the distri-
.bution of the whole body doses as they would have appeared in a compila-
tion of the annual statistical reports submitted by each of the nuclear
power facilities. During each of the years shown, each of the transient
workers was counted an average of 2.6 times. This was not surprising
because some individuals were reported by as many as nine different
facilities.

Table 15b illustrates the impact that the multipie reporting of these
transient workers had on the staff's compilations of the annual statisti-
cal reports for the years 1978 through 1982. Since each nuclear power
facility reports the distribution of the doses received by workers while
monitored by the particular facility during the year, one would expect
that a summation of these reports would result in individuals being
counted several times in dose ranges lower than the range in which their
total accumulated dose (the sum of the personnel monitoring results
incurred at each facility during the year) would actually place them.
Thus, while the total collective dose would remain about the same, the
number of workers, their dose distribution and average dose would be
affected by this multiple reporting. This was found to be true because
too few workers were reported in the higher dose ranges. For example, in
1982 the compiled annual reports indicated that 84,404 workers received a
measurable dose, 74 of whom received doses greater than 5 rems (cSv). After
accounting for those individuals that were reported more than once, the
adjusted distribution indicated that there were only 79,697 workers that
received a measurable dose and that 125 of them received doses greater
than five rems (cSv). This resulted in an average measurable dose of
0.71 vem {(cSv) rather than the 0.66 rem (cSv) obtained from the compiled
reports,

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

doses during the year, their impact on most of the statistics derived from
compilations of the annual summary reports is not very great. However,

when examining the distribution of doses over five rems, one finds that

the adjusted statistical distribution indicates that the number of workers
who received doses over five rems (cSv) each year was between 50 and 80

more than the number found in the compiled statistical distribution. This is
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more clearly shown in Table 16, where it can also be seen that in 1982
the number of workers receiving doses greater than five rems (cSv) feill
to 125, 0.2% of the work force. Similar corrections and tables for the
1983 annual data will be presented in a subsequent report.

TABLE 16
ANNUAL WHOLE BODY DOSES EXCEEDING FIVE REMS (cSv)

Compiled Number Adjusted Number Percent of
Year >5 Rems >5 Rems Workers
1977 270 351 0.9
1978 103 158 0.4
1979 130 180 0.3
1980 311 391 0.5
1981 189 235 0.3
1982* 74 125 0.2

4.5 Temporary Workers Per Calendar Year

To complete the examination of the doses received by the short-term
workers employed at nuclear power facilities, Table 17 summarizes the data
compiled on "temporary workers". For purpose of this report, temporary
workers were defined to be those individuals who began and ended their
employment at only one nuclear power facility during the calendar year.
Table 17 shows that the number of these individuals has grown each year
except for 1982 when the number receiving measurable doses decreased by
about 4,000 to around 24,000 workers. Comparison of these figures with
those in Table 15b reveals that these workers comprised 31% of the total
number of workers (76,701) receiving a measurable dose in 1982, while their
collective dose was only 25% of the total collective dose. Their average
measurabie dose of 0.57 rem (cSv) was also less than the overall average
of 0. 65 rem (cSv).

TABLE 17

TEMPORARY WORKERS PER CALENDAR YEAR
(Individuals terminated by only one employer)

No. of Total No. No. with Collective Avg. Dose Avg. Meas'ble
YEAR Reactors Monitored Meas'ble Dose Dose (rems) Dose (rems)
(man-rems)
1977 57 29,090 19,084 11,373 0.39 0.60
1978 64 28,864 17,110 9,821 0.34 0.57
1979 68 38,347 21,491 9,488 0.25 0.44
1980 69 48,383 28,305 16,168 0.33 0.57
1981 71 48,265 28,675 16,755 0.35 0.58
1982* 75 40,264 24,049 13,723 0.34 0.57

*Figures for 1982 may be incomplete because all of the 1982 termination data
have not yet been computerized.
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5.  OVEREXPOSURES TO RADIATION

The term "overexposure" as used in this report refers to exposures to radiation
or radicactive material that exceeded gquarterly control limits established by
NRC regulations. When these limits are exceeded for any reason, licensees are
required to report the occurrence to the NRC, thus providing for investigations
and corrective action as necessary. The term "overexposure" is not

necessarily intended to indicate that a worker has been subjected to an
unacceptable Biological risk. The "overexposures" reported in 1983 are cases
in point.

In 1983 there.were seven individuals reported as being overexposured; the
largest dose being 3.9 rems (cSv). Doses of five individuals exceeded the
1.25-rem (cSv) quarterly limit; the doses of the two others exceeded the 3-rem
(cSv) quarterly limit.* A1l seven cases occurred because of dose~tracking
errors. Five "overexposures" occurred during the second quarter of 1983 at
the Surry nuclear plant when five contract workers received whole body doses
between 1.6 and 2.4 rems (cSv). These were reportable exposures because forms
indicating their previous radiation exposures because forms indicating their
previous radiation exposure histories had not yet been completed, and the
3-rem (cSv) per quarter Timit therefore could not be used. Similar
dose-tracking errors at the Browns Ferry and the H. B. Robinson nuclear plants
resulted in workers receiving quarterly. Table 18 presents the number and
types of exposures exceeding NRC 1imits that have been reported by power
reactors pursuant to 10 CFR § 20.403 and § 20.405 since 19/1.

*Three rems (cSv) per quarter are allowed if the workers occupational dose
history has been obtained and his accumulated dose indicates an annual average
of 5 rems (cSv) or less.
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APPENDIX A*
Personnel, Dose and Power Generation Summary

1969 - 1983

*A discussion of the methods used to collect and calculate the
information contained in this appendix is given in Section 2.1.
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