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ABSTRACT

This report presents an updated compilation of cccupational radiation exposures
at commercial nuclear power reactors for the years 1969 through 1980. It is
published annually and is available at all NRC Public Document Rooms, or Bay
be purchased from either of the organizations identified on the inside of the
front cover of this report. The bulk of the information contained in this
document was derived from reports submitted to the United States NucTear
Requlatory Commission in accordance with requirements of individual plant
technical specifications and in accordance with §20.407 of Title 10,

Chapter 1, Code of Federa] Regulations (10 CFR §20.407).

This report now contains data received from the 68 light water cooled reactors
(LwRs) and one high temperature gas ceoled reactor that had been declared to
be in commercial operation for at least one full year as of December 31, 1979.
This represents an increase of two reactors over the number contained in last
year's report. Both the total number of personnel moritored at LWRs and the
number of workers that received measurable doses during 1980 increased by
about 25% to values of 133,878 and 80,331, respectively. The total collective
dose at IWRs for 1980 is estimated to be 53,796 man-rems, which is a 35%
increase over the 1979 value of 39,759. The result was that the average dose
per worker increased slightly to 0.67 rems, while the average coliective dose
per reactor increased by approximately 33% to a value of 791 man-rems. The
collective dose per megawatt-year of generated electricity by each reactor
also increased to an average value of 1.8 man-rems per megawatt-year from last
year's value of 1.3. A brief prospective on the health implications of these
annual occupational doses is also provided for the first time. The staff
found that should a worker receive 0.§7 rems each year during his entire
working career, his risk of dying froa cancer would increase by about 2% of
the normal risk.

The report also presents a summary and some analyses of the exposure data
contained in the "termination reports® that have been submitted to the Com-
mission pursuant to 10 CFR §20.408 by nuclear power licensees. As of
December 31, 1980, personal identification and exposure information had
been collected and computerized for some 170,000 of these terminating
reactor personnel. Analysis of these data indicate that there are now
about 1700 quarterly transient* workers each year who incur an average dose
of 0.44 rems and some 3,700 yearly transient* workers who incur an average
dose of 1.03 rems.

x

Transient workers are those workers who begin and end their employment or N
work assignment at two or more different 13censed facilities within one
calendar quarter (quarterly transients) or one calendar year (yearly '
transients).
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OCCUPATIONAL RABIATION EXPOSURE AT
COMMERCIAL NUCLEAR POWER REACTORS
1980

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 which
indicated the number of individuals exposed and their cululative annual doses,
broken d..n by type of personnel, work function, and occupation. (The format
for reporting is contained in Regulatory Guide 1.16, "Reporting of Operating
Information - Appendix A Technical Specifications,” and is similar to that
shown in Appendix € of this report.) To obtain data for previous years, each
reactor licensee was reguested to provide similar information for each year
since 1969 in whick they had a unit in commercial operation. In every
instance, an est.. . of the total collective dose (man-rems) incurred by all
individuals monitorced 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, therefore, is not complete for all plants for
the years 1969 through 1972.

On February 4, 1974, 10 CFR §20.407 was amended to require ticensed nuclear
power utilities, among other licensees, to submit an annual statistical report
indicating the distribution of the whole body doses of all individuals moni-
tored at each facility. These reports (see Appendix B) allow an estimate to
be made of the total collective dose, and of the number of workers receiving
seasurable doses. These values were used throughout this report (except for
Tables 8, 9, 10 and Appendix C) for the years 1373 through 1980.

The plant operating data, such as plant capacity and megawatt-years of
electricity generated, was obtained or derived from data included in various
issues of the "Operating Units Status Report," (Ref. 1), and from the report
"0. S. Central 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 Regulatory
Guide 1.16, may be found in those documents 1isted on the front cover of this
report. Additional operating data and statistics for each year after 1972 may
be found in a series of reports, "Nuclear Power Plant Operating Experience"
(Refs. 3, 4, 5, 6, 7 and 8). The next report in this series (NUREG/CR-2378),
which contains data for 1980, should be published in December 1981. These
documents are available at all NRC public document rooms, or they may be
purchased from the National Technical Information Service as shown in the
Reference section.
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2. SUMMARY OF OCCUPATIONAL MONITORING DATA AND POWER GENERATION

2.1 Defimtions 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 light water cooled reactors (LWRs), respectively. The
number of reactors 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 parentheses (for the years 1969-1972) is the number of reactors
that provided both the number of irdividuals that received measurable
doses (referred to as "workers") while visiting or working at the facility
and the summation of the annual whole body doses (called man-rems) of all
of these workers.. The annual collective doses shown in parentheses and
the other information marked with an asterisk are also based on the data
submitted by the number of reactors shown in parentheses.

2.1.2 Collective Dose

The collective doses (in man-rems) shown for 1969 through 1972 were
obtained by special request made to the licensee or from monthly and
semi-annual operating reports that had been previously 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 uose and the mumber of workers receiving measur-
able doses were obtained from the annual reports submitted pursuant to

10 CFR §20.407. From these reports, the annual collec*ive dose was
calculated by summing the products ebtained by multiplying the number of
individuals shown in each of the dose ranges {shown in Table 7 and
Appendix B) by the midpoint of each range. Past experience has shown
that the actual mean dose of individuals reported in each dose range is
less than the midpoint of che range. Thus the collective doses shown in
this report may be about 10% too high.

2.1.3 Breakdown of Collective Dose

In Appendix A, the collective dose that was calculated from the
§20.407-type annual reports is broken down 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 .n the plant's
annual report required by its technical specifications (see Appendix C).
This was done in the following way:

(1) The collective dose incurred by workers in the work functior,
"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 ) was determined. (2) The ratic of this_
dose to the total coliective dose (the last number in the last columns in
Appendix C) was calculated and multiplied by the total collective dose
that had been estimated using the §20.407-type annual reports. This
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product is the number of man-rems shown in the column headed "Operations" ,
in Appendix A. (3) The number of man-reas shown in the column headed §
“Maintenance 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

collective dose estimated from the §20.407-type annual reports to yield

the number of man-rems shown in this colusn of Appendix A. (4) A simi-

lar procedure was followed in determining the number of man-rems in the

type of personnel columns "Contractor” and “Station & Utility" in
Appendix A.
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2.1.4 Workers With Measurable 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 anpual 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 Megawatt-years of Electricity

The number of gross megawatt-years (MW-Yrs) of electric energy generated
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 faciiity by 8,784, 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 alil of the r1eactors
included each year. This sum is divided by the number of those reactors
included each year to yield the average amount of etectric energy
generated (MW-Yrs) per reactor, which is also shown in Tables 1 through 3.

2.1.6 Collective Dose per Megawatt-year %

The number of megawati-years generated was also 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 guotient, having the units "man-rems
per MW-Yr," that is used as a measure of the doses 1ncurred 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.

i

1.7 Average Rated Capacity

The average rated capacity, shown in Tables 1 through 3, was found by
dividing the sum of the net maxiaum dependable capacities (Net MWe) of
the reactors by the number of reactors inciuded 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
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most restrictive seasonal conditions, less the normal station service
Toads. This is the "capacity" shown for each plant in Appendix C.

1 e

2.2 Average Annual Occupational Doses

Some of the data presented in Tables 1 through 3 is graphically dispiayed
in Figure 1 where one can see that the average collective dose and average
number of workers per BWR has been higher than that for PWRs for the last
six years and that the values of both parameters have, in general, con-
tinued to rise at both types of facilities. At BWRs in 1980, the average
collective dose, average number of workers, and collective dose per
megawatt-year (Tables 1-3) reached the all-time high values of 1,136,
1,311, and 2.7, respectively. Table 1 shows that the average dose per
worker also rose from last year's value of 0.73 rems to 0.87 rems. At
PWRs, the values of these three parameters increased to values

(578 man-rems per reactors, 1,101 workers per reactor, and 1.3 man-rems
per megawatt-year) higher than those reported for the previous six years,
whg;e the average dose per worker (Table 2) decreased slightly to

0.52 rems.

Also in Figure 1, a piot of the number of workers per 1,000 megawatts
electric (rated capacity) installed is shown in order to examine the
possibility that these parameters may be dependent on the installed
power. One can see that for several years the ratios were relatively
tonstant. However, the increase in the values for the last two years
implies that other factors, such as the type of plant, the number of
years that the plant has been in operation (Ref. 9), special inspections,
repairs, and other activities deemed necessary by regulatory bodies and
others affect these parameters as well.

To further assist in the identification of any trends that might exist in
the two parameters - the average and the median collective dose per
reactor - Figure 2 is presented. It displays the average and median*
values of the collectivé dose per reactor for BWRs and for PWRs for the
years 1973 through 1980. The ranges of the values reported each year are
shown by the vertical lines 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 percentiles. One can see that the median
values do not fluctuate as much from year to year as do the average
values. The median collective dose for PWRs has slowly increased since
1975, and appears to have levelled off in 1980; while for BWRs, it
levelled ofi at a higher value for 1977 through 1979 and increased in
1980. Furthermpre, in all but one case the median collective dose is
less than the average which indicztes that the collective dose for most
plants is Tess than the average collective dose per reactor (the value
that is widely quoted).

*The value at which 50X of the reactors reported greater coiiective doses
and the other 50% reported smaller collective doses.
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FIGURE 2
AVERAGE, 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 has been collected is still rather
small, and the information reported by a few reactors where unusua?
conditions or problems may have occurred could have a large impact on
some of the statistics presented in this report. In an effort to iden-
tify those plants, Tables 4 and 5 list the BWRs and PWRs in ascending
order of man-rems per reactor for each of the years 1976 through 1980.

the plants as well. Table 6 ranks the plants that had been in commercial
operation for at least five years as of December 31, 1980. At BWRs, the
values of the average dose per worker and col’ective dose per megawatt-
year increased somewhat over those that had been calculated for the five
years ending in 1979. At PWRs, the average dose decreased slightly while
the collective dose per megawatt-year showed a small increase over the
same period. The five year averages for the collective dose per reactor
and the number of workers per reactor increased by about 20% over the pre-
vious five years' values. It should be noted that there are significant
differences in nuclear plant designs, even between plants of a given

type. Therefore, one should be careful when attempting to draw conclusions
from the data. )

In general, one can see from the listings in Tables 4 through 6 that the
plants having lower values of these three parameters each year are usu-
ally the newer plants. Some of the older, smaller plants also appear
near the top of the listings since they report small collective doses;
however, the ratic of their man-rems to the number of megawatt-years
generated will be higher because of their Timited power generation capa-
city. Usually, when a plant reports a large annual collective dose, and
2 large man-rems to megawatt-year ratio as well, it indicates that
extensive maintenance or modifications were undertaken during the year.
Also, several plants reported that part of the increase in their col-
lective doses was due to activities, such as seismic hanger inspections
and modifications, snubber corrections, masonry wall modificaticns, and
other torus and drywell changes, that were diracted by various NRC
bulletins or recommended by their nuclear supplier.

3. ANNUAL DOSE DISTRIBUTIONS
3.1 Annual Whole Body Dose Distributions

Table 7 summarizes the distribution of the annual whole body doses
received by workers at cosmercia] LWRs during each of the years 1969
through 1980. This distribution is the sum of the annual dose distri-
butions reported by each licensed nuciear facility each year. The
distribution reported by each facility for 1980 is shown in Appendix B.
From Table 7, one can see that prior to 1973 the reports had a different
format such that there were only twc dose ranges, 0.0 to 1.25 rems and
1.25 to 2.0 rems, for doses less than two rems. This did not allow an
estimate of the collective dose, as previously described, to be made for
these wears. For the years after 1972, the table indicates that the
annual collective dase increased nearly every year, as did the number of
monitored individuals. The data for 1380 is graphically displayed in

10
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Figure 3 by plotting the Tog of the annual dose against the cumulative
percent on a probability axis. If the data were log-normally distributed,
as has found to be the case for certain dose ranges (Ref. 10), the data
points would form a straight line. However, distributions in which there
are annual doses that exceed 2 rees frequently depart from a straight
1igelbecause of the Ticensees' efforts to meet various recomsendat;ons

and limits.

The top curve in Figure 3 shows the .umulative distribution of the number
of workers receiving measurable doses that were reported in the dose
ranges shown in Table 7 for 1980. From it one can quickly see that about
77% of the workers received annual doses less than one rem, and that
about 99.6% of them received doses less than five rems. This is less
than the portion of workers (99.8%) that had received such doses for the
previous two years. The three lower curves indicate the cumulative
distribution of the collective doses incurred by the workers at all LWRs,
and at PWRs and BWRs during 1980. One can see that, at {WRs, those
workers that reccived doses of less than one rem (77% of all workers)
incurred only 28% of the collective dose, while those workers receiving
doses greater than 5 rems (0.4% of ali workers) received 3.5% of the
collective dose. The position of the curve for PWRs (above that of the
curve for BWRs) at doses less than <ix rems indicates that a larger
portion of the collective dose was incurred by workers receiving lower
individual doses than at BWRs. For doses greater than six rems, the
situation reversed. Also in Figure 3, in the statements at the bottom,
is the portion of the collective dose incurred by workers who received
doses greater than 1.5 rems. These particular values are shown because
the United Nations Scientific Committee on the Effects of Atomic Radiation
recommended that this fraction should be one of the parameters used in
the analyses and comparison of exposure data (Ref. 11). The Committee
also advised that the normal range for this parameter should be from 3%
to 60%. One can see that the values of the parameter are near the upper
limit of this range with 56.2% at all LWRs, 47.8¥ at PWRs, and 63.0% at
BWRs.

The compilation of the distribution data submitted by each facirity 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 monitored
by all facilities, this person would have been counted as five individuals
rather than as one. This could affect the distribution of doses as well
as the number of individuals and their average dose, because the indi-
vidual would have been counted five times in the lower dose ranges rather
than 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. 3.



FIGURE 3

CUMULATIVE PERCENT OF ANMUAL INDIVIDUAL DOSES
AND COLLECTIVE DOSES

1980
95.99
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3.2 Dose Distributions by Work and Job Fumction

3.3

Tables 8, 9 and 10 summarize the annual data submitted in accordance with
plant technical specifications in the format described in Regulatory
Guide 1.16. The licensees are requested to record the collective doses
received by station employees, utility employees, and contract workers
among various prescribed work functions and occupations. The report
submitted by each station for 1980 is contained in Pppendix C. One
should note that in some cases, the licensee data had to be modivied
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 persecnnel types tor 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 this data for the last five years, and one can
see that workers involved in routine and special maintenance activities
continue to incur most of the total cumulative dose. At BWRs (Tabie 8)
workers invaived in these activities received 80.8% of the cumulative
dose for BWRs, an increase of about 10X from last year's value, while at
PWRs these workers received 70.6% of the cumiative dose, an inc ease of
only 3.6% over last year's value. The portions of the collective dose
received by workers during inservice inspection and refueling at BWRs are
3.3% and 5.%, respectively; at PWRs suci, workers received 8. 2% and 7.1%,
respectively, of the collective dose. Overall, contracter personnel
received 68.4% of the collective dose (about 10% more than last year),
ang the station and utility employees received the remaining 31.6% at
{WRs.

Table 10 presents the distribution of the collective dose at all LWRs
among five occupations. As expected, maintenance personnel incurved the
majority (75.3%) of the collective dose, with contractor maintenance
personnel receiving about twice as much as the station and utility maie-
tenance employees combined. Supervisory personnel received only 2.1% ef
the dose, while workers in the remaining three occupations - operations,
health physics, and engineering - received 6.7%, 3.2%, and 7. , respect-
ively, of the collective dose. The total collective dose, 46,224.5 man-
rems, shown in Table 10 does not equal that shown in Table 8 because
several sites did not provide the distribution of the collective dose by
occupation. Also, the collective doses shewn in Tables 8 and 10 do not
2qual those shown in other tables in the report because they are the sam
of the doses taken from the type of annual reports shown in Appendix C
rather than the collective dose that was calculated from the §20.407-type
annual reports.

Health Implications of Average Annual Doses

If any biological effects are caused by exposures to radiation in the
work lace, the effects are likely to sccur only after many years because
the mest important effects are cancer induction and genetic damage ;ead-
ing to tne transmission of hereditary diseases. A vast amount of
scientific information is available from which estimates of these risks
can be made. Much of this information has been obtained from epidemio-
logic studies of human populations at levels of exposures considerably

17



TABLE 8
ANNUAL COLLECTIVE DOSES
BY WORK FUNCTION AND PERSONNEL TYPE

1980

11 aarzedNe XN seordeseIc I S aereaeneren
-
g (=] WM =) MnNoNo~ o NNV D O
.— s & = m a = - a x a ¥ % = + - v s 4 o+ = -
- I O eI N O oo Ma o
E - o — W o n o
= - - -
3
.
-g Nm— 0 AT N LD P OWNMSNT -
[ -t e e . - P . - e o+ s = -
] VO FO o I T D Loo—onm N
= N - o OFTNONN M IR
O 80 OO N MO WMIS
N—- o P~ N~ o - M TN
s WHIWMN HNXNARXX XN MNP PN N
5 MODTNNS o MO~ O AMmnona O
o Ll 15 L e T - ) I ™M O NI T &
& W ™N M D - ™ ~0 " Er
o
§ x
(=
; (=T T L T e OABD O - N BT O
o - NS N NPT~ i IOM e
1 NG - ) NOM= DM ™~ TG W
GO DY T WMOOVNGIN~ O NONTom T
~ o~ Ll - 0y 0N - N
é £ = o Ton n
-
I MIX PN XN HANNNR N R MIHN XN
-
o MMUNDN - (-2 N TR k" “oncNTe o
[ s e e v . « e s e - P .
§ ONOoONOe = oGO~ o oFoOMoS W
- L
o o
E- ]
[V
5
2= DTS NNTOOw M~ MED I O
[XINTE s 8 oa s . .- s s 8 s - M ] .
= o N0 NSNM O NN ON =0 v ORI
= R W OO W C N = NS T ©
ra k"] L] = I —es I ) W
«| - o~ -— o [ g
p =
-
et PPN XN FEATRPJTARN N WM X
it
§ [= WO TR O DM [T VETL RS o S R
[ . s s e e ow - P . P -
> nootN~N - [ N el DO N
oW o~ o~ o~
-
a
E o
il
-
o E —mn N B @Dto M W —ooeee &
- 133 e B N - P T
§ o N L T O O -
1 o NNy N WMo o oo N
w = O NN O = O™ D NN O
-4 - N ~0 —— Ll %31 Lo E% o -~ - -
b= -—
- r w8 z -y z
woxl BrO we
01 O D o Oty N OO
z T e-X rz T > TV
O OIS [} o OO wn O OO )
i~ T wrExr ] — WX — — TWZET -
IS TERTN -1 ] L4 A B L) e L4 (Sl TS F .0 VR -t
< () = S - U - <€ Qb o N - < ey -
£ I o (8 el e 2l -y ] o T XX T W =]
Qo -« e W - Lty S ELY wf bet 3=t bt bL2 P
- S« O Sl =3
b AEWEOO SOFrwroo LF¥wEOO
= O EX - L) x - O &l
= Ikl a2, -t Il a8 L8 Al vt A O
| T XA I =3 4 S | SEDL A
a2 - -t RS = It B - RA2 L0 OF ¥ OF 4 Saaitl
x SOk OO WD DwWoOED
o X oY S eyl U AL AD WL oWl
oXTa. Cw ) Oa -zl w oo -
= o X teraen Toe o wn e



TABLE 9

FERCENTAGES OF ANNUAL COLLECTIVE DOSE
AT LWRS BY WORK FUNCTION

Percent of Dose

Work Function 1975 1976 1977 1978 1979 1980
R o Oparations 108%  102%  105%  133%  122%  95%
Routine Maintenance 526%  310%  28.1%  315%  202%  355%
Inservice Inspection 3.0%  60%  64%  71.7% 90%  5.5%
Special Maintenance 19.0%  40.0%  425%  359%  394%  40.6%
Waste Procassing 69%  50%  658%  50% 364 3.0%
Refueling 77%  79%  67%  6.6% 66%  6.1%
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higher than those normally experienced in the work place. Complementary
to this, information obtained from many animal and cell biology studies
have greatly enhanced our knowledge and understanding of the biological
effects of jonizing radiation. Although using this information to
estimate risks in the work place introduces uncertainties, these uncer-
tainties can be dealt with in such a manner that the risk is not likely
to be underestimated. Thus, the discussion below is 1ikely to overstate
the health implications rather than ynderstate them.

Cancer induction as a result of radiation exposure has been examined by
many organizations having scientific and medical expertise in the sub-
ject. One of these, the National Academy of Sciences (NAS), completed a
comprehensive review of the biological effects of fonizing radiation in
1980 and published its findings (Ref. 12). Based on this report, a large
working population receiving one million man-rems might suffer an esti-
mated 100 to 200 additional cancers over the remaining years of their
lives. This risk estimate can be applied to the 53,796 man-rems shown in
Table 7 and the 80,331 workers who received measurable exposures. The
result is that for the total work force exposed at commercial LWRs in
1980, the number of additional cancer deaths would be less than ten.

This addition is made to the 12,000 deaths or so that would occur in this
approximately 80,000 workers normally without exposure to this amount of
radiation. Perhaps more meaningful to the individual workers are the
health implications to the worker receiving the average dose of 0.67 rems
and the maximum dose of 9 rems or so during 1980. The estimated risk of
dying of cancer during the remainder of 1ife is one chance in 10,000 for
the average dose and one chance in 1,000 for the highest dose. Should a
worker receive 0.67 rems per year continuously during his entire working
career his risk of dying from cancer will increase by about ZX of the
normal risk. These risks can be compared to the American Cancer Society's
estimates of one chance in four of having cancer and one chance in seven
of dyinyg of cancer.

The potential genetic effects from a worker popuiation receiving about
50,000 man-rems is very small compared to gemetic damages that normally
occur spontaneously in this population. Based again on the 1980 NAS
report, from zero to four serious genetic diseases could be induced in
first generation children of the 80,000 exposed® workers and from three
to 60 in all future generations. This number is compared to the
aporoximately 100,000 serious genetic defects that occur normally in one
million live births.

3.4 High Temperature Gas Cooled Reactor (HTGR)
f

The only HTGR operating in the United States is the Fort St. Vrain plant
near Denver, Colorado. It is owned by the Pwlic Service Company of
Colorado who was licensed to cperate the plant on December 21, 1973. The
330 MWe (net) rated plant achieved initial criticality on January 31,
1974, and began generating electricity in December 1976. However, the

plant did not declarc commercial operability until July 1, 1979 and it is
still restricted to a 70% power level, except for testing.

A
== ;
Assuming that each of them will have one child in the future.
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As shown in the Table 11, annual whole body doses incurred by workers at
the plant have been minimal. No one has exceeded an annual dose of

0.25 rems, and the average dose per worker remains at about 0.05 rems.
For the seven years ending on December 31, 1980. the total collective
dose for workers at the site was 18.6 man-rems, and a total of

207.5 megawatt-years of electricity had been geperated. This yields a
Seven~year average of about 0.1 man-rems per megawatt-year. The average
value of this parameter for (WRs is eighteen times as much (Table 3).

TABLE 11
ANNUAL DOSES AT FORT ST. VRAIN
1974 - 1980
No. of Individuals with Annual Doses
in Ranges (Rems) Average
Total Amual Measurable
No No. of Collective Gross Dose Per
Measurable | Measurable | 0.10~ | Individuals Dase MW-Yrs Worker
Year Dose <0.10 0.25 Monitored | (ManRems) | Generated {Rems)
1974 1597 63 1 1,661 3.3 0.0 0.05
1975 1263 0 0 1,263 G.0 0.0 0.00
1976 1362 25 0 1,387 13 2. 0.05
1977 946 55 1 1,002 2.9 29.8 0.05
1978 896 34 0 930 17 75.7 0.05
1979 1149 170 2 1,271 8.8 16.0 0 05
1980 902 57 1 960 3.0 83.2 0.05

4. TERMINATION DATA SUBMITTED PURSUANT TO 10 CER §20.408
4.1 Termination Reports, 1969-1980

In 1969 the NRC (then the Atomic Energy Commissien) began requiring
operating nuclear power facilities and three other types of licensees* to
submit personnel identification and exposure infermation upon the termin-
ation of each monitored person's empioyment or werk assignment in the
Ticensee's facility. The appropriate informatios on each report is
manually coded and entered into the Commission's computerized Radiation
Exposure Information and Reporting System at Qak Ridge, Tennessee. The
data are retrievable through numerous ways - social security nusher,
name, facility, etc. - which allows statistical analysis of the data, as
well as the tracing of individual dose histories. During the years that
this information has been collected, some 630,00¢ termination records
have been received for approximately 175,000 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 imdividuals
are different because numercus individuals have teen 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

by M

. -
Industrial radiographers; fuel processors, fabricators, and reprocessors;
and manufacturers and distributors of specified quantities of byproduct
material.
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individuals terminating during each of the eleven years and shows that

the number of such records continues to increase each year. This indicates
a growing industry need for workers even though the number of operating
reactors is increasing very slowly.

TABLE 12

TERMINATION REPORTS FOR REACTOR PERSONNAL

1969 - 1980
Number of Number of
Termination Terminating
Year Records Individuals
1969 790 730
1970 2,130 , 1,910
1971 2,350 2,200 :
1872 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 80,400 36,550 4
1978 84,540 37,100 %
1979 111,030 47,080
*1980 130,910 57,710 .

4.2 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 terminotion reports indicated periods
of exposure that were less than 90 days, it is possible that several
thousand individuals could have been emplioyed by two or more iicensees
during the same calendar guarter. Thus, by defining a "transient" worker
to be a radiation worker who began and terminated employment at two or
more different licensed facilities within one calendar quarter, one could
examine the doses of those workers most likely to approach the quarterly
limits without their present employer's knowledge since they move so
rapidly among facilities.

BT 1

i e 8

s il Wb,

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 levelling off at
about 1500. This reflects the rate of growth of the nuclear power
industry and its need for short-term workers. One can see ‘rom the top
part of the table that the average individual dose (which is close to
being a quarterly dose for most of these workers) has shown a decreasing
trend during this time and fell to its lowest value of 0.44 rems in 1980.

=
1
|
%
2
Z

E3
A1l of the termination data for individuals terminating during 1980 has not
yet been entered into the REIR System.
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4.3

The Tower half of the table breaks down the information shown in the first
part and presents the doses of the workers employed by two, three and four
or more different reactor licensees. One can see that the majority of
these workers were reported by two different licensees during a quarter,
while the smaller number of those terminated by three or more licensees
generally showed higher average doses. Examinations of these records have
revealed that some individuals have worked for as many as five different
NRC licensees during one calendar quarter. However, only one instance was
found in 1980 in which a worker slightly exceeded his quarterly limit of
three rems as a result of his working at two different licensed facilities
within one calendar quarter. This was because the dose that he had received
while employed by the first utility was revised wpward later in the year.
This resulted in his receiving a quarterly dose of 3.1 rems. That is not
to say that no other workers' doses have exceeded the quarterly limit
because the records of those who were employed by a second licensee for a
period spanning the end of a calendar quarter could not be examined in this
manner, and the records of those employed by other than the four categories
of NRC licensees are not submitted to the KRC.

Transient Workers per Calendar Year

Since the number of transient workers per calendar guarter comprise only

a small percentage of the total number of individuals terminating each

year, it was decided to change the criteria such that the records of more
workers would be examined. This was done by selecting the records of all
individuals who began and terminated two or more periods of employment with
at least two different reactor facilities within one calendar year and by
summing each worler's whole body doses. An examination of this data would
allow one to determine the number and average dose for these "annual
transients." Table 14 presents the number and doses of these "annual
transients" that was found among the individuals terminating during each of
the four years 1977 through 1980. In 1980 the number of these workers
increased by about 600 workers over the 3,200 that was found in previous
years. The average dose, however, remained at about one rem. The lower
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
zach year. One car see that the average dose of workers employed by two
licensees increased to 0.89 rems, while the average dose of workers emp 1 oyed
by four or more licensees has continued to decline to a value of 1.69 rems.

In order to determine the impact that the imclusion of these individuals

in each of two or more licensee's annual reports had on the statistics
abtained from the compilation of the annual reports into one annual summary
(Table 7} for all nuclear power facilities, which was a problem 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 distribution of the
whole body doses as they would have appeared in a compilation of the annual
statistical reports submitted by each of the nuclear power facilities. Dur
ing the three years 1977-1979 there were abgut 3,200 workers each year, but
because, they worked at two or more nuclear power facilities during each year,
they were counted as being some 8,000 workers. Some individuals were repor-
ted by as many as nine different facilities. In 1980, there were 3,748
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of these transients who were counted as 9,340 individuals. They incurred
a collective dose of 3,877 man-rems which resulted in an average measurable
dose of 1.17 rems.

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 last four years. Since each nuclear power facility
reports the distribution of the doses received by workers while monitored
by that particular facility during the year, one would expect that a
compilation 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 total number
of workers and the average dose could be affected by this multiple
reporting. This was found to be true.

In each of the four years shown, there were about 3,500 too many workers
indicated as having received measurable doses, and too few of these

workers were shown in the higher dose ranges. For example, in 1977 the
cempiled annual reports indicated that 270 individuals received doses
greater than five rems, while the adjusted distribution indicated that
there were at least 451 such workers. This resulted in an average
measurable dose of 0.81 vems rather than the 0.74 rems obtained from the
compiled reports. Although the number of these transient workers remained
about the sam: during 1978 and 1979, the number of them with doses
exceeding five rems decreased considerably during these two years.

In 1979 the compiled annual reports indicated 130 workers with doses
exceeding five rems, while the adjusted compilation indicated some 160 such
workers. In 1980, however, the number of these workers increased such that
347 workers with doses greater than five rems were found in the adjusted
compilation. But since the number of these transient workers receiving
measurable doses is only about 5% of the total number 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.

PERSONNEL OVEREXPOSURES

Table 16 presents the number and types of personnel overexposures that have
been reported by power reactors pursuant to 10 CFR §20.403 and §20.405 since
1971.  In 1980, the number of overexposed individuals increased over last
year's figure, but none of the whole body doses exceeded five rems. Most of
the individuals overexposed in 1980 were invelved in steam generator testing
and repair work at Southern California Edison's San Onofre plant during the
second and third quarters. The licensee failed to properly monitor the area
of the body (the top of the head) most likely %o receive the bighest dose.
Recalculation of the dose to account for this resulted in some 42 individuals
possibly receiving doses between 3.2 and 4.4 rems during the second quarter
and 24 individuals receiving doses betw2en 3.2 and 4.9 rems during the third
quarter.
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APPENDIX A*

Personnel, Dose and Power Generation Summary

1969 - 1980

*A discussion of the methods usea to coliect and calculate the
information contained in this appendix s given in Section 2.1.
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Annual Whole Body Doses at
Licensed Nuclear Power Facilities
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APPENDIX C

Number of Personne! and Man-rems
by Work and Job Function
1980

Note: A “t’ preceding a plant name indicates that the licensee’s input was
recategorized by NRC staff. )
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