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ABSTRACT

This report presents an vpdated compilation of occupational radiation exposures
at commercial nuclear power reactors for the years 1969 through 1981. This
report is one of a series of reports which are published annually and is
available at ail NRC Public Document Rooms, or may 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 Nuclear Regulatory Commission in accordance with
requirements of individual plant technical specifications and in accordance with
.20.407 of Title 10, Chapter 1, Code of Federal Regulations (1¢ CFR §20.407).

This year's report contains data received from the 70 light water cooled
reactors (LWRs) and one high temperature gas cooled reactor that had been
declared to be in commercial operation for at least one full year as of
December 31, 1981. This represents an increase of twe reactors over the
number contained in last year's report. The total number of personne)
monitored at LWRs in 1981 was 124,504, a slight decrease from that found in
1980. The number of workers that received measurab’e doses during 1981 was
82,183 which is about 2,000 more than that found inr 1980. The total collec-
tive dose at LWRs for 1981 is estimated to be 54,142 man-rems, which is only
about 350 man-rems more than that reported in 198C. The result was that the
average dose per worker decreased slightly to 0.66 rems, and the average
collective dose per reactor decreased by about 20 man-rems to a value of

773 man-rems. The collective dose per megawatt-year of generated electricity
by each reactor also decreased slightly to an average value of 1.7 man-rems
per megawati-year. A brief prospective on the health implications of these
annual occupational doses is also provided. The staff projected that receiving
0.66 rems each year during an entire working career would increase the risk of
dying from cancer by about two percent over the risk if no occupational
radiation exposure were received.

The report also presents a summary and some analyses of the evpusure data
contained in the "termination reports" that have been submitted by nuclear
power licensees to the Commission pursuant to 10 CFR §20.408. As of

December 31, 1981, personal identification and exposure information had been
collected and computerized for some 210,000 of these terminating reactor
personnel. Analysis of these data indicate that in 1980 there were about
2,200 quarterly transient* workers who incurred an average dose of 0.46 rems
and some 5,500 yearly transient* workers who incurred an average dose of

1.11 rems. The collective dose (about 6,000 man-reas) incurred by the yearly
transients constituted 11¥ of the total collective dose calculated for 13980.
The termination data reported in 1981 has not yet been compl tely computerized,
and, therefore, such analyses for transient workers in 1981 were not available

for presentation in this report. e

X

Transient workers are those workers who begin and end their employment or
work assigneent at two or more different licensed facilities within one
calendar quarter (quarterly transients) or one calendar year (yearly
transients).
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GCCUPATIONAL RADIATIOR EXPOSURE AT
COMMERCIAL NUCLEAR POWER REACTORS
1981

1.  INTRODUCTION

In 1974, the NRC staff began changing the technical specifications of operating
nuc]ean\power reactors to require the submittal of an annual report which
indicatéd the number of individuals exposed and their cumulative annual doses,
broken down by type of persommel, 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 C of this report.} To obtain data for previous years, each
reactor licensee was 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 (wan-rems) 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, therefore, is not complete for all plants for the years
1969 through 1472.

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 estisate to
be made of the total collective dose, and of the number of workers receiving
measurabie doses. These values were used throughout this report (except for
Tables 8, 9, 10 and Appendix {) for the years 1973 through 1981.

The plant operating data, such as plant capacity and megawatt-years of
eiectricity generated, was obtained or derived from data included in various
issues of the "Operating Units Status Report," (Ref. 1), and from the report
"3, S. Central Station Nuclear Power Plants, 1976" (Ref. 2).

This report, and each of its predecessors, summarizes information reported
acring previous years. However, aore plant specific data, such as the annual
report submitted by each plant pursuant to 10 CFR §20.407 and Regulatory
Guide 1.16, may be found in those documents listed on the front cover of this
report. Additional operating data and statistics for each of the years after
1972 through 1979 may be found in a series of reports, "Nuclear Power Plant
Operating Experience” (Refs. 3-8). Tnese documents are available at all NRC
public document rooms, or they say be purchased from the National Technical
Information Service, as shown in the Reference section. The 1980 and 1981
reports %n this series should be published in 1983.



2. SUMMARY OF OCCUPATIONAL MONITORING DATA AND POWER GENECRATION

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 Appenaix A
for boiling water reactors (BWRs), pressurized water reactors (PWRs), and
all light water cooled reac.ors (LWRs), respectively. The number uf
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 parenthe-
ses {for the years 1969-1972) is the number of reactors that provided both
the number of individuals that received measurable doses (reterred to as
"workers") while visiting or working at the facility and the summation of
the annual whole body doses (called san-rems) of all of these workers.

The annual collective doses shown in parentheses and the other inforsmation
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 ccllective doses (in man-rems) shown for 1969 through 1972 w:re
obtained by special requests made to the licensee or from monthly and
semi~annual operating reports that had been previously submitted pursuant
to plani cechnical 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 measur-
abie doses were obtained from the annual reports submitted pursuant %o

10 CFR §20.407. From these reports, the annual collective dose was
calculated by summing the products obtained by multiplying the number of
individuals shown in each of the dose ranges (shown in Table 7 and Appen-
dix 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 the range. Thus the collective doses* shown in this
repc+t way be about 10%¥ too high.

2.1.3 Breakdown of Collective Dose

In Appendix A, the collective dose that was calculated ‘rom 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 shuwn for each type is the same as that reported in the plant’s
aanual report required by its technical specificatinns (see Appendix C).
This was done in the following way:

(1) The collective dose incurred by workers in the work function "Reactor
Operations and Surveillance" on each plant's annual report submitted

*— -
A few facilities reported the actual collective dosé ‘'of those individuals
shown on the §20.407-type annual raport, and this figure was used instead of
the calculated value.
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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 mltipiied by the total cellective dose that

had been estimated using the §20.407-type annual report, This product is
the number of man-rems shown in the column headed “Operations" in Appen-
dix A. (3) The number of man-rems 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 :emaining 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-vems shown in this column of Appendix A. (4) A similar
procedure was followed in determining the number of man-rems in the type
of personnel columns "Contractor" and ustation & Utility" in Appendix A.

i 2.1.4 Workers With Measurable Whole Body Doses

The number of workers with measurable doses, rather than the total number
of individuals monitered, 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 personne} per reactor. This was done to deiete °
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 megawati-years (MW-Yr) 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 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
inctuded 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 also used to determine average
values of the annual collective dose per megawatt-year generated. This v
was calculated by dividing the total collective dose by the total gross
megawatt-years generated to yield a quotient, having the units "“man-rems
per MW-Yr," that is used as a measure af the doses 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 Mve) of

R S
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the reactors by the number of reactors included 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 piant in Appendix €.

2.2 Average Annual Occupational Doses \\

Some of the data presented in Tables 1 and 2 is graphically displayed in
Figure 1, where it can been seen that the average collective dose and
average nurher of workers per BWR has been higher than that for PWRs for
the last seven years and that the values of both parameters have, in
general, continued to rise at both types of facilities. At BWRs in 1981,
the average collective dose, dose per worker, and collective dose per
segawatt-year decreased by about 15% from the 1980 figures to 780 man-
rems, 0.73 rems, and 2.3 man-rems per megawatt-year, respectively. The
number of workers per reactor (1340) remained about the same. At PWRs,

. the values of these three parameters increased to 652 man-rems per reactor,
6.61 rems per worker, and 1.4 man-rems per megawatt-year, while the
average number of workers per reactor (1,076) remained about the same as
the 1980 value. .

Figures 2 and 3 show plots of much of the information that is given in
Table 3 for all light water reactors. One can see that the total values
of the three parameters (workers, collective dose, and megawatt-years)
showed only slight increases over last year's values, while the average
dose per worker, number of workers per reactor, and collective dose per
megawatt-year decreased slightly.

To further assist in the identification of any trends that might exist,Fig.4
displays the average and the median* values of the collective dose per
reactor for BwRs and for PWRs for the years 1973 through 19681. The
ranges of the values reported each year are shown by the vertical lines
with a small bar at each 2nd 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. Since the median values are not as greatly affected by the
extreme values. of the collective doses, one can see that they do not
fluctuate as much from year to year as do the average values. The median
collective dose for PWRs appears to have levelled off at about 400 man-
rems, while for BwRs, it has generally jncreased and reached a high of
940 man-rems in 1981. In all but one case the medjan collective dose is
less than the average, which indicates that the co lective dose for most
plants is less than the average collective dose per reactor (the value
that is widely gquoted).

x_
The value at which 50% of the reactors reported greater collective doses and
the other 50% reported smaller collective doses. a
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e FIGURE 2

PLOT OF TOTAL ANNUAL VALUES AT ALL
LIGHT WATER COOLED REACTORS
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FIGURE 3

PLOT OF AVERAGE ANNUAL VALUES AND AT ALL
LIGHT WATER COOLED REACTORS

" 1969-1981
| ¥ I i 1 I | | | i | | I
8
%
x ; 2 AVERAGE ANNUAL VALUES: ‘
29 (1) WORKERS PER REACTOR ~———
39 (2) MAN-REMS PER REACTOR /
® {3) MAN-REMS PER MEGA-WATT YEAR /
b D (4) DOSE (REMS) PER WORKER /
D
1€ 10
55
3
gl.r
[+
(3T}
o 8P
0.0
wE
oc
oz
<
zs |
g
$3
2
£5
50
aw 4
T
b
g
L
=
§§ 2F o
Tz ' 7N\ //‘\\ MAN-REMS PER MW-YR i
\. ./n’ \.‘_._c_o“._.ﬁ
S DOSE PER WORKER §——
L 1 1 | S S B 1 i i i ]
198 20 ‘M ‘72 ‘B ‘74 TS ‘76 ‘77 TR 739 "W 81 19

YEAR




Collective Dose Per Reactor iman-rems)
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. FIGURE 4
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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
conditions or problems may have occurred could have a large 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 erder of
man-rems per reactor for each of the years 1976 through 1981. Two other
parameters, dose per worker and collective dose per megawatt-year, are
also given for each plant and could have been used in ranking the plants
as well. Also, shown for the first time is a parameter "CR" which is
defined to be the ratio of the annual collective dose delivered at indi-
é vidual doses exceeding 1.5 rems to the total annual collective dose.

This shows the proportion of the total collective dose at the plant that
was received by individuals who incurred annual doses of 1.5 rems or
_ ~greater. CR is one of *he parameters that the United Nations Scientific
E Committee on the Effects of Atomic Radiation (UNSCEAR) rezommended be
i

used in the analysis and comparison of exposure data. The draft of the
latest UNSCEAR report* states that the normal values of CR lie between
0.05 and 0.50, and one can see that CR for most of the plants fell within
this range in 1981.

Table 6 ranks the plants that had been in commercial operation for at
least five years as of December 31, 1381. At BWRs, the number of workers
per reactor, year, and values of the average collective dose per reactor-
year and collective'dose per megawatt-year increased by about 10X over
those that had been calculated for the five years ending in 1980. At
PWRs, the five-year averages for the collective dose per megawatt-year
and the collective dose per reactor-year increased less than 10%, while
the average number of workers per reactor increased by about 14% over the
previous five years' values. The average dose per worker decreased
slightly at both BWRs and PWRs during this period.

In general, one can see from the 1istings in Tables 4 through 6 that the
plants having the lower values of the three parameters shown for each

year are usually the newer plants. Some of the older, smaller plants

also appear near the top of the listings since they report smail collec-
tive doses; however, the ratio of their man-rems to the number of
megawatt-years generated will be higher because of their limited power
generation capacity. Usually, when a plant reports a large annual
collective dose, and a large man-rems 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 major repair and replacement of steas generalors. At BWRs,
torus modifications contributed significantly to their 1981 doses. At
both types of plants, in-service inspections anc other plant modifications
(such as pipe hangers, snubbers, and fire protection) were also sajor
contributors. It shoule 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 this data.

L3

—
The final report should be made available by the General Assembly of Official
Records, United Nations, New York, late in 1982.
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3.1

ANNUAL DOSE DISTRIBUTIONS

Annual Whole Body Dose Distributions

Table 7 summarizes the distribution of the annual whole body doses
received by workers at comsercial LWRs during each of the years 1969
through 1981. This distribution is the sum of the annual dose distri-
butions reported by each licensed nuclear facility each year. The
distribution reported by each facility for 1981 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 two 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 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 reas has
ducreased from a high of 0.72 in 1973 and has leveled off at about 0.55
for the last few years. The data for 1981 is graphically dispiayed in
Figure § by plotting the log of the annual dose against the cumulative
percent on a probability axis. If the data were log-normally distributed,
as has even found to be the case for certain dose ranges (Ref. 11), the
data points would form a straight line. However, distributions in which
there are annual doses that exceed 2 rems freqiently depart from a straight
line because of the licensees’ efforts to meet various recommendations
and limits.

The curves in Figure 5 show the cumulative distribution of the number of
workers receiving measurable doses that were reported in various dose
ranges (shown in Table 7) for all LWRs and for BWRs and PWRs, separately,
(as shown in Appendix B). From these curves it can be quickly seen that
at all LWRs about 76% of the workers received annual doses that were less
than one rem, and that about 99.7% of them received doses less than five
rems. The position of the curve for PWRs (above that of the curve for
BWRs) at doses less than four rems indicates that a larger portion of the
workers at PWRs received lower individual doses than at BWRs. For doses
greater than four rems, the situation reversed. Also, using the curves
in Figure 5 and the values of CR shown at the bottom of the figure, one
can determine that the 14% of the workers at LWRs whose dose excceded
1.5 rems received 54% of the collective dose in 1981.

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 reporis, an
individual who was sonitored by five different reactor faciiities 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 onhe 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 4.3.4.

16



FRUY BRLCSIUS TR [SUL MG UL FAE 4| PUIPETORS WEUY [STIPIAIPU| 3F FRIEAlS SIUE UREEIG][UW (VRULN B U WHS W ] HD
ane

‘JUNURIOP B LY PAQLIOSEP IOUIMU BUlEn Jiels DHN W4 AQ PRIEINSED S18M ANG 181)129) B3 AQ Peii0des JOU DINM 1D PUB $OD BARDE)IO0D !—._....
BIROA ROVRG{EN) WU JO R

30 LE J0GUISORG JO 38 JBSA |in) SUO 1388} I8 1O LOREINGO (BIDIBLILOD Ui LIS Pa| JUYL KIUBKD AQ LOP'OZ HJD 0L H3IM S0UNPICIOR U Pasfuqns o Anwing
980 | Zvl'vs 805'¥ZL ( N_.S L |2 i |18 €6 | 88F |£8L'1] 958y _02.: £08'y | S2zo's [a2E’0L| L02'2L] 2EE'BL cIeLy 1961
90 | seses 804'LTL t |9 |es |ze1 | 999 |ccot [ore'y [oev'in] G190 | ZRo'0] 0ZE'6 foas 11| ecv'sZ Lig'Ly oesl
. ') '} F * L] [} ) 4 T
0 186'6¢ E1E'90L |z)-11) z |et Jez |98 |izv |ogz') |Boce | 888'L| 82v'E | Lvi's | 060’8 | @8'6 | Zia'v2 8Lty 66l
09'0 ¥08'\E LZL'eL aw A. 8 | oz |29 |81y oso’L {898z | covs| esv'z | eec'e| voa's | eve'n| ec9'al £rL'ot 8Ll
19°0 LLG'ZE vEL' LD 9 {1z {ec |80 |1y |ees Joeu's |ea'z | Zor'e| oav'z | 892'c | 090's | vEQ'®| OLE'EL 888’z Li6)
z9'0 gcy'oz Lsi'Le L g 11 | 9z | oz [est | sy jesr |vsc'z| ose'v] oto'z ] ozaz| sEL'v | OEL'S LZ8'zL voL'se 9L8i
S9°0 8.8'0Z EvE by i ZL [ vz | oo |eoL [ezy jreo |[zeo'i ] ave'e| 6e€’L | 9B9'L | 0oL’z | ved'e| 1vs's rei'al 9161
£9°0 ZZLEL 8E6'SE . |oe Jea |9zz {1ty |Bze1]c0g9’z] 908 | zZBi'L] 990'Z | £8B'Z| SEL'9 Tiv'or 17111
_ -
zLo £08'ElL £28°EE L |9t |8 |1z [seiLiiez Jezy lwegileare] 299 |oOvL | viEZi | 868°L vov'9 £v0'8l giel
gLL'al 9 |9 6 {tZ lov |iLi |81 |288 889 960'v1 Ti6l
189’6 bl | Zb | goOL [ZEL | sSiE oy 089’8 (W1.13
v 609'L L |8 oo |88 |ear |oem sl 6EE'p oL8l
\ - oy
gLa’z 4 g9 4 99 ¥EL 8ZL Giv'e 898l
0z-sz'lL 8100

{outel-tapy) peicao oiL Joost foe | osloL| op|os| or | ve | o2 oL sco| ooe ! 9zo oL sinsodxy iy

4O 1o() squiny 0oL j0el-08|-0L|-09|-09]|-0% | 0C | -OZ | QL §-80L-000 | -9T0 | 0L0 | viguinsesyy | ajqRINEISY ON

o0l mapaeon moy
isnuuy (nuey) ULl HmEipu| sy U seansodXg AROR SIOYM WM FENPIAIPUY o JsgGuing

l8eL - 6961
BHRLOV 031004 WAival BN BAJUKIINDD IV
WIES0 ACOE EOHM IMONMY 40 NOLOSUISIO AHYMWOS
oL N8V

P LR SR TIPS APPSR Y NIRRT SO TR S “ OV P et o : - R o0 5 A e



Cumulative Parcent

FIGURE 5
CUMULATIVE PERCENT OF ANNUAL INDIVIDUAL DOSES
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3.2 Dose Distributions 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 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 1981 is contained in Appendix C. One
should note that in some cases, the licensee 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 ail LWks.

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 seven years, and one can
see that workers invoived in routine and special maintenance activities
continue to incur most of the total cumulative dose. At BWRs (Table 8)
workers involved in these activities received 75.3% of the cumulative
dose for BWRs, a decrease of about 5% from Tast year's value, and at PWRs
these workers received 73.6% of the cumulative dose, an increase of 3%
over last year's value. The portions of the collective dose received by
workers during inservice inspection and refueling at BwRs are 3.7% and
2.5%, respectively; at PWRs such workers received 6.5% and 7.0%, respec-
tively, of the collective dose. Overall, contractor personne?l received
68.0% of the collective dose (about the same as last yar), and the station
and utility employees received the remaining 32% at LWRs.

Table 10 presents the distribution of the collective dose at all LWRs
among five occupations. As expected, maintenance personnel incurred the
majority (70.6%) of the collective dose with contractor-maintenance
personnel receiving more than twice as much as the station and utility
maintenance employees, combined. Supervisory personnel received 2.4% of
the dose, while workers in the remaining three occupations - operations,
health physics, and engineering - received 9.5%, 8.6%, and 9.1X, respec-
tively, of the collective dose. The total coHectwe dose, 48, 421 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 occupa-
tion. Also, the cotlective doses shown in Tables 8 and 10 do not equal

! those shown in other tabies 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 calculated from the §20.407-type annual
reports.

3.3 Health Implications of Average Annual Doses

If any biological effects are caused by exposure to radiation in the work
place, the effects are likely to occur only after many years. The most
important radiation-induced health effects are axcess cancers, which canonly
manifested years after exposure, and genetic damage, which can only be
expressed in subsequent generations. A vast amount of scientific infor-
mation is avajlable from which estimates of these risks can be made.
Much of this information, however, has been obtained from epidemiologic
studies of human populations at Jevels

)
;
!
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of exposures considerably higher than those norsally 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 ionizing radiation. Although
using this information to estimat. risks in the work place introduces
uncertainties, these uncertainties can be dealt with in such a manner that
the risk is not 1ikely 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), published a compre-
hensive review of the biological effects of ionizing radiation in 1980
(Ref. 11). Based on this report, a large working population receiving

one million man-rems might suffer an estimated 100 to 200 additional
cancer deaths over the remaining years of their lives. This risk estimate
can be applied to the 54,142 man-rems (Table 3) and the 82,183 workers

who received measurable exposures. The result is that for the total work
force exposed at commercial LWRs in 1981, the number of additional cancer
deaths would be less than ten. These deaths would be in addition to the
approximately 12,000 cancer deaths that would occur normally in a popula-
tion of 80,000 workers without exposure to this amount of radiation.
Perhaps more meaningful to the individual workers are the health implica-
tions to the workers receiving the average dose of 0.66 rems or the '
maximum dose, under normal conditions, of 9 rems or so during 1981. The
estimated excess risk of dying of cancer during the remainder of life

is one chance in 10,000 for the average dose and one chance in 1,000

for the nine-rem dose. The estimated excess risk for the accidental
overexposure of 21 rems is one chance in 300. Should a worker receive
0.66 rems per year continuously during this entire working career hjs

risk of dying from cancer will increase by about 2% 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 dying of cancer.

The potential genetic effects from a worker population receiving about
50,000 man-rems is very small compared to genetic damages that occur
spontanecusly 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 approximately
100,030 serious genetic defects that occur normally in one miliien live
births.

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 who was licensed to operate 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 declare commercial operability until July 1, 1979 and
during 1981 it was still restricted to a 70% power level, except for _
testing. N

*Assuming that, on the average, each exposed person will have one child in
the future. N
o 23
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As shown in Table 11, annual whole body doses incurred by workers at the
plant have been minimal. In 1981, everyone monitored received a whole
body dose that was less than 0.10 rems, and no one has ever exceeded an
annual dose of 0.25 rems. The average dose per worker remains at about
0.05 rems or less. For the eight years ending on December 31, 1981, the
total collective dose for workers at the site was 22.0 man-ress, and a
total of 301.1 megawatt-years of electricity had been generated. This
yields an eight-year average of about 0.1 man-rems per megawatt-year.
{?e ?vera)lge value of this parameter for LWRs is seventeen times as much
able 3).

TABLE 11
ANNUAL DOSES AT FORT ST. VRAIN
1974 - 1981
Ro. of Individuals with Annual Doses
in Ranges {Rems) Average
Total Annual Measurabie
No No. of Coilective Gross Pose Per
Measurable | Measurable | 0.10- | Individuals Dose MW-Yrs Worker
Year Dose p.10 0.25 Monitored | (Man-Rems) { Generated (Rems )
1974 1597 63 1 1,661 3.3 0.0 3.05
1975 1263 0 0 1,263 0.0 0.0 0.00
1976 1362 25 0 1.387 1.3 2.8 0.05
1977 946 85 1 1,002 2.9 29.8 0.05
1978 896 H 0 930 1.7 75.7 .05
1979 1149 120 2 1,271 6.4 16.0 0.05
1980 902 57 1 960 3.0 B3.2 ¢.05
1981 1096 kl 1] 1,127 1.0 93.6 0.03
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TERMINATION DATA SUBMITTED PURSUANT TO 10 CFR §20.408
Termination Reports, 1969-1980

in 1969 the NRC (then the Atomic Energy Commission) began requiring
operating nuclear power facilities and three other types of licensees* to
submit persornei jdentification and exposure information upon the termina-
tion of each monitored person's employment or work assignment in the
licensee'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 through numerous ways - social security number,
name, facility, etc. - which ailows statistical analysis of the data, as
well as the tracing of individual dose histories. During the years that
this information has been collected, some 680,000 termination records
have been received for approximately 210,000 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 thirteen years and shows that
the number of such records continues to increase each year. This indi-
cates a growing industry need for workers even though the number of
operating reactors is increasing very slowly.

Limitations of the Termination Data

When examining or using the statistics shown in the report that are based
on the termination data, one should keep in mind that these data have
various limitations, such as the following: 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
leaves the facility; 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; some licensees report cumulative periods of exposure and doses
rather than the actual periods and dose incurred during each perisd;
ticensees having more than one licensed facility sometimes file a termina-
tion report when the individual leaves the second facility that includes
the dose which he incurred at the first facility which had already been
reported. Although sitempts have been made to correct for some of these
problems, they are still an additional scurce of error in any statistics
developed from the termination data.

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 shori-term

x

Industrial radiographers; fueilprocessors, fabricators, and reprocessors; and

manyfacturers and distributors of specified quantities of byproduct material.
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TABLE 12
TERMINATION REPORTS SUBMITTED
FOR REACTOR PERSONNEL

1969 - 1981
~ 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 g 070
. 1974 16,950 11,600
, 1975 38,380 22,630
7 1976 63,590 35,290
i 1977 80,400 36,550
. 1978 84,540 37,100
4 1979 114,250 47,900*
3 1980% 158,580 64,510%
§ 1981%*  104,920%*  45,120**

B ]
Data for these years were updated
based on more recent compilations.

xx
A1l of the termination data for
individuals terminating during
1981 has not yet been entered
into the REIR System.

workers. Since nearly half of the termination reports indicated periods
of exposure that were less than 90 days, it is possible that several

v thousand individuals could have been employed bv two or more licensees
during the same calendar quarter. Thus, in this report, a "transient"
worker is defined to be a radiation worker who began and terminated
employment at two or more different licensed facilities within one calendar
quarter. This allows one to examine the doses of those workers sost
likely to approach the quarterly limits without their employer's knowledge
since they move so rapidly amony facilities.

; Table 13 displays some of the information gathered from these termination
 reports that were submit*ed by the licensed nuclear power facilities.
The number of these workers nas increased more than twentyfold during the
five years 1972 through 1976, but now appears to be increasing at a much
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4.4

smaller rate. The top part of Table 13 shows that the average individual
dose (which is close to being a quarterly dnse for most of these workers)
showed a decreasing trend in the earlier years and has leveled off at
about 0.46 rems. The lower 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
4s five different NRC licensees during one calendar quarter. However,
snly a few instances have been found in which a worker exceeded his
quarterly limit of three rems as a result of his working at two different
licensed facilities within one calendar quarter. Two of them occurred in
1980 when the doses that the workers had received while empioyed by the
first utility were revised upward later in the year. This resulted in
their receiving a quarterly dose that slightly exceeded three rems. That
is not to say that no other workers' doses have exceeded the quarterly
1imit 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 four
categories of NRC licensees are not submitted to the NRC.

Transient Workers per Calendar Year

Since the number of transient workers per calendar quarter comprise only
a small percentage of the total mumber 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 worker'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. This has not been done
for the 1981 data because not all of it has yet been computerized. The
figures shown for 1980 have been updated from those shown in the 1980
annual report to reflect the additional reports that were computerized
after the 1980 report was published. One can see that the number of
these workers has nearly doubled since 1977. The average dose, however,
has 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 each year. One can see thal
the average dose of workers employed by two licensees increased to

0.91 rems in 1980, while the average dose of workers employed by four or
more licensees has continued to deciine to a value of 1.85 rems.

In order to determine the impact that the “nclusion of these individuals
in each of two or more licensee's annual reporis had on the annual summary
(Table 7) for*all nuclear power facilities {(on: of the problems mentioned
in Section 3.1), Tables 152 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

28
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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, During each of the years shown, there was
an increasing number of transient workers who were counted more than
once. Some individuals were reported by as many as nine different
facilities. In 1977 the 2,933 transients that received a measurable
dose were counted as 6,341 workers. By 1980 the number had grown to
4,930 transients who were counted as 10,728 workers, and they incurred
a collactive dose of 6,040 man-rems, an average dose of 1.11 rems, and
an average measurable dose of 1.23 rems.

Table 15b illustrates the impact that the multiple reporting of these
transient workers had on the staff's compilations of the annual statisti-
cal reports for the years 1977 through 1980. Since each nuclear power
facility reports the distribution of the doses received by workersz while
monitored by that 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) would actually place them. Thus, while the
total collective dose would remain about the same, the number of workers,
their dose distribution, and their average dose could 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

1977 the compiled annual reports indicated that 270 individuals received
doses greater than five rems, while the adjusted distribution indicated
that there were at least 351 such workers. This resulted in an average
measurable dose of 0.80 rems rather than the 0.74 rems obtained from the
compiled reports. Although the number of these transient workers has
continued to increase, the number of them with doses exceeding five rems
remained at about 50 during 1978 and 1979. In 1980, however, the number
increased to 92. As a result, 391 workers with doses greater than five
rems were found in the adjusted compilation as compared to the 311 such
workers found in the compiled statistical distribution. In general, how-
ever, since the number of transient workers receiving measurable doses is
only about five percent of the total number receiving measurable doses
during the year, their impact or most of the statistics derived from
compilations of the annual summary reports is not very great.

Temporary Workers Per Calendar VYear

In order to complete the examination of the doses received by the short-
term workers employed at nuclear power facilities, Table 16 cummarizes
the data compiled on “temporary workers". Temporary workers were defined
to be those individuals who began and ended their emplovment at only one
nuclear power facility during the calendar year. The chart at the top
of Table 16 shows that the number of these individuals has grown durind
the last few years and that there were 28,305 of them that received a
measurable dose in 1380. Comparison of these figures with those in
Table 15b reveals that these workers comprised 38% of the total number
of workers (74,561) receiving a measurable dose in 1980, while their
collective dose was only 30% of the total collective dose. Their
average measurable dose of 0.57 rems was also considerably less than

the overall average of 0.72 rews.
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The second chart in Table 16 shows the dose distribution of these workers
by total length of employment. This was compiled by suming each period
of employment and each whole bndy dose that was reported for those workers
that were employed at only one nuclear power facility during to 1980 and
placing them in the proper range according to these totals. When using
this chart, one should keep in mind that the days of employment are not .
necessarily continuous. For example, the worker shown as being employed
from 22-28 days and receiving a dose between five and tem rems was actually
exposed for about a week during each of three different quarters so that
he never exceeded™his three rem quarterly 1imit. The chart shows that
very few workers received doses greater than five rems and that most of
them were employed less than two months. Overall, the distribution of
doses incurred by the temporary workers is quite similar to that shown
in Table 15b for all workers with the exception of there being a slightly
higher percentage of temporary workers in the range "measurable less
than .10 rems” and a smaller proportion of workers with doses greater
than five rems.



-

" 5.  PERSONNEL OVEREXPOSURES

Table 17 presents the number and types of personnel overexposures that hawe
been reported by power reactors pursuant to 10 CFR §20.403 and §20.405 sizce
1971. 1In 1981, the number of overexposed individuals decreased sharply from
last year's figure, but one of the individuals received a whole body dose of
21 rems, the second highest overexposure shown in the table. This overexgosure
occurred on March 3, 1981, at Commonwealth Edison's Dresden 2 plant when a
contractor employee removed shield plugs during a refueling outage. The
feedwater spargers had been replaced and the radiation protection procedures
for this operation did not adequately cover shield plug removal. Also, thke
reactor vessel water instrumentation indicated a water level higher than that
which actually existed. The employee did not exhibit any observable clinical
effects of the overexposure.

In 1980, the number of overexposed individuals was unusually high because
about sixty workers were siightly overexposed during steam generator testing
and repair work at San Onofre. The licensee had failed to properly moniter
the area of the body (the top of the head) most likely to receive the highest
dose.,

[ Y

34



o e AR 2] S bt I L

MY-DdiN 81T

{Bunj)
wed g'gl

»4y-DdW EEV

$4-3dN 0002
(P1oAAY)

wes L'

eunsodxy
N XREAY

ot Al Ay Krn e

) \e v'9e
0 gy 2992
] Lot tv'EY
0 | F A I ¥
] 9E 8'Za
L Lot EvL
L ‘8°E Ty
b 4} L'e asutl
0 ot e
rA 'S '8y
Lz L't q'y
Mjiaepy RAOROIDEY (wwey) ot0g {swied-uny)
30 suopRnRuEOLGD Apog 910l 100
sA1ss90X g 0} pasodxy i~ Apog ejoym
SIBNJOM JO JRqUINN Jo wng
088l - 1L46)

EL

te

Le

0z

Vi

tv

61

ol

UGHE|PRY [PLLEIX
0} pesodxsieng
SIONIOM JO JQUINN

SYOLIVIY ¥IMOd LV SIUNSO4XIUIA0 TINNOSYHI

o A F SRR e 01 L RN e P gt T e e R

L1 31avl

86l
paslL
661

9.6}

LL61

9i61

a.681

vigi
mnm&..p

ZL6l

List

e

35




R

REFERENCES*

1. U, S. Nuclear Regulatory Commission, "Operating Units Status Report,”
USNRC Report NUREG-0020, 1975, 1981.

2. U. S. Energy Research and Development Administraticn, "Operating History,
U. S. Central Station Nuclear Power Plants, 1976, USERDA Report
ERDA-77-125.

3. U. S. Atomic Energy Commission, "Nuclear Power Plant Operating Experience
During 1973," USAEC Report OOE-£5-004, December 1974.*

4. U. S. Nuclear Regulatory Commission, "Nuclear Power Plant Operating
Experience 1974-1975," USNRC Report NUREG-0227, April 1977.%

5. U. S. Nuclear Regulatory Commission, "Nuclear Power Plant Operating
Experience 1976,% USNRC Rzport NUREG-0366, December 1977.%*

6. M. R. Beebe, "Nuclear Power Plant Operating Experience 1977," USNRC
Report NUREG-0483, February 1979.%*

7.  "Nuclear Power Plant Operating Experience 1978," USNRC Report NUREG-0618,
December 1979.*%

8. "Nuclear Power Plant Operating Experience 1979," USNRC Report NUREG/CR-1496,
May 1981.%*
v
9.  "Trends in Nuclear Power Plant Man-Rem Per Megawatt-Year," L. A. Cross,
A. P. Cross, presented to American Nuclear Society-European Nuclear
Society International Conference, Washington, D.C., November 17-20, 1980.

10. Brodsky, A., R. Specht, B. Brooks, et al., "Log-Normal Distributions of
Occupational Exposure in Medicine and Industry." Presented at the vth
Midyear Topical Symposium of the Health Physics Seciety, 1976. Denver,CO.

11. National Academy of Sciences, "The Effects on Populations of Exposure to
Low Levels of Ionizing Radiation: 1980," Committee on the Biological
Effects of Ionizing Radiations, July 1980. Available from the National
Academy Press, 2101 Constitution Avenue, N.W., Washington, D.C. 20418.

S
Report is available for purchase from the National Technical Information

Service, Springfield, Virginia 22161, and/or the NRC/GPO Sales Program,
Division of Technical Information and Document Control, U.S. Nuclear
Regulatory Commission, Washington, 0.(C. 20555.



A

: APPENDIX A*

4 Personnel, Dose and Power Generation Summary

1969 - 1981
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* 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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APPENDIX B

Annual Whole Body Doses at
Licensed Nuclear Power Facilities
1981

b e At A




"B UMOUS 5§ SOEA S(L PUR LIOOR £ O O zu.._%altl&.!;ié:.
JUNIINICT T Ul POGHMSD PO M0 Buish ji0s DHN MR A PEIINOIS 5] DU AN Hp Ag PeLIODRS Agenen Jou 8 ey L
TLUOL Uf HOP LU K 0] PRURGE S T Sty
q
gop ozL'L |2o0*2 i L 9 L8 29 1oL s61 | EL2 £Gb b4t uMd dBALH | 93D
619 SE6 26671 99 bal 69 €8 21 | 68 A L6 Hitg U0L3MS A9d0o)
689 LvE*L | 188°1L 2€ ivl SLL 491 1) 4 veé it ovs SaMd Z 'l wou)
109 §56°1 | s05°2 11 501 ot | £02 €82 | es¢ S8 | 056 SUMd 2 'L S AT
b L)
Ji.
w #su8E0°2 | VSB'E 1 621%S t 8t B9l | 22 Lev i91 | 222 59¢ | 6£5 9L st sumMd 2 ‘L WopMsuntg
»ua00E°2 | BLE'E (27£°9 0¢ 652 99 592 LLE Lib | ELS 894 £6E'E SuMg 4 -m um ‘1
ik umno.1g9
09l 6iv 8¥% § gl e A al 144 it {1t 69 Ung Iujog ooy Big
622 VoA DY § 70N £ 5 ¥e 1] {8 62€ 6LL $0L HNd ABLIWA JdbAmeg
201°L |9ed ¢ j1d92 1 U 0 i ] 1] [3 S5 [o8e 8elL 6.1 60t [2vv 208 20F SAnd ¥ ‘| sesumyly
sway-usw samtodxy [ pracy oot 08 03 0L 09 o's oy (¥4 02 oL SL'0 og'0 820 § 010> |wnsoduy .
moy | siqun”| -piow | g o0 0L o' 0 o'y ‘O 0z ok %20 [ 080 wZ0 Lo | o sy sdi) ‘s iy
»yp L] dsquunpy ey Ry
yim moy . oN_|
ibalunN {30} $9Bury BUIMGJIO4 PUI UJ 1100 APOG SHDUM Y3M HRNPIAPY] 1O JPqUINN

1861 - SILLITIDVL HIMOd HVITINN GISNIDIT LY $380C AGOE ITOHM TYNNNY
-~ 8 XION3ddV

=

e W e Ham A T R, v Lt AL At L e




TR MG A WV B R P LHIR ) GF S U] e

o SWOR BARBHIOO fer0e Yy
TIHRANOOR HY) U pegHot POIRML syl Buish Ywe DUN 41 A PENBApD At o Adjprreg el Arg paes rd el AJSIMD U 1) MR -_.t.:

LEe* 1| 668°2Z| £L12°Y F4 0 £l 69 9lE LLt 282 L2y 661 FLL*L BEIE"L] SyMg 2 'L ymney
»xa9€0° 1| yugt(| 1902 z 8 vit |eic ] goL | Gy | 6e2 Iy | Zes MM A28N weppey
559 | se6 | €62°t L I jas2 29 tL 0oL | 02t 8Lz | 89t HMd LT
g5¢ | 228 | 156 8 8y [B0L SE z8 59 68 9 | 621 HMd UnoY §RD 3404
3
SzP' Ll 06v'2| LLL°€ 8 og ¥6 |62 v8L giz | S6€ | OOF ye8 | (89 ung LEIREL P T¥
LIS | LEE*L| 260°2 ZL | 8rl 29 80l | €8L | 9ez 265 19 HRd (WEETELY
06¢ | 982°L| 288°1 £ i £ [r12 8 oL | 2L | ss1 825 | 966 T plousy aueng
[ L .
208°2) BOW'Z| tEO'c| | 502 v62 | 0.t 95y | 091 | 61 | s82 199 | 949 SyMG £ *2 *| udpsaug
{2t<)
L]
»ux8S 8L§ 0§5* | Z F4 £l 9 36 L1y ile Yid | 9553g-5|ARQ
HuBY-ep| simeaduy | peio) ool o's oe o' os c'q o'y X X X : : 2 : n
»yifI0L 3qein 4 -ty | .y 08 oL 09 0's o'y Qg .m.m .u.m .mm.._w .wm.u .wm_.“ .um.m w_m-m_w ._._"_.H_uw odA | ‘owep Jumy
Wy asuiny sy | -ieoy
3.«..““...32 o N
(3wanig) saury Bujmo|iog sy1 L HIGO APOG 1HDUM MM FENPIAIPY| jO JBqInN

("3u02) 9 XIONIdd¥

T b e el o - N L, y y el " i . dat _— PR, Gt e VN 5 Srpbil




3

Ld
) TSN UMOUS DA BUL 1 41 1] B Jaodey Ly OF 913 15} pegiaird v 500 MBS 00 NS -r_h-
\ ‘> B UG ) ey

PO Bl BUIW 100 DU M AG B HIIN01HG §) DU AJJJ[0) RiGE A Pvieunins &IOS 40U s -E._.
AV NpUaichy ses 81000 BGAL GLTL JHHA U) paLiOH 1843 30 LORJOdOId BURS Mg U) PABMD M yHYM Lioda: LOV'DE PRUKILIOD ¥ DRRHARN £ pus | -:e.«-:za

wasb00°L | OW*L| 220%2 t s st los [z [96 [t |eoz | vz | V[ T uma 0L182}3uoy
=1ET To8Y gel'l 1% vy 0tl 59 IT] £21 bl 882 | 60t UMd 2 QUOTE| | |ie
YR TITT 12 52 89€ FE] 9b2 | 09t | S6E 608 | LB uMe L BUOIS| |}k
%
74 ] 890 Ar ANt 2l el 6L 96 Lt g2t BIE e UM aPyUR, BUj ey
gzl | é8i 85 s 02 12 9 5 ¥ 8i €01 19 HMa #550.007
tvl | ege 565 2 8z 52 Fi4 64 i bt | 2tz HMd 23UNTMDY
wan¥9C | L1 (111 { 3 9L 901 9t 19 621 | ElIL 202 | cev uMd £ JuLod ur)py]
1L'2[ 3852 | BEO'E 901 96 0Z2 | ¥sS €61 292 | €EC 1 poE 25 | ey SYMd 2 ‘L 3ujog ueppu]
L]
3 14 Bl T i 28 K4 i Und AT TPTOquNE
b ity | Biniodug | peiol o'oL o'e o's 'L a's '8 'y o't o'z o'l SL'0 0g'¢ S0 OL'Q2 | mnwixy
mol sein gy 08 Q'8 'L 09 '8 QP 0t 'L o'l ‘800 080 82°0 KN ] 3quin agen odA) ‘BTN Ju|y
'™ -heayy | Megwnp R “Roly
NI moy oN
SNpunN

{sway) sadury Buimojog sy U $8900) APOQ 1J0M YIM S|ONPIA| PR} JO JaunN
(*3u03) g X10NIddy

L T TR W TPt O




“SUMURSOD IR i} pagIep po

.E!:!oﬁ..!ts.xtue-toazgduoﬁ:_
L M B 4eis JyN H Ay PRRING{ 8 pur Ajyjjoe

PopHoLd am w10p spoeiioo jemse sy
) 45 45 Psiodes Ayenen 100 3w

LBEE U Mg sy e 04 PRIUNCS M Z sy S.

62 9€8 66L°1 L 9l §¢ 8¢ 6% £51 891 gze £9€ SHMd  z *| puwisi *ldjeag
965 €LL £86 £ LS ¥al og £8 {11} {01 6bl oLz SHMd 2 ‘1 Yowey ujod
9e8*| | £08'2| cog* g Lt £21 ESY £ge . 08¢ 895 £8E €6/ ) UMY Wyab|yq
905'z | L4872 16pY € 52 gL LE2 ¥95 092 [LE 6Lp ¥62 L9 YES'L| symg £ ‘2 wojj0g Yaway
. . p
L [ ] \\. %
206 Lst 2] 12672 L ¥e L1} S61 £6 £51 19z 22€ 160°1| osie HHd Sepes)iey
s 6891 208°t 9 {9 £€g gal 29t tiz 22t kg5 a1z L] N804) JejsAp
»exl[2°L] SVP 2] 69z°f 9 fet i€t BE| S6( 8tE L€ Sib 08 SYMd e "2 "L sauoag
089 vz | vasz l 14 sl re 22! g8 001 961 592 ¥6S'L | gpr SHMd 2 "L wuuy HiJdop
265"t | 620YE | 030"T § 25 i8l 28t 62l et £ve 262 [ FA] L9 HHE IUL0d Bl aupy
.Eoﬁ__-z :.:.ou__...u vn__eﬂ o'ot 0's .m w. s .n..o s .w”.. .m..m 0z ot S4°0 05°0 S2'0 h:.osv .h._,_%m.._.m ,
¥y MOL .ﬂ-.i ._.mEaz -0 0% o's q o' € 0'L SL'0 090 820 (1%} .ﬁ-&c tEb SdA | ‘eluep Jue)y
Yijm ey eN
daquiny

(Suwny)) saBuey Sumoay 41 uj 3810 Apag sajoyy, YilM Snplapu) o sequiny

U T Y TURTday—

AP A A8 80 i A e U it Wb ARt 3 £ P v

R R




"I WMOUS GIIEA SYY M HR PUS 11008 [OF07 S 0] PAPIA0IC 1mm 00D BARISIGU BTUBE MY
TIIUNI0P HUL U| PAgaMp PORIMU s Bupn 1 DUN 8 A PRININOND 3; PUE AL B AQ PRiIOCEE AN 04 ) WS SHLL

609 LLE"§ €9L'e L 22 681 1L 1 25l {02 ££s 268'LT UMd urfosl
9.¢ £01°F 295°¢ t iz 144 {8 £L2 0ty LbZ L) 654G | SHMd 21
PUR{ST O[il d34Y]
sp2'y | e£si'e]l 216'c 2 ] L L1 1)1 261 tge | 69 ¥al 981 £9E ag9 96071 | 691 SYMd 2 'L Adang
626 ELv'1| 2vE’e ¥ SL 09¢ 6 $9L §€2 6£2 66E 698 Umd 1M °3§
»4¥£22°€ | 2062 £L20°G 6 Lye 042 SL8 06l il 8Lz 9vz 648 8212 | YMd .,0u) ues
52 259'1| 6lE°E i 2 8l EE ] el 062 €211} £99'L | uMd | weies
’ £EL 29v'1| 6s2'¢ L G2 09 .74 19 26 bLL P43 gvi J174 HMd ¢ uosujqoy
20% eLd #50* L Li ELl 99 ¥6 9el 851 tol 282 HHd | _02eg oyoumy
N \
ople | 9vz'z| £496°2 / 2L GE2 124 L0¥ ool 601 8vl 741 256 “1i0L SHMg Z 'L $213}0 pEnp
.EH&..: :.:.R..uw .Jwﬂ.. oot 0’8 .w”m oL o8 o9 or ot 0z oL | aro 050 820 | 010 |einsodyy .
" .ﬁnz .._ns..z -0’8 08 9 0y o'r o' 0T 0l 840 050 R0 01’0 ..ﬁﬁ_ .."m...... add ) ‘e Jueig
yim ol oN
Jsquiny (swny) 1luny SUIMO0 SY) U S5O0 APUR 18{OUM LIIM HRRPIAIRU) JO 20QUINN

{"3u0a) 8 X10N3ddY

. . . N 4a - ke SRR e P L Y




“BHR} LAADYS 1] SNBA iR pus uodes £ op'0Z B4 U PIAcsd v Br0f BARDR|IGS (KON M)
"HHRURGOR S]U U] PAGLIOEeR POLASW BG) Bujsn LI JHN Wi AQ priainapee o) pur Aujiae) syl A4 periodes AjIEnsn Jou s) W) yiL

s

.
Lt 960" t HHLH UR4EA "35 3404
wenl
Légtue| taet v szetve| L ] [ i 19 293 1] 190 2! COE'e | L4072 oup'e i oaz'y | uwe's uam.__L WiG'uy NNEOL HMY
&
tiv*uz| 2€9%vel LIL'09 L H L4 2€ L4 L& gev*z| cic'gt P20'Z| 666°2) 9CAty ] 6PE'Y| OCL'1N GVELG {30 UM
(2Le)
024 L ¥5.'1] 66L'2 4 & G2 73 S8l 6EE oLl ott £LL £91( {89 Sbtr | SUMd g 'L uoiz
20 SLS 060°2 4 £e 88 l2 34 2L £9 581 SL5°LF HMd BN0Y BENURL
lEZ v9z2'1| ses'l 2L 29 Gil 26 2il 491 602 GEY 165 dMd SBuR) JUOULIBA
162'2 | ¢kog| 905 ¢% l L oL 09 G/t 009 ElZ 62 9t ey olL $99° | | SHMd ¥ "€ jupegd Aeang
WAL JnotKg ] pao) ool o's o'e oL oe 0'g oy 0t 0T 01 §L'0 050 sz'0 0L'0> [entodxy .
s»tioL | siqun | quowy 1 o'y 08 0L 09 0’9 o'y “0'¢ 0% 'L 540 080 62'0 oL'p | eiqun SdA| ‘wuey Jumg
oy | Jaquiny RN
1M meL
RwnN

_.5-5 Al vy SUMafig BHE W) ERIRE ARG EE UL HIR BRAPATRY] |8 IRRWNN

("3u0d) € XIONIddY

Pl

v s o e k84 W imimtie s e






£ et et A TR T T

e

: APPENDIX C
: Number of Personnel and Man-rems

by Work and Job Function
1981

[

Note: A ‘t’ preceding a plant name indivates that the licensee’s input was
recategorized by NRC staff.
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APPENDIX C {Zont.)

NUMBER OF PERSONNEL AND MAN-REM BY WORK AND JOB FUNCTION
Plant: Humboldt Bay (BWR}
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APPENDEX € {Cont)
NUMBER OF PERSONNEL AND MAN-REM BY WORK AND JOB FUNCTION

NUMBER OF PEREINNEL (100 mram) TOTAL MAN-REMS
STATION UTILITY | CONTRACT TOTA. STATION HNILITY CONTRALCT TOTAL
WORK & J08 FUNCTIO® EMPLOYEES | BMPLOYEES | & OTHERS PERTOW EMPLOYEES BPLOYEES & OTHERS MAN-REM
Rasctor Operstions & Sum.
Malptonancs Personnal 1.0
| Opursting Marsonmol iz 745
{ _Heslth Physics Personmd 24,3560
|__Sugervieory Personnel _1.342
Personnsl 0.2
— i
Roctine Maintanance
Msintensnce-Par. mnel | 14 605
" Opecating Personnel 0.0
Hualth Physics Personmd 4.0
| Supervisory Personnel 0.0
.%'-_’-_u_ﬂ 0,
 YOTAL i oL TG0
In-Sarvics lregurtion
Maintonance Parsonng 20,483
Operating Personeel 12,338 i
Haslth Phyacs Parsonmd 0.0
Suparvisory Personned gug
.30
AL AR 0L I K1 [T
| Spacial Maintenence
| Ssintanente Parsonnst 39 867
Parsonnol [1)
Hasltth Physics Personal 0.1
Sapervinory Personnal 0.0
P—-—-’ srsonoel Lo
.~ A3.867 243 569 289 530
Yimts Processsy
Mairtenarecy Personne 0.0
Operating Parsonned 8.868
Masdth: Physics Personesl 3021
Supervisory Personnal a.0
Enginaaring Percsonne! 0.0
TOTAL JA Y F) 1.0 AL
Rafusling
RMaintensnce Personng _ 28 £04
Opersting Partonnel ? 754
Health Phyrics Pertonas 2,238
Supervisory Personnel 0.234
Encingecing Personwl 0.453
TOTAL 38,344 0.0 34, 303
Tatd By Job Funciion
Mointonenes Perwonng RG 103 569
Cemrating Pavsonssd &5 75705
Halth Pinics Parsoresd 24 28 £39
Spervisory Feriannid - 16,002
Parsone! ] 1 g
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STATION UTILITY CONTRACT TOTAL
EMPLOYEES | EMPLOYES | & OTHERS PERSOm

STATION
EMPLOYEES

unuTY CONTRACT
EMPLOYEES & OTHERS

TOTAL

‘mw&&m.

Maintengoce Parsoasnel
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Enginesrizg Persorcnsl

TOTAL

A, 208
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Supervisory Personnsl

| Enginesring Parsonne)

JOTAL
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T, 070
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2788088 |

10,204
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L.are O 01E
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