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SUMMARY

This is a report by the U. S. Nuclear Regulatory Commission un the
operation of the Commission's centralized repository of personnel
occupational radiation exposure information. The bulk of the
information was obtained from annual and termination reports sub-
mitted by certain types of NRC licensees (i.e., operating nuclear
power reactors; industrial radiographers; fuel processors, fabri-
cators, and reprocessors; commercial processors and distributors of
specified quantities of byproduct materials) pursuant to Part 20.407
and Part 20.408 of Title 10, Chapter 1, Code of Federal Regulations,
respectively. Annual reports were received irom 387 covered
licensees indicating that some 78,713 individuals, having ar average
exposure of (.36 rems, were monitored for exposure to radiation
during 1975 and that 21,601 individuals termirated their employ-

ment or work assignment witn covered licensees in 1975,

Information on incidents involving personnel overexposures to
radiation or radioactive materials is obtained from reports sub-
mitted by all NRC licensees pursuant to Parts 20.403 and 20.205

of Title 10, Chapter 1, Code of Federal Regulations. The number of
personnel overexposures reported in 1975 decreased from previous
years., The most significant overexposures which occurrad in 1975

are sunmarized.
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EIGHTH ANNUAL
OCCUPATIONAL RADIATION EXPOSURE REPORT
1975

INTRODUCTION

On November 4, 1968, the U. S. Atomic Energy Commission (AEC)
approved a program for the reporting of certain occupational
radiation exposure information to a central repository. This

! of AEC licensees,

information was to be required of four categeries
as defined in 10 CFR 20,407, and of AEC contractors exempt from
licensing. The reporting requirements were implemented by the pro-
muigation of 10 CFR 20.407, 10 CFR 20.408 and the Immediate Action
Directive 0525-19. It was also decided that certain information
contained in personnel overexposure reports submitted by all types
of Commission licensees and contractors pursuant to 10 CFR 20,403,
10 CFR 20.405 and AEC Manual Chapter 0502 should be maintained in
the repository. As of December 31, 1973, these six types of reportis
hae provided information on @ total of approximately 150,000
occupationally exposed persons, This information for the period of

19€9 through 1973 has been sumarized and published in the six

documents designated as WASH-13%50-R) through WASH-1350-R6.

7_Cnera‘.‘- iclear power reactors; industrial radiographers, fuel
proce fabricators and reprocessors; comercial processors and
dis tors of specified quantities of byproduct material.




With the division of the AEC into the two agencies, the Energy
Researcn and Development Administration (ERDA) and the U.S. huclear
Regulatory Commission (NRC), in January 1975, each agency assumed
responsibility for collecting and maintaining occupational exposire
information relating to its own activities. Both agencies have
continued to retain simila data and computer systems at the Union
Carbide Computing Technology Center, Oaa Ridge, Tennessee. Comp-
arable information for ERDA facilities and contractors iiay be
obtained from ERDA's Division of Safety, Standards and Compliance at

Germantown, Maryland.
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I. ANNUAL REPORTS - 10 CFR 20.407

Exposure Distributions

On Feoruary 4, 1974, 10 CFR 20.407 wes amended to require the four
categories of covered licensees *o submit an annual statistical
report which indicaies the distribution of the whole body exposures
incurred by their employees. 1t shculd be borne in mind that all of
the figures compiled in this report are based on radiation expusures

as determined by various types of personnel monitoring devices, al!

of which have their own inherent uncertainties. Figure 1 is a com- |
pilation of the reports submitted for calerdar year 1975. As can be

seen from this figure, nearly 50% of the 78,713 individuals

monitored during 1375 received exposures tnat were too small to be

detected by personnel radiation monitoring devices and more than 99%

of the expocures were less than 5 rems,

It should be pointed out that very few of the annual exposures that
exceed 5 rems are personnel overexposures. Although 5 rems is the
annual limit set forth in Paragraph (2) of 10 CFR 20.101, Para-
graph (b) pemmits a licensee, under certain conditions, to allow a
worker to receive a whole body dose of 3 rems per calendar guarter
(or 12 rems annually). The conditions are that (1) the licensee
must have determined and recorded the worker's accumulated
occupational dose to the whole body and that (2) the worker's whole
body dose does not exceed 5(N-18) rems where "N" equals the indivi=

dual's age in years.
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DISTIIBUTION OF ANNUAL WMOLE BODY EXPOSURES
REPORTED BY COVERED LICENSEES-1975
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NbrgnrTes " W TR i 8 o £xposure Ranges {Rems)
Total Mo, less tran  Mpas'ple 0.0 0.25  O.50  0.75
Hie s Monitored Measurable €0.10  0.25 0.50 0.75 1.06 -2 2.3 34 45 5-6 67
sactars 5476 3 26723 10606 4081 #9983 1772 1388 3932 1873 692 424 159 60
ystrial
tadiouraphy 9173 e4ns 8sn 813 £13 136 263 53 1N &4 3 21 8
T Processing
Fahricerion IR 5310 1568 o2 1021 433 281 bui:d B 5 B 4 @ 30N
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Totals 8713 33632 15029 6528 4787 2645 1955 5041 2262 876 538 23 9N
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A summary of the annual whole body exposures reported to the
repository during the past eight years {s presented in Figure 2.

One can see that more than 95% of the exposures have consistently
tonained less thaw 2 rems and that few exposures have exceeded 12
rems. Annual exposures that exceed 12 rems indicate that an over-
exposure has occurred; however, not all overexposures cust exceed 12
rems in order for them tc be reported. A discussion of various typss

of overexposures that have occurred 1s given in Sec.ion Iil.

FIGURE 2

SUMMARY OF ANNUAL ¥i.OLE BODY EXPOSURES
FOGR COVERED LICENSEES

1968 - 1975
kasy Total v r Percent of Number of Annual
R Monitoreu Exposures {2 Rems Exposures >12 Rems
1968 36,836 97.2% 3
1969 31,176 96.5% 7
1970 36,164 96.1% 0
1977 36,31 95.3% 1
1972 44,620 95.7% 8
1973 67,862 95.0% 1
1574 85,097 90.4% 1
1975 78,713 93,8% 1

Man-rems per Category

The statistical data contained in the annual reports required by

10 CFR 20.407 pernit an estimate of the number of man=rems accumu-
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lated by the four covered categories to be made. This was done by
taking each licensee's annual report and suming the products
obtained by multiplying the numbers of individuals in each of the
exposure ranges (shown in Figure 1) by the midpoint exposure of each
range. These numbers developed for each licensee in the four
categuries were then totaled to yield the inforwmation shown in
Figure 3. Also shown are two values indicating the average annual
exposure per individua’. The lower values were obtained by dividing
the total number of man-rems by the total number of individuals
monitored and the higher valuns were obtained by dividing the same
total number of man-rems by the number of those individual: reported
as having received a measurable exposure. In most cases it is
thought that this latter average is the better value to be used for
radiation workers because the minimal exposures of many individuails
who are monitored for convenienze or idertification are deleted. In
1975 the average expo ure for workers employed by licersees in three
of the four categories increascd slightly from last years values as
did the overall aversg2, However, the averages consistently remain
less thar one rems,

Liconsed Power Poactor Ticilities

Fif gy orcent or ~ore of the sndividuais annually reported as being
mavilsores auring the last four years have been smploycd at nuclecr

There is aow » | perate publication, "Uccupational

]
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NUREG-0109, that contains a more detailed analysis of the annual
zersonnel exposures submitted by power reactors pursuant to 10 CFR
20.407 and Regulatory Guide 1.16. A brief summary of the annual data
submitted during the last seven years and of a portion of the infor-
mation found in NUREG-0109 1s presented in Figure 4 and Figure 5.

FIGURE 4

SUMMARY OF ANNUAL EXPOSURES
REORTED BY NUCLEAR POWER FACILITIES

1969 - 1275
Yoy Number of Operating Tota! Number Percent of
Facilities Monitored Exposures < 2 Rems
1869 i4 6,332 66.2:
190 20 12,042 83.6%
127 . 14,516 9C.1%
1972 30 21,288 94.3%
1973 &1 44,745 94.0%
1974 53 62,044 96.5%
1875 54 54,763 94.1%

Figure 4 iliustrates the growth in the number of operitiug power
reacters and the corresporsin? increase in  the number of individuals
monitored by these facilities during the latt seven years. The
decrease in the number of individua’s monitored in 1975 from the
number monitored in 1374 was prirarily due to 3 sianificart drop in
tne number of individuals who were regorted as having '- = than meas-

urable exposure. These are usually indwviduzls who 2re ronitored

while tedring or visiting nuciea- power facilities for short periods




of time. As can be seen from Figure 3, this is further eviden:ed by
an increase in the reported number of individuals who were monitored
and found to have measuraole exposures and by the corresponding

increase in the number of man-rems.

Figure 5 provides an indication of the distribution of the cumulative
soses (man-rems) among the major work functions of the workers at
power reactor facilities during the last two years. Routine maint-

enance continues to bc the major contributor.

FIGURE §
MAN-REMS PER WORK FUNCTION

Percent of Cumulative Dose

Work Function 1.91_4' 3_9‘7_5-
Reactor Operations 14.0% 10.8%
and Surveiliance

Routine Maintenance 4%, 44 52.61
Inservice Inspection 2.7% 3.0%
Special Maintenance 20.4% 16.0%
daste Processing 3.5% 6.9%

Refueling 14.0% 7.7%

w



I1. TERMINATIONS - 10 CFR 20.408

Terminations - 1975

During 1975 some 30,133 reports of temminat.on of employment or work
assignment at covered licensed facilities were received which
provided personal identitication, employment and exposure information
on a total of 21,601 individuals. Both figures reflect an increase
of about 20% over those repcrted in 1974. The difference in the
figures given tor the number of reports and for the number of indivi-
duals indicates that about 4,000 reports were received for individuals

who terminated employment more than once during the year.

Terminations - 1969-1575

During the years that the repository has been in cperation, some
110,000 reports of terminations have been received from covered
licensees. These reports provided information for approximately
74,000 individuals. Again the difference in the two figures indi-
cates that several thousand individuals have terminated more than
once over the years. More than 50% of the termination reports

continue to be for indivicuals working at nuclear power facilities.

Transient Workers

Since more than 30%nf the termination reports are for individuals
whose period of employment was less than 90 days, it would be

possible for several thousand individuals to be employed by two or

10




more licensees during one quarter. The exposures of these “transient
workers" (i.e., individuals who began and terminated two or more
employments with different employers within the same calendar quarter)
are periodically examined to determine whether or not they are

excessive. Figure 6 demonstrates that although the number of these
workers increases every year, the average individual quarterly

exposure continues to be less than 20% of the quarterly limit of
three rems.

FIGURE 6

TRANSTENT WORKERS
1969-1975

1969 1970 1971 1972 1973 1974 195 Totals

Number of Workers

Terminating empioy=

ment with Two or 8 28
More Employers in

One Quarter

14 66 154 313 530 1ma3

Total Number of

Man-rems » 5.4 12.6 2.9 58.2 127.4 160.7 330.8 698.0
Average Indivi-

dual Quarterly 0.67 0.45 ©.20 0.88 0.83 0.51 0.62 0.63
Exposure

Career Doses

Another possibla use of the termination data is to determine the

total whole body dose that a worker might expect to receive during

his period of employment in the nuclear industry. This might be

done by surming each individual's period

his corresponding whole body doses to give the cumulative dose that
N
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the individual has received during his career. However, it should
be pointed out tnat the data are limited in several ways:

(1) Termination information is submitted to the repository only for
those individuals that are employed by the types of NRC licensees
previously described on page 1. (2) It is not always known whether
the dates given in the termination reports indicate the individual's
complete period of employment or just the pericd that the worker
was monitored while he was assigned to work in radiation areas.
However, for the majority of the individuals, the two periods are

identical.

The termination information submitted by four tyres of covered
licensees (power reactors, fuel fabricators and processors, indus-
trial radiographers and fuel reprocessors) for 51,285 individuals
were examined. The individuals' periods of employnent and whole
body doses were sutmed as described above and were broken down into
ten ranges of employment periods: 0 - 90 days; 90 deys - 1 year;

1 - 2 years; 3 - 4 years* 4 - 5 years; 5 - 10 years: 1) - 15 years;
16 - 20 years; greater than 20 years. As can be seen in Appendix A,
the vhole body doses received by the number of individuals whose
total period of employment fell within these ranges were summed and
indicated as total number of man-rems. The division of the number
of man-rems by the total number of individuals employed for that
perin, yielded the average dose received by each individual durirg
that period. However, as mentioned previously, some of the indivi-

duals included in this total figure were monitored for the sake of

12




convenience. Most of these individuals would have a cumulative dose
so small that it would be reported as minimal or zero. If one sub-
tracts the nunber of these individuals from the total aumber of
individuals monitored, the number of workers naving measurabie doses
remains. Since these workers are mcre 1ikely to be routinely
enployed in radiation areas, the average dcses shown in Appeadix A
were calculated by dividing the total number of man-rems by the

number of individuals with measurable doses.

Figure 7 graphically displays the average career doses for workers
employed by NRC licensed power reactors, fuel fabricators and pro-
cessors, industrial radiographers and fuel reprocessors. One can see
that in every instance, the average dose is less than tne § rems

annual average dose limit specified for radiation workers,

- ———t
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111. PERSONNEL OVEREXPOSURES - 10 CFR 20.402 and 10 CFR 20.405

One of the requirements of the above-referenced sections of Part 20,
Title 10, Chapter 1, {ode of Federal Regulations, is that all
facilities or individuals having radioactive material licensed by
the NRC must submit reports of all incidents involving personnel
exposures to radiation that exceed certain levels. Based on the
magritude of the exposure, the reports may be placed into one of
three categories:

A. 10 CFR 20.403(a) - Expasure of the whole body of any individual
to 25 rems or more; exposure uf the skin of the whole body of
any individual to 150 rems or more; or exposure of the extrem-
ities (feet, ankles, hands or forearms) of any individual to
375 rems or more. The Commission must be notified immediately
of these events.

B. 10 CFR 20.403(b) - Exposure of the whole body of any individual
to 5 rems or more; exposure of the skin of the whole body of
any individual to 30 rems or more; or exposure of the extremities
to 75 rems or more. The Commission must be notified within 24
hours of these events.

C. 10 CFR 20.405 - Exposure of an individual to radiation or concen-
trations of radioactive material in excess of any applicable
limit wn Part 20 or in the Jicensee's license. This includes
renorts of exposures of the whole body that exceed 1.25 rems, or
that exceed 3 rems, as prrsiously discussed on page 3. It also

inzludes exposures of the skin of the whole body that exceed 7.5

16
12




rems and exposures of the extremities that exceed 18.75 rems.
Reports of expos.ves of individuals to concentrations in excess
of the levels given in 10 CFR 20, Appendix B, usually fall into
this categury. These reports must be sutmitted to the Commission

within 30 days of the occurrence.

Figure 8 summarizes the personnel overexposures to excernal sources
of radiation repcrted by Comission Ticensees pursuant to 10 CFR
20,403 and 20.405 for the years 1971 through 1875. Column 2 of this
figure indicates the part of body overexposed; Column 3 indicates
the total number of overexposures reported for each part of body;
Column 4 indicates a total of all the doses, in rems, reported for
each part of the body (the total of the doses to the whole body
could be called man-rems); Column 5 breaks down the total number of
overexposures and the total of the doses, as shown in the two
previous columns, into the number of overexposures and the sum of
these doses, shown in parentheses, reported by various types of
licensees. Those types of licensees included in the column "Other®
consist primarily of test reactors and research and educational

facilities.

Personnel exposures to excessive concentrations (usually airborne)
of radioective materials are sumarized in Figure 9. Although there
are more reports of exposures to excessiv  oncentrations than there
are revorts of overesposures to external sources, the magnitude of

the majority of them is cuite small. Less than 5% of these reports



FIGURE B
SuMmacy OF OVEREXPOSURES TO EXTENNAL SOURCES OF RADIATION

2 .
Total of § “So. of Overexpotures and n aom in lng_'_c;_;_'mmm“
sdemitar art of Motal M=, of Doses tn § Tndustvial B TPower ' Lun, “lﬁt acturing & T
' Doty Ouereaposuras Bees Fadingraphe Reactors Distribytion Medical Other
whale a3 18%.7 20 2 5 13 3
Sady (99.2 rees) (4.5 rees) {71.46 rees) (55.8 rems) (5.2 rems)
Vin ? 22.} =3 - - - 2
{22.1 rems)
Extreity 13 2,89) 5 ae 5 - 3
{2,408 vems) (135 rems) {102 rems)
wnole &7 8.8 18 % 3 - 10
Pty (372.3 rens) (49 7 rems) (6.3 rems) (38.5 rems)
14 Shin 1 401 -e - - - 1
{40.) rems)
Extremity 12 10,760 ] - 6 . ?
110,516 rees) {134 rers) {110 rees
wnole L) 210.3 2 19 ? 9 "
Body (1018 ree:) (61.2 rems) {4.9 rems) (28.1 rems) §(14.3 rems)
197 b in 2 23.5 - - - - 2
{21.5 rems)
fxtre-ity 5 172 1 - 2 2
86 cogsl) 149 rems) L )|
Whoie 95+ 1.000.3 Fa ) a9 b 8 7
Boay {367.2 rems) L155.5 rems) {253 reem) (3.2 rems) J{217.1 rems)
han 1 8.9 - - - - 1
(8.9 rems)
Trtreeity 7 208 - L 3 1 -
(186 vems) 1 (22 pesy) A
ahole n 1.2 n 14 3 2 1
Cody (53 8 rems) 182.2 vems) (R.S rees) (1.3 rems) (5.4 rems)
13z Skin 1 8.1 - - - - 1
(8.} rems)
Txtremity ? 198 2 3 2 e nin
(78 rems) (83 rems) {41 rems)

creapoiures were reparted by one power reactor when

there were ynanticipated dlscrepancies between the

self-reading and film dosimeters.
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indicate that radiation workers wers in an atmosphere containing
concentrations of radicactive materials “or the equivalent of a
period of time that exceeded the 2000 hours per year that a worker
could be permitted to spend i) such an atmosphere.

During calendar year 1975, there were six overexposures reported to
the Commission that could be placed in Category A or B or that
could have resulted from the worker being present in an atmosphere
containiny the maximum permisciole concentrations of radioactive
materials for a time greater than 2000 hours. A paragraph
sunma~izing the circumstances and the results of the Staff's
investigations of voch of these six incidents is contained in

Appendix B.
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APPENDIX B

OVEREXPOSURE
1975

SUMMARIES

Radiotherapy Activities - License Number 21-00215-04
While working in the radiotherapy department, an intern at a hospital
received a whole body dose of 5.40 rems during the month . May. The
bulk of the intern's duties involved routine radium implants that
would not have contributed more than a few hundred millirems to
dose. The only unusual incident that occurred during this time
in which the intern thought that 2 radium tube was lost and
the entire inventory of radium tubes withcut following
Corrective actions included a review of the
4

rad

pactive source




APPENDIX B (CONT.)

equipment. Evidently the proper methods were not used in performing

required surveys. The radiographer was removed from duties in

radiation areas for the remainder ot the quarter. Extensive medical
studies could not detect any abnormalties and could not confirm or
deny that a whole body dose of this magnitude had been incurred.
Corrective actions includea improvement of the licentee's training
and management programs and the licensee’s requiring that their

radiographers wear audible radiation




APPENDIX B (CONT,)

”Eﬁi(?l_ffﬁijli)i’ License Number 37-00697-31

On December 5 the routine monitoring of nuclear medicine personne)
at a hospital revealed that one enployee had an €levated thyroid
burden of fodine 131, Since none nf the other employees were found
to have iodine burdens and the work area was found to be free of

contamination, the fodine must have bees ingested by the individual,

It is 0ssible that a diagnostic dose o 100 microcuries of liquid

fodine 13] that had bee ‘eparey for [ Nt who fafled t

-~
0]

arrive was
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APPENDIX B (CONT.)

active material had become internally deposited. The body count
indicated that his exposure would result in a maximum annual dose
to the lungs of 13.5 rems, where the nuclides of cobalt 58,

cobalt 60 and zirconium 95 were the major contributors to the dose.
A lung dose of this magnitude is less than the annual 1imit promul-
gated by radiological protection societies and would not be expected
to produce any observable injuries. Corrective actions included the
implementation of a training program for the use of masks at the
plant for contractor employees and the increased supervision of
contract personnel when they are working in areas of high airborne

activity.

Fuel Processing Operations - License Number SNM-414

While preparing low-level contaminated waste for shipment to 2
burial site, three workers became contaminated with plutonium when
they handled an improperly packaged piece of contaminated equipment.
The workers' external contamination was removed and they were placed
on a bioassay program to better evaluate their exposures. The
results indicated that the workers had been in an environment con-
taining the maximur permissible concentrations of plutonium for the
equivalent of 2360 hours or less. This slightly exceeds the 2000
hours that a worker may be allowed to work in such a concentration
per year, Conservative dose calculations indicated that the maximum

annual dose to the workers' bones and lungs would be about 1 rem and
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