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ABSTRACT

By letter dated August 25, 1976, licensees of the Nuclear Regulatory Commission were requested
to submit, as a voluntary one-time action, a statistical summary report of whole-body personnel
monitoring results for their activities during 1975. This report presents these personnel
monitoring data in the form of tables and log-probability plots that facilitate evaluation and
comparison of the data. Licensee estimates of the effort (man-hours and total cost) expended
in preparing the statistical summary report are also presented.
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OCCUPATIONAL RADIATION EXPOSURE
AT
NRC-LICENSED FACILITIES
1975

INTRODUCTION

The Nuclear Regulatory Commission and its predecessor, the Atomic Energy Commission, have
required the submission of annual reports on personnel monitoring from four categories of
licensees since December 1968. These four categories (specified in §20.407 of 10 CFR Part 20
as power reactor licensees, industrial radiographers, fuel processors and reprocessors, and
certain large commercial suppliers of byproduct materials) were considered to involve the
greatest potential for significant occupational radiation doses.

The original rule required reporting of the actual estimated exposures to any body part of
a named individual that exceeded in a year the applicable quarterly limit. In January 1974 the
regulation was changed to require the annual reporting of only a statistical summary Pf the
estimated whole-body exposures. This amendment provided additional data by requiring the sub-
mission of a statistical summary of the whole-body exposures estimated to have been received by
all individuals who are required to be monitored pursuant to other portions of the NRC regula-
tions. Further, some licensees choose to include dafa onh individuals who are provided with
personnel monitoring service as part of good health physics practice even though such monitoring
is not required. The data submitted by licensees pursuant to §20.407 of 10 CFR Part 20 are sum-
marized in annual reports (Refs. 1,2) and have been discussed in other reports (Refs. 3,4).
Some of these data are included in this report for purposes of comparison.

In May 1975, NRC published a notice of proposed amendment to its regulations that would,
if adopted, extend to all licensees the requirement for the submission of an annual statistical
summary report of personnel monitoring data. Comments on the proposed amendment raised ques-
tjons regarding the value of the data to be obtained and the reporting burden imposed on licen=
sees. The NRC recognized the need for additional information to evaluate the benefit to be
obtained from extending the reporting requirement to all licensees and the burden that the pro-
posed extension of the reporting requirement would impose on licensees and also to test the
assumption that the four categories of licensees currently reguired to report involve the great-
est potential for significant doses. Accordingly, in a letter dated August 25, 1976, the NRC
requested all Ticensees to submit, as a voluntary one-time action, a statistical summary report
of the whole-body personnel monitoring results for their activities during 1975.

There were 1,179 responses to the request. Reports were received from 1,175 out of 8,221
(14%) materials licensees in 40 out of 53 categories. There were responses from three research
reactor licensees and one test reactor licensee. Data are presented in this report for 50,112




monitored individuals; 20,992 (41.9%) of those individuals were reported to have received
measurable doses. A total of 253 respondents (21%) indicated that they had not monitored any
individuals during 1975. A total estimated dose of 4,925 man-rems was reported. That is an
average of 0.1 rem per monitored individual and an average of 0.23 rem per individual with
measurable exposure. If the data are extrapolated for the categories represented with the
assumption that the fraction of licensees not reporting is comparable in number of workers and
exposure experience, a total of 245,400 individuals would have been monitored and a total
estimated dose of 22,900 man-rems would have been received. The categories of licensees not
represented by any respondents are not considered to comprise either a significant number of

individuals or potential for radiation exposure.

USE OF DATA

The NRC staff considers the information obtained from the required annual reports to be
essential to the evaluation of the risk of radiation exposure associated with the related

activities.

Following the trends in occupational radiation exposures permits the NRC staff to maintain
awareness of changes in the total radiation burden from a given type of licensed activity and
to be able to estimate the total occupational radiation dose resulting from all NRC licensed
activities. It also permits some assessment of the degree of radiation protection efficiency
that is being maintained. The NRC staff also believes that licensees need to develop this
information for their own evaluation and action in control and direction of their radiation

safety programs.

The personnel monitoring data already received provide a base that may be used to develop
a variety of value/impact analyses. They may be used as one indicator in the assignment of
priorities for inspection and enforcement actions. The data are being used by the staff to
jdentify situations needing further study in order that regulations and regulatory guides can be
developed requiring or recommending action to be taken in the design and operation of licensed
facilities to keep occupational radiation exposures "as low as is reasonably achievable." For
example, it is relevant to compare the potential increase in collective radiation dose, that
is, occupational dose plus dose to the general population, when considering the controls to be
imposed on the release of radioactive material in effluents to unrestricted areas. As another
example, the personnel monitoring data are used to establish priorities with respect to the
need for regulatory attention by permitting a perspective to be drawn through consideration of
the collective dose in addition to individual and average doses. In some cases, more regula-
tory attention may be required for licensees with larger collective doses than for licensees

with targer individual doses.

It should be noted, however, that the personnel monitoring data do not permit evaluation
of what occupational exposures are "as low as is reasonably achievable." Such evaluation
requires study of the specific factors associated with a specific facility and activity.




ANALYSIS OF THE DATA

The voluntary one-time personnel monitoring data for 1975 are found to have log-normal
distributions,* as has been reported for other distributions of personnel monitoring data
(Refs. 3,4). The departure from the straight-1ine log-probability plot, particularly above
annual doses of 2 or 3 rems, is interpreted to reflect pressure to meet the recommendations of
the International Commission on Radiological Protection (ICRP) and the National Council on Radia-
tion Protection and Measurements (NCRP) and the regulatory limits of the Nuclear Regulatory
Commission.

A reference distribution has been developed by the United Nations Scientific Committee on
the Effects of Atomic Radiation (Ref. 4) such that the distribution of annual doses is log
normal, the mean or arithmetic average of the annual dose distribution is 0.5 rem (one-tenth of
the ICRP maximum permissible average annual whole body dose), and the percentage of individuals
exceeding the annual dose of 5 rems is 0.1 percent. (Note that the median or 50% value is
about 0.34 rem.) These properties were selected arbitrarily to define the distribution as one
complying with the intent of the ICRP. Further, to aid in the evaluation and comparison of
distributions of monitoring data, a factor Q has been described (Ref. 4). It is defined as a
dimensionless quantity that is the ratio of the fraction of the collective dose (S) due to
annual doses above 1.5 rems (51.5) for the observed distribution to the fraction for the refer-
ence distribution.** For any observed distribution 0 = 3.2351_5/5. The "reference distribution"
1ine has been imposed on each of the log-probability plots in this report, and tables showing
the average dose, collective dose, and Q are presented for the voluntary cne-time data and for
the data reported pursuant to §20.407 of 10 CFR Part 20 for the period 1973 - 1975.

Table 1 presents a summary of the data including the fraction of licensees in each category
who reported and the number of those licensees who monitored any individuals during 1975. The
total number of individuals who were monitored by those licensees and the total collective dose
they were estimated to have received have been extrapolated to correct for the fraction of ticen-
sees not reporting. The reported collective dose has been averaged over the total number of
individuals monitored and also averaged over the number of individuals who received measurable

E3
A variable such as the annual occupational radiation exposure of individual workers is said
to be "log-normal” when the frequency distribution of the logarithm of the exposure can be
reasonably approximated by the normal (Gaussian) curve, with appropriate mean and standard
deviation. Plotted on log-probability paper, on which cumulative probabilities are laid off
on the vertical axis at distances proportional to the corresponding number of standard devia-
tions above or below the median with dose plotted on the horizontal axis on a logarithmic
scale, the function becomes a straight line. Any given set of data from a finite-size sample
can, of course, only give an approximate representation of a presumed smooth underlying func-
tion. The log-probability plot is simple to use and facilitates intercomparisons between
types of activities, between individual facilities conducting similar activities, and between

years of experience.
3]

Thus, Q is a quantity by which the fraction of the collective dose from entries greater than
1.5 rems for a given licensee category can be compared with that same fraction taken from the
"reference distribution” in Reference 4. To obtain @, the fraction taken from the licensee
data is divided by the fraction from the reference distribution. Values of Q greater than
unity indicate that the licensee category is experiencing doses greater than 1.5 rems to a
greater extent than would occur in the reference distribution.




doses. The (large) number of individuals who did not receive measurable doses includes visitors
and other individuals who would not have been required to be monitored and will vary with the
administrative poticy of the licensees involved. However, average dose to all individuals who
were monitored is important not only because it represents the risk of radiation exposure to the
workers in each category, but also because the Jicensees' efforts to maintain radiation doses
Jow will be reflected by shifts in the average dose. Consideration of the average individual
doses and the collective dose (extrapolated) provides an estimate of the risk of radiation expo-
sure associated with each of the activities and, by summation, of the total NRC-Ticensed industry.

Table 2 combines several elements of the monitoring data for certain categories of licen-
sees in functional groupings. It indicates that the 13,500 man-rems of occupational dose
associated with medical programs exceeds the dose—associated with any other grouping except
power reactors. This number should be doubled to estimate the total U.S. occupational collec-
tive dose, including Agreement State licensees. The resulting dose is considerably larger than
that for power reactors. The dose estimated for medical programs is of particular interest
because the population of workers involved is assumed to include a high percentage of young
women. Dose to pregnant women involves somatic risks to the embryos and fetuses in addition to
the somatic risks to the adult workers and the genetic risk of the doses. The extrapolated
collective doses estimated for research and development, well Togging, and other measurement

systems also approach or exceed 1,000 man-rems.

Table 3 provides the distributions of estimated doses reported for each of the categories
of licensees. It has been assumed that the distributions submitted by the fraction of licen-
sees reporting are representative of the total. The relationship and significance of the data
are more easily recognized by consideration of the Tog-probability plots and comparisons in

Figures 1 through 11.

Table 4 presents the data on extrapolated collective dose by category of licensee. Six
categories of licensees (Institutional Broad Medical, Institutional Other Medical, Private
Practice, Teletherapy, Well Logging, and Other Measurement Systems) in addition to the four
categories reporting pursuant to §20.407 of 10 CFR Part 20 probably exceeded 1,000 man-rems in
1975. Twelve categories of licensees (Academic Other, Other Medical, Marketing Broad, Market-
ing Other, R & D Broad, R & D Other, Civil Defense, Uranium Mills, Other Uranium Uses >150 kg,
Unencapsulated SNM, Other SNM Sources, and Research Reactors) experienced collective doses

between 100 and 1,000 man-rems.

Table 5 presents the data on average collective dose per licensee in a given category.
Seven categories of licensees (Institutional Broad Medical, Well Logging, Waste Disposal -
Burial, Transportation Type B, Uranium Mills, UF6 Production, and Unencapsulated SNM) experi-
enced average doses in excess of 10 man-rems per licensee. These data permit comparison of
licensees within each category. Licensees who experience doses above the average for their
category are more likely to benefit from (increased) effort to reduce occupational doses.
Consideration of the facilities, equipment, and practices of licensees experiencing doses below

the average for their category should be helpful in this regard.




Table 6 presents the data on averaged individual doses. Individuals working for Ticensees
in categories that show values of "Average Dose" nearly as large as the "Average Measurable
Dose" experience relatively uniform external radiation levels in the working areas (Fuel Stor-
age), perform closely related job functions (Medical categories, Well Logging, Waste Disposal -
Burial), are subject to administrative controls that distribute the dose across the work force
(as by rotation of job assignments) (Uranium Mills), or are monitored and reported only if
necessary. Licensees in categories in which the "Average Measurable Dose" is significantly
higher than the "Average Dose" involve operations in which a small percentage of the individuals
receive most of the dose (Academic, Waste Disposal - Other, Irradiators, Unencapsulated SNM) or
monitor many visitors or other individuals who would not have been required to be monitored.

Figures 1 through 11 are 1og-pfobabi1ity plots of the personnel monitoring data. Note
that, on these plots, shifts upward or to the left indicate lower doses. The reference distribu-
tion line has been imposed on each of these plots, and a table has been inserted showing the
average individual dose, the extrapolated collective dose in man-rems, and Q for each distribu-
tion of data depicted on the graph.

The plots for academic licensees presented in Figure 1 indicate that these activities are
experiencing exposures well within the regulatory 1imits. The plots compare favorably with the
reference distribution. They are of interest also because of the difference between the two
categories of academic licensees. It may be inferred that the greater potential for exposure
associated with the larger, more complex activities of institutions operating under broad
licenses is more than compensated by the internal administrative controls, larger and fre-
quently better-equipped health physics staffs, etc., required in support of the broad license.

The log-probability plots and data presented in Figure 2 for five categories of medical
licensees show that the activities of those licensees contribute a large collective dose to the
population. This contribution involves relatively small doses to a large number of individuals.
The plots indicate that a larger number of individuals would be expected to receive doses
greater than 5 rems if it were not for pressure to meet regulatory Timits (5 rems per year).
Individuals involved in teletherapy and private practice experience doses above 1.5 rems more
frequently than would be consistent with the reference distribution. Individuals in private
practice experience higher exposures than individuals in the institutional programs. Again, it
is implied that factors associated with broad licenses result in lower doses in spite of the
fact that the programs of broad medical licensees are usually targer and more complex than
those of other medical licensees.

Figure 3 portrays the monitoring experience of licensees involved in research and develop-
ment (R & D) and marketing. The exposures received by the marketing categories are higher than
those received by R & D licensees and probably reflect the higher levels of activity being
processed and handled under those licenses. However, because of the smaller number of indivi-
duals involved (about 10,000 in marketing and about 34,000 in R & D), marketing contributes a
smaller collective dose than R & D. The plot of data for the large byproduct manufacturing and
distributing licensees currently reporting pursuant to §20.407 of 10 CFR Part 20 has been
added for comparison purposes. It is apparent that the activities of the latter licensees
involve significantly higher individual doses, including more than twice the contribution to
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collective dose by individuals receiving more than 1.5 rems per year, than would be consistent
with the reference distribution (Q = 2.08). Marketing activities under broad 1icense experienced
slightly lower doses than “Marketing Other" licensees. However, R & D programs under broad

license experienced significantly higher doses than "R & D Other" licensees. This difference is
probably due to a marked difference in the quantities of materials being used in the programs of
the two categories of licensees. The plots for "R &D Broad" and "Marketing Other" indicate that
more individual doses would be expected to exceed 5 rems per year if it were not for pressure to

meet the NRC occupational dose limits.

Figure 4 plots the distributions for "Waste Disposal - Burial" and "Well Logging." These
two categories have high'average individual doses. "Waste Disposal - Burial" also has the
highest percentage of the collective dose contributed by individuals receiving more than 1.5
rems per year (Q = 2.48). The operations of these Ticensees involve work in close proximity to
packaged wastes presenting relatively high external radiation levels for prolonged periods of
time. The plot indicates considerable effort has been made to maintain doses below 5 rems per
year. Because of the small number of individuals involved (65), the collective dose is not
large. The operations of well logging licensees involve the handling of tracer materials and
relatively large sealed sources under field conditions. The plot does not reflect great effort
to maintain exposures below 5 rems per year. The operations of Ticensees in both of these
categories warrant study by NRC and inspection and positive measures by licensees to ensure

that occupational doses are maintained as low as is reasonably achievable (ALARA).

The plot for "Other Measuring Systems" reflects relatively low doses, well within the
regulatory limits, and compares favorably with the reference distribution. The plot departs
from the log-normal (straight line), perhaps because the types of gauging installations involved
constitute more than one type of work. In some cases the devices are fixed and require very
1ittle service involving radiation exposure. Other devices are portable or subject to reloca-

tion or certain services which do involve relatively low doses.

Figure 5 presents plots of the composite experience of byproduct, source, and special
nuclear material (SNM) licensees (other than those reporting pursuant to §20.407 of 10 CFR
Part 20). A1l three distributions are well within regulatory limits and compare favorably with
the reference distribution. While the average of individual doses is low (0.04 rem) for SNM
licensees, the percentage of the collective dose contributed by individuals receiving more than
1.5 rems per year is higher than would be consistent with the reference distribution (Q =
1.31). The data indicate that source material Ticensees experience higher dose distributions
than byproduct material or SNM licensees. It is pbelieved that most source material licensees
control their operations based on factors associated with the intake of radioactive material,
assuming them to be more limiting. It appears that modest effort to reduce external radiation
Jevels in these facilities may achieve a significant reduction in both average and collective

doses.

Figure 6 displays the composite distribution of personnel monitoring results for the
voluntary one-time submission for 1975 and compares it with a composite of the data submitted
pursuant to §20.407 of 10 CFR Part 20 for that year. The latter licensees are found to involve
higher average individual doses, and the fraction of collective dose contributed by individuals
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receiving more than 1.5 rems is about twice that which would be consistent with the reference

distribution. However, the collective dose represented by the voluntary data is about one-half
(22,900/51,900) of the total collective dose, and about three-fourths (245,500/326,000) of the

individuals monitored by NRC licensees were involved in activities not currently subject to the
requirement for submission of an annual statistical summary report of monitoring data.

Figures 7 through 11 present the data submitted for 1975 by the four categories of licensees
reporting pursuant to existing §20.407 of 10 CFR Part 20. They have been reported previously
(Refs. 2,3,4,5,6,7) and are presented in this report to facilitate comparison with the data
obtained from other categories of licensees. They are also presented to indicate how the data
may be used to identify trends in personnel monitoring data.

The log-probability plots in Figure 7 for power reactors indicate a distinct shift of the
distribution of doses between 1973 and 1974. However, the collective dose remained nearly
constant. The shift was achieved by the use of significantly larger numbers of individuals
(44,795 in 1973 and 66,044 in 1974) to accomplish the work.* This shift may reflect effort to
maintain exposures as low as is reasonably achievable (ALARA). Such effort is also indicated
by the departure from linearity of the log-probability plot. However, during 1975 the large
increase in collective dose and the use of an intermediate number of workers (54,763) increased
the average individual dose and shifted the distribution closer to that of 1973. Data for 1971
and 1972 (involves only doses exceeding 1.25 rems that were required to be reported at that
time) are not shown in Figure 7, but would fall between the plots for 1973 and 1974. Each of
these distributions has an Q value equal to or greater than 2.

Figure 8, relating to industrial radiography, indicates a gradual decrease in average dose
and displacement of the distribution plots from 1973 through 1975. The plots for 1971 and 1972
(doses equal to or greater than 1.25 rems) are not shown but would fall between those for 1973
and 1974. The linearity of the plots above 2 rems suggest two populations of workers, one
working within the limit of 5 rems per year and another working within the 12 rems per year
(3 rems per calendar quarter and the 5(N - 18) formula) historically recommended by the ICRP
and permitted pursuant to §20.101(b) of 10 CFR Part 20. Each of the distributions has an Q
value near 1.7.

Figure 9, relating to both fuel processing and reprocessing, indicates a gradual decrease
in doses from 1971 to 1973. The decrease is largely due to a decreasing contribution from
reprocessing activities. Consideration of the experience of fuel processing alone (not shown in
Figure 9) reflects a gradual increase in the number of individuals involved and in both average
and collective doses from 1971 through 1975. The projected tenfold increase in fuel fabrication

activities by the year 2000 emphasizes the need to maintain exposures ALARA. As noted with
respect to source material licensees (Figure 5), it is believed that the radiation control

X

It is likely that the use of larger numbers of workers resulted in a higher collective dose
than might otherwise have been experienced. Some dose is received during entry, orientation
to the work, and exit from the area as well as during actual performance of the work. Such
dose may be considered unprofitable, counterproductive, or even unnecessary if the task can be
performed with fewer workers.



programs in fuel processing plants have been based on factors associated with the intake of
radioactive material. Modest efforts to reduce external radiation levels in these facilities

may achieve a significant reduction in both average and collective doses.

Figure 10 relates to the Ticensees jnvolved in manufacturing and distribution of byproduct
material who are required to report pursuant to §20.407 of 10 CFR Part 20. The data indicate a
gradual increase in the average individual doses and shifting of the distribution. Plots of
data for 1971 and 1972 (doses equal to or greater than 1.25 rems) would fall very close to the
plot for 1973. Fewer individuals were involved in 1974 and the collective dose was smaller.
The curvature of the plots may reflect several major subdistributions of work involved. However,
the curvature of the upper reaches of the plot probably indicates considerable effort to keep
doses within regulatory limits. Further, the slight upward curvature of the lower reaches of
the plot may reflect some rotation of job assignments, flattening the overall distribution.
The O values have remained greater than 2 (see Figure 3 and related observations).

Figure 11 presents plots of the annual composites of the data submitted pursuant to §20. 407
of 10 CFR Part 20. The composite data are heavily influenced by the contribution from power
reactor licensees, which involved between 65% and 75% of both the number of individuals and the
collective dose. (See Figure 7 and associated observations.) Inspection of Figures 7 through
11 indicate that average individual doses for the four categories of licensees involved have
remained within a narrow range (0.23 to 0.4 rem) and Q values have remained between 1.64 and
2.29. Thus, individuals in these four categories experience a very comparable risk of radiation
dose. The collective dose for each of the categories is proportional to the number of individ-

uals involved.

RESERVATIONS REGARDING THE DATA

The reader is cautioned that any conclusions drawn from these data must be conditioned by
a number of reservations. The data are obtained from routine personnel monitoring programs and
are not directly suitable for interpretation as dose equivalent to the individuals involved.
Among the factors involved are the possibility that the dosimeter was exposed while not being
worn by the individual to whom it was assigned, the possiblity that the exposure incident on
the dosimeter was only part of that received by a major portion of the body of the wearer
because of collimation of the radiation, local shielding, etc., and the possibility that the
radiation was incident upon the body in such a manner that the monitoring device recorded exit
dose rather than the highest dose received at any point on the body. There are inaccuracies in
the estimation of the dose received by the dosimeter itself. Other reservations must be intro-
duced for potential bias involving the fraction of licensees in each category that responded to
the request for voluntary one-time submission of the data. Small licensees and very large
licensees who have resorted to computer programs for handling their records may have been more
likely to respond than intermediate-size licensees who still process their data manually. It
is not known to what extent the monitoring experience of these licensees parallels that of the
others. There is the possibility that the data may be biased because licensees that have well-
controlled radiation programs and who are enjoying relatively low radiation doses may have been
more 1ikely to report voluntarily than those who are experiencing relatively high doses. While
licensees have been placed in a large number of categories according to the type of licensed
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program, a variety of operations is conducted by some licensees, including the use of X-ray
equipment and other sources of radiation not regulated by the NRC. The data contain the moni-
toring results obtained from visitors and other individuals who would not have been required to
be monitored. The number of such individuals will vary with the administrative policy of the
Jicensee involved and will shift the average dose calculated from the data. However, as has
been demonstrated (Ref. 4), the number of these individuals will have little impact on the
collective dose attributed to the licensed activity in question or on the log-probability plot
of the distributions of estimated doses.

The NRC staff recognizes the diversity of programs conducted by licensees but believes
that there is sufficient basis for comparison of exposure experience among types of licensees
and among licensees within each type. The staff believes that adequate personnel monitoring
measurements sufficiently characterize the radiation environment in which individuals work to
provide an adequate basis for the evaluation of radiation protection and desires to be informed
of the estimated doses being recorded in order to permit evaluation of the effectiveness of the
NRC regulatory program.

COST OF REPORTING

In keeping with its policy of assessing the value and impact of proposed changes in the
regulatory systems, the August 25, 1976, letter also invited licensees to provide an estimate
of their effort in man-hours and the total cost in preparing an annual statistical summary
report of their personnel monitoring data. The distributions of 172 responses regarding man-
hours of effort and 125 responses regarding cost indicate median commitments of 0.046 man-hours
and $0.65, respectively, per monitored individual (see Figures 12 and 13).

Application of these median effort and cost estimates to the 81,000 individuals monitored
by licensees currently required to report pursuant to §20.407 of 10 CFR Part 20 indicate a
Jicensee commitment of about 3,700 man-hours or $52,700. Extension of the reporting requirement
to all NRC licensees could add a licensee commitment for the 245,500 individuals monitored of
11,300 man-hours or $159,600, an average of 1.4-man-hours or about $20 per licensee. However,
because these estimates of effort or cost commitment were provided by licensees who had never
before prepared such an annual report, the cost to licensees under an on-going reporting require-
ment probably would be Tess.

The cost to the NRC of the collection, computerization, and analysis of the data currently
being received under §20.407 of 10 CFR Part 20 annually involves about 1.5 man-years of effort
plus about $25,000 in computer-related costs. Extension of the reporting requirement to all
NRC 1icensees would not require additional NRC staff but would increase the computer-related
costs to about $30,000.
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TABLE 2

1975 MONITORING DATA BY LICENSEE FUNCTIONAL GROUP
(EXTRAPOLATED TO ALL LICENSEES IN GROUP)

Average
Licensee Number of Collective Dose Per
Functional Individuals Dose, Individual,
Grouping Monitored Man-Rems Rems
Academic 27,000 680 0.03
Medical 95,700 13,500 0.14
Marketing 14,600 760 0.05
R&D 34,300 980 0.03
Byproduct Material 211,200 20,540 0.10
Source Material 10,300 1,260 0.12
Special Nuclear 20,630 660 0.03
Material
Research & Test 3,400 420 0.12
Reactors
Power Reactors® 54,760 21,270 0.39
Industria1‘ 10,100 3,080 0.31
Radiographers
Fuel Processing 11,610 3,175 0.27
& Reprocessing
Manufacturing & 4,100 1,440 0.35

Distributionb

aCurr‘enﬂy reporting pursuant to §20.407 of 10 CFR Part 20.

b

Subset of "Marketing Broad" and "Marketing Other" meeting the

criteria in §20.407(a)(4) of 10 CFR Part 20.
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TABLE 4
EXTRAPOLATED TOTAL COLLECTIVE DOSE BY CATEGORY OF
LICENSEE (MAN-REMS)

3power Reactors 21,270
Instit. Other Medical 6,880
3Fuel Proc. & Reproc. 3,175
aRadiographers 3,080
Well Logging 3,000
Teletherapy 2,700
Instit. Broad Medical 2,290
@Manufacture & Dist. 1,440
Private Practice 1,320
Other Meas. Systems 1,120
Other U >150 kg 740
R & D Broad 710
Academic Other 620
Marketing Other 420
Research Reactors 420
U Mills 400
Civil Defense 370
Unencapsulated SNM 310
Other Medical 280
R & D Other 270
Marketing Broad 200
Other SNM Sources 120
Fuel Storage 90
Waste Disposal - Burial 81
UFg Production 70
Neutron Sources 70
Academic Broad 60
Other U Uses R & D 60
Source Mtl. Export 50
Irradiator <10,000 Ci 50
Exempt Quant. Dist. 40
Other Exempt Dist. 35
Gen. Lic. Dist. 30
Transport Type B 30
Radiopharm. Dist. 20
Exempt Watch Dist. 10
U Sources 8
Irradiator >10,000 Ci 7
Leak Test 3
Test Reactors 0.7
Waste Disposal Other 0.2
SNM Storage Only 0.1

aCurr‘ent]y reporting pursuant to §20.407 of 10 CFR Part 20.
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TABLE 5
AVERAGE COLLECTIVE DOSE PER LICENSEE IN A GIVEN CATEGORY

(MAN-REMS)

@power Reactors 394
Fuel Proc. & Reproc. 132
qManufacture & Dist. 62
Well Logging 47
UFg Production 36
Transport Type B 30
Instit. Broad Medical 24
U Mills 23
Waste Disposal - Burial 20
Unencapsulated SNM 10
aRadiographers

Fuel Storage

R & D Broad

Research Reactors

Teletherapy

Instit. Other Medical
Marketing Broad

Civil Defense

Other Medical
Academic Broad

Other U Uses R & D
Other U »150 kg
Other SNM Sources
Private Practice
Marketing Other
Academic Other
Source Mtl. Export
Exempt Quant. Dist.
Radiopharm. Dist.

R & D Other

Other Meas. Systems
Gen. Lic. Dist.

Other Exempt Dist.
Test Reactors :
Irradiator <10,000 Ci
Neutron Sources

U Sources

Exempt Watch Dist.
Irradiator >10,000 Ci
Leak Test

SNM Storage Only
Waste Disposal Other

e = = TR NN NN W O OTOY 00 WO WO
ANO—=WNOOWTIANOW——OBWANAORN ORI G

O—=— = =N MNwH o1l

aCur‘rent1y reporting pursuant to §20.407 of 10 CFR Part 20.
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TABLE 6
AVERAGE INDIVIDUAL DOSE BY CATEGORY

Average
Category Average Measurable
of | Dose, Dose,
Licensee Rems Rems
Waste Disposal - Burial 1.24 1.26
Fuel Storage 0.69 0.69
Well Logging 0.44 0.50
3power Reactors 0.39 0.76
U Mills 0.38 0.41
@Manufacture & Dist. 0.35 0.64
@Radiographers 0.31 0.60
Private Practice 0.28 0.35
3yel Proc. & Reproc. 0.27 0.57
Instit. Other Medical 0.18 0.28
Transport Type B 0.16 0.28
Teletherapy 0.15 0.29
UFg Production 0.14 0.22
Other Medical 0.13 "0.27
Gen. Lic. Dist. 0.13 0.13
Research Reactors 0.13 0.16
Other U >150 kg 0.12 0.17
Unencapsulated SNM 0.11 1.54
Radiopharm. Dist. 0.08 0.23
Instit. Broad Medical 0.07 0.18
Marketing Other 0.07 0.28
Other Meas. Systems 0.06 0.14
Exempt Watch Dist. 0.06 0.06
Leak Test 0.06 0.08
Marketing Broad 0.05 0.26
Other SNM Sources 0.05 0.13
Test Reactors 0.05 0.05
Civil Defense 0.04 0.05
Exempt Quant. Dist. 0.03 0.07
Academic Other 0.03 0.1
Irradiator <10,000 Ci 0.03 0.17
R & D Broad 0.03 0.14
R & D Other . 0.02 0.08
Source Mtl. Export 0.02 0.05
Other U Uses R & D 0.02 0.17
Neutron Sources 0.02 0.09
Academic Broad 0.01 0.10
Other Exempt Dist. 0.01 0.06
SNM Storage Only 0.01 0.05
Waste Disposal Other 0.006 0.05
Irradiator >10,000 Ci 0.003 0.38
U Sources 0.001 0.07

8Currently reporting pursuant to §20.407 of 10 CFR Part 20.
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TABLE 7
AVERAGE INDIVIDUAL DOSE, EXTRAPOLATED COLLECTIVE DOSE, AND @
1975 VOLUNTARY DATA

Average Extrapolated
Category Individual Collective
of Dose (D), Dose (S), a

Licensee Rems Man~-Rems 2
Byproduct Material
Academic Broad 0.01 60 0.0
Academic Other 0.03 620 0.34
Instit. Broad Med 0.07 2,290 0.61
Instit. Other Med 0.18 6,880 0.92
Private Practice 0.28 1,320 1.08
Teletherapy 0.15 2,700 1.24
Other Medical 0.13 280 0.98
Radiopharm. Dist. 0.08 20 0.0
Pacemakers Instit.
Pacemakers Individ.
Well Logging 0.44 3,000 1.25
Other Meas. Systems 0.06 1,120 0.16
Marketing Broad 0.05 200 0.73
Marketing Other 0.07 420 1.32
Gen. Lic. Dist. 0.13 30 0.0
Exempt Quant. Dist. 0.03 40 0.0
Exempt Watch Dist. 0.06 10 0.0
Other Exempt Dist. 0.01 35 0.0
Nuclear Laundry 0.00
Leak Test 0.06 3 0.0
Waste Disposal Burial 1.24 81 2.48
Waste Disposal Other 0.006 0.2 0.0
Power Sources
Irradiator <10,000 Ci 0.03 50 0.0
Irradiator >10,000 Ci 0.003 7 0.0
R & D Broad 0.03 710 1.04
R & D Other 0.02 270 0.13
Civil Defense 0.04 370 0.0
Byproduct Export
Transport Large Quant.
Transport Type B 0.16 30 0.08
Source Material
U Mills 0.38 400 0.72
Other U <150 kg 0.00
Other U >150 kg 0.12 740 0.52
UFg Production 0.14 70 0.07
Source Mt1. Export 0.02 50 0.0
Source Mt1. Import
Continued...
89, a dimensioniess quantity, is the ratio of the fraction of the collective
dose due to annual doses above 1.5 rads for the observed distribution
to the fraction for the UNSCEAR reference distribution (Ref. 4). For any
observed distribution @ = 3.2351 5/S.
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Table 7 {(Continued)

Average Extrapolated
Category Individual Collective
pose (D), Dose (S),
Licensee Rems Man-Rems

Special Nuclear Material
Other Pu Uses R&D
Other U Uses R&D 0.02 60 0.0
Unencapsulated SNM 0.1 310 2.6
Neutron Sources 0.02 70 0.0
Power Sources
Other SNM Sources 0.05 120 0.25
Pacemakers Instit.
Pacemakers Individ.
U Sources 0.001 8 0.0
Fuel Storage 0.69 90 0.27
SNM Storage Only 0.01 0.1 0.0
SNM Import
SNM Export 0.00
Transport Irr. Fuel
Transport Unirr. Fuel
Transport Large Quant.
Test Reactors 0.05 0.7 .0
Research Reactors 0.12 420 .0

20
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TABLE 8
AVERAGE INDIVIDUAL DOSE, EXTRAPOLATED COLLECTIVE DOSE, AND o
1973-1975 10 CFR §20.407 DATA2

Average Extrapolated
Category Individual Collective
_of Dose (D), Dose (S), b

Licensee Rems Man-Rems £
Power Reactors

1973 0.32 14,337 2.29

1974 0.23 14,083 2.00

1975 0.39 21,270 2.07
Industrial Radiographers

1973 0.40 3,630 1.75

1974 0.33 3,030 1.64

1975 0.31 3,080 1.7
Fuel Processing & Reprocessing

1973 0.23 2,400 1.81

1974 0.25 2,739 1.96

1975 0.27 3,175 1.74
Manufacturing & Distribution

1973 0.28 1,210 2.09

1974 0.32 1,140 2.04

1975 0.35 1,440 2.08

3The four categories of licensees have been reporting pursuant to §20.407 of
10 CFR Part 20 in the statistical summary format since 1973. Prior reports
included only those estimated doses in excess of 1.25 rems.

bQ, a dimensionless quantity, is the ratio of the fraction of the collective dose
due to annual doses above 1.5 rads for the observed distribution to the fraction
for the UNSCEAR reference distribution (Ref. 4). For any observed distribution
Q= 3.2351 5/S.
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PERCENT OF INDIVIDUALS LESS THAN DOSE

5 -
2
EXTRAPOLATED  EXTRAPOLATED  AVERAGE
1 CATEGORY COLLECTIVE NUMBER OF INDIVIDUAL
OF DOSE INDIVIDUALS DOSE_
05 b LICENSEE MAN-REMS (S) MONITORED REMS (D)
ACADEMIC BROAD 60 5,300 0.01
0.2 = ACADEMIC OTHER 620 21,700 0.03
0.1 |-
0.05 I~
0.01 ] L 1§ 111 ] | |
) =Y o © o ocoo00= N w S O ON®
o N w P onmoNwDd
DOSE — REMS

Figure 1. 1975 Voluntary Data - Academic Licensees
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PERCENT OF INDIVIDUALS LESS THAN DOSE

5 e
EXTRAPOLATED  EXTRAPOLATED  AVERAGE
CATEGORY COLLECTIVE NUMBER OF INDIVIDUAL
2= OF DOSE INDIVIDUALS DOSE_
LICENSEE MAN-REMS (S} MONITORED REMS (D) Q
1 INSTITUT. BROAD MEDICAL 2,290 . 33,400 0.07 0.61
0.5 |~ INSTITUT.OTHER MEDICAL 6,880 37,900 0.18 0.92
. PRIVATE PRACTICE 1,320 4,700 0.28 1,08
TELETHERAPY 2,700 17,500 0.15 1.24
0.2 — OTHER MEDICAL 280 2,200 0.13 0.98
0.1

0.05—

0.01 | ] | | | | I |
) =) © © ocopoPO-= N W b OO~
= N Ww P o NDW

DOSE — REMS

Figure 2. 1975 Voluntary Data - Medical Licensees
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PERCENT OF INDIVIDUALS LESS THAN DOSE

5 -
EXTRAPOLATED  EXTRAPOLATED AVERAGE
CATEGORY COLLECTIVE NUMBER OF INDIVIDUAL
2 OF DOSE INDIVIDUALS DOSE -
LICENSEE MAN-REMS (S) MONITORED REMS (D) Q
1= =
R&D BROAD 710 22,900 0.03 1.04
0.5t~ R&DOTHER 270 11,400 0.02 0.13 -
MARKETING BROAD 200 4,000 0.05 0.73
0.2} MARKETING OTHER 420 6,100 0.07 1.32 _|
' §20.407 MFG & DIST 1,440 4,100 0.35 2,08
0.1 -
0.05—
0.01 | 1 | I O T I | | | | I D i |
=) [} [=) 0 0O 0EeEO= N w s O ONROZ
- N w U ONO
DOSE — REMS

Figure 3. 1975 Voluntary Data - R&D
and Marketing Licensees
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PERCENT OF INDIVIDUALS LESS THAN DOSE

5~ o
EXTRAPOLATED  EXTRAPOLATED  AVERAGE
2 CATEGORY COLLECTIVE NUMBER OF INDIVIDUAL ]
OF DOSE INDIVIDUALS DOSE_
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Figure 4,

1975 Voluntary Data - Well Logging,
Other Measurement Systems, and
Waste Disposal - Burial Licensees
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PERCENT OF INDIVIDUALS LESS THAN DOSE
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Figure 5. 1975 Voluntary Data - Byproduct, Source,
and Special Nuclear Material Licensees
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PERCENT OF INDIVIDUALS LESS THAN DOSE
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Figure 6. Composite 1975 Voluntary Data

and §20.407 Data
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Figure 7.  §20.407 Power Reactor Data - 1973-1975
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Figure 9.  §20.407 Fuel Processing and
Reprocessing Data - 1973-1975
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Figure 10.  §20.407 Byproduct Manufacture and
Distribution Data - 1973-1975
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Figure 11.  Composite Annual Summaries -

1973-1975 5§20.407 Data
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EFFORT - MAN-HOURS PER MONITORED INDIVIDUAL

Figure 12.  Effort MNeeded to Prepare

Statistical Summary Report
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Figure 13.  Cost of Preparing Annual
Statistical Summary Report
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