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"EDITOR'S NOTE

For the past 10 years, the NRC has published two annual
reports that summarized occupational radiation exposure
data reported by certain types of NRC licensees. Each
report has kept its same report number since 1979.
NUREG-0713, Vols. 1 through 5, contained data reported
by commercial nuclear power facilities only. NUREG-
0714, Vols. 1 through 5, contained exposure information
reported by several different types of NRC Ticensees.
As a cost-reduction measure, these two reports are now
being combined into one document, NUREG-0713, Vol. 6.
From this time forward, the data that would have been
presented in NUREG-0714 will be contained in subsequent
volumes of NUREG-0713; additional volumes of NUREG-0714
will not be published. It is hoped that this change
will not cause any cogfusion.






ABSTRACT

This report summarizes the occupational exposure data that are maintained in

the U.S. Nuclear Regulatory Commission's Radiation Exposure Information and
Reports System (REIRS). The bulk of the information contained in the report

was extracted from the 1984 annual statistical reports submitted by seven
categories* of NRC licensees subject to the reporting reguirements of

10 CFR 8§20.407. These seven categories of licensees also submit personal iden- -
tification and exposure information for terminating employees pursuant to 10

CFR §20.408, and some analysis of these "termination" data are also presented in
this report.

Annual reports for 1984 were received from a total of 504 NRC licensees, 88 of
whom were Ticensed nuclear power reactors. Compilations of these reports indi-
cated that some 183,200 individuals were monitored, 108,500 of whom received a
measurable dose. The collective dose incurred by these individuals was calcu-
lated to be 59,400 person-rems (person-cSv)** which represents a slight (4%)
increase over the 1983 value. Since the number of workers receiving a measur-
able dose increased by 13%, the average measurable dose decreased to 0.55 rem
{cSv).

About 20% of the monitored individuals were found to have received doses greater
than 0.50 rem (cSv) as had been the case in the previous three years. However,
‘the number of individuals receiving doses greater than five rems (cSv) continued
to decrease.

Some 230,000 termination reports were submitted to the NRC which contained
personal identification and exposure information for about 67,500 individuals

who had completed their work assignment or employment with a covered category

of NRC licensees during 1984. This is about the same as the number of persons
terminating during each of the previous two years. The total number of monitored
individuals for whom personal identification and exposure information has been
incorporated into REIRS during the 16 years that it has been operating is now
about 350,000, some 300,000 of whom terminated from nuclear power facilities.

Analyses of these data indicate that about 6,000 individuals completed work
assignments at two or more nuclear reactor facilities during calendar year 1984
and received an average dose of 0.91 rem (cSv). Approximately 2,000 of these
individuals worked at two or more reactor facilities during one calendar quarter
and received an average dose of 0.40 rem (cSv). Both averages declined some-
what from those found for 1983. However, these figures may have to be revised
because the termination data for about 15% of the individuals terminating during
1984 or 1983 were not computerized by the date of this publication.

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators, and reprocessors; manufacturers and distributors of byproduct
material; independent spent fuel storage installations; facilities for land
disposal of low-level waste; and geologic repositories for high-level waste.

**In the International System of Units the sievert (Sv) is the name given to
the units for dose equivalent. One centisievert (cSv) equals one rem;
therefore, person-rem becomes person-cSv.
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PREFACE

A number of NRC Licensees have inquired how occupational radiation exposure

data (from reports required by the NRC) are used by the NRC staff. This is a
very appropriate inguiry that may be of importance to many affected licensees.
In combination with other sources of information, the principal uses of the

data are to provide facts regarding routine occupational exposures to radiation
and radioactive material that occur in connection with certain NRC-licensed
activities, including individual and collective radiation doses from external
sources as well as pertinent information on the inhalation of radioactive
material (nuclides involved, bioassay results, exposure magnitude, etc.). These
facts are used by the NRC staff as indicated below:

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

2. The external-dose data permit evaluation of the radiological risk associated
with certain categories of NRC-licensed activities, including the size of
the workforce and the collective dose.

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

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

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

6. The data may influence licensing action decisions.

7. The data are used for comparative analyses of radiation protection perfor-
mance: US/foreign, BWRs/PWRs, civilian/military, plant/plant, nuclear
industry/other industries, etc.

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

9. The data help provide facts for evaluating the adequacy of the current risk-
limitation system (e.g., are individual lifetime dose limits, worker popu-
lation collective dose Timits, and requirements for optimization needed?).

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

11. The data help in the evaluation of the effectiveness of dose-reduction
measures (e.g., methods for reducing individuals' doses that may increase
the collective dose).



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

13. The data provide information that can be used in the planning of epidemi-
ological studies.

With regard to routine workplace conditions, the annual statistical summary
reports required by § 20.407, the termination reports required by § 20.408, and
the annual dose data reported by work function in accordance with Subsec-

tion 6.9.1.5 of the standard technical specifications for nuclear power plants
provide the only centralized data base available to assist the staff in the
performance of its duties as listed above. It is to everyone's advantage if
these duties are performed by a well-informed staff in the 1ight of factual

information. ‘

Robert E. Alexander, Chief
Safety Research Applications Branch

vi
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Occupational Radiation Exposure .
at Commercial Nuclear Power Reactors and Other Facilities
Seventeenth Annual Report, 1984

1 INTRODUCTION

One of the basic purposes of the Atomic Energy Act and the implementing regula-
tions in Title 10, Code of Federal Regulations, Chapter I, Part 20, is to pro-
tect the health and safety of the public, including the employees of the 1i-
censees conducting operations under those regulations. Among the regulations
designed to ensure that the standards for protection against radiation set out
in 10 CFR Part 20 are met, is a requirement that licensees provide individuals
likely to be exposed to radiation with devices to monitor their exposure. Each
licensee is also required to maintain indefinitely records of the results of
such monitoring. However, there was no initial provision that these records

or any summary of them be transmitted to a central location where the data
could be retrieved and analyzed.

On November 4, 1968, the U.S. Atomic Energy Commission (AEC) published an
amendment to Part 20 requiring the reporting of certain occupational radiation
exposure information to a central repository at AEC Headquarters. This informa-
tion was required of the four categories* of AEC licensees that were considered
to involve the greatest potential for significant occupational doses and of AEC
facilities and contractors exempt from Ticensing. A procedure was established
whereby the appropriate occupational exposure data were extracted from these
reports and entered into the Commission's Radiation Exposure Information Re-
porting System (REIRS), a computer system maintained at the Oak Ridge National
Laboratory Computer Technology Center in Oak Ridge, Tennessee. The computeri-
zation of these data ensured that they would be kept indefinitely and facilitated
their retrieval and analysis. The data maintained in REIRS have been summarized
and published in a report every year since 1969. Annual reports for each of the
years 1369 through 1973 presented the data reported by both AEC licensees and
contractors and were published in six documents designated as WASH-1350-R1
through WASH-1350-R6.

In January 1975, with the separation of the AEC into the Energy Research and
Development Administration (ERDA) and the U.S. Nuclear Regulatory Commission
(NRC), each agency assumed responsibility for collecting and maintaining occu-
pational radiation exposure information reported by the facilities under its
jurisdiction. The annual reports published by the NRC on occupational expo-
sure for calendar year 1974 and subsequent years do not contain information
pertaining to ERDA facilities or contractors. Comparable information for fa-
cilities and contractors under ERDA, now the Department of Energy (DOE), is
collected and published by DOE's Division of Operational and Environmental
Safety at Germantown, Maryland.

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators, and reprocessors; and manufacturers and distributors of specified
quantities of byproduct material.



In 1982 and 1983, paragraph 20.408(a) was amended to require three additional
categories of NRC licensees to submit annual statistical exposure reports and
individual termination exposure reports. The new categories are (1) geologic
repositories for high-level radiocactive waste, (2) independent spent fuel stor-
age installations, and (3) facilities for the land disposal of Tow-level radio-
active waste. Therefore, this document presents the exposure information that
was reported by NRC licensees representing two of these new categories. (There
are no geologic repositories for high-level waste currently Ticensed.)

This report and each of its predecessors summarizes information reported during
previous years. However, more lTicensee-specific data, such as the annual re-
ports submitted by each commercial power reactor pursuant to 10 CFR § 20.407
and their technical specifications, may be found in those documents 1isted on
the inside of the front cover of this report. Additional operating data and
statistics for each power reactor for the years 1973 through 1982 may be found
in a series of reports, "Nuclear Power Plant Operating Experience" [Refs. 1-9].
These documents are available for viewing at all NRC public document rooms, or
they may be purchased from the National Technical Information Service, as shown
in the Reference section:



2 LIMITATIONS OF THE DATA

A1l of the figures compiled in this report relating to exposures and doses are
based on the results and interpretations of the readings of various types of
personnel monitoring devices employed by each licensee. This information ob-
tained from routine personnel monitoring programs is sufficient to characterize
the radiation environment in which individuals work and is used in evaluating
the radiation protection program.

Monitoring requirements are based, in general, on 10 CFR § 20.202, which requires
licensees to monitor individuals who receive or are likely to receive a dose in
any calendar quarter in excess of 25% of the applicable quarterly limits. For
most adults the quarterly Timit for the whole body is 1.25 rems (cSv), so

0.312 rem (cSv) per quarter is the level above which monitoring is required.
Depending on the administrative policy of each licensee, persons such as visi-
tors and clerical workers may also be provided with monitoring devices for
identification or convenience, although the probability of their being exposed
to measurahle levels of radiation is extremely small. Licensees are given the
option of reporting the dose distribution of only those individuals for whom
monitoring is required, or the dose distribution of al] those for whom moni-
toring is provided. Many licensees elect to report the latter; however, this
may increase the number of individuals that one could consider to be radiation
workers. In an effort to account for this, the number of individuals reported
as having "no measurable exposure" has been subtracted from the total number of
individuals monitored in order to calculate an average dose per individual re-
ceiving a measurable dose, as well as the average dose per monitored individual.

One source of error that is present in the calculation of the annual collective
dose (i.e., the summation of each monitored person’s whole body dose) incurred
by workers is the assumption that the midpoint of the dose range is the mean
dose of the individuals reported in each dose range. This allows the collec-
tive dose to be calculated without knowing each person's actual annual dose.
Past experience has shown that the actual mean dose of the individuals reported
in each range is Tess than the midpoint. Thus, the collective doses presented
in this report may be 10% higher than the sum of the actual individual doses.

The average dose per individual, as well as the dose distributions shown for
groups of licensees, also could have been affected by the multiple reporting
of individuals who were monitored by two or more licensees during the year.
Since individuals are not identified in the annual reports, an individual who
was monitored by five different licensees would have been counted once on each
report. Therefore, when the data were summed to determine the total number of
individuals monitored by a group of Ticensees, this person would be counted as
five individuals rather than as one. This could also affect the distribution
of doses because the individual has been counted five times in the Tower dose
ranges rather than one time in the higher range in which his actual accumulated
dose (the sum of his doses incurred at each facility) would have placed him.
This source of error has the greatest potential impact on the data reported by
power reactor facilities since they employ many short-term workers. Further
discussion of this is provided in Section 5.



Another fact that should be kept in mind before drawing any conclusions from

the annual statistical data is that all of the personnel included in the reports
may not_have been monitored throughout the entire year. Many licensees such as
radiography firms and nuclear power facilities may monitor numerous individuals
for periods much less than a year. The average doses calculated from these
data, therefore, are less than the average dose that an individual would receive
if he were involved in that activity for the full year.



3 ANNUAL PERSONNEL MONITORING REPORTS - 10 CFR § 20.407

3.1 Definition of Terms and Sources of Data

3.1.1 Statistical Summary Reports

On February 4, 1974, 10 CFR § 20.407 was amended to require certain categories
of Ticensees to submit an annual statistical report indicating the distribution
of the whole body doses incurred by individuals whom they monitored for expo-
sure to radiation. Table 3.2 shows the eighteen dose ranges specified by 10 CFR
§ 20.407(b) among which the doses are to be distributed. In prior years, the
annual report was formatted differently and was not very useful as a basis for
estimating the collective dose.

3.1.2 Number of Monitored Individuals

This is the total number of individuals that the NRC Ticensees covered by

10 CFR § 20.407 reported as being monitored for exposure to external radiation
during the year. This number must include al] individuals for whom monitoring
is required, and may include visitors, service representatives, contract work-
ers, clerical workers and any other individuals for whom the licensee feels
that monitoring devices should be provided.

3.1.3 Number of Workers with Measurable Doses

The number of workers with measurable doses is obtained from the annual dose
distribution reports submitted by NRC licensees pursuant to 10 CFR § 20.407 by
subtracting the number of individuals having less than measurable doses from
the total number of monitored individuals. This figure is used to calculate

an individual's average measurable dose because it deletes those individuals

who received exposures too small to be detected by personnel monitoring devices,
many of whom probably did not routinely work in radiation areas (and were
monitored for convenience or for identification purposes).

3.1.4 Collective Dose

The collective dose is used in this report to mean the summation of the whole

body external dose received by each monitored individual and has the units person-
rems (person-cSv).t¥ The collective dose is not usually provided in the annual
dose distribution reports submitted pursuant to 10 CFR § 20.407, but NRC staff

tIn the International Systems of Units, the sievert (Sv) is the name given to
the units for dose equivalent. One centisievert (cSv) equals one rem; there-
fore person-rems become person-cSv.

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators and reprocessors; manufacturers and distributors of byproduct
material; independent spent fuel storage installations; and facilities for land
disposal of low-level radiocactive waste.



calculated it from the reports by summing the products obtained by multiplying
the number of individuals reported in each of the dose ranges (shown in Tahle 1)
by the midpoint of the corresponding range. This assumes that the midpoint of
the range is equal to the arithmetic mean of the individual doses in the range.
Past experience has shown that the actual mean dose of individuals reported in
each dose range is less than the midpoint of the range, and the collective doses
shown in this report for these may be about 10% too high. In 1981, a few power
reactor licensees began reporting the actual collective dose (as determined
from official personnel dosimetry results) on their § 20.407 annual reports, and
the NRC staff used these doses, when provided, instead of the above-described
calculations. The staff would prefer to use the actual collective dose and
encourages more licensees to make it available.

3.1.5 Average Individual Dose

The average individual dose is obtained by dividing the collective dose by
the total number of individuals reported as being monitored. This figure is
usually less than the average measurable dose because it includes the number
of those individuals who received zero or less than measurable doses.

3.1.6 Average Measurable Dose

The average measurable dose is obtained by dividing the collective dose by the
number of workers that received a measurable dose. This is the average most
commonly used in this and others' reports when examining trends and comparing
doses received by workers in various segments of the nuclear industry because
it reflects the deletion of those individuals receiving zero or minimal doses,
many of whom were monitored for convenience.

3.1.7 Number of Licensees Reporting

This is the number of NRC licenses issued to companies to use radioactive
material for certain activities that would place them in one of the six cate-
gories that are required to report pursuant to 10 CFR § 20.407. The third
column in Table 3.1 shows the number of licensees that have filed such reports
during the last several years. State licensees do not submit such reports to
the NRC.

3.1.8 CR

One of the parameters that the United Nations Scientific Committee on the Ef-
fects of Atomic Radiation (UNSCEAR) recommends be calculated for occupational
dose distributions to aid in the comparison of exposure data is a ratio “CR."
CR is defined to be the ratio of the annual collective dose incurred by indi-
viduals whose annual doses exceed 1.5 rems to the total annual collective dose.
One UNSCEAR report [Ref. 101 states that normal values of CR should be between
0.05 and 0.50. This means that, usually, no more than 50% of the collective
dose should be due to individual doses that exceed 1.5 rems. The last column
in Table 3.1 shows the values of CR for the different types of licenses; one
can see that CR is close to 0.50 for three of the categories and is much less
than 0.50 for the remaining three categories for 1984.



Table 3.1
ANNUAL EXPOSURE DATA FOR CERTAIN CATEGORIES OF LICENSEES

1973 - 1984
Collective
Number of Dose Average Average Measur-
Number of Number Workers with (person- Individual able Dose per
License Calendar Licensees of Monitored Measurable rems or Dose Worker (rems
Category Year Reporting Individuals Doses person-cSv (rems or cSv) or cSv) CR+
Industrial 1984 361 8,458 5,446 2,490 0.30 0.46 0.46
Radiography 1983 340 8,624 5,131 2,384 0.28 0.46 0.45
1982 353 9,235 6,160 2,998 0.32 0.49 0.46
1981 266 9,938 5,489 2,652 0.27 0.48 0.48
1980 292 11,102 6,556 2,979 0,27 0.45 0.57
1979 341 11,969 6,504 3,461 0.29 0.50 0.47
1978 337 13,093 6,685 2,950 0.23 0.44 0.43
1977 339 10,569 6,157 3,159 0.30 0.58] 0.45
1976 321 11,245 6,222 3,629 0.32 0.58 0.51
1975 291 9,178 4,693 2,796 0.30 0.60 0.53
1974 315 8,792 4,943 2,938 0.33 0.59 0.51
1973 341 8,206 5,328 3,354 0.41 0.63
Manufacturing 1984 38 5,009 1,932 642 0.13 0.33 0.46
and 1983 33 5,051 2,003 B24 0.16 0.41 0.54
Distribution 1982 34 5,453 2,199 830 0.16 0.40 0.51
1581 29 4,846 2,355 504 0.19 0.38 0.52
1980 29 5,119 2,460 1,033 0.20 0.42 0.61
1979 28 3,937 2,219 B8g - 0.23 0.40 0.55
1578 27 3,973 1,886 851 0.21 0.45 0.61
1977 30 4,243 2,459 1,329 0.31 0.54 0.63
1976 24 3,501 1,976 1,226 0.35 0.62 0.67
1975 19 3,367 1,859 1,188 0.35 0.64 0.64
1974 24 3,340 1,827 1,050 0.31 0.57 0.63
1973 34 4,251 1,525 1,177 0.28 0.61
Low-Level 1984 2 925 297 72 0.08 0.24 0.16
Waste Disposal 1983 1 612 358 71 0.12 0.20 0.14
1982 1 6B0 251 53 0.08 0.21 0.20
Independent 1984 1 32 32 13 0.41 0.41 0.06
Fuel Storage 1983 1 33 27 8 0.24 0.30 0.00
1982 1 35 32 9 0.26 0.28 0.00
Fuel 1984 14 9,488 5,772 818 0.09 0.14 0.04
Fabrication 1583 15 9,023 5,013 835 0.08 0.17 0.19
and 1982 16 5,808 5,433 831 0.08 0.15 0.20
Processing 1981 18 10,552 5,942 540 0,09 0.16 0.09
1980 18 10,204 5,900 1,111 0.11 0.19 0.12
1979 21 9,946 5,365 1,268 0.13 0.24 0.16
1978 20 11,305 6,100 1,525 0.13 0.25 0.24
1977 21 11,496 7,004 1,725 0.15 0.25 0,34
1976 24 11,227 5,285 1,830 0.16 0.35 0.41
1975 24 11,614 5,602 3,175 0.27 0.57 0.54
1974 26 11,064 4,728 2,836 0.26 0.60 0.61
1973 27 10,610 5,056 2,400 0.23 0.47
**Commercial 1934 88 169,242*% 94,995* 55,353 0.32 0.58 0.55
Light Water 1983 80 139,895*% 83,546* 56,758 0.41 0.68 0.60
Reactors 1982 79 127,904* 80,871* 52,227 0.41 0.865 0.57
1981 73 123,978% 80,664* 54,271 0.44 0.67 0.58
1980 70 124, 250* 77,903* 53,810 0.43 0.69 0.59
1979 69 99,463* 62,316* 39,759 0.40 0.64 0.57
1978 68 72,448* 45,474% 31,910 0.44 0.70 0.61
1977 65 67,130% 42,867* 32,7321 0.49 0.76 0.64
1976 62 66,800 36,715 26,555 0.40 0.72 0.62
1975 54 54,763 28,034 21,270 0.39 0.76 0.64
1974 53 62,044 21,904 14,083 0.23 0.64 0.62
1973 41 44,795 16,558 14,337 0.32 0.87
Grand Totals 1984 504 193,154* lClB,fH‘S’t 59,392 0.30 0.55 0.54
and Averages 1983 470 163,238* 96,878% 60,880 0,37 0.63 0.59
1982 482 153,118* 94,946*% 57,008 0.37 0.60 0.56
1981 385 149,314% 94,450% 58,767 0.39 0.62 0.56
1980 410 150,675 92,819*% 58,933 0.39 0.63 0.57
1979 459 125,316* 76,804% 45,376 0.36 0.59 0.55
1978 453 100,819* 60,145* 37,236 0.37 0.62 0.59
1977 455 93,438* 58,527* 38,944 0.42 0.67 0.62
1976 428 92,773 50,158 33,240 0.36 0.66 0.60
1975 388 78,922 40,188 28,429 0.36 0.71 0.62
1974 422 85,240 33,402 20,907 0.25 0.63 0.60
1973 443 67,862 28,867 21,268 0.31 0.74

+CR is the ratio of the annual collective dose detivered at annual doses exceading 1.5 rems to the total

annual collective dose. (See Sectiond. ).
*These figures are adjusted to account for the multipte counting of transient reactor woarkers (see

Section 5).

**Inciudes all LWRs that reported, although alt of them may not have been in commercial operation far a

full year,

but excludes the gas-cooTed reactor.



3.2 Annual Whole Body Dose Distributions

Table 3.2 is a compilation of the statistical summary reports submitted by six
categories of licensees. One can see that in nearly every category some 40%-70%
of the doses are less than measurable. About 90% of the reported individuals
were monitored by nuclear power facilities where they received about 90% of the
total collective dose in 1984.

The "Adjusted Total" shown in Table 3.2 for the dose distribution of individuals
monitored by commercial power reactors in 1984 reflects corrections that were
made to the compilation of the annual reports to account for the counting of
transient workers more than one time. This adjusted total was also used in the
calculation of the "Grand Total™ at the bottom of the table. Further discus-
cion of the data and methodology used in making these corrections is given in
Section 5.

It should be pointed out that annual exposures that exceed five rems (cSv) are
not necessarily classified as personnel overexposures. Although L.Z5 rems (cSv)
is the quarterly limit set forth in paragraph (a) of 10 CFR § 20.101, paragraph
(b) permits licensees, under certain conditions, to allow a worker to receive a
whole body dose of three rems (cSv) per calendar quarter (up to 12 rems (cSv))
annually. The conditions are that the 1jcensee must have determined and re-
corded the worker's prior accumulated occupational dose to the whole body and
that the worker's whole body dose when added to his accumulated occupational
dose does not exceed 5(N - 18) rems (cSv), where N equals the individual's age
in years. Although there is no annual Timit, annual exposures that exceed 12
rems (cSv) indicate that an overexposure has occurred. Any quarterly exposure
in excess of the applicable quarterly 1imits must be reported. A discussion of
various types of occurrences in which the limits have been exceeded is given in
Section 6.

A summary of the annual whole body exposures reported to the Commission by cer-
tain categories of NRC licensees required to submit reports pursuant to 10 CFR
§ 20.407 during the past 16 years is presented in Table 3.3. About 95% of the
exposures have consistently remained less than two rems (cSv), and the number
of individuals receiving an annual exposure in excess of five rems (cSv) has
declined to remain at about one-tenth of one percent of the total number of
individuals monitored each year for the last three years.

3.3 Summary of Occupational Exposure Data by License Category

3.3.1 Industrial Radiography Licenses, Single and Multiple Locations

These licenses are issued to allow the use of sealed radioactive materials,
usually in exposure devices or "cameras," that primarily emit gamma rays for
nondestructive testing of pipeline weld joints, steel structures, boilers,
aircraft and ship parts, and other high-stress alloy parts. Some firms are
licensed to conduct such activities in one location, usually in a plant, and
others perform radiography at multiple sites in the field. As shown in
Table 3.1, annual reports were received for 361 radiography licenses in 1984,
which is about the same number as reported in 1982 and 1983.



{A52 10 swey) sefuey Bujmo)jog oY) uf sesoq Apog

SISUM Yiim SjBRPIAIPU] jo Jequiny

1665 SHE'A0T obg'beT 0 z T 0 0 ¢ LT sop 880'2 { zic's LSt'zy brb's ZT9E'L ObETY 9E6'ST STS'LY S6T'98 SIV.LOL ONYHD,
98¢5 990°56 8z6'0LT z [ 0%E{ L66°T | Z8IE's 908'TE 866'y TE9'9 £65'01 PIE'ET pOT'6E T99'sL Mol peianfpy
95¢'ss arz'oor Lsr'ogy g6z | SLo'E [ Los'y ESp'TT LEE'S ELE'L THSTT LBE'PT T8°1H LT&'5L o}
€ oL 989t [} 43 SI8'T wolawey sug “dwe) yBjy
Loz'sz 907'ss €61°901 LL 189 |34 vLL'g 8656'Z EET"F 6859 (AL 160'9Z SE6'LE RI0)O0Y JOITAN ‘STOLY
orT'LL z96'TH 8LT'IL 81z | 66 viL'z 6LY'S B6E'Z oro'c E56'p Lez'e 869'ST 2IE°0E L0IORRY saleps Bujlog
‘LOVIH HIMOd TYIOHINWDD,,
98 TLL's 88b's bt 85 z9¢T tov TE8 9ET'H 91L'e oy
U [0y
£ ST 601 4 ] ST 2 Nd Pu% M) jo "W WWo3a(]
518 LbL's BLE'S vy :13 [£:14 56€ 4 1Ty TEY'E ‘8203044 [ony winpump
ROLLYDINEYS 13N
[ TE TE ¥ 9 4 14 1T 9 0 oy
JOVHOLS 13Nd INIIS ‘d3aNI
zt LE6T 526 st 4 SE 1€ 19 LY BZ9 mol
TYSOdSIO ALSYM 1FATT-MOT
Tr9 TES'T 600°5 T bz it LIt 55 98 L1 1444 €ot'l LLD'E (LT R
8t £l £ PSE z 9 4 [ 5z o9 (14 8971 ieyip
r6s LT 5T9'p E 24 st (24 1$ LL (14 Z6E E60°T 6056 peosg
HINLSIO & ONIHNLOVINNYW
06b°7 gbb's 8sr'y [:] z 1 o 0 z g [ 14 L9 EbE rit LT b9E 4:1] 128 z6%'z zro'e wjo)
¢
62T ShL'y 089°9 [ T T 0 0 T 8 €2 9 sz1 Ept €9T SPE 965 ETL 091’z SEE'T SuopEae] sdpngy
134 10L 8LLT 1 £ 81 114 13 &1 29 ;244 41 LLO'T uopeao oBuig
AHdVHDOIQVH TWIHISNANI
{Ag2-uosied atog posny ozL oz foor [ os o8 oL o9 )] oy 0E 0z oL s'0 050 =0 or'e> | sinsodxy
[Fwiel-uomiedl]  ojqun Ry ] < |7gor —oe | —oe| -0z | —o9 | —o5 | -0y | —oe -0z —0'L -S89 | —09'0 ] &0 —0L'0 ng sHgwan
esoq R 170 1BQunNg n.._m. 8jqein -Seapy
ety 10quimy ImoL oo -swop on AHDD3LYD 3SK3ONY

861
AHO931VO ISNIOIT AQ S3S0A AQOE ITOHM TVYNNNY 40 NOlLNgaIYLSIa

Zres|qe)




Table 3.3

SUMMARY OF ANNUAL DOSE DISTRIBUTIONS
FOR CERTAIN NRC LICENSEES

1968-1984

Percent of Percent of  Number of
Total Number of Monitored Persons Individuals Individuals Individuals

Compiled (Adjusted* With Doses With Doses With Doses
Year Number Number) <2 rems >5 rems >12 rems
1968 36,836 97.2% 0.5% 3
1969 31,176 96.5% 0.5% 7
1970 36,164 96.1% 0.6% 0
1971 36,311 95, 3% 0.7% 1
1972 44,690 95.7% 0.5% 8
1973 67,862 95. 0% 0.5% 1
1974 85,097 96.4% 0.3% 1
1975 78,713 94.8% 0.5% 1
1976 92,773 95. 0% 0.4% 3
1977 98,212 (93,438) 93. 8% 0. 4%* 1
1978 105,893 (100,818) 94, 6%* 0. 2% 3
1979 131,027 (125,316) 95, 2%* 0.2%* 1
1980 159,177 (150,675) 94. 6%* 0.3%* 0
1981 157,874 (149,314) 94. 6%* 0.2%* 1
1982 162,456 (154,117) 94, 9%* 0. 1%* 0
1983 172,927 (164,239)** 94, 6%* 0.1%* 0
1984 204,069 (194 ,840)** 95,91% 0. 1% 0

*Based on the distribution of individual doses after adjusting for the
multiple counting of transient reactor workers (see Section 5).

x*The termination data for about 15% of the individuals terminating during 1983
or 1984 have not been entered into the REIR System.

Table 3.4 summarizes the reported data for the two types of radiography licenses
for 1984 and for the previous two years for comparison purposes. The table
shows that both the number of workers (701) receiving measurable doses and the
collective dose (196) of workers at the single-location facilities decreased by
about 9%. This resulted in the average measurable dose remaining at 0.28 rem
(cSv). The number of workers at firms having multiple-location licenses in-
creased by about 8% while the collective dose increased only about 6%. This
resulted in the average measurable dose decreasing slightly to 0.48 rem (cSv).
Overall, one finds that the average measurable dose for radiography workers
continues to remain at about 0.50 rem (cSv), as it has for the last eight years,
and that the average dose for workers performing radiography at a single location
is usually about half this amount. This is probably due to the fact that it is
more difficult for workers to avoid exposure to radiation in the field, where
conditions are not the best and may change every day. In order to see the con-
tribution that each radiography licensee made to the total collective dose, a
summary of the information reported by each of these licensees in 1984 is
presented in alphabetical order in Appendix A.
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Table 3.4
ANNUAL EXPOSURE INFORMATION FOR INDUSTRIAL RADIOGRAPHERS

1982-1984

No. Workers Collective Average

of Number of with Dose Measurable

Licen~ Monitored Measurable (person-rems Dose (rems
Type of License Year ses Individuals Doses or person-cSv) or cSv)
Single location 129 1,778 701 196 0.28
Multiple locations 1984 232 6,680 4,745 2,294 0.48
Total 361 8,458 5,446 2,490 0.46
Single Tocation 128 1,714 773 213 0.28
Multiple locations 1983 210 6,910 4,358 2,171 0.50
Total 338 8,624 5,131 2,384 0.46
Single Tocation 126 1,977 942 187 0.20
Multiple locations 1982 227 7,258 5,218 2,811 0.54
Total 353 9,235 6,160 2,998 0.49

Since personnel monitoring data has frequently been found to have log-normal
distributions [Ref. 11], trends in the data reported by radiography licensees
may be observed from log probability plots* of the data. Figure 3.1 displays
such plots of the doses incurred by workers monitored by the two types of radio-
graphy licensees for each of the years 1982, 1983, and 1984. The plots of the
dose distributions of workers at single-Tocation radiography facilities, where
the workers receive doses that are lower than those usually received by workers
at multiple-lTocation facilities, form fairly straight lines and usually lie
above those of the multiple-location facilities. One feature of these types of
graphs is that several comparisons of various dose distributions can be quickly
made. For example, one can easily see that in 1984 about 85% of the workers
monitored by firms licensed for radiography at multiple locations received doses
that were less than one rem (cSv), while some 92%¥ of the workers monitored at
single Tocation radiography facilities received such doses. Also, the relative
positions and curvature of the graphs are indicative of certain characteristics
of the dose distributions. For example, the position of the 1983 and 1984 plot
of the dose distribution of workers at single-location facilities below that of
the 1982 plot indicates an increase in the average dose and in CR (as shown at
the bottom of the graph). This is due to the fact that there were more workers
with doses that exceeded three rems (cSv) in 1983 and 1984. The 1984 plot of
the multiple-Tocation Ticensees is quite close to those for 1982 and 1983, and
one finds similar average doses and values of CR each year.

*If the data have a log normal distribution, the data points will form a straight
1ine when plotted on lTog probability paper on which cumulative probabilities are
lajid off on the vertical axis at distances proportional to the corresponding
number of standard deviations above or below the median and the dose is plotted
on the horizontal axis on a logarithmic scale.
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CUMULATIVE PERCENT OF WORKERS

Figure 3.1
ANNUAL DOSE DISTRIBUTION OF WORKERS
AT INDUSTRIAL RADIOGRAPHY FACILITIES
1982-1984
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*CR is the ratio of the annuali coliective dose delivered at individual doses exceeding
1.5 rems to the total annual collective dose.

Note: Each point on the curves represents the cumulative percentage of workers with
measurable doses who received doses less than the indicated annual dose,
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The tendency of the plots to curve upward for doses greater than one rem (cSv)
is typical of distributions having several workers with doses in the higher

dose ranges [Refs. 10, 11], and indicates that the entire distribution is not a
log-normal one. Another theoretical analysis of occupational dose distribu-
tions [Ref. 12] has found that these data may be fitted by a hybrid log-normal
distribution. At low doses, this distribution is log normal, but at higher
doses, where radiation control programs very closely monitor each worker's total
dose so that the frequency of doses approaching the dose 1imits is reduced, the
distribution is normal.

3.3.2 Manufacturer and Distributor Licenses, Broad and Other

These Ticenses are issued to allow the manufacture and distribution of radionu-
clides in various forms for a number of diverse purposes. Broad licenses are
issued to large facilities having a comprehensive radiological protection pro-
gram, and the other licenses are usually issued to smaller firms requiring a
more restrictive license. Some firms are medical suppliers that process, pack~
age, or distribute such products as diagnostic test kits, radioactive surgical
implants, and tagged radiochemicals for use in medical research, diagnosis, and
therapy. Other firms are suppliers of industrial radionuclides and are involved
in the processing, encapsulation, packaging, and distribution of the radionu-
clides that they have purchased in bulk quantities from production reactors and
cyclotrons. Major products include gamma radiography sources, cobalt irradiation
sources, well-logging sources, sealed sources for gauges and smoke detectors,
and radiochemicals for nonmedical research. However, only those NRC licensees
(about 35) that possess or use at any one time specified quantities of the
nuclides listed in paragraph 20.408(a)(6) are required to submit annual

(10 CFR § 20.407) and termination (10 CFR § 20.408) reports.

Table 3.5 presents the annual data that were reported by the two types of
licensees for 1984 and the previous two years. The total number of workers
receiving measurable doses as reported by these types of licensees continued

to decline somewhat to 1,932 workers in 1984. The collective dose decreased

by about 22% or 200 person-rems (person-cSv), and the average dose declined to
0.33 rem (¢Sv). This reduction was primarily due to the fact that one fairly
large broad-scope licensee ceased its manufacturing and distribution activities.
Looking at the information shown separately for the broad and other licensees,
one can see that the values of all of the parameters remain higher for the

broad licensees, probably because this type of license allows the possession of
larger quantities of radioactive materials than do the other licenses. In order
to see the contribution that each of these licensees made toward the total values
of the number of persons monitored, number of workers, and collective dose,
Appendix A 1ists the values of these parameters for each licensee in alphabetical
order by licensee name for 1984,
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Table 3.5
ANNUAL EXPOSURE INFORMATION FOR MANUFACTURERS AND DISTRIBUTORS

1982-1984
Collective

No. Workers Dose Average

of Number of with (person- Measurable

Licen- Monitored Measurable rems or Dose (rems
Type of License Year sees Individuals Doses person-cSv) or cSv)
M & D-Broad 13 4,625 1,716 594 0.35
M & D-Other 1984 25 384 216 48 0.22
Total 38 5,009 1,932 642 0.33
M & D-Broad 16 4,332 1,744 767 0.44
M & D-Other 1983 17 719 259 57 0.22
Total 33 5,051 2,003 824 0.41
M & D-Broad 18 4,610 1,892 821 0.43
M & D-Other 1982 16 843 307 69 0.22
Total 34 5,453 2,199 890 0.40

Figure 3.2 displays log probability plots of the doses incurred by workers

under the two types of manufacturing and distribution licenses for the years
1982 through 1984. The position of the curves plotted for the other licenses
above those plotted for the broad licenses indicates that a larger portion of
the workers reported by the other licensees have lower doses than those reported
by the broad licensees. For example, the graphs show that about 86% of workers
monitored by the broad licensees recejved doses that were less ‘than one rem
(cSv), while about 95% of the workers monitored by the other licensees received
such doses in 1984.

3.3.3 Low-Level Waste Disposal Licenses

These licenses are issued to allow the receipt, possession, and disposal of low-
level radioactive wastes at a land disposal facility. The licensee has the
appropriate equipment to pick up wastes from such places as hospitals and
laboratories, and transport them to a proper facility for storage and burial.

The requirement for this category of NRC licensee to file annual reports became
effective in January 1983. Two licensees in this category submitted annual re-
ports in 1984, while in 1982 and 1983 there was only one licensee in this cate-
gory. Table 3.1 summarizes the data reported for 1982 through 1984. 1In 1984,
the total number of monitored individuals increased because a second licensee

14



Figure 3.2

ANNUAL DOSE DISTRIBUTION OF WORKERS

AT MANUFACTURING & DISTRIBUTION FACILITIES
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was included in this category. However, the collective dose, 72 person-rems
(person-cSv), remained about the same as that found for 1983 because the collec-
tive dose calculated for the one licensee that reported in 1983 declined by
about the same amount as that calculated for the licensee included for the first
time in 1984. The number of workers receiving measurable doses also decreased
slightly so that the average measurable dose rose somewhat to 0.24 rem (cSv).

Figure 3.3 displays log probability plots of the doses incurred by workers at the
low-level waste disposal facilities from 1982 through 1984. One can quickly

see that the distributions are quite similar, with all of the doses being less
than two rems (cSv) and about 90% of the doses being less than 0.75 rem (cSv)
each year. However, the position of the plot for 1984 below that for 1983 is
indicative of the slight increase in the average dose and CR. Appendix A sum-
marizes the exposure information reported by these licensees in 1984,

3.3.4 Independent Spent Fuel Storage Installation Licenses

These Ticenses are issued to allow the possession of power reactor spent fuel

and other associated radioactive materials for the purpose of storage of such
fuel in an independent spent fuel storage installation (ISFSI). Here, the spent
fuel, which has undergone at least one year of decay since being used as a source
of energy in a power reactor, is provided interim storage, protection, and safe-
guarding for a limited time pending its ultimate disposal.

Table 3.1 summarizes the data submitted for 1982 through 1984 by the only licensed
ISFSI. Only about 35 individuals have been monitored at the facility each year.
However, in 1984 the collective dose increased by about 50% to a value of 13
person-rems (person-cSv). The average measurable dose also increased from

0.30 rem (cSv) to 0.41 rem (cSv). These increases were primarily due to a
significant increase in the amount of incoming spent fuel in 1984.

Figure 3.3 displays log probability plots of the doses incurred by workers at the
ISFSI for the years 1982 through 1984. The plots are quite similar for 1982

and 1983 when all doses were less than 0.75 rem so the value of CR was zero

each year. The plot of the 1984 data Ties below that of the previous two years,
which indicates that there were doses in higher ranges than before, but all

doses were less than 2 rems (cSv) as reflected in the low value (0.06) of CR.

3.3.5 Fuel Fabrication and Reprocessing Licenses

The fuel fabrication licenses are issued to allow the processing and fabrication
of reactor fuels. In most uranium facilities where light water reactor fuels
are processed, uranium hexafluoride enriched in the isotope U-235 is converted
to solid uranium dioxide pellets and inserted into zirconium tubes. The tubes
are fabricated into fuel assemblies, which are shipped to nuclear power plants.
Some facilities also perform chemical operations to recover the uranium from
scrap and other off-specification materials. On a much smaller scale, fuel
assemblies containing plutonium oxide pellets can be similarly fabricated and
used in reactors for experimental purposes. However, there are no NRC licensees
engaged in this activity at this time.

The number of facilities licensed by the NRC to fabricate fuel, especially plu-

tonium fuel, has been decreasing for the last several years (Table 3.1). There-
fore, a number of licensees are primarily engaged in decommissioning activities,
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CUMULATIVE PERCENT OF WORKERS

Figure 3,3
ANNUAL DOSE DISTRIBUTION OF WORKERS AT LOW-LEVEL WASTE
DISPOSAL FACILITIES AND AT AN INDEPENDENT SPENT.FUEL STORAGE FACILITY
1982-1984
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*CR is the ratio of the annual collective dose delivered at individual doses exceeding
1.5 rems to the total annual collective dose.

Note: Each point on the curves represents the cumulative percentage of workers with
measurable doses who received doses less than the indicated annual dose.
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and the information that they provided for these years is shown as "Pu Decommis-
sioning" in Table 3.6.

Table 3.6
ANNUAL EXPOSURE INFORMATION FOR FUEL FABRICATORS
1982-1984
Workers Collective Average
No. of  Number of with Dose (person- Measurable
Licen- Monitored Measurable rems or Dose(rems
Type of License Year sees Individuals Doses person-cSv) or cSv)
Uranium Fuel Fab 11 9,379 5,947 815 0.14
Pu Decommissioning 1984 3 109 25 3 0.12
Total 14 9,488 5,772 818 0.14
Uranium Fuel Fab 11 8,440 4,746 748 0.16
Pu Decommissioning 1983 4 583 267 87 0.33
Total 15 9,023 5,013 835 0.17
Uranium Fuel Fab 11 8,652 5,117 724 0.14
Pu Decommissioning 1982 5 1,156 316 107 0.34
Total 16 9,808 5,433 831 0.15

Table 3.6 shows that the number of workers involved in decommissioning activities
decreased sharply in 1984, as did the collective dose. The major reason for

this is that there was one licensee involved in both decommissioning activities
and the analysis of post-irradiated fuel in 1982 and 1983. The decommissioning
is now complete and the licensee is no longer included in the fuel fabrication
category. However, it should be pointed out that three of the eleven licensees
primarily engaged in uranium fuel fabrication in 1982 and 1983 were also involved
in the decommissioning of plutonium facilities, and the report submitted by

each one covered both activities. Therefore, for comparison with data submitted
for previous years, the data in the "Total" row should be used because decom-
missioning activities were also being conducted during previous years and were
not shown separately. Appendix A Tists the number of persons monitored, the
number of workers receiving measurable doses, and the collective dose for each
of these licensees in alphabetical order by licensee name for 1984.

Figure 3.4 consists of the log probability plots of the dose distributions of
workers at fuel fabrication facilities for the years 1982 through 1984. The
plots for 1982 and 1983 are quite similar, with all doses being less than five
rems (cSv) and about 99.3% of the doses being less than two rems (cSv) each
year. The average dose and the value of CR were therefore about the same for
each year. However, in 1984, there were no doses greater than two rems (cSv)
so that the value of CR fell to 0.04.

18



CUMULATIVE PERCENT OF WORKERS

Figure 3.4
ANNUAL DOSE DISTRIBUTION OF WORKERS
AT FUEL FABRICATORS AND PROCESSORS
1982-1984
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Fuel reprocessing licenses are issued to allow the separation of usable uranium
and plutonium from spent nuclear fuel. There was only one commercial facility
that was ever licensed to reprocess fuel, and it has been shut down since 1972.
However, the licensee did some decontamination work and stored radicactive waste
at the facility for several years, and the annual report that was submitted each
year was usually grouped with those of the fuel fabricators. In February 1982,
the Department of Energy assumed possession and control of the reprocessing
facility to conduct waste solidification activities necessary for final decom-
missioning. During this period, the NRC Ticense will, in effect, be suspended,
and no reports will be filed with the NRC.

3.3.6 Water-Cooled Power Reactor Licenses

These licenses are issued to utilities to allow them ta use special nuclear
material in a reactor to produce heat to generate electricity to be sold to
consumers. There are two major types of commercial reactors in the United
States - pressurized water reactors (PWRs) and boiling water reactors (BWRs) -
each of which uses water as the primary coolant.

As shown in Table 3.1, annual reports were received from nuclear power facilities
for 88 licensed reactors where 169,242 individuals were monitored for exposure

to radiation in 1984. Of this number 94,996 workers received a measurable dose
and incurred a collective dose of 55,353 person-rems (person-cSv). It appears
that the collective dose is beginning to level off or decrease somewhat, while
the number of workers continues to increase. This has resulted in the average
measurable dose decreasing to 0.58 rem (cSv). The dose distributions of workers
monitored at each plant site is presented in alphabetical order by site name in
Appendix B.

Figure 3.5 presents the log-normal plot of the distribution of the whole body
doses received by radiation workers at nuclear power facilities in 1983 and
1984. One can quickly see that about 73% of the workers receiving measurable
doses at BWRs received doses that were less than one rem (cSv) while about 82%
of such workers at PWRs received doses of less than one rem (cSv). The position
of the BWR plots below those of the PWRs each year indicates that higher average
doses were received at BWRs. Also, departures from a straight 1ine for doses
that exceed one rem are again seen, and, according to the hybrid log-normal
method [Ref. 12] of analyzing these dose distributions, the sharpness of the
departure indicates that a strong feedback mechanism operates when workers begin
to incur larger doses and may reflect efforts to keep doses as low as reasonably
achievable [Ref. 13].

Listed at the bottom of the figure are the values of CR for the last five years.
These show that a larger portion of the collective dose (about 60%) at BWRs
continues to be due to workers receiving doses greater than 1.5 rems (cSv) than
at PWRs, where CR is usually about 0.50. More detailed presentations and
analyses of the annual exposure information reported by nuclear power facilities
can be found in Section 4.
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Figure 3.5

ANNUAL DOSE DISTRIBUTION OF WORKERS AT

LIGHT WATER REACTOR FACILITIES
1883 & 1984
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3.3.7 High-Temperature Gas-Cooled Power Reactor Licenses

A license to operate a power reactor is issued to utilities to allow them to

use special nuclear material in a reactor to produce heat to generate electri-
city to be sold to consumers. In this type of a reactor, a gas, usually helium,
is used as the primary coolant. Fort St. Vrain near Greeley, Colorado, is the
only such reactor in operation in the U.S. As shown in Table 3.7, annual whole
body doses incurred by workers at the plant have been minimal. No one has ever
exceeded an annual dose of 0.25 rem (cSv), and the average dose per worker is
usually less than 0.05 rem (cSv).

Table 3.7
ANNUAL EXPOSURE INFORMATION FOR FORT ST. VRAIN
1974-1984
No. of Individuals with Annual Annual Average
Doses in Ranges (rems or cSv) Total Collective Gross Measurable
No No. of Dose Electricity | Dose per
Measurable | Measurable }0.10- | Individuals|{person-rems Generated Worker :
Year Dase Dose <0.10 [0.25 Monitored | or person-cSv) (MW-yr) (rems or cSv) .
1974 1,597 63 1 1,661 3.3 0.0 0.05
1975 1,263 0 0 1,263 0.0 0.0 0.00
1976 1,362 25 0 1,387 1.3 2.8 0.05
1977 946 55 1 1,002 2.9 29.8 0.05
1978 896 34 0 830 1.7 75.7 0.05
1979 1,149 120 2 1,271 6.4 28.6 0.05
1980 902 57 1 960 3.0 83.2 0.05
1981 1,096 31 0 1,127 1.0 93.6 0.03
1982 878 22 0 1,000 0.4 72.6 0.02
1983 965 48 0 1,013 1.0 94.4 0.02
1984 1,616 62 8 1,686 3.0 10.9 0.04
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4 COMMERCIAL LIGHT WATER REACTORS - FURTHER ANALYSIS

4.1 Introduction

Since general trends in occupational radiation exposures at nuclear power reac-
tors are best evaluated within the context of other pertinent information, some
of the tables and appendices that summarize exposure data also show the type,
capacity, and age of the reactor; the amount of electricity generated; the type
of workers being exposed; and the sort of tasks being performed.

4.2 Definitions of Terms and Sources of Data

4.2.1 Number of Reactors

The number of reactors shown in Tables 4.1, 4.2, and 4.3 is the number of BWRs ,
PWRs, and total light-water-cooled reactors (LWRs), respectively, that had been
in commercial operation for at least one full year as of December 31 of each of
the indicated years. This is the number of reactors on which the average number
of workers and average collective dose per reactor is based. Excluded are those
reactors that may have been in commercial operation for only a few maonths during
the first year, and conservative values are yielded for the averages. The date
that each reactor was declared to be in commercial operation was found in
Reference 14,

4.2.2 Electric Energy Generated

The electric energy generated in gross megawatt-years (MW-yr) each year by each
facility is shown in Appendix C. 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, except for leap years when the number is 8,784
hours. The gross megawatt-years of generated electricity that are presented in
Tables 4.1, 4.2, and 4.3 are the sums of that produced by the number of reactors
included each year. These sums are divided by the number of those reactors
included in each year to yield the average amount of electric energy generated
(MW-yr) per reactor, which is also shown in Tables 4.1, 4.2, and 4.3. The number
of gross megawatt-hours of electricity produced each year was also found in
Reference 14.

4.2.3 Collective Dose per Megawatt-Year

The number of megawatt-years of electricity generated was used in determining

the ratio of the average value of the annual collective dose to the number of
megawatt-years of electricity generated. The ratio was calculated by dividing
the total collective dose by the total gross megawatt-years generated and is a
figure that is a measure of the dose incurred by workers at power plants in
relation to the gross electric energy produced. This ratio was also calculated
for each reactor site and is presented in Tables 4.1, 4.2, and 4.3 and Appendix C.

4.2.4 Average Rated Capacity
The average rated capacity, shown in Tables 4.1, 4.2, and 4.3 was found by
dividing the sum of the net maximum dependable capacities (net MWe) of the

reactors by the number of reactors included each year. The net maximum depend-
able capacity is defined to be the gross electrical output as measured at the
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output terminals of the turbine generator during the most restrictive seasonal
conditions, Tess the normal station service loads. This "capacity" of each
plant was found in Reference 14, and it is shown for each site in Appendix C.

4.3 Annual Whole Body Dose Distributions

Table 4.4 summarizes the distribution of the annual whole body doses received by
workers at commercial LWRs during each of the years 1973 through 1984. This
distribution is the sum of the annual dose distributions reported by each Ti~
censed LWR each year. As previously mentioned, the distribution reported by
each LWR site for 1984 is shown in Appendix B. The table shows that the number of
monitored individuals continues to increase while the collective dose appears

to be leveling off. However, the values of CR* show that the percentage of the
collective dose due to individual doses greater than 1.5 rems (cSv), has shown

a general decrease from its 1973 value of 72% to about 5%% in 1984. The distri-
butions shown in Table 4.4 have been adjusted for the number of individuals that
may have been reported by more than one site (see Secti“: 5 for a discussion of
the methodology). Appendix D provides unadjusted dose cistributions for BWRs
and PWRs separately for the years 1980 through 1984.

4.4 Average Annual Whole Body Doses

Some of the data presented in Tables 4.1, 4.2, and 4.3 are graphically displayed
in Figure 4.1, where it can be seen that the average collective dose and average
number of workers per BWR have been higher than those for PWRs since 1974 and
that the values of both parameters, in general, continued to rise at both types
of facilities until 1982. At that time, the average collective dose per reactor
appeared to begin leveling off or decreasing slightly, as did the number of
workers. However, in 1984 the average number of workers per reactor veached

an all-time high at both BWRs and PWRs, which resulted in Jower average doses

at both types of facilities.

Figures 4.2 and 4.3 are plots of much of the information that is given in
Tables 4.1, 4.2, and 4. 3. The values of all of the parameters plottad, except
the number of workers and electricity generated, decreased somewhat from la:t
year's values. In looking at these figures and the fluctuations in the pararm
eters for the years following the incident at the Three Mile Island Plant in
1979, one suspects that they reflect some of the impact that this incident had
on the nuclear power industry.

To further assist in the identification of any trends that might exist, Fig-

ure 4.4 displays the average and median** values of the collective dose per
reactor for BWRs and for PWRs for the years 1973 through 1984. The ranges of
the values reported each year are shown by the vertical 1ines with a small bar
at each end marking the two extreme values. The rectangles indicate the range
of values of the collective dose exhibited by those plants ranked in the twenty-
fifth through the seventy-fifth percentiles. Since the median values usually
are not as greatly affected by the extreme values of the collective doses, they
do not normally fluctuate as much from year to year as do the average values.
The median collective dose for PWRs continues to range between 400 and 500

*See definition in Section 3.1.8.
**The value at which 50% of the reactors reported greater collective doses and
the other 50% reported smaller collective doses.
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Figure 4.2

ANNUAL VALUES AT BWRs AND PWRs

1973 - 1984
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Collective Dose Per MW-Yr and Dose Per Worker — Use Scale x 1

Workers and Collective Dose Per Rea

ctor — Use Scale x 100

Figure 4.3
AVERAGE ANNUAL VALUES AT LWRs

1973 - 1984
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Figure 4.4
AVERAGE, MEDIAN AND EXTREME VALUES OF

- 1984

THE COLLECTIVE DOSE PER REACTOR
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person-rems (person-cSv). At BWRs the median fluctuates more from year to year,
and in 1984 the median decreased to 790 person-rems (person-cSv), which was
still nearly twice that found for PWRs (395 person-rems (person-cSv)).

Figure 4.4 also shows that in 1984 fifty percent of the PWRs reported collective
doses between 340 and 570 person-rems (person-cSv) while fifty percent of the
BWRs reported collective doses between 590 and 1,170 person-rems (person-cSv).
Nearly every year, the median collective dose is less than the average, which
indicates that the collective dose for most plants is less than the average
collective dose per reactor (the value that is widely quoted).

4.5 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 prob-
Tems may have occurred could have a large impact on some of the statistics pre-
sented in this report. In an effort to identify those plants, Tables 4.5 and
4.6 list the BWRs and PWRs in ascending order of person-rems (person-cSv) per
reactor for each of the five years from 1980 through 1984. Two other parameters,
dose per worker and collective dose per megawatt-year, are also given for each
plant and could have been used in Tisting the plants as well. Also shown is a
parameter "CR" which is defined to be the ratio of the annual collective dose
delivered at individual doses exceeding 1.5 rems (cSv) to the total annual
collective dose. In 1984 the value of CR for about 65% of the U.S. plants fell
within the range 0.05 to 0.50 which is recommended by the UNSCEAR [Ref. 10].

Most of the reactors having values of CR greater than 0.50 were BWRs, the
highest value being 0.87.

Table 4.7 lists the plants that had been in commercial operation for at least
five years as of December 31, 1984, and shows the values of several parameters
for each of the sites. It also gives a number of averages for the two types

of reactors. Based on the 125 reactor-years of operation accumulated by the

25 BWR sites listed, the average annual collective dose per reactor was found
to be 1,067 person-rems (person-cSv), the average measurable dose was 0.80 rems
(cSv), and the average collective dose per megawatt-year was 2.7. Based on the
170 reactor-years of operation by the 34 PWR sites listed, these averages were
found to be 569 person-rems (person-cSv), 0.59 rem and 1.3, respectively.

In 1984, there were five BWR units where collective doses that exceeded

1,500 person-rems (person-cSv) were accumulated. Although these five units rep-
resented only 18.5% of the 27 BWRs operating in 1984, they contributed nearly
44% of the total collective dose incurred at BWRs in 1984. Most of the col-
lective dose accumulated at the BWR site with the highest collective dose

(4,082 person-rems (person-cSv)) was attributed to the replacement of all the
recirculation system piping.

At PWRs, there were five units where the collective dose exceeded 1,100 person-
rem (person-cSv). Although representing less than 10% of the 51 PWRs operating
in 1984, they contributed nearly 32% of the total collective dose at PWRs in
1984. The plant with the highest collective dose (2,880 person-rems (person-
cSv)) in 1984 accumulated most of the dose during the replacement of steam
generators.
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Table 4.7a

FIVE-YEAR TOTALS AND AVERAGES LISTED IN ASCENDING
ORDER OF COLLECTIVE DOSE PER 8WR

1980-1984
Average
BURs *Total Workers Oose per Total Average
Collective with Worker Mega-~ Collective
Dose per Measurable  {rem or watt- Dose per
**Site name Site Doses cSv) years M-y
La Crosse 1,111 907 1.22 136.5 8.1
8ig Rock Point 1,260 2,389 0.53 242.0 5.2
Duane Arnold 3,014 4,997 0.60 1,507.7 2.0
Hatch 1,2 6,763 15,785 0.43 3,231.5 2.1
B8rowns Ferry 1,2,3 11,728 15,632 0.75 9,413.3 1.2
Cooper 4,072 5,444 0.13 2,336.2 1.7
Dresden 1,2,3 13,186 12,B12 1.02 4,898.0 2.7
Vermont Yankee 4,404 5,758 0.76 2,032.1 2.2
Monticello 5,111 6,155 0.83 1,620.5 3.2
Nine Mile Point 5,197 7,490 0.69 1,809.2 2.9
Millstone Point 1 5,663 3,749 1.51 2,356.5 2.4
Peach Bottom 2,3 12,198 14,785 0.83 6,109.8 2.0
Fitzpatrick 6,716 10,193 0.66 2,788.4 2.4
Oyster Creek 7,826 9,597 0.82 855.4 9.1
Quad Cities 1,2 15,811 11,129 1.42 5,125.6 3.1
8runswick 1,2 17,035 23,247 0.73 3,550.7 4.8
Pilgrim 12,245 16,065 0.76 1,719.0 7.1
{125 reactor-years)
Grand Totals and Averages 133,340 166,000 0.80 49,722.7 2.7
Averages per Reactor-year 1,067 1,328 397.8
Table 4.7b
FEVE-YEAR TOTALS ANO AVERAGES LISTEO IN ASCENDING
ORDER OF COLLECTIVE DOSE PER PWR
1980-1984
Average
PHRs *Total Workers Dose per Total Average
Collective with Worker Mega- Collective
Dose per Measurable (rem or watt- Dose per
**5ite name Site Doses cSv) years M-y
Davis Besse 633 5,017 0.13 2,289.2 0.3
Prairie Island 1,2 1,291 3,648 0.35 4.484.0 0.3
Kewaunee 711 2,064 0.34 2,243.0 0.3
Yankee Rowe 1,405 2,880 0.49 541.5 2.6
Cook 1,2 3,267 7,190 0.45 7,553.8 0.4
Calvert C1iffs 1,2 3,488 8,140 0.43 5,404.6 0.7
Maine Yankee 1,753 4,752 0.37 2,976.5 0.6
Three Mile Island 1,2 3,621 9,225 0.39 0.0 -
Crystal River 1,811 5,222 0.35 2,708.8 1.9
Point Beach 1,2 3,995 5,175 0.77 3,682.0 1.1
Oconee 1,2,3 6,371 11,001 0.58 9,042.7 0.7
Rancho Seco 2,160 4,568 0.47 2,069.5 1.0
Trojan 2,189 5,458 0.40 3,143.8 1.4
Fort Calhoun 2,339 4,090 0.57 1,530.8 1.5
Beaver Valley 2,657 7,687 0.35 2,077.8 1.3
Indian Point 3 2,735 4,730 0.58 1,626.8 1.7
Palisades 3,206 8,523 0.38 1,663.9 1.9
Zion 1,2 6,840 7,087 0.97 6,576.7 1.0
Ginna 3,752 4,797 0.78 1,B01.6 2.1
Millstone Point 2 4,581 6,533 0.70 2,974.3 1.5
Turkey Point 3,4 9,957 11,639 0.86 4,385.4 2.3
Haddam Neck 5,115 7,048 0.73 2,315.9 2.2
Surry 1,2 15,037 16,900 0.89 4,742.0 3.2
Robinson 2 7,814 11,853 0.66 1,529.2 5.1
(170 reactor-years)
Grand Totals and Averages 96,728 165,227 0.59 77,363.6 1.3
Averages per Reactor-year 569 972 455.1

*For sites with more than one operating reactor, the collective dose per reactor

is obtained by dividing the collective dose for the site by the number of

reactors.

**Sites where not all reactors had completed five full years of commercial oper-
ation as of 12/31/84 are not included.
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In general, particularly for BWRs, the plants having the lower values of most
of the parameters shown are usually the newer plants. Some of the older,
smaller plants also appear near the top of the Tistings since they report smali
collective doses; however, the ratio of their collective dose to the number of
megawatt-years of electricity generated will be higher because of their Timited
power generation capacity. In the case of PWRs, this generalization does not
always apply. For example, Prairie Island and Susquehanna, three reactors that
have been operating for 10 or 11 years, have experienced Tower collective doses
than many newer reactors for years.

Usually, the combination of a large annual collective dose and a large collec-
tive dose to megawatt-year ratio for a plant indicates that extensive mainte-
nance or modifications were undertaken during the year. For example, maintenance
jobs that were large contributors to BWR doses in 1984 included replacement of
recirculation system piping, inspection for intergranular stress corrosion
cracking (IGSCC), IGSCC repair, Mark I torus modifications, and reactor vesse]
component inservice inspection. The PWR facilities reporting high values for
these two parameters during the last few years generally have beén involved in
extensive tube inspection, sleeving, and plugging related to the repair of steam
generators. It should be noted that the differences in nuclear plant designs

and the ages of plants [Ref. 15], even between plants of a given type, affect

the nature of these parameters as well, and one should be careful when attempting
to draw conclusions from these data.

4.6 Collective Dose hy Work Function and Employee Type

A second type of annual statistical report that is required by each piant's
technical specifications provides the coljective dose of workers monitored at
each plant site by employee type (plant, utility, or contractor) and by work

and job functions. The report submitted for each reactor site, after undergoing
any necessary standardization, is provided in Appendix D. Summaries of the
collective doses shown in these reports are given in Tables 4.8, 4.9, and 4.10.
The collective doses obtained from these reports are not used in any other tables
in this document for the following reasons: the technical specifications of

each plant requires only 80% of the plant's collective dose be accounted for,

and some plants do not use the official dosimeter results in compiling the data.

Table 4.8 provides a detailed summary of the distribution of collective dose by
work function and personnel types for BWRs, PWRs, and all LWRs. It shows that
contract workers performing special maintenance at LWRs continue to incur the
largest portion (35%) of the collective dose. Table 4.9 presents a more general
summary of these data for the last ten years, and one can see that the collective
dose incurred during routine and special maintenance activities has ranged be-
tween 67% and 77% during these years. Figure 4.5 graphically shows the trends
in the collective dose by work function and type of personnel for the years

1979 through 1984 for BWRs and PWRs separately. Contractor personnel jncur

most of the collective dose during special maintenance while it is nearly equal-
ly divided between contractor and plant and utility personnel during routine
maintenance and waste processing and that the figures are fairly stable from
year to year. Because of this stability and the fact that a number of these
reports are not submitted in a standard format, summaries of these dita wili

not be presented in future reports of these NUREG series.
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Person~rems or Person-cSy

Person-rems or person-cSy

Figure 4.5

COLLECTIVE DOSE BY WORK FUNCTION AND PERSONNEL TYPE
AT BWRs and PWRs, 1979-1984
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Table 4.10 presents the distribution of the collective dose for 19Bﬁ9at all
LWRs among five occupations. As expected, maintenance personnel incurred the
majority (zﬁiﬁ%) of the collective dose with contractor maintenance personnel
receiving about twice as much as the station and utility maintenance employees
combined. This is about the same as that reported for 19834 Supervisory per-
sonnel received %% of the dose, compared to 2.7% in 1983y while workers in

. = S.al . - o . . -
the remaining thvee occupations--operations, health physics, and engineering--
received 6.8%, 11.0%, and /.5%, respectively, of the collective dose. None of
these valliés chafgad very much from those found for 1982% either. The collective
doses shown in Tables 4.8 and 4.10 do not equal those shown in other tables in
the report because they are the sum of the doses taken from the type of annual
reports shown in Appendix D rather than the collective dose that was obtained
or calculated from the § 20.407 annual reports.

Another use made of the reports given in Appendix D is in proportioning the
collective dose obtained from the § 20.407 annual reports into the work functions
and personnel types shown in 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
pursuant to their technical specifications (the first number in the Tlast
column in Appendix D) was determined.

(2) The ratio of this dose to the total collective dose (the last number 1in
the last column in Appendix D) was calculated and multiplied by the total
collective dose that had been estimated or obtained from the § 20.407
annual report. This product is the collective dose shown in the column
headed "Operations" in Appendix C.

(3) The collective. dose shown in the column headed "Maintenance and Others" in
Appendix C was determined by first summing the collective doses incurred
by workers in the five remaining functions given in Appendix D 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 annual reports to yield the collective dose shown in this
column of Appendix C.

(4) A similar procedure was followed in determining the collective dose for
the columns headed "Contractor" and "Station & Utility" in Appendix C.

4.7 Health Implications of Average Annual Doses

If any damage to health is caused by exposure to radiation in the workplace, it
would likely manifest itself as certain types of cancer in the exposed worker
or, less likely, as inherited genetic damage in the first few generations of the
workers' offspring. However, the likelihood of cancer or genetic damage occur-
ring as a result of radiation exposure experienced by workers in the nuclear
industry is small. A vast amount of scientific information is available from
which estimates of these risks can be made. Much of this information, however,
has been obtained from epidemiologic studies of human populations at levels of
exposure considerably higher than those normally experienced in the workplace.
Complementary to this, information obtained from many animal and cell biology
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studies have greatly enhanced our knowledge and understanding of the biologica?l
effects of ionizing radiation. Although using this information to estimate
risks in the workplace 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 comprehensive review
of the biological effects of jonizing radiation in 1980 [Ref. 16]. Based on
this report, a(I%%EE}working population receiving one million person-rems

suffer an estimated 100 to 200 additional cancer deaths over
the remaining years of their lives. This risk estimate can be applied to the
99,400)person-rems (person-cSv) (Table 3.1) and the 108,500 workers who received
measurable exposures in 198435 The result .is that fof %he%2d workers the ex-
pected number of additional cancer dgiﬁhsfihat might result from radiation dose
received that year would be about‘&ﬁﬁiﬁgéﬁ These deaths would occur many years
following the exposure and would be fipaddition to the approximately 20,000
cancer deaths that occur normally in a population of 108,500 workers without
exposure to this amount of radiation. Perhaps more méaRiAGful to the individual
workers are the health implications to the workers receiving the average dose of
0.55 rem (cSv) or the maximum dose ofCEEQQQ_gE;ﬁEEEDrems (cSv) during 19845 The
estimated increased cancer death risk.is about one chance in 10,000 for the aver-
age dose and about one chance in{1,000/ for the maximum dose. Should a worker
receive 0.55 rem (cSv) per year contiinuously during his entire working career
(working f?%ggzgg 20 until age 65) his risk of dying from cancer could increase

by less than(2%gover the normal risk\of dying of cancer. These risks can be
compared to the‘American Cancer Society's estimates of one chance in four of
developing cancer and-one chance in five of dx%ng of cancer. .
~ P @_3 ’ “35‘0.1@39 7;:%
L > bt ¢ d
The potential genetic effects from a worker population receiving about 59,400
person-rems (person-cSv) is very small compared to genetic damages that normally
occur spontaneously in a population of this size. Approximately 100,000 serious
genetic defects occur normally in one million live births, i.e., an average of
about one serious defect in every ten live births. Theoretically, the total
genetic damage in the first generation children of the }QQ, Qg exposed* workers
would, according to the 1980 NAS report, be an increase’of (FotF or lessrcases
(less than(EE%ﬁ%?fcompared to the expected 10,000 cases that pccur normally.
No significantiincrease in the number of genetic defects has®been observed in
the children of individuals exposed to ionizing radiation at/Hiroshima and
Nagasaki, Japani

*Assuming that, on the average, each exposed person will have one child in the
future, i.e., 108,500 children born to this worker population.
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5 TERMINATION DATA SUBMITTED PURSUANT TO 10 CFR § 20.408

5.1 Termination Reports, 1969-1984

In 1969, the Atomic Energy Commission (predecessor of the NRC) began requiring
certain categories of licensees* to submit personal identification and exposure
information upon the termination of each monitored person's employment or work
assignment in the licensee's facility. The appropriate information on each
report has been manually coded and entered into the Commission's computerized
Radiation Exposure Information Reporting System (REIRS) for permanent retention.
The data are retrievable by several criteria - social security number, name,
facility, etc. - which allows statistical analysis of the data as well as the
tracing of individual dose histories. During the years that this information
has been collected, some 1,500,000 termination records have been received for
approximately 350,000 individuals who have been reported as having terminated
their employment at facilities in one or more of the categories of covered 1i-
censees. The figures given for the number of reports and the number of individ-
uals 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 radiocactive material, each of which is counted as one record.
Table 5.1 provides a breakdown of this information for individuals terminating
during each of 16 years and, since the majority of termination reports are

now submitted by nuclear power facilities, the number of records and individuals
that they reported are displayed separately. One can see that the number of
records continues to increase each year, primarily because of the growing need
for workers at power reactors.

5.2 Limitations of Termination Data

When examining or using the statistics that are based on the termination data,
one should keep in mind that these data have various Timitations: (1) some
licensees submit a termination report for each monitored contractor employee
at the end of each monitoring period rather than waiting until the individual
actually completes his work assignment at the facility, (2) the period(s) of
exposure that are reported for terminating individuals may indicate the moni-
toring. period during which he may have been exposed to radiation rather than
the actual dates of exposure, (3) some licensees report cumulative periods of
exposure and doses rather than the actual periods and dose incurred during each
period, and (4) licensees having more than one licensed facility sometimes
include in the termination report submitted when the individual Teaves the
second facility the dose that he incurred at the first facility, which may
already have been reported. Although attempts have been made to correct for
some of these problems, they are still a small additional source of error in
any statistics developed from the termination data.

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators, and reprocessors; and manufacturers and distributors of specified
guantities of byproduct material. Three other types of NRC licensees are now
required to submit reports pursuant to 10 CFR 8§ 20.407 and 20.408: geologic
repositories for high-level radioactive waste; receivers of radioactive waste
from other persons for land disposal; and independent installations for the
storage of spent fuel.
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Table 5.1
TERMINATION REPORTS SUBMITTED TO THE NRC
1969-1984**

A1l Covered Categories* Power Reactor Licensees

Number of Number of Number of Number of

YEAR Termination Terminating Termination Terminating

Records Individuals Recaords Individuals
1969 5,009 3,992 790 727
1970 8,606 6,069 2,126 1,908
1971 12,955 8,874 2,246 2,197
1972 15,685 10,353 4,997 3,888
1973 19,985 15,588 11,525 9,071
1974 30,389 21,499 16,946 11,603
1975 44 676 27,415 38,376 22,627
1976 70,230 40,079 63,593 35,294
1977 88,295 42,183 81,074 36,864
1978 96,010 44,541 85,308 37,359
1979 133,470 58,913 118,218 48,305
1980 175,408 73,662 162,515 65,092
1981 189,762 72,603 181,327 67,482
1982 | 177,610 65,347 171,836 62,101
1983** 196,731 69,647 190,957 67,098
1984%** 231,317 67,408 228,983 66,360

*Commercial nuclear power reactors; industrial radiographers; fuel processors,
fabricators, and reprocessors: manufacturers and distributors of specified
quantities of byproduct materials; low-level waste disposal facilities;
independent spent fuel storage installations; and geologic high-level waste
respositories,

**The termination data for about 15% of the individuals terminating during 1983
or 1984 have not been entered into the REIR System.

5.3 Transient Workers per Calendar Quarter

One use of the information contained in the termination reports is the examina-
tion of the doses being received by short-term workers. Since nearly half of

the termination reports indicated periods of exposure that were less than 90 days,
it is possible that several thousand individuals could have been employed by

two or more licensees during the same calendar quarter. Thus, in this report,

a "quarterly transient" worker is defined to be an individual who began and
terminated employment at two or more different licensed facilities within ope
calendar gquarter. This allows one to examine the doses of those werkers most
likely to approach the quarterly limits without their employer's knowledge
since they move so rapidly among facilities.
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Table 5.2 displays some of the information gathered from these termination re-
ports that were submitted by all covered licensees and by licensed nuclear power
facilities, separately. One can quickly see that the vast majority of these
individuals are,monitored by nuclear power facilities. The number of these
individuals increased about twentyfold during the five years 1972 through 1976,
but has remained between 2,350 and 2,550 since 1981. The top part of Table 5.2
also shows that the average individual dose (which is close to being a quarterly
dose for these workers) continues to decrease, dropping to an average dose of
0.26 rem {cSv) in 1984.

The bottom half of the table separates the information shown for power reactor
licensees into that for reactor workers employed by two, three, and four or

more different reactorilicensess” The table shows that most of these transients
were reported by two different licensees during a quarter. The smaller number
of workers terminated by three or more licensees received higher average doses
than those terminated by two employers every year until 1982. From that year
onward, the average dose of workers terminated from three or more facilities

has been about the same or less than the average dose of the workers terminating
from two nuclear power licensees.

Examination of these records also revealed that some individuals have worked for
as many as six different NRC licensees during one calendar quarter. However, on
the average, less than two instances per year have been found in which a worker
exceeded his quarterly limit of three rems {(cSv) as a result of his working at
two or more different licensed facilities within one calendar quarter. In a
few of these instances, the doses that the workers had received while employed
by the first utility were revised upward later in the year. The underestimates
resulted in quarterly doses that slightly exceeded three rems (cSv). A very
few gquarterly exposures exceeding three rems (cSv) may have gone undetected
because a worker's dose was received over a period spanning a calendar guarter
and was reported for the entire period. When this happens, it is not possible
to determine the portion of the dose received during each guarter.

Lo 4 4

5.4 Transient Workers per Calendar Year

Since the number of transient workers per calendar quarter comprise only a small
percentage of the total number of individuals terminating each year, it was
decided to change the criteria so that the records of more workers would be exam-
ined. 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 summing each worker's whole body doses.
An examination of these data would allow one to determine the number and average
dose for these "annual transients." Since more than 95% of these transients

are reported by nuclear power facilities, only the termination records of these
individuals were examined in detail. Table 5.3 summarizes the number and doses
of the transients found among the individuals terminating during the eight years
from 1977 through 1984. The number of these workers increased from about 3,200
workers in 1977 to about 6,000 in 1984. However, after reaching a high of about
6,000 person-rems {person-cSv) in 1980, the collective dose incurred by these
workers decreased to about 5,500 person-rems {person-cSv) in 1984. The average
dose also decreased somewhat in 1984 to a value of 0.91 rem {cSv).
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The lower portion of Table 5.3 shows the number and doses of workers who were
terminated by two, three, and four or more different licensees during each
calendar year. In 1984 there were sharp decreases in the collective and average
doses of workers terminated by more than two facilities. This is probably due
to the utilities' increased efforts to keep the annual doses of all workers Jess
than five rems (cSv). This is further borne out by the fact that, as shown in
Table 5.4a, the distribution of the doses of these transient workers was such
that there were only 11 workers with doses greater than five rems (cSv) in 1984,
Table 5.4a shows that in prior years, there were usually between 50 and 100
transient workers with annual doses greater than five rems (cSv).

Another way in which the distribution of the doses received by transient workers
can be useful is in the determination of the impact that the inclusion of these
individuals in each of two or more licensee's annual reports had on the annual
summary (Table 4.4) for all nuclear power facilities (one of the problems
mentioned in Section 2). Table 5.4a shows the actual distribution of these
transient workers' doses as determined from the above-described termination
reports and compares it with the distribution of the doses of these workers 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, each of the transient workers was counted an average of 2.6 times. This
was not surprising because some individuals were reported by as many as nine
different facilities.

Table 5.4b illustrates the impact that the multiple reporting of these transient
workers had on the staff's compilations of the annual statistical reports for
the years 1978 through 1984. Since each nuclear power facility reports the
distribution of the doses received by workers while monitored by the particular
facility during the year, one would expect that a summation of these reports
would result in individuals being counted several times in dose ranges lower
than the range in which their total accumulated dose (the sum of the personnel
monitoring results incurred at each facility during the year) would actually
place them. Thus, while the total collective dose would remain the same, the
number of workers, their dose distribution, and average dose would be affected
by this multiple reporting. This was found to be true because too few workers
were reported in the higher dose ranges. For example, in 1983 the compiled
annual reports indicated that 85,694 workers received a measurable dose, 85 of
whom received doses greater than five rems (cSv). After accounting for those
individuals that were reported more than once, the adjusted distribution indi-
cated that there were only 80,552 workers that received a measurable dose and
that 163 of them received doses greater than five rems {cSv). This resulted

in an average measurable dose of 0.70 rem (cSv) rather than the 0.66 rem {cSv)
obtained from the compiled reports.

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

5% of the total number of workers receiving measurable doses during the year,
their impact on most of the statistics derived from compilations of the annual
summary reports is not very great. However, when examining the number of annual
doses exceeding five rems, one Tinds that the adjusted statistical distribution
indicates that the number of workers who received doses greater than five rems
(cSv) was between 50 and 80 more than the number found in the compiled statistical
distribution each year until 1984. This is more clearly shown in Table 5.5,

where it can also be seen that in 1984 the number of workers receiving doses
greater than five rems (cSv) was found to be 11 workers. Most of this reduction
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is probably due to the fact, as stated in the footnote, that not all of the
1984 termination reports had yet been processed. After discussions with several
firms that provided contract personnel to work at nuclear power facilities
during 1984, it was determined that 110 would be a more realistic estimate of
the number of workers with annual doses greater than five rems.

Table 5.5
ANNUAL WHOLE BODY DOSES EXCEEDING FIVE REMS (cSv)

Compiled Number Adjusted Number Percent of

Year >5 Rems (cSv) >5 Rems (cSv) Workers
1977 270 351 0.9
1978 103 158 0.4
1979 130 180 0.3
1980 311 391 0.5
1981 189 235 0.3
1982 74 135 0.2
1983* 85 163 0.2
1984* 0 11(110)** <0.1(0.1)**

*Figures for these years may be incomplete because the
termination data for about 15% of the individuals termin-
ating during 1983 or 1984 have not been entered into the
REIR system.

**Estimate based on discussions with firms providing contract
personnel.

5.5 Temporary Workers per Calendar Year

To complete the exmination of the doses received by the short-term workers em-
ployed at nuclear power facilities, Table 5.6 summarizes the data compiled on
“temporary workers''. For purposes of this report, temporary workers were defined
to be those individuals who began and ended their employment at only one nuclear
power facility during the calendar year. Table 5.6 shows that the number of
these temporary individuals has increased by some 64% between 1977 and 1984
while the number of reactors has increased by about 40% during this time. The
number of temporary workers receiving a measurable dose, however, has increased
by only 27%. The average dose per monitored individual remains at about 0.30
rem (cSv) and, since about half of them received less than measurahble doses,

the average measurable dose remains at about 0.60 rem (cSv). Comparison of
these figures with those in Table 5.4b reveals that these workers comprised 28%
of the total number of workers (92,918) receiving a measurable dose in 1984,
while their collective dose was viily 26% ol Lhe Lotal collective dose. Their
average measurable dose was also slightly less than the overall average of 0.59
rem (cSv).
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PERCENT OF MONITORED MALES OR FEMALES

Figure 5,1

Dose Distribution of Males and Females Terminating from LWRs
1983
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L | Males — Comprised 92.9% of the 45,313 monitored individuals, or 96.4% of the 25,195

measurabfe dose of 0.72 rem{cSv)

workers with measurable doses, for whom sex was determined,
They incurred 98.7% of the coliective dose and received an average

Females — Comprised 7.1% of the 45,313 monitored individuals, or 3.6% of the 25,195
y workers with measurable doses, for whom sex was determined.

They incurred 1.3% of the collective dose and received an average

measurable dose of 0.26 rem{cSv)

NOT MEAS. 0.10- 0.25- 0.50- 0.75- 1.0- 2.0-
MEAS. 0.10 0.25 0.50 0.75 1.0 2.0 3.0

DOSE RANGES {rems or ¢Sv)
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Table 6.1
PERSONNEL OVEREXPOSURES TO EXTERNAL RADIATION

1977- 1984
Types of Overexposures and Doses
License Persons and Whole Body (rems or cSv) | Skin (rems or cSv) Extremity {rems or cSv)
Year | Category Doses (rems or cSv) <b.00 | >5 <25 | »25 >7.5¢<30 | »30<150( >150 [ >18.75<75} »>75b<375 | >375
Industrial No. of Persons 3 1 3
Radiography | Sum of Doses 12.5 8.2 127.9
Power No. of Persons 3
Reactors Sum of Doses 7.6
1984 | Medical No. of Persons 2 1 1
Facitities Sum of Doses 5.7 5.2 18.8
Marketing No. of Persons 1
& Manufact. Sum of Doses 21.8
Others No. of Persons 1 3
Sum of Doses 1.7 70.1
Industrial No. of Persons 1 1
Radiography | Sum of Doses 4.7 650
Power No. of Persons 8
Reactors Sum of Doses 14.9
1983 | Medical No. of Persons 3
Facilities Sum of Doses 5.2
Marketing No. of Persons 1° 2
& Manufact. Sum of Doses 25 49.5
Others No. of Persons 25 2
Sum of Doses 837 228
Industrial No. of Persons 6 3
Radisgraphy { 5um of Doses 16.1| 20.7
Power No. of Persons 1 1
Reactors Sum of Ooses 5.0 9.4
1982 | Medical No. of Persons 2
Facilities Sum of Ooses 1.9
Marketing No. of Persons 1b
&% Manufact. Sum of Doses 1.3
Others No. of Persons 1 15 2
Sum of Doses 4.3 569 206
Industrial No. of Persons 7 1
1981 | Radiegraphy | Sum of Doses 12.2 7.1
A11 Others No. of Persons 10 2c 1 4
Sum of Doses 24.1 30.8 8.1 102.9
Industrial No. of Persons 4 1 1
1980 | Radiography | Sum of Doses 23.6 7.7 56.0
A1l Others No. of Persons 84 3 3
Sum of Ooses 285.4 73.5 33,000
Industrial No. of Persons 8d 3
1979 { Radiography { Sum of Oaoses 25.9 34.6
A1l Others No. of Persons 30 3® 7 1 Zf 15 19
Sum of Doses 65.0 39.0 125.7 40.0 327 468.1 147
Industrial No. of Persons 4 1 1
1978 | Radiography | Sum of Doses 15.3 21.6 150
A11 Qthers No. of Persons 12 4 1 2 2
Sum of Doses 36.0 51.9 §27.3 i8.2 49.2
Industrial No. of Persons 7 2h 1
1977 § Radiography | Sum of Doses 23.7 23.2 630
No. of Persons 38 1 3 10
A1l Others Sum of Doses 75.0 220 40.0 221

Arhis person simultaneously received an extremity overexposure of 61 rems (cSv) that is not shown.

This person simultaneousty received a skin overexposure of 15.2 rems (cSv) that is not shown.

One of these persons simultaneously received an extremity overexposure of 21 rems {cSv) that is not shown.
One of these persons simultaneously received an extremity overexposure of 46 rems {cSv) that is not shown.
One of these persons simultaneously received an extremity overexposure of 45 rems (cSv) that is not shown.
These two persens simultaneously received extremity overexposures of 82 and 38 rems (cSv) that are not shown.
This person simultaneously received a skin overexposure of 13 rems {cSv) that is not shown.

-This person simultanecusly received an extremity overexposure of 18 rems (cSv) that is not shown.

This persen simultaneously received an extremity overexposure of 26.9 rems (cSv} that is not shown.
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APPENDIX A
INDUSTRIAL RADIOGRAPHERS
Single Location 1984

Ty
g3

TJotal.  Workers with Collective  Average
Licensee Name License Mumber individuals Measurable Dose Meas’ble Dosa
Monitored Dose {man-rems; (rems or cSv)
ALEX CORPORAT IUN 26-035208-02 & a o 0.00
AR CIRPURAT IDN — PG 29-01208~03 Q s] o 000
Alr PRODUCTE AivLD LMY VALS J7—05105-00 15 12 1 0s 12
ALLUY CRAFTS (ONPANY 13-17511-01 4 2 o] Os11
ALUNSU & CARUS IRON wlxnd 52-21350-01 2 2 o 0. 18
AMUCD UDIL ClLMPANY 12=067058-01 4 2] 4] 0. 00
AMHI/DARLLING VALVE COMPANY 2T-15476—01 & 5 & 0.08
ARMY, DEPARTMENT UF TdL 13-18235-01 39 11 1 0.05
AMMY, DEPARTMENT OF THL 29-00047—06 17¢ 23 1 0. 05
AOW TANK & ENGINvir 1MG CJ, 22-1 3253-01 s 0 0 0«00
ALSUOCIATED PIPING & EnCInii RiN 43-15119-01 e e Oel2
ATLANTIC REIE ARCH CLRPLRATL UM 45-02808—04 15 15 4 0«27
B ABCOCK & WiLCOX COMPANY 34-02160-03 46 3z 2 0.05
BE.OIT ORPURAT.ON 48-~0 241202 2 o 0 0. 00
B ORG-WARNER CORPORA 10N 37-16828-01 10 o o 0.00
BRAND EXAMINATIUN SCRVICED g6—-17156—01 36 3z 48 1.51
BRIGHTON CORP. 34-21480-01 3 3 4 1.29
BULAEYE INTERNATIONAL 34-06627-01 q 2 1] 0. 05
BUCYRULS—CRIL CU. 48-06350-01 e o ¢ C.CO
CAUMLT TESTING SERVICLL INC. 13~1 634701 33 23 21 0.92
CAPITOL STEEL CORPURATIUN 35-1 5636501 3 2 1 O.28
CARIE: SHELL & TUBE . INCe H2-19438-01 [ 5 1 C.10
CATERPLLL AR TRACTOR CUMPANY 12-18023-31 ) 2 0 005
CHlCAGU JRIDGE AND IRUM CO. 12-0 5639 —0 § 7 5 (¢} 0.05
CHICAGD BRILGE AND 1RON Cu. 430533702 15 [ 1 0el7
CiR T INDUSTRIES OPERATING CURP, 480238703 5 o o 0.00
CUMBUSTi0N EnGLMNEER ING 35-02325—02 12 10 1 Os13
CINSECD INC. 48-16774-01 c 0 0. 00
CUNSULIDATED FOUNDRIES €& MF Ga 340465702 C o 0.00
CONSOLIDATED X—RAY SERVICLE 29—21452-01 1 83 as 85 0. 97
CUNSTRULT A0R EnG] nEER 1ok L0, 37 —18456—01 I 2s 7 1 0el3
CUPES VUL CAN 37-19530-01 | 3 1 1 Ce 63
CH{UNTER & ClUa 29-21308-01 4] 0 4] 0. 00
CHANE CUMPANY = INDIAN CRCHARD 20-00518—-02 4 ¢ ¢} 0«00
DAY AND ZIMMERMANN INC. 42-15051-02 3 3 o] 0«05
DePTa UF ARMY 35-19189—-02 3y 1 o 0.18
DEPT. OF NAVY ., USS o4 —1 8082—01 : 26 3 0 0.05
DEPTe LF THE NAVY, NONDESTRULT 04—06145—03 9 0 o 0.00
CINNECTICUT, STATE F 06-06472-03 37 2 0 0.05
DWGE FOJNDRY AND MACHMINE CO, 371532401 4 3 o 0.13
DRAVO CUORPORA TLON 34008 50~02 3 [4] 0.13
DUNCAN FOYNDRY £ MACH INE WD KKS 120968701 0 0 0.00
D URALDY CUMPANY {THL) 370227902 10 S 2 0.39
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APPENDIX A {cont.)
INDUSTRIAL RADIOGRPHERS

Single Location -1984

Total Workers with Collective  Average
Licensee Name License Number Individuals  Measurable Dose Meas'ble Dose
Monitored Dose (man-rems) (rems or cSv)
DARIRUN CUMPANY INCURPUORAIED 34—06398-01 ) 5 2 0s31
Ew te DU PONT DE meEMOURS B o), C7-00455-30 & 1 c 0.05
EvPIRLC STEEL CALTINGS, InCe 37=-0z448-01 3 1 o 0.38
E XXUN CUMPANY U. S. A, 25=04375-02 & 0 o] 0.GO
GENERAL ELECTRIC LOMPANY 20-008 15-05 12 6 0 0.05
GENERAL CELECTHIC COMPANY 24-00499—-10 3 1 0 005
GNERAL MOTURS LORP W Z1=0E678—04 4 0 0 000
GeENLRAL MUTRS CORPURATIUN 12=-02251-01 4 4 0 0.05
GLNERAL MDTURS (ORFURAT LN 21-02392-01 b o 0 0000
GENERAL MUTURS CORPGRAT IUN 3—-15315-02 24 0 o 0.00
GLOBL X-RAY SCRVICES 1ol 35=19194-01 34 23 29 0«89
Gl FLUNORLILS ITNCIMRPURATLE L 48=0 2B844-01 3 1 0 0. 05
HARRISON LTREL CAST iNGE Cu 130214101 6 4 1 0«16
ALSS UTL VIRGIN ISLAND CIRP 55=-1 053302 11 2 o] 013
Mot SToll STRULTURLS Inl e AT-17Tb34-01 9 3 4] 0«05
P ANGLERDOLL =R AND COMP AN Y 29—0z015-02 2 2 1 0«40
INFERIURs OUPARIMCNTG M Tt 20~C26 1902 7 3 o] 005
I NTLRIOK, DLPARTMENT OF Tiic A65-01142-03 IS 1 0 Ce05
JUHN OLERY FOQURDR Y 12-09111~01 ) 3 ¢ 005
K AST MLTALS CURPORA T Uty 14 =0 f200—01 o 2 [ O« CS
KH SEY—nAYES CUMPANY INC, 12-023560-02 &4 4] 0 0. 00
KM Tuse Cu. 13-21248-01 4] 0 o] 0. 00
L/DBARLE INCa 3p-15H514-01 v 2 O D.21
LUKk LBTLLL CGOMR A Y S7-22827—01 9 a o 0.00
L YNCHUURG FLUNDRY CLMPANY 45—)1 T4 64-01 o 2 0 O.18
MAGNAFLUX CurPUORATE WY 1200622-07 435 334 288 OeB6
MARAT -0IN ULl CONPALY 34—-01541—-02 4€ g 1 0.05
MASON & HANGER—OT LA S @A LN O 16=-17692—01 [+}-3 2 [s) 0.05
MASSTILLON SBSTEEL CASTI™NG CU, 24—026 0501 3 Il [ 0CO
MAY AR ELECTRIC STeEL ZAST jtie 48-07080—01 4 4 2 Oed6
M MANUS ITNSPECTION SRV ICE 43—1 41 58~=-01 3 3 1 0«18
MANNEARP IS ELECTRIC &VrEL Cas 22025 72—-02 P s} [ Ce 0O
MISSOURT STeBi CASTIiNCGE Cue #5-15152—C1 q g G Ce GO
NAT IONAL AERUNMAUT 1CL A S92 ACc 3900507046 4% 12 1 Cs05
NAY IUNAL AERDONAJUT ICH> AN 9P Al 450 s bBo—0 2 %) & 0 Qe D5
NAVYs DEPARTMLNT LV Wity A, s1-17677T~-01 ic [= 2 0a 25
NAWYy ULPARIMACNT JF Taic a0 uianv—-01 4ty 11 1 0. 05
N/VYsy UDEPARTMENT OF Taidt- U4—0uY369—01 109 3 [ Ca05
NAVY . DEPAKR MLNT UF Tr.o 2u—-01012-02 He 50 5 0. 10
NAVYs DUPARITMEWT OF Titi 470C3 1400 67 i6 2 Del?2
NAVY, DePARTMLNT UOF Tnt J9~-0 61 26-01 57 49 6 Dall
NAVYs oCPARIMENT Jr i 29=12047~0 1 o 0 C C.00
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APPENDIX A (cont.}

INDUSTRIAL RADIOGRAPHERS

Single Location - 1984

Total Workers with Collective  Average
Licensee Name License Number Individuals Measurable Dose Meas'ble Dose
Monitored Dose {man-rems {rems or cSv)
WNAVYs DEPARTACNT UF THL 4b=0u6 1101 & 0 o 0.00
NAVYy ULPARTMENT uF Tt Jo—1 4255—C1 24 24 1 G. U5
NAVYs DEP AR EMONT OF THL 53-0ude7-01 z4 23 2 C.CH
NeavYs obtP T i Tho 29—1 40 21-0= [ 0 0 0. 00
NAVYy DLPTs OFe USS FlAM . s1—19283-01 2 g 1 Oell
NLLS STEEL TAadk COMPAHY £1—04741-01 5 1 0 0.05
NURTHAEST ALRLIES it e2—1 oT0C~G1 zi 3 c 0. 0%
O RLAHJMA STin L CALT ING: Cue an—21159-01 o 3 ¢ .13
DAk Abx L INESs JHCe e4—1 359101 24 1 1 Ce63
P e Xe ENoINLtERING CIMPAWY 1 NC. ed—1102—01 2 2 4] Qa3
PILTow LASTeEL INC. 4H—3 256602 3 3 ¢ 0.G3
P oG YLVANT A SHEIPSU AL NG Cue aT—2 1006701 - 5 C CsC5
PiTTSHBURGH—DES MUINLL CorPle 43-149915—01 2 2 o 0405
PRUKFESS IONAL SERVILEDL  Laub, 12-2 1501-01 7 C 0.05
GUAKE K ALLOY CAST.LNG VUMPARY ST—0367T1-01 oz 17 5 0.18
REFINLRY PRLOUCTS CORPOHRATI il 48 -0 36 650 ¥ a 1 1 Os63
RICHAOND CNGLREER ML CoMP ANY 45— B 84—-01 16 3 1 0.2C
S ANYUR HEoE ARLH PROLJCT INC, A0 0 44-01 7 1 0 0. 05
SIAFER VALVE CUa I—21198~01 0 0 0e 00
S AVYLEx STLo L CASTING CUOMPANY L4028 0701 4. 1 o Celd
SUTHWLSTORIG eNGIN LRIMNG (0. 24—-1L9500-01 ki 3 1 0. 24
S1e LLULS SIEEL CALTLHGs INC. 24-01587-01 z = 0 OeC5
STRUTHERS WLLLS CORPORATIUN 37-11192~-01 4 0 D.05
TAYLUR ANO FErdy CUMPASY co—0 e 2a—21 5 0 o O« 00
Tebbd YNE unrTOCALET 34—00412—-03 V] Q c 0«00
P riuKul ChREmMl CAL CUPORATION L1 —00656—-02 7 0 4] G+ 00
ThlukOL Crei CAL CORPUORATIAN—/ 43-053227—01 & a8 &) 0.05
THIUKUL CURFURA FION 17-1L3080—01 54 2a 2 0«CB
T RANS AURLD AsRLIMEL sive. 24—05151—-05 2.4 5 2 De 45
U ebef s HURTHLNG TUN HIM2 CURP 29-02210-02 4 0 0 0.CO
UMNMITEDL STATES PIPE AND FLUUN kY 29-—0Q7262-01 3 o} Q CaCO
VLLRATH COMPANY (Trc ) ap-Qh39e5—01 [ 2 o 0. 05
WOAUKE SHA FUUNLDRY GIMPAAY Live, 4fH~1 37 7601 & 4 o) QuC5
WLATHCRLY FIUMDRY AKD Malduf A, J7-09859-01 a2 0 I 0.CO
WEHMR STESL (WOMPANY 45~02005-02 4 3 1 0. 20
WESTEAN Z IRCONIUM S~1 629601 11 1 &) 0. 05
WS TINGHOUSE LLEC TR IC Clitbe. S7T~Q 363201 1t 7 1 Ge 07
WisTie HGHU USL Cliew TH e vl A7T-DEL0Y—0L [ 3 3 Ga BT
WHET] G CURMORATI ON 12=04921-01 & G 4] 0«00
WILLIAM PUALLL COMPANY (THc ) 34— r963-01 6 =] Q 0. 05
W OESCONMS AN CENTRESUG AL LidCOR P 48-1 1044101} 4 3 2 0.37
WoasuaS aiv A nDUSTRAAL Ti T anw qB—1 taB0-01 ac 25 ) Qe 66
WD INDUSTRIES PIP: FAGRICAT. SHe1 94 58—01 3 4 ) 1. 36
YA HEAT THAMNSFER CORPORAT IuN 15—~1 373501 z ] z 0e61
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APPENDIX A
INDUSTRIAL RADIOG HERS
Multiple Locationg~1984

Total Workers with Collective  Average
Licensee Mame License Number Individuals  Measurable Dose Meas'ble Dose
Monitored Dose (man-rems! /rems ne cSy)
A=l INSPCCT aling Ini 49-2 1496-01 4 4 s 1420
AMC TESTING 20-19778—01 10 10 3 0u29
AOVEX CORPORATIUN 45~1 (345201 15 12 12 1.03
AdR FURCE s DEPARNTMENT GF FHL 09=-15149—01 & 6 0 0.05
ALASCA 1eiDULTRIAL X—RAY 50-10084=-01 7 6 4 D62
ALASKA WELDING CeiNTLER ‘ 50-19202-01 59 56 52 0e93
AL EGaENY LABS. T2 0734—01 3 2 0 Oell
ALLIEL INSPECTION ScRV ICCS  1nC, £1-184268-01 i 11 9 7 0. 72
ALLIS—CHALMERS CURPURATION 37-16260-03 i 20 1 0 0. 05
AMERICAN AIRLINES INC, 35-1 3964 -01 : 76 29 5 Celo
AVERICAN ULL CUMPANY (T1.& ) 13-03155-1 0 21 le 1 0.05
APERICAN TESTING E INSH_CTE 154 12-21101~01 7 7 2 Ce23
ANMOCD OIL CUMPANY 45-01378—-02 13 2 0 0.05
ARAY s ODEPARTMENT UF THo 0024 05-05 6 o] O 05
ARNOLL WRECNE TES 1166 LAt . 20-031074 0% 39 30 5 0. 18
ASTRUIE LA LI ST-Q 9 28—-01 12 =] 4 0ad &
BASCOCK & WILWOX wWa (TH) 34-02160-04 133 44 8 0.18
BANER TLSTiih SERVIWES Ihowe L0-1 906701 4 4 o 0.05
3 ASEN 1iWDUS TR IAL X=RAY, 18NC . 4z—~19906-01 o} o 0 0«00
B AN FRUN wWORKS CURPIRA TEUN 18-0 WBEB~04 17 3 s Ca05
B eNJAMIN Fo SHAW CUMPARY g 39-13314-01} 2 2 0 O0e.18
8 Wi MILLUiK INC. S5-19048-01 e 13 10 Oe77
BreANC i wALUTOLRAPHLIC LAG 29~=034 0b—0 2 , 4 4 3 Oe 11
BEAUN ENGINCERING To3Tinu, 18, 22—1 053702 V] o} 0 00D
HRIGES ENGINEERING & TLSTING 20-16401—-01 & S 3 Oa64
S RISTUL SToEl AND @ sUN wORK o 45—1 694701 o 5 1 0.21
BGOTHC—TW ININGy FNC, L4 —1 95 220 1 88 82 a1 Cu99
C bt R LAanUHATURIES 03-1 Y91 79—0 1 4 4 0 0.05
CAPLITAL X—HAY Scdvies 35~11114-01 2t 25 65 2465
CARRULL CENLANEERS £0—130a2~01 5 1 0 Os18
CATALYTIC tHhC, 37—12931-02 J 0 4] 0.00
CATIRPILLAR TRACTOR CiiaPANY 1Z2-0 G0 13-02 16 2 c 0.18
ConTIFIED TeSTING LATINATUR It o <9—1 41 50-191 o [ 0 0.05
Crl NE WU TRACT 40 LR URAT Lo z2d—18392-01 I 13 S 0. 34
CHlCAGD JRILGE AND IR (i, 42-15553-02 113 112 59 D.52
CLEVELAND X~RAY IRSPECTION  §il 45—-15205-01 51 51 43 094
CiBY AND TnICLMC bk To L Fiv e G-} 3737101 o 5 s O Q4
CHLUNIAL uvax CU. £0-1%003—-01 o 4] 4] 0.00
CAUMGLA GAS TRANSM 1SS cUl o kB, AT—=1060B0-01 o 4 1 O« 14
CMBULT IUN INGLINEEIR ING aC, Le—~Cals4—-01 15 11 1 013
CONSULIDATED TESTING L AsS 21-01545—03 ) Y s 4 CeB1
CiNBDULIUA TE W X—1RAY o RV IC: i, 42084 56-02 92 g1 654 Qs 70
CUNSUMCHS PUWER CUN DAY 21 =JabCe—( 3 22 18 5 0. 28
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INDUSTRIAL RADIOGRAPHERS
Multiple Locations-1984

Total Workers with Collective  Average
Licensee Name License Number Individuals Measurable Dose Meas'ble Dose
Monitored Dose {man-rems) (rems or cSv)

CRPURACIUN GLOGIEC bz—21486—01 o} 0 0 Oa 00
C RANE  COMPAIY 24—00563~-02 Y 9 5 0.53
Ol ERGaNLL el dove s t4—0u331-01 - 2 1 (eSS0
D &t 5 TESTINGs INCa 34=21453-01 14 12 12 0«95
D oNlEL INTERNATIONAL CULKR 490 126102 a4 31 19 Ce 61
DAY TUIN A—RAY CUaP ANY 340694301 12 10 4 D«35
DLPTe UF wAvVY s MARL LLLARD anV, 40036400 Be 45 3 De 07
DEPTe JF NAWY » NAVAL DXAFLuS IVE 19-0G318—-03 25 I 0 0e 00
DEPTe UF HNAVY s USS A L4—-1 /87201 2t 3 0 Oe 00
DiPTe OF NAVY s US5 U, 04 -1 ¥9 7601 16 15 1 005
DPTe UF NAVY s JSL H| a1 61 30-C1 24 o] 0 De00
DPTe OF NAVY 3 S5 W L4~-17T0L5—-01 11l o] ] 000
DiPTe LF HNAVY s JSH ¥, Lva—-16G13-C1 1¢ 0 0 0.00
LCPTs OF NAVY s USS i Va—1L041—-01 149 19 2 De 09
DUPTe UF TH MAVY 0V9-21465-01 13 B8 1 0e10
DEPT. UOF THE Navy 31=~1B 2502 13 4 [} 005
DERPT. OF THL NAVY, 04 —0448B4-03 b 8 1 0el0
DiFTe OF THE NAVY . Ju=-05%3 1405 7 [o] o] 0.00
DEPTe UE THo wAYY s ULS 5 U9—=1w?70-C1 1& 1 o D« G5
DUOUE SNE LIGAT COMP ANY S7-17507-01 14 12 2 013
Cw Le UUNAELL & CuMPANY A7-1T537-01 2 4 [ Ce00
EASTERN TESTING AND ISP CT IinN 29-09814—01 27 24 20 D83
ERASCU SERVILES Inc. 29-37056~-03 51 31 10 0. 33
EGE & FLORIDA, INCa 09-21233—01 25 22 3 0014
ELPASH NATURAL GAS LOMPANY 42 -0 3201—02 4 4 1 0.29
EWITABLE GAS COMPANY 37—-17491-01 7 0 0 000
T aaM CUMP ANY I5-16191-01 429 429 56 0.13
F ACTDIY MUTUAL RESEARCH CORPOR 20=04007—02 2 C 0405
FINLAY TESTING LABURATURILS HI-1 785401 5 4 JeBa
FOUSTER WHEELER ENERGY (urte IL1-0LTTE-05 3z 14 5 O« 36
FRANKLIN RCLEARCH CeMNTEK 37-00637-11 16 1 o] 0. 05
FRDEHLING & ROBERTSUN aho - 45-0 889031 10 3 0«39
GMMA FIELDO RADIOGR AP 3L FALCLIL, 12-13858-01 25 20 15 0,73
G AaMMA SCAN COMPANY 07—19528-01 u o o] 0.0C0
GiNERAL DYNAMICS CORPORATIURN 06—0 1781 -08 100 94 23 Da24
GiNCHAL DYNAM LCS CURPURAT 0NN 20—11915-01 21 1 0a10
G CUNSTRUCT TON TEWT LG U405 1604 241 180 G 0.31
GLADS TONE LABSe INCe (Fre) 34=-01764-02 5 0 0«13
GiEAT LAKES TESTING CURPs 1321306-01 0 o] 0. 00
GRANNLLL COMPANY. [ala J8—-02839~0G1 k1Y 12 3 D«26
He Ceo NUTTING CO. 34-14924-01 0 O« 0B
Hae Re INSPECTION SLKRVICE INCa 15—06209-01 6 Qe 73
Hi X—RAY SERVYICES INCe 171923601 (23 7 Ia10
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APPENDIX A {cont.)

INDUSTRIAL RADIOGRPHERS
Muitiple Locations 1984

Total Workers with Collective  Average
Licensee Name License Number Individuals  Measurable Dose WMeas'ble Dose
Monitored Dose {man-rems):{ rems or cSv)
HARDY ASSTOCTIATES LTUL. 50-19946—01 6 3 i De31
HLRFON FEST NG LABURATUORY 1 e 34-00681-03 8 & 1 Ou14
HIUGTON INSPECTIUON SERVILE 42-23150-01 20 20 62 3.10
HUTCHINSON AREA VO-TZCH INS (KT, 22—~15554-01 274 31 2 0e05
L ADERPLNDENT InSPELT il 42+-1494 41-C 1 3 2 3 1«69
FTHNDOCPENDENT TESTING wLAD, 03-1b98:—-02 ST 49 25 Oub1l
LPDUSTRIAL GAMMA LNMSPECTIUN 24—-15850-01 1 [+3 4] Ca.00
I NOUS IREAL INSPLCTION 241407101 47 43 30 0.69
L WOUSTRIAL LABORATURLL S INC, 41-04226—02 [ = Ca?9
LaDUSTRIAL NOT COMP ANY 4519494 —0 1 11 9 O0.43
I NOUS TRIAL NOT SERVICLS 13-06147-04 s [ 0«30
FROAUSTRIAL TESTING LABUIEATURY 37-10406-01 13 1 o Ce DS
ITNSPECTION & TESTING CUMPANY 11-19921-01 23 23 26 1=11
EMPECTION SERVLCE ORP JUF Phi 37-11636-31 o 5 T 1ls 32
P OPECT I00 SERVICL s INC. 41=-21154—01} 34 25 13 D0au53
INTERMIGITA LN TS5 TG CiB4irA RY 05078 712—GC1 25 25 31 1. P2
FNTERNATIUNAL TESE] (85 LALD. 29-14027—01 2 4] Oel1l
JaTe ML iiv COMPARY 1hCa 12-1025-01 4 3 0273 _.
JACKSUNVILLL LAIPYARDS IMNC. 09«-15611-01 1v ¥ 1 Q.20
JAN X—RAY SFRVIES INCa 21 =1 6560-01 1o 15 13 0.88
JINLS s OTHO 35-2 14 25-01 34 30 15 0. 51
Lantiend IoSTING LARIRATIRY 22—1 489701 o 2 1 O« 40
LATY INSPUCTIDN STRVILS 2F=21473-01 2 c 0 0. GO
LA EiaINLewdliny TLSTING Cu, 10-00346—03 243 196 22 Oell
LtHiIGhR TESTING LAROwA TURIES C701173~03 H 8 0456
LUCKHLLD LHIPDUILOLING & CUN ST, 46-0u920—02 11 4 Qe 05
MAGNA Criicn tNve cl-1%111-21 27 15 4 D24
MALLACHUSLT IS MATORIALS Rlo, $0-19130-01 T 4 c 0. 08
MATERIALS TLSTING LA3IURATOR Y 45— ¥ivl-01 9 9 1C l.16
MATTENRGLY E CURLILLY SHERVICL 252147901 0 Q 0«00
MeT LA 1w, 45—099 3—01 K T Os23
MAT=CricM CNGINELR ING L Acs, a2=-19652-01 37 36 22 .62
METCATM ENGCINREER TG LAA, 43-11213—-0z 11 9 9 1.03
MITALUGIC INCe U2-19728-01 94 81 39 0.4
MiTALSALES INCa 42-17142-01 & 4 Debh
METILS IMNC. 42—-16%34—-01 26 9 5 D53
MID—CuiN INLPECTION 49=-18670-01 94 93 8.4 Oa.48
M IDLA NI =RUS S CORP UR AT L Lk 34—CLi115-02 £, 0 0 D« 00
M IDWELT LINSPECTION SORVICL LID, a48~-16296-01 14 =1 ¢ g Ca83
MIINNUTTZ MAMJFACTURING CURP 37-11460-71 1 o 0 s 00
MUNRD L A-RAY CO. 17—-12201-02 4 a 3 Ce 69
MUIUNTAIA X—RAY InC. £5-21134~01 1 3 2.50
MO td SO0—ANUD SE e U P ALY 3ic L. 1l1-1o9%46—-0G1 14 13 3 De 26
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APPENDIX A {cont.)
INDUSTRIAL RADIOGRAPHERS
Multiple Locations - 1984

Total Workers with Coilective  Average
Licensee Name License Number Individuals  Measurable Dose  Meas'ble Dnse
& Monitored Dose {man-rems) (rems or cSy)
NATIONAL INSPECTIUN & WIRNSUL. 09 -212689~01 ¢ 0 0 000
NWY UERT . WAVAL SUu bBabi LH3—1 0226—01 27 1 CeC5
NAaY i:PTe. USL ACAD LA LA =198 46—01 Ze 22 1 0405
NAVYs DLPAR TMENT UF Jus F 31-16014-01 o 9 1 0. 05
NAVYs OUPARWMLNT UF IO 31—-17970~01 14 14 2 Oell
NAVYs DEPARTMENT OF usL O 21—13096-01 14 0 0 0.C0
NAVYy UiPARIMENT UF Uah P Al—1 792801 26 2 0 0«05
NAVYy DLPARIMINT OF VI s1=178G62—01 7 v} 0 0. 00
NAVY, DEPARTMLNT OF Tol 04—-03141-01 24 1 0 0.05
NAVYas DEPARIALNT uF TAl (a-13252-01 16 a (o} 0.00
NAVYs OEPARTACNT OF Tt 060 71 H0—01 ib 17 2 Owll
NAVYs DEPARTMINT OF THe 45-04052—03 B84 T2 6 0e 09
N#s¥Ys DEPAR IMENT OF T #S-1n650-02 14 [ o C. 00
NAVYs DcPAR MUNRT uF Tid w6-0 307801 vz 79 12 015
N#sV¥Ys DEPTS OF hiEs {uss C, 09-19932—01 11 11 1 005
NAVYy UiPTe UF THE, USE M. 04—-19966—01 17 17 1 0.05
NAVYs DERPTs UF fdE, ULS W, Ca—-z1246-21 16 7 o 0. 05
NDE SLRVICE., INCa 05-19821-01 15 15 11 Oe72
NLl CURRUSILN & CunNIRUL 3LR 42-21135-0% 4 G 0.00
Niw YURK TESTING LALDURA IURICL 31-02933-01 T 5 G.37
NEWAORT wLWS IndUSTRIAL ~ORP. 34~16805-01 4 3 0 Ce 05
NENPURT WEWS INOUSTRIAL CORP 45-1 1569-01 S 0 0 0. 00
NMEWPOKT NEWS: SHIPOUILILLIMNG 450942802 95 89 34 038
MNoIC TLETIRG SERVICE 37-168348—-02 13 3 1 0e 20
NUMDE STRUCTEIVE INSP-CT JON SLREV. 47—-11883-01 11 11 a Ce6B
NONDESTRUCT IVE TESTING CUORP. 29-19742-01 24 24 ) 0e21
NWTER LORPURATION 240378301 16 13 1 0. 06
NUORFOLK SHIPZUILD ING AnND O9R YO 45—~12042—01 17 11 1 007
NUiTH AMERICAN INSPOCTauUNs anNC, S7-23370-01 24 21 14 Out6
NIRTHEASTLRN RESEAROH £ TEST 29—-1 800601 ‘ v 4] 1] 0.00
NUCLE AR ENERGY SERY ICE INC, 42-1 6559301 128 ea 61 0«69
NuCLEAR INSTALLATLION bHokve Clhis 09-23042-01 2 0«05
Nl b aTERNATI UnAL 12—-17506—01 3 0 0«05
OKLAHOMA TRST ING LARORATORI S 35-10577-01L 14 7 1 Oe13
oW DUMIMIUN TRUN & STeEL CORP, 45—1 5581 —C1 3 3 0 0.13
P ANHANDLE EAS IERN PIPE LINcC LU 151 7729-01 Q 1 009
P aRKER inDJUSTRIAL X=RAY LAB. 06—0 133703 13 a 3 Oe 35
PATZIG TESTING LABS INu, 4—-18897-02 1o & 1 Cel?
Pt LATIN AMERICA, LTDa 10-1 99850—01 0 0 O 00
PLNN INSPECTION CUO. 35-21144-01 9 7 0«74
PLRINI CUKP . 26—21490—01 0 1] O« 00
PrOTON FLELD INSPELTIOWs INCa 212101001 1 ] 0 05
PITTSOBURGH DES MOINUS STeEL U, 14—0 183704 iC 4 1 Oa11
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APPENDIX A {cont.)

INDUSTRIAL RADIOGRAPHERS
Multiple Locations -1984

Total Workers with Collective  Average
Licensee Name License Number Individuals Measurable Dnse Meas’hle Doge
Monitored Dose {man-rems) (rems or cSv)
PATTIS sURGH WS M0LN=S LTEEL Co 370260702 14 7 2 0.27
PLITISOUNGH 35T INw LALURA FU RY AT—U R 7625 520 323 176- 0.55
PLANT LNSPoLTLUN CU, CH-210 3201 T 0 0 0.00
PURTAGLE ATUMIC X—RAY CuMIPANY 350748803 2 1 1 0.63
PuweR INSPECTIUMN, 1 K . AT-2 laz23-~01 G 8] 0. 00
PUwis PLIP LNt CUuMP AN ¥ 3709945-01 q 1 0«3}
PRECTLION COMPONENT L CurP. dT7T—lo2E0~-0Q1 53 25 2 007
PHIGRLSE BERVICUS oI NC W 34-19592-01 11 2 Ce2X
PHOGRESS] VE FaBWl CA 10K S 24—-2 120001 0 0 0G0
PU_IMMAN POW=R PAOUUCTS I7—-26042-01 94 1 16 032
QelCe LAMIRATDNRKILS L C o 09—-11579—-33 27 ) 0«34
Guaw LIIY TLSEING LAsuiaTul Y 14=17989-01 > 4 0e58
QUALTTY ASSURANCE L ASURATUR IS% 18~12078—01 4 2 Qe 61
RADIOUGR APHY INSPECE idiNs INC . 162 1451—21) 26 24 12 Oua9
REALTUR CONTRULS amwe 14—1 526501 14 6 1 0.13
RELIANCL FouTirie LAcURATU] it 19~1 71 76—01 1 10 3 0. 31
RACHARD KRUFGEL, u A GLNLRAL T 34—-G9037—01 5 s 8 1.58
RUCKHEL L INTERNAT LUNAL Ca—17624—023 o] o} 0 0.00
S & 5 INSPECTIUN COMPANY 12—-19780-C 1 1% 13 7 0«54
S5 TH—LU MUY CUMPA Y Ca—1 9467-C1 13 1t 2 0.17
SUWTHWEST X—RAY CURP. 02-21354-01 36 36 40 1.12
SPALE SCEENCE SERVIC » §1Ce 0907550~} 41 28 20 Oa72
SPECTRUM LASURA TORILS L.&l. 23-07266-01 q 3 0 0. 05
ShW gabeLlTadN SERV Iea s 14—19899~—01 \ 0 v} 0«00
5Te L{MIS TeSTING LASOKATOR LS 24—00188-—02 1% 14 19 1. .35
SIONE & AcBLTLR ENGINLELHIMNG Cl. 20—LDo55600—-C2 90 42 10 0.23
SN RaY TLSTENG JATORNATLIOLN AL w4 —195 1y-Q ] 3] o] 0 0.00
S5UPER IUN 1IN STRLAL X=~kAY C i, 12— 237001 1z 6 1 0. 09
TLNNE LD 1 HNC,- 4z—0 907302 25 24 6 Ce26
TENNESSEL VALLEY AU THORLTY 41—06832-006 35 21 3 0.13
TIRLX CHPOIRATION 34-19607—01 5 2} 0 000
TLOTING INSTITUTE UF ALALRA SC—1 T4 46—01 E3 4 2 0«37
TOMNSINL AND BOITTUM Iives £1-17095—01 n 0 0 0.00
TrANS T ASTERN INSPECLTT N St RV J7-14855-01 Bo T4 61 082
TRANS-WORLD TESTING L AnSe,s 1. 04-2 4560=01 11 11 -y 0«34
TS TAIE INSPELTION & NS oL, I7T—19640-01 Q 0 o] 0+ 00
TrRUTOM LTD. Co—2o755—01 20 13 =] Qv 69
TSA GAMMA HAY INC. 35-17178—-01 1> 14 19 1«33
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APPENDIX A {cont}

INDUSTRIAL RADIOGRAPHERS

Multiple Locations-1984

Total Workers with Collective Average
Licensee Name License Number individuals Measurable Dase Meas’ble Dose
Monitored Dose {man-rems) {rems or cSv)
TWSA INSPECTION SERVICLs INCe 35-2 3362~01 43 40 22 0.54
Tuald CoI¥Y TESTING A:D Hid, »2-31376-02 42 28 18 064
TWIN PORTS TESTING, INU. 48-2 347601 11 8 10 1.22
JaSe FTESTING COwes LiCa 29-024T77T—G9 < o D 0. 00
ULRA TECHNOLOGY s INCe 50—2 336301 0 0 0 000
UNION BUILERK COMPANY 47-10182-01 23 20 12 Ue 61
UNITED LINSPECTION. INCe 3I5-2 34 36—-01 16 ra 6 0.41
UNLIED STATES TeSTLIMG CIMBANY 37-15445-02 ez 41 11 0.26
UNITED TECHNOLOGIES CURrP 060 V52205 o o 0 0.00
UniVERSA TECHNICAL FESTING LA 37T-00453—03 18 12 8 0.65
UNIVERSAL TUSTENG LABORATOR 1:S5 29-10397-01 27 6 1 0.15
VENLGAS INDUSTRIAL (ESTING LA 281 484702 ] 3 2 0u56
V IRGINIA DEPARTMENT OF HIGH WAY 451 338002 z 0 ¢ 0.CO
WeMe KEILUGGS CUONSTRUCTURSs IRC 42-16573-01 3 0 o 0.00
WESTERN INDUSTRIAL A—RAY P4—2 138501 a9 39 3z Do 94
WeSTERN STRESS, INC. 49~2 3890-01 13 11 1 0. 06
WESTERN X-RAY COMPANY 35-19993—01 13 9 5 0.51
X—R~] TESTING OF MICHIGAN 21-05672—01 5z 23 s 0.23
H AT . hiNea 460 34 14—03 2s 28 14 0.51
X—SCAN INSP=CTIUN CUMPANY 35-19507-01 = 5 [ ielb
AHMY, DEPARTMENT OF THe 29-06047—08 v 0 0 0.00
MLLOY LABURATURIES INC. 45—1 ST 33-04 0 o 0 0.00
WASHI NG TON UNIVERSLTY 24-00167-12 G ) ) 0. 00
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APPENDIX A (cont.)
MANUFACTURERS AND DISTRIBUTORS

1984
Program | Total  Workers with Coflective  Average
Licensee Name License Numbe) Type Individuals  Measurahle Dose Meas’bie Dosa
/ Monitored , Dase (man.rems) (r‘ems or ¢Sy}
ABBOTT LARORATOQRIES 12«p0621-p3 BROAD 1310 175 12 Ca 07
ACCURAY CORPORATION 34-00255-03 | BROAD 3s7 223 17 0.08
A MERSHAM CORPGRAT 105 12-12836-01 | BROAD 229 75 22 0e29
E e Re 3WIBL AND 3005 INCe 29-30139-02 | gRoAD 406 234 41 Oel8
H ALl LURTUN CuMPANY E50U502-05 BROAD 57 57 10 0.17
MALLT CKR DD T7 NUCL EA & 24042 C6—01 BROAD 350 326 184 0.56
Now ENGLANL NUCLE AR Curet, 20-003 2009 BROAD £ 50 @ 017
N4 ENGLAND NUCLEAR COxly 20-1 1868-01 BROAD 620 227 123 0.54
NEW CHNGLAND NUCLwAR CORIY 20~0G320~13 BROAD 455 201 146 D.72
P ITTWAY CORPORATIUN 12-15023~01 BROAD 36 0 0 0.00
RAMSE ¥ LNGIREERING Cia 420 1485-04 BROAD ) (=P &0 18 030
Viorfiac AL UPCRATLIUNS Lowe 20=0u277-c34 BROAD 64 28 10 0. 36
— l ’
UPJurN LUMPANY 21-001B2-C3 BROAD 504 60 G.05
A IRCOD INCORPORATED £9-02085-01 l OTHER 27 1 o 0. 18
ATOAT L INEFRGY OF CANADA L1, 54-00300-0D4 OTHER o] o o] 0.00
ATUMIC ENLCRGY OF CAwADAN LM, 540030009 OTHER § 28 25 & 0e25
ATUMIC ENERGY OF CAMNADA LM, 54—00300-12 OTHER o 0 o 0.00
CAMnR IDGE NUCLZAR CILRP: c0~06799=02 QOTHER 24 12 2 0415
ELFRETH AlikrY APOTHLCARY A7=15461-01 OTHER 28 21 4 0.18
GHIMA DIAGNUSTIC LAGOKATORI &5 c0-15213-01 OTHER 19 15 17 l1.11
K AY~HAY 1NCa 1Z-11lva-—02 OTHER o 0 o 0. 00
. - L'
MA LINCKRUD T, INC. 24-04206-07 OTHER ¢ 0 o 0.00
MALLINCKRGU Ty INC . 37-21345-C1  [*HTHER 0 0 o 0.00
MALINCKRID Ty [NC . J7-23326—01  [*OTHER 0 0 e 0400
NFd ENGLANLG NUCLEAR Chhiz 200032016 OTHER 4 4 [ C.05
- *,
NUCLE AR PHAKMACYs 1NCe 37-21322-01 OTHER & 6 1 0.19
NUILEAR FHARMACY ~7=19566-01 {*QTHER 18 6 1 Ge 13
NUCLE AR RESEARCH CORY 37T-02401-04 OTHER o o o 0«00
Pildrd ATUP S I NC . “1-19219-01 [*OTHER
*OTHER 14 4 o 0.08
P AT (808, . 34—10654-01
ATUR LS TNC , 20 19 4 0,21
PLAMATUR LS Ind, 34-19007—c1  [FOTHER )
" 12 3 0 005
PrARMATIF S TNCe 34 =19003-01 OTHER
" " 1¢ 5 0 0.08
PHARM A1 00 CL £ K 13-19451-01 OTHE
[ CU . L 3] s} 000
SYHLUR CURP. 12=~19333-01% OTHER
DR * | 40 35 a O.12
S YeolOr LORP, 24-19350-01 OTHER ! i
" 19 17 3 Cel?
S YNCUR CURP. 34-16467-01 § OTHER
* 14 3 o} 0.05
S YNCOR CURP . 34—13484-01 | QTHER ) _
x 12 5 2 0. 31
5 WNCOK CORE . 35-19583-01 ‘0THER 1
. G & 0 0207
S¥NCUK CURP. 37-21092-01 [¥OTHER
1% a 1 D18

Activity includes distribution of radiopharmaceuticals
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APPENDIX A (cont.)
FUEL FABRICATORS AND PROCESSORS

* -
Engaged primarily in decommissioning activities.

74

1984
Total Workers with Collective  Average
Licensee Name License Number Indiv.iduals Measurabie Dose Yeas'ble Dose

, Monitored Dose {man-rems) (rems or cSv)
ATOMICS INTERNATIONAL SNE=D021 1124 477 61 0.13
BABCOCK & WILCOX CO. * SNM-0416 109 25 3 0.12
BABCOCK AND WILCOX SNe=1168 179 121 46 C.38
BARCOCK AND WILCOX TNC SNMaQ(62 2431 1859 127 0.07
COMBUSTION ENGTNEERING INC. SHM=1067 212 96 29 Ce29
COMBUSTION ENGINEERTNG, INC. SNM=-C033 09, 36 3 0.08
EXXON NUCLEAR COMPARY INC, SNM=-1227 873 621 75 0a12
GENERAL ATOMIC COMPANY SNM=0696 1500 412 42 0«10
GENERAL FLECTRIC CQ. SNM=109Q7 1225 787 109 O« 14
NULEAR FUde SLIviles Lias SNM=0124 903 626 37 0. 06
Gl TED MJLLEAR CORP . * ONM-LT T N 0 o 0.00
UMl Teo NUCLUAR CORPGRATIUN SN~ L3 ob 126 64 4 0. 06
WESTINGHIUSL ELECTR IC CudP oNM—1107 7 36 646 283 044
WESTINGHOUSE ELECTRIC CORP SNM—1120 c a o 0,00

LOW-LEVEL WASTE DISPOSAL FAC.
CHLM—MJCLEAR SYSTEMIs INCe 40—19524—-02 545 262 57 0.22
NUCLE AR ENGINEERLHG COMPANY lo=19204-01 379 25 16 Cedd

INDEPENDENT SPENT FUEL STORAGE INSTALLATION

GLNCR AL ELECTRIC CUSPANY UNM—Z5 00 32 32 13 0.6l



APPENDIX B

Annual Whole Body Doses at Licensed Nuclear Power Facilities
1984
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APPENDIX C
Personnel, Dose and Power Generation Summary

1969 - 1984

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



0°Gg £L°0 £ 0T 99¢ 68 GSt £29 5°Ed 0°ET 6L6T
9°t 19°0 991 3 28 £6 SLT g8¢ 6°LL G '8t BLET
L°L ¢L’0 vie 09 [0)-74 ¥6 tee 59t vEL 9°tt LLBT
876 65°0 81 SOT L0e ¢g 68¢ gat 1708 §762 346T
T's 0970 09t 0z [ 8 85 08T 00E 8765 1°s€ SLBT
89 86°0 tvee ot ¢éc 4] 9i¢ 182 £°0L L0t vi6T
9°g 81T 991 61T 58¢ e 6709 E£L6T MW 0/ - A3loede)
A £6°0 181 S6T S'Ef ZL6T yMg - sdAL
't 140 81 09¢ 744 TL6T £9/€ uol1edado |B[DJBWWOD ST
St £9°0 el 06¢ SEY 46T 9-ddG ‘§ST-05 3I@d0(
8¢ ¢80 9€T G591 1°8¥ 696T INIOd 3204 DI
6°0 9t "0 ¢0¢ 4113 64€ 5¢T 09 E6ET 8714 £°948 86T
VI ¢s 0 £8T S19 ¥19 8581 clL g8tT ¢’'89 ¢ T9S £86T
8°'T veE'0 811 18t €LY 91 6649 SGLT 9 TF £°92¢ 2861
v BT'0 8 ctT 16T 8¢t 6¢¢ LE2T 9°ef v ELG T86T SMW 0T8 - A3loedep
6°tT 0E0 9L Liy Liy 94 £6G L1881 89 876E 0B6T UMd - BdA)
9'0 6T°0 g9 L9 0Tt 44 ¢ET v0L 0°ar 0°Tée 646T 9//0T ueliedado |BLOJBLWOD ST
9°0 6¢°0 8¢ ¢sT 6.1 1T aeT 9+9 8 0% ¢ t0g 86T 99-3d@ ‘¥EE-05 39%20Q
A1) 9¢ 0 67 89 64 8 8 TEE 0°£5 9°6G6¢ LL6T T AJT1TVA ¥3Av3d
9°0 a9t "0 €2 £ES LTL 68 908 A 7AN Vil 1°68¢T ¥B6T
ST 9970 4514 SPTT 00£T 6 LBET 60T¢ 9°%g 0°9T6 £686T
6°0 0s°0 86¢ 505 904 L6 €08 8091 989 506 86T
0°'T 05°0 66¢ £v8 423 0T 20Tt §éee £°89 LP0TT 1861
870 8270 6¢T {3 ¥4 19¢ 8 443 £ECT L7E9 8 é5% 086T
670 820 £TIT 474 STE ¥5 69¢ TeeT £°69 0°46E 66T MW 858 ‘9€g - A3Ldede)
£°0 9¢°0 08 60T 48T 4 681 el § L 2°L29 86T 08/€ SYMd - edA]
¥'0 Ev°0 Sbl 11T 82é 8¢ 95¢ 109 8 9L £°0T9 £L6T -‘$£/2T voljR4ado {BLDuBWWOD ST
9°0 19°0 68T 00T ¢9¢ e 68¢ 9Ly 9799 9 ¥9¢% 9L6T 9-4dN *TG-¥da €TE-05 13%20Q
0°0 ¥T°0 e LPT §°9L 0889 Si6T 2 T SYSNVYY
JA =Ml (AS3 a0 ALLLLIN 407 SJ4B3Y30 % suoly {AS2-u0 $as0( 8tqe 4012ed | (SA-MH)
/{as2-) swad) 2 UOL3IEYS -DBJIUO) “jutely  -eaadp Swad ~ANSP3Y UYILM A1111q | sdeap Jeag uotjeziuebug Buljaoday
swad 350( adA] pauuosdad uoL3ouny YJIOM -uos4ad) iduuosaagd —B[LBAY | -371EM
~U0SAdd 9.q,5e3l Jdad (AgD-) J4ad (A50-) asoq Le3o0] 3Eun -ebay
abedany SWaJd -UasSddy SWaU-LOSJdBg BALYIA| 0]

AJeWWNS UDL3BJBUIY LBMOJ PUR asog ©|BUU0SJag

7 xLpuaddy

82



L 99°0 68 £9€2 LTTE VT 09zt 90§ S°Tq €194 86T
§'g 2970 {y0T 8¢ve €ZEE FAS SLvE 209s 9'0F £79£9 £861
§°9 9.°0 T56 84574 0€9¢ 418 c6LE L5961 £°09 €'0bs ZB6T
6°2 8970 ats 0681 6.%2 65T 8€92 #59€ 6795 | 2°526 1861 9M4 06/ ‘064 - A3ioede)
9°§ 20T zLL 860E BSLE 11T 048¢ BBLE 2°25 27489 0867 4Hg - BdA]
¢'e 06°0 8¢S vioe 5082 L6 2092 1682 T°09 07018 6461 LL/e
g0 69°0 60¢€ 569 406 66 00T 26+T L°E8 T €LTT 846T ‘6L/TT uoLjedado [elouasuwed 1sT
8¢t vL°0 LEE 431 TL0T 8% 6TTT FAR £°9§ T°T62 LL6T  TL- “29-¥d0 f5ZE-05 ‘$2e~05 39yd0Q
T'1 920 0T f244 TTE ST g¢g¢ §9ZT 099 2°L{62 9/6T T ‘2 NIIASNNYS
LARY 9370 66ET TvS 4T 622 (1):8 2962 FAn 1 6 TEPT 86T
0°¢ ¢0°T vsve 806 L{80€ 9L E£9EE "Z0EE €°bg 0°TPoT £86T
't 89°0 £06T LTE 602 T8T 0ece LL2€ 9°£9 5202 2861
T'T 0470 9461 iy 0g8ee 00T 08€e BLEE §°69 6'C¢1e 86T M G90T ‘S90T ‘G901 - Ajloede)
8°0 £9°0 9LLT 6t TZ8T t §28T ¢lie 9°€L T°2812 086T SyME - adAL
£°0 290 8LET 682 £99T 0 £99T 6892 T°6L 0°eeee 6/6T LL/E 'SL/E
6°0 GL°0 EEST 652 8841 t e6LT 9/£2 §°es 172661 8461 ‘t£/8 UoLjRaado |e|oudwmoD 35T
9°0 9t "0 19 6%¢ €08 09 €98 84a87 0'EL S°L2ET LL6T 89- ‘24~ ‘€£-¥da
L0 Ti°0 434 £0g¢ 6°92 9°LEE 9461 962-06 “09Z-0§ ‘65Z-0§ I430Q
0°¢ +T°0 SZ€ 08€¢ gLt £T9T /6T £ ‘Z *T A¥N3L SNMOYE
¢ ¢5'0 GET 0¢ 81T LE SST {6e 9°8L €°09 36T
6°9 £ES°0 802 1 TIee 43 €9¢ E6h 0°'TL €°¢h €86T
§°L £€9°0 092 89 66T 6¢T 82t ¢S 80 9°¢h 2861
8¢ £E'0 eet 8¢ 0T 89 03T 6Lt 9°06 6799 1861
2L 6570 £92 16 BEE 9T AT 669 0°6L 6°8¥% 086T
(PeNULIUG)) INIOd NJ0¥ 914
JA-MH {a52 Jo ALeian 407 sdaylp suolg (Ag2.a0 s350(] a|qe 403084 | (JA-MW)
F(A52-) SWad ) 7 UOL1E1S -DRJAUD) ‘quteld  —edadp N -ANSeay YILM A1LLLq SABBL ¥1-C7 Y uorjeziuebip Bulrqdoday
=S 350( adA] {esuuos.dy UoLaouny Jop ~uosJtad) [2uuosaay -BliBAY | ~19Em
uosJdad | a|q,seay J4ad (ASD.) <ad (a52.) 9s0( [eqo]) ILun ~eBay
abedaay SWaJ-uosJdad SWL-UOSU3g JAL1Da[ 0]

AJdewung UoL3eJ3UI) UIMO4 PUB BS0Q *|BUUOSLAY
(panuijuo)) 3 xipuaddy

83



6T 0570 91 5€9 £5L 9 66¢ 8651 2°L9 6°TTY 86l
£°¢ €670 212 180T 9ECT FASS €671 £8eT £7€9 9°96¢ £86T
670 €L°0 8T 151 iy 99 4:4°] 1374 9718 £°229 2861
€1 28°0 L61 28¢ 91s £9 648 1137] 2°TL T°{5P 86T
6°'T 60°T S1Z 9 684 0L 658 51:72 ¢'TL £°8tt 0861
"0 2570 2cT &8 [¥AS 0§ ¢ 92b 9.8 0°TsS 646T MW +9. - A1LoEdE)
£°0 £5°0 0ot 85 81T ot 8581 14 0°T6 07945 8/6T Mg - adi
¥°0 £9°0 TET 99 LT 0s {61 STt 2’98 ¢ 8€s £L6T t2/¢ voljedsdo [BLDJSWWOD ST
870 9v°0 orT 0Te TT¢ 6t 0S€ €94 §°6L EEEY 961 9b-4dQ 86Z-0§ 194200
2’0 0Z°0 g6 6T L8 113 LTT 649 9'te 95t SL61 NOILYLS ¥3d003J
5°0 6v°0 S91 L6S 0ZL 44 9L 695T £°6L 09291 86l
S0 90 16T L9% 8§09 0§ 859 8ItT ¢'TL §795PT £86T
g0 90 22 Lt 2e9 L9 669 LeSt 8769 9 T9vT 2861
"0 3] £Te ) £09 at 459 Irel bEL £°4951 1861 8MW Q50T ‘2MM4 020T - A3loede)
€70 LE"O 04T €2t 1844 9t £bb SPEL vl 2951 086T SHAd - RdAL
570 0s'0 P9e 14514 £L9 14 814 StbT £°59 0'ELET 66T 8L/L
0 EF0 6T 6ET £8¢ 4 9EE 8LL 9°EL 8 'h¥L 8461 ‘G//8 uoliedado |BLOJSUWOD 3ST
S'0 LETD 191 8tT 8lé 12 66¢ ¢08 1°94 0°ELS LL6T tL- ‘85-¥d0 “STE-0§ 39 20Q
T°0 62°0 14 L €01 £T 91T S6E 1°ee ¥°L08 96T Z 'T Y002
E°D GE°0 10+ 74 81t 19 BLY G9ET 264 b "68ET 86T
g0 S€°0 525 EVL £99 ] 899 G16T 918 ¢ L6ET £86T
g0 6570 g49 [40) 4 €L6 8 L5801 5081 L7EL € 8E¢T 286T 9MW G268 ‘528 faloede]
v°0 6E"D 6¢¢ 8Lt 8.9 6¢ £09 596T 1°¢t8 L76LET 186T siMd - adA)
570 St°0 Si¢ 20t 299 ST LL9 S6tT 1°v8 6 60€T 0861 LL/Y
£°0 95°0 ¢8E XA 2Ll EE 508 :ra- 4 0°¥L 0°T91T 6461 ‘G//5 uoljedado [BLOJAWWOI 3ST
¥'0 9€°0 LGE ErT LBY €T 00§ T6ET g°'qL 58811 8461 69-
6°0 ¥eo ECE ez 1S 9t L¥S §9¢¢ 1°¢L 0°€E8S LL6T ‘£G-4dd ‘QTE-0S ‘/IE£-0§ 39%0(
°0 ST°0 99 8 9Y 8¢ YL £09 2°66 ¥ ESL 9461 2 ‘T S44112 LH3IAIY)
JA MW (AS2. 40 A3L1L3N J0% 543410 % suoLg {(AS2-a0 $350(] || qe 403004 | (AA-MHD)

J{ASD.) SwWaJd) 3 UOLIEIS -IJBJIUO) ‘juLey  -edadp L{TEN =dNSE3H YILM A3LiLq saea) Jeah uoLyeziuebug Buridoday
-suad aso( adA] |2uuosdad uoLgIUNS AJOM -uosaad) [ENLEREY ~BLBAY | -31EM

-uosdad 3|q,589K Jad {(AS2-) Jad (Aag2-) aso( 1230 3un -ebay

abeuaanay SWaJd-Uosdad SWAL -U0543d aaL}ovL 0]

AJBULUNS UOL]BABUID JIMOJ PUEB 3sog °[aULOS.I
(panutiuo)) 7 xipuaddy

84



"340d34 BY] UL BUBYMIS| UMOYS SUDIDBAU |RLIUBWIOD SO JUNDD 3Yj UL POPNLOUL 1135 SL 1L 3NG UMOPINYS S§ T UBPSIU(y

a4 8.°0 096 Y18 1291 €51 PLLT 1922 €765 8°68L 86T
6°¢ 9¢°1 SGHT Le1e 90tE 94T ¢8s¢t ¥882e 949 9°ETH €861
L°¢ PT°T Z61T TELT {842 9¢T £€eee 4414 6°4LL €°580T 2861
L'z 9Tt €56 0581 2892 02T 208¢e 802 8°1S £°SE0T 186T
0'¢ £L°0 ¢TI0t €60T 698T =14 S0T2C AN XA 0°5S PvL0T 086T
8T S£°0 64TT Tva 609T 16T 008t L0ve L% 0 €T0T 646T
¢'T 6L°0 076 619 GZET 02 625T 96T §°6L ¢erel 8461
S'T 16°0 000T €69 LLET 9T¢ £69T €981 LF ¥ 67ZETT £L6T
ST 96°0 €6 6L 2sPT 8cc 0891 LT 8708 2 LleTT 96T
By a1 1T 52 AT [¥ x4 €2pt 0TEZ 9°pg 17804 S/6T MW £LL “2LL “L6T - A31oedep
0°¢ $0°T 5091 Pl 2991 ¥6ST 6°1S Sev8 /6T SyME ~ adk)
8°0 040 65 TPE 96, €1 6E6 THeT 2°ZT1T €L6T TL/TT “04/¢
g3°'0 8es L E¥eT ¢L6T ‘09/£ USLjeUadD [BLIAFWWOD 3ST
8’1 ST §-b6e 16T §Z- ‘BT~ ‘Z-Yd0
6°0 EbT T°e9T 0L6T *6¥2-05 ‘/£2-05 ‘0T0-05 39%20Q
6°¢ 98¢ L°66 6961 € 'Z »'T NI0S3uq
£'0 91°0 1] ccl £9T 0T LT 980T §°29 §°81S ¥86T
1°0 TT°0 e 9% ) 7 9 08 814 0°tL 17265 £86T
t°0 FANI) Se 6€T FAshS eT 91 0SeT §°TS 8°06€E ZB6T 9MH $/8 - A3ldedep
10 (] 9¢ ¢t A T a5 8/§ vig P TES 86T UMd - @dAL
90 ¢l’0 €t 12T 08T ¥ et €821 ¢ 9¢ ¥ 96¢ 086T LL/TT uoliedado [eLodowwod 3sT
0 0T"0 T4 S 4 8 0g 0€ 0°49 0'18¢ 6461 £-4dN ‘9v£-05 3ayd0g
T°0 IT°0 be ¥T ge €T 8t ey L8tk ¥ "9¢¢E 846T T 39538-STAVQ
0 60°0 £z ée 6E 0T 6t 65 Sv6 I8 74 ¥B6T
2T cE0 66T £6¢€ i8¢ p¥a 2ss 0241 9°'8g T est €861
€0 £€2°0 19 91T 891 6 LLT 084 0794 87689 86T SHMA TZ8 - A3ioedep
870 9g°0 ¢lT 9te ove 8T 80t 0211 ¢29 b '06¢ 86T HMd - 2dA)
ST 65°0 1374 8¢ 109 e 529 €601 Z'€g 1°20¢ 086T LL/€ uoljedado |eLdadWMOD ST
't €F°0 6%T 9 99 62 S6t 0STT 6°85 0°ESY 646T ZL-¥d0 1Z0E-05 313920q
0'L 05°0 LL La'c4 ETE 8 12€ £bg (AN S°T1E 86T € YIAIY TYLSAND
dA = (AS2 u0 AL 403 s43y3p B suolLy (ASD-do 5350( ajiqe J030B4 | (JUA-MK)
/(Aag0-) s5wad) P UDL3E]S  -~DBeUquo) "L -e4adp swaJ -ANSB3Y UILM AjLLLq SABIL 4ea L wotieziuefug Buriuodsy
LN 3500 adA] [aUuosJdag uot3ound jJaom ~uosJad) [auUDSEdd -BliBAY ~33em
-Uosuad ®pq,seay 23d {AS2.) 48d (ASD-) asoq [e3jol JLun ~ebapy
abeuaay SWAL-U0SJdI4 SWaJd-Uosaag

31399 (0)

AJBUUNG UOLIELIUIY JDMO( pue 3soQ ‘[auuosday
{panuijuey) 9 xipuaddy

85



L1 0s°0 ¥0S L9% 688 g8 .6 0T9T 8°9L ¢"948 86T
0°¢ ¥3°0 144 £99 ZEB 86T 060T ST/T 9°0L Z°9%9 €861
0°¢ I5°0 82¢ ¢98 50T 9T 06TT 4444 079/ 9789 2861
§°¢ £5°0 £6E ¢L0T 8ECT £81 G521 06t2 L4 6°¢99 1861
0t 6670 F4 ¥4 8081 2¢6T 8T1L 0v0e 9502 £°0L 57609 086T MW 018 - A3iroede)
§°'Z T0°L TZE 8€S 069 69T 658 068 804 0 6VE 6461 dMg - adA)
8'T 00°1 483 £69 x 7 991 606 06 1°¢L 0°Li6% 8/6T G4/4 Uoijedado [@1OJBWWOD 3ST
£°¢ 8L°0 EFT LEB 9501 tT 080T 08€T 89 5°09% LL6T 65-4d0 ‘E£E-0S 1@d0(Q
0 veE“Q ¢0e oo9 9 1L 068t 9461 WITYLvdZ1Id
970 -} 86¢€ oS T4 LLT 206 9¥0e 9°9g 0°LpPT 86T
870 £5°0 ets 6% 08, e TZ0T 8E6T 6°728 G'9GET E86T MW 608 ‘/6/ - Ailoedey
70 €70 88¢ 96T 6Z€ §5T 8t £6HT 2°6L | §TILZT Z86T U¥d - °dAL
9T BE'D e 0ie STV 96 116 TEET v Ty ¢'01E 1861 18/¢
870 €£°0 0se 58T 62 90T GEY 0EET £°69 €65 0861 ‘LL/2T uoliedado |BLoJBUWOD 35T
0°€ ¢5°0 £81 o9t §5€5 80T £¥9 £22T 9°82 0°'T1e 646T 8- ‘Z-ddN ‘+9€-05 ‘gre-05 19%20(
1°0 020 i 43 69 6€ 80T £2g §°98 8E1L 8461 Z ‘T AZTavd
9°0 TE0 2L LTT 29T 1LZ 68T 119 6°2L t62¢E 86T
0t L0 61T 9TOT €601 et SETT 89¢%1 6°¢9 0°eBe £86T
g0 v 0 S ST ITe 8T 64¢ 124" L¥L §°8/Z 2861
82 19°0 26T 865 el 99 064 98¢T 8769 L7112 86T
0°2 19°0 T0T 045 6€9 43 1.9 BOTT £°€L T°6€€ 0861 3MW STS - A3toede)
8°0 9€°0 95 612 (1174 5€ §Lz FA:72 0°8L | 0°26E 6.6T 4Mg - adh)
§°9 88°0 ey Z€6 ST6 69 ti6 ¢TTl ¢ EE g '6¥L 8461 G//2 uoljedaado [eloJdawwod 35T
g0 95°0 6L e €92 9t 662 BES 6°8L g EgE LL6T 6-4d0 ‘TEE-09 3a%20Q
£°0 0£°0 £¥ 29 16 T S0T age 0°8L g "S0€ 9461 IT0NYY INYNa
Jh =M (Ag2-d0 ALLiLan Jog sdaylp sSuoLy (A§3-do $350(] 21qQe 101084 | (AA-MA)

/(A502) swad) B UOL}e}S  -DBJIUL) “uLel -eJdadg swaJd -dnseal yiM AL[Lqg SJABIA FL:EVS uoijeziuehuag Burguaoday
534 a50( adA] |auuosday UoL3AUN AJOM -uosJdad) IEILINE R -BlLlRAY | -33em

-uosaad | aiqg,seay 43d (As2-} J4ad {aso-) asap B304 JEUn ~ebap

abeaany SWaJd-LosJ4ay SWaJA-UoSJADg aAl3I9) 0]

AJBWUNS UOLIBUBUBY 4IMOJ PUB B350 °18UUDS5.I3J
(panuliuo)) 3 xtpuaddy

86



0°'T §5°0 66T 6T LEE LS 6E ETL AL 1°8L€ 86T
£°¢ 88°0 Liy 8/E £1g 44 558 696 9L 0°59¢ €861
6°€ ¢0°'1 65 99 0901 08 (N 2NE LTTT 8789 0°68¢ ¢861
9°T T£°0 ¥ov 15¢ 909 bt 559 GZ26 1°¢8 0°66% 1861
6°T 99°0 a0t 20g VAL 9 80L €L0T 0°9L S°0LE 0861
LT £9°0 SBE L0¢ ¥eg 89 265, 8.8 8¢, 0°G5€ 646T
¢'T 89°0 4213 86 0y 0¢ 0S¥ £589 9°08 G 98¢ 8L6T
T 9470 182 Oct 98¢ ST 10+ 0gs G768 9°99¢ LLBT
5°¢ ¥8°0 92¥ 01e £09 6¢ 9€9 88, 2785 8 8t¢ 9461
S'T 8470 8€§ §89 £°94 Z2°99¢ GaL61 MW 0Lt - A3Loede)
8'f 6E°T geet t88 29 £7ES2 vi6T HMd - 9dAg
S0 0L"0 orT 8 69T 59 vze 6TE S 760t €L6T 0£/¢ woLjedade |Brouduwwos 3sT
S'E 2s°T LA TA 8s4¢e 196 | ¥4 ¢e0T £L9 9°€62 2L6T BI-ddd ‘t+Z-05 I=%20Q
€'T 92°1 F45 80T 19€ 69 OEt ote 8°L2E TL6T YNNI
02 2970 0s¢e ETE iy 16 £95 £T16 669 2642 86T
£°T 05°0 gce 502 L9 99 EEY 098 T'€L t-oge €861
5°0 9€'0 81T 66 £LT L2 iTZ ¥09 L768 0°8T+ 2861
8'T 950 02 ¥ae LBE 19 85t 228 €°¢l 67092 186T
8¢ S2°0 ve 9 0e9 8¢ 899 168 ¥ 09 4 74 0861
£°0 82°0 64 Lty £0T 6T Era 15t L°G6 0°0vt 646T
¢'1 6570 652 18T IS¢ 6§ 0Tv 965 T°gs £€°2¥E 8461 9MW 8/t - A3loede]
8°0 95°'0 5¢¢ 44 v9¢ £E L6e SE9 tel 8°TGg LLBT dmMd - adA)
2’1 19°0 §/2 8¢ g8¢ 8e E£TE 9TS S'69 6769Z 946T €4/6 UOL3EJdado |BLIJIWWOD 3ST
2T €9°0 4114 26 YA 69t v'L9 £°262 SL6T 0t-¥dd ‘682-05 13420Q
20 2270 it e T L2t G't8 0°¥6Z L6t NNOHTYD Ld0d
AN -Mi {ASD a0 ALLLan 407 sdayig Suo Ly (ASD-u0 §350Q] aqe 207284 | (JA-MW)
s{a52-) Swad) ® UOL1B31S -2JBJJUOY "JULBY  -eJRdp swau ~INSEBN YTLM A1i]1Lq SJEaL JdPaL voijeziuebug Buiqjdoday
~5Wad aso( adA] [suuosiag Uoi3dung NJoM -uosdad) {8Uuosaag -elteAY [ -73eM
uosuad | I|q,seal Jad (ag2-) Ja9d (A52-) as0( Lejo) Lun ~eBay
abedaay SWaJ-UDSA3d SWaL-U0SUdad BALYD9|10)

AJBULNG UOLYBLAUBY JAMOJ pup 350(] ‘|auunsday

(panuiiuo)) 3 x(puaddy

87



v'E ?5°0 £8€ T398T £06T ITE 812¢ 0TTH ELTIT | 9°8S9 86l
vT 8E°0 Bt 158 90T €62 66¢T geve 989 L PEB £86T
6°T Ev0 96¢ 90T el 8T¢é 095T 81ve 9°95 0°89L 2861 MW 8YL ‘264 - A3loede)
S°T ) StS 174 LETL 00¢ LEET 668¢ E°t9 6°0L8 86T ¥mMa - adA)
v°0 £2°0 982 £9T 90€ EFT 6t 0E6T 6°0f £°800T 0861 64/6
S°T £2°0 00¢ 28t L6V 58 285 TeTe g°ts 0°'10¥ 6461 ‘G4/2T uoljedado |BLIJBWNOD 3ST
570 6T°0 96T 25 091 88 B¥Z YOET 8°2L 0°€TS BL6T S0-4dN
0°T 9£°0 S¥e 0ee 69¢ 96 S9t% E€0ET €799 8 9t¥ LL6T {£6-4d0 99€-05 ‘T2E-05 39%20Q
£°0 12°0 0T ¥ 1] 6L vET 0£9 8'E8 £ 96% 9L6T Z ‘T HILVH
0°¢ §8°0 EIt €08 2901 ¥ST 91¢T 0E+T L'TL 0°vot 86T
e ¥8°0 £9€ LT0T BLZT 90T 8T StIT 8LL LESt £86T
¢’0 €270 0T éc 08 9% 2T 655 ) 6EPS 2861
12 £9°0 2 608 298 vLiT 9c0T ¥SST £°¥8 5'L8¥ 86T
¢'E €470 Lie 9401 8L1T SLT EGET 0981 0'SL 8°9¢t 086T
2 5670 8/t €8L 8801 €L 91T 9¢eT 5 L8 0 g6l 6461
¢'Q ¥5'0 66 8T 26 T4 LiT 912 9°86 ¥ €95 8L6T
€T 2.0 102 N4 285 65 9 68 6°E8 £°08t LI6T
6°0 0L°0 96T £6¢ tadd S (44 9 5°¢8 6°¢sy 9/6T
T 88°0 £89 0¢ €0L 564 6°68 £ ot GSL6T
o 9g "0 02 0589 2'16 | AN AT tL6T
te €L70 €5T 441 L69 156 T°E62 €46T MW 695 - A3loEde)
90 1670 124" 18T G2€ GGE 9°STS 2L6T ¥Md - 9dAL
£°0 8T°'T 9/T 99T 443 68¢ Z°208 TL6T 89/T uoLje43do |BLDJ3WWOD 35T
g°'T ¥6°0 9¢¢ €9t% 689 veEL £°veb 0461 19-¥d0 ‘gT12-05 193200
¢0 £L°0 6L e 90T BET 5 8ty 696T (33HNYA "NNOD} WIIN WvaavH
JA =My (ASD W0 ALLLan 407 SABYL) ¥ suoLy (A§D-u0 $3s0( a[ye 40108 | (LA-MD

/(as2-) sWwad) % UOLIE1S -DPJUOY ‘Ui -BJRAQ SWwad ~ANSBIY YLK AlriLg | saeap JRB L uoryezruebuag Buljuaoday
swad as0( adf] [3uuosdag uoLyound yJaoM -UosJad) LouuosJdad “BLRAY | -77BM

-uosJad | 31q,Seal J4ad (Asd-) Jad (A53-) asoq [ejo0) JLun -efay

abedaay SWad -uosJdag SWaJd -u0s4a B3AL1D9[ 109

AlPUNG UDLIBUILBYD JIMOJ PUE 350( °|3UUOSJag
(penutiuo)) 5 xipuaddy

88



Jdofiuo| ou sL 3L ‘suaojaday)

A191ededas S340dad MOU puUR AL L3N 3UB43y)Lp e AQ paseyddnd sem £ JuUi0d UBRLPUT,y

‘S4030Ea4 [BLOJBULWOD JO JUNOJ By} UL papniouL
‘urebe uotiedado ut and 89 30U prnoM 9L Y] PAPLIAP SeM 1 *pRET UL PUB G/GT Ul PaL3NnJap seM T jULod uelLpul,

*SJ401DBRL |ELIJBWWOD JO 3UNOD BY3 ul papnisul Jabuog
ou s 3L ‘840ja49y] -ulebe uoijedado uL pade{d g 30U PENOM 3L 3EY} PapLoap SeM 3L ‘¢g6L UL PUB O/ IOULS UMOPINYS uaag sey Aeg IpLoquny,

LT S0°T 2T 65/ LT 092 9002 606T 849 £°2LTT gL6T
80 L1470 £89 EBE 188 681 0401 T6€T £°5/ £'8/21 LI6T
1L £2°1 8LLT 2L 9641 +5T 0561 0661 2 e 6'€L2 9461
Z°1 64°0 859 it 6ES 991 S0 168 2L ¥'¥8% GL6T
9°1 6870 016 6T0T t'6S | 17955 ¥L6T HMd -~ 2dA)
- 64T 1874 FA 2 7S £551 60/ 2925 8662 i} £46T 9//8 ‘EL/8
8°'9 196 £°2HT 26T *29/0T uoljeuado [®idusWwod 3sT
0°g g9/ 0#ST TL6T ¥9- ‘92- ‘5-Ydq
2°LE 6E9T E'Et 0461 1982-06 ‘/¥2-05 ‘€~-05 39%¥20Q
T 862 Z2°902 6961 x¥E ‘Z x'T LNIOd NYIQNI
- 0Z°0 {1 0 £T ¥ FAS ¥g 0 0 £86T
- 20 6T 0 121 g 6T 1L 0 0 Z861
- L0 6 G a 0 1861
- ST'0 6T £ 4 0T 2z ¥l 1} 0 0861
- £2°0 62 4 02 T 1€ GET 0 0 6461
- 50°T 06T ST 2%¢ £T §EE 02€ 0 0 8461
- 6L°T 1E6 £46 088l v 06T £90T 0 0 Li6T
1°62 €1 €E9 0s 99 LE £89 £26 v'9¢ §°EZ 9461
S/ 82°1 122 21T 802 TET 6EE 592 6°€8 £°6t G/6T
€L 20°T s1Z £0T g1€E 967 g'e8 ¥ EY 46T
£°§ 21 902 09 992 012 1°08 £46T MW £9 - A3Loedey
6°G 66°'T 96T i85 2T 18 €52 £21 1°c¥ 26T Mg - adi|
s 60°2 12z 59 81 $IT 262 otT 9°6E 6T £9/g uoijedado |eLd4BWWOD 35T
Zt Z8°'1 r4as (€ 6L 0ET 602 STT £°6t 06T £-4d0 fEET-0§ 39200
L€ 1€°T 25T FA S 56 69 +9T 52T 9°tt 6961 eAVE LOT08HNH
A =M (AS2 .40 ALLLIn Jog SJa3Yyl0 % SUOLY} {Ag2-a0 S350 I[qe 103084 | (AA-MH)
SLAS3-) swad) ® UOL1R]S -DEeu}U0] ‘julely  -kdadp sWwad -JANSESK UILM AlLLLg | saeay JBBA ucireziuebug Buijaoday
SWau asoQ adA] [auuosJag UoL3aund MNAoM ~uosdJad) Lduuos.dad -B| LBAY ~13BM
-uosuaad | alq,sesy uad (As2-) Jad (asal) asoq |e10] 3Lun -ebay
abedaay SWaJA-UoSdad SWaJd.UoSAad aaL1239|(0)

AJBWLUNG UOLJBUDUIY AIMOJ PUR 3s0[ °|oULOSJI34
(penuijuol) ) xipuaddy

a9



J4aBuol ou S| 3L “aJu0y3dBYy

‘utebe uoljesado UL pace|d g 30U plnom 1L 3RY3 DOpPLISP SEM L bE

"Al9jeaedas sqdodad MOU pUR 11110 JU3UaLILD B Ag paseydund Sem £ [NTOd NYIQONI v

“S4030B8L | BLOJBWLOD 4O JUNOD 3Y3 up papnisul

6T Ui Pue G/ET ui Paienyap sem T INIOd NYIQGNIx

£°0 6¢°0 et 06 CET I 6ET 414 L'68 £°55% 86T
¥°0 LETD ot 6TT SST 0T §9T Sty L'E8 T'bbb €861
¢'0 6¢°0 0s 15 96 S ot £5¢E 9°4L8 v 8at 2861
€0 LE'D Ly 6 vET L i €8¢ £798 8 15% 86T
0 +°0 29 £0T 85T L 59T 1ot 1728 8EEY 086T
£°0 LE'D B 6L Te1 9 £2T £ve 0°6s 0°eit 6461 MH £05 - A3loede)
€0 9% "0 49 68 EYT 1T ¥ST gee S5°68 2'99¢% 8461 HMd - @dA]
£°0 oo £9 9L TET B 6ET eie 6°6L 0°'s¢t LL6T ¥4/9 Uoliedado |elouauwod 4sT
£°0 L0 LL E6T LT 9T 0i2 (23 6°8L 6°S0Y 9761 E¥-4d0 *50£-05 3Md0g
0 L0 9T A ie T 8¢ 0T 2'8g 6 ToY S.6T AINNYMIA
€0 S€°0 €0T Lel ¢8l gy 174 859 £°9L | AN AV 86T
B LL §9°0 £TT 1434 695 8¢t £09 6 9°¢ B°L €861 MW 596 - A1loedep
1L £8°0 ¢tl 60T ¥81T 44 9zet LiVT §5°¢¢ §'TLT Z86T d - adA)
0T ¥S°0 60T §5¢ B8TE 9t o€ L9 8765 8°69¢ 86T 9//8 uoljedado [elduaumwod 3ST
8°0 ZE°0 86 01¢ T9¢ Ly 80¢€ LiB Z°ES £7/9¢€ 0B6T ¥9-4d0 ‘982-05 318420Q
1 6470 ¥at 287 €45 £9 9€9 808 5°99 0°895 6L6T »x€ INIDd NYIONI
. MW v98 - A3loede)

£°9 T6°0 82 £981 66T 059 r¥9e 6162 6°15 L°9TY 86T HMd - 8dAL
L0 mﬁ.c 69¢ LT¢ 98¢ 00¢ 9By £50T 0°¥8 9°20L €861 £L/8
1€ 9.°0 254 €88 ¢6¢T £ve SE9T bie 59 ¥ °C¢ES 2861 Z9/0T uolleuado |elodduwes st
VL S0°T LETT §651 r6ve LEZ 1ese 9652 03¢ §°/9¢ 86T 92- ‘S-¥d0
6°T e9°n €45 86¢€ 06s 81 Ti6 Li8T B'¥9 8°015 0861 *1¥2-05 “£-0§ 19%d0Q
A S56°0 199 ¢19 0401 60¢ 6421 6YET ?IL 0°¥LS 66T Z ¥'T INIOd NVIGNI
A =M (ASD uo ALLn 407 sdayln » suotLy (AagD-do sasog alge 4093284 | (JA-MH)

/{A52-) Swad} ® UOLIR3S -JeJjlo) “Jule  ~kuaadp LN ~JNSEIY YILM AL|Lg | sdeap AR3A uorjeziuebup Buirjdoday
Slwaud aso( 3dA] [BuUOSA3Y UoE3ounyd S.aopm ~-uosJad) Lauuosaay ~Blleay | -33EM

-UD5J43d | 3[g,seay Jad (Ag3-) J4ad (AsD-) asoq teqol 3Lun -ebajy

abeuaaay SWaJ-Uu0suay SlaJd -unsJday 3A13093{ 0]

AJewwns UoLPUBUAY UBMO4 PUR 3SO( *[BUUDSJAY

(panutiuog) 5 xtpuaddy

90



‘v86T Ut

3wl S414 BY1 40} PIUNGD SeM T ITYSSYIx

T 8v'0 LST 29t 98¢ £E 612 oenT T1°69 S ebs 86T
L0 60 91T 80€ £Ly T et 895 2°8¢ 2 v29 T86T
6°0 £9°0 98T £42 She LTT 29% s} ¥4 2°2L 0°£29 086T
£°0 6E°D 821 92 8 A FG: €6t 89 D°L€S 646T
90 990 89T 92 99¢ 5 02 8¢e9 1°v8 L ek 8/6T
0 8t°0 EET ¢tl 66T < 592 808 A 9°LT9 LL6T MW 0T8 - AjLoede}
T°0 SE°0 6 92 8¢ L0 68 1274 0°S6 z'e1L 9/6T HMd - B3dAL
90 2L°0 8ET 181 POf ST B1E ovt 6°64 67g¥S SZ6T 2./21 uoljedade |PLO43WWOD 3ST
0°'T 89°0 cee 88T 93 9 0z 619 £°89 9¢edh ti6l 9E-¥da ‘60E-05 2193300
£°0 ST'0 89 6% LTT 28L L7801 €61 JIANYA INTVH
SpW 9€0T - A3toede)
dmg - adAy
$3/T uoliedado [PLDASWWOD ST
TI-4dN ‘E/E-D5 13300(Q
t0 0Z°0 99T 98 222 1] [4°T4 sb2T 6°'89 8°4.9 86T » T 3TTYSYT
S°9 £8°0 A 24 9 1T T+rT 292 882 S 0B S gE 86T
9°2t 96°T ¢8¢ It 01e £0T £TE 09T £°6S 8% £861
6°TT 6E°T 68T 9T o1 59 S0 8T 9°vb ¢ LT 2861
A 4 99°0 0eT € 19 9 et L8T 0°9L 9°6¢ 1861
£'8 94°'1 £02 1T SST €9 812 v2T S'89 ¥°9¢ 0861
L7L 22°1 S9T 12 121 59 98T £ST 8'TL (V74 6461
9°f 06°0 861 9 S6 69 v9T 281 0°29 9°T2 8461
86T 69°T 9TZ 8 9T 09 vee T L'EE £€°TT LL6T
A 60 S0T 9 1L 14 1Tt 81T 9°LP ¢'1e 9461
€L eb'T |24 991 9°69 0°2¢t Si6T
L€ 12°1 EET 9 0s 68 6ET STT 0°T8 6°LE vL6T M4 8¢ - A3Loede)
1°6 't 122 IS8T vve €461 yma - adA)
6°§ tT°L Z2LT 18T Z°6¢ 2L61 69/1T uolLiedado [eidJawwod 9sT
8t ZL70 89T 812 T°EE Ti6T St-4d0 ‘60t-05 13%20(
2L TL ot 111 £°6T 06T ISS0UOV]
Ny in| {A§D2-Jd0 A3LLLIN J07 ENETTLT ] suoLl} {ASD-Jd0O sasog a|qe Ao3oed | (dpA-MW)
/(AS2-) Swad) 2 UOL]IRIS -DEJLRUGH TJULRY  «BJdadp sliad -dNseap YILM AL1Lg SJBBA NI-LJY uoiqeziuebug Huiqaoday
SWad 3soQ 8dA] [BuuosJayg uai3oung 3JoM -uosaad) LauuosJdad ~B] Leay ~31BM
~uosdad | 2|q,5e8 J4ad (AgD-) J48d (A52:) as0(] tel10] 3lun -eBay
abreaany SWaJ -U0SA3q SWad-UeSUd

3nL399( (0]

AJBWUNG UDLIBJBUDY 4BMO4 PUB BSO0( *|8UU0SJLag
(panutiucy) J xLpuaddy

91



2’0 ér’o LS £9 60T it 021 s8¢ S°Eb6 £°e8s 86T
¥'9 6470 EEE BPST TTLT 04T 1881 £8ES 2 vE 0°t6¢ E£86T
-2 89°0 6T 61T 98ET Le ETHT £802 9704 6°565 2861
L0 09°0 8ET €6€ L8Y v T€S 0e8 9°¢8 v éeL 86T
't TL°0 LA vIs 09§ 9f 9g9 268 ¢°69 €648 0861 aMy £E8 - Ajloede)
6°0 ¢80 £9T S0€ T6€ 18 1A 4 4-7 8¢9 0°02s 6461 YMd-adAL
0°€ YIOT i8 YEGT 65T F44 Te9T 02+l £°£9 9°9Es B46T G//2T uorjeuado |ELDLSWWOD ST
S0 SE'0 68 EST t0Z 8¢ e £99 £°89 L°8TS LL6T 59-¥dd ‘9£E-05 39400
£°0 £2°0 86 £L etT 92 89T 029 L'8L L°5VS 9/6T ¢ INIOd JNOLSTTIN
9°1 4 -] YOE ¢ES 96/ 08 9E8 ¢6bT 8°8L 1918 86T
t°0 64°0 04T L 8T £9 e 60€ 9°96 1709 €861
6°T 89°0 ere £89 158 8L 6¢6 0LET 6°6L 2 06¥ €86T
6"t 09°0 562 1021 00+T 96 96%T 905¢ 9°18 € "0t 86T
£°s TL°0 ¥6¢ 981 B8S02 00T BSTZ te0E 0°69 850 0861
9°¢€ 0°T 9% 92ET S6ST B6T €6/T 69LT E£°4L 0509 6461
A4 68°0 433 £06 660T 0%T 6ECT T6ET 9°/8 97968 BL6T
L0 9€°0 £Ee 66T vie BTT Z6E SL0T 9°68 L7648 L16T .
9°2 £8°0 (5134 §56 ottt tS v6TL LLET T°9L g8 6t 96T M ¥59 - A1loede)
[ 4 8470 FAArA LBST 9°6L S99t SL6T yMd - =dAL
£°E B85S0 0EYT Live 1°6L £°0EY vL6T T{/€ UOLIEBJURCO [BLD4AUWWOD 35T
6°¢ 950 e 444 BES G2T £99 ¥8TT 17622 €461 12-¥d0 *S¥2-0G 383200
9°'T £6°0 94¢ ove 9t5 0§ 969 cl9 9°LLE ¢L6T T INIOd INOLSTIIH
MW 08TT - A3poede)
¥Md - 2dAL
L0 0E’0 L6E 0Tt L9% ot £08S €99T §°89 T°v9L 86T T8/ZT UCl3RJado [BLD4AWWOD 3ST
6°0 0e"0 86€ €21 98y SE 128 T84T 85 € 'BSS E£B6T 6~4dN 169E-06 124200
£°0 t'o otT 62 348 9e 691 09ST ¥08 6°t2s 86T T J4INDIW
§°T 0L°0 28T 204 S8 & 88 2921 v vl £°609 86l
20 82°0 25 ¢l ¥l oYy 9t 268 9 €8 17449 €861
(penuiiuc)) FINNVA INIVH
SA-M {ASD J0O A3LLE3n 403 s4ayl0 ¥ suoly} {ASD-a0 sas0( 2|qe 40308 | (JA-MY)
/(As02) Swa.d ) 7 UOLIE1S -DBJIUD) "QuULEl -~edadp sWaa ~JNSed UILM Arreq SABAA F1-E7Y uoryeziuebug Buijaoday
SWad asoq adA] [aulosdad uoL3dUNT HAOM ~uosdad) |2uuosdad -BiLeAy | -37BM
-uosJdad 9]1q,5ea Jod {(A$2-) 4ad (Ag2-) asog letol jLun -ebay
afieuany SWAL-UOSIDY SWI4 -U0S.43d SAL1DR] O]

(panuijuo)) J xipuaddy

AJeWing UOLIBJABLBY UIMOJ PUR aSO( ©|BUUOSLEd

92



| 8570 818 clt Les €91 068 0EST 6°TL 8 9¢t 86T
9°¢ 1970 t8e 949 1383 0§ 098 SO+T 295 8°6¢E €861
§°6 £6°CQ (1743 6 T0eT £9 92T ¢GET | A4 STEET ¢86l
18 4 BL'O 8¢S 901 514148 T ¢6sT 6202 0799 ¢°S8¢ 86T
1 05°0 (U174 1se 91§ T4 166 tLIT £°Z6 6'EES 086T
't ET'T £85 06 T6ET S0T L6FT 92¢T T°99 0°tSE 6461
90 96°0 862 9z §5¢ 69 LA T9¢ T°96 L7428 B46T
0t 9¢°'T 009 €88 SkET Tt EBET £60T ¢'6Y L AN A4 LL6T
670 60°T 661 6¢¢ 9LE 4] 8et 26 Z2°88 9 ¥t 9461
6°T S0°T 8Lt X114 ETS 89 189 69 T°¢L 0°65€ S{6T
1°¢ IT'T StS 642 F4:74 Fa4 L £4] oL G504 6°S8E ti6T MY 0T9 - A3toeden
T EO'T (a4 81T B8t 6ET £96 ass 0Tt E£46T Mg - adAL
£°0 6E°0 L5¢ 8z 9¢2g 66 582 SEL 8°18€E 46T 69/2T Uoljedado |eioaswwod 3sT
9°0 6T°0 ZeT £9 ¢ST et S6T 900T S "9tE Ti6T £9-4d0 f0ZZ-0§ 3I3%20Q
¢'0 S¢°0 Le LT 43 Z1 tt T¢B 0-£2z 046T T INIOd 37IW 3ININ
T°€L 2E'T SEST L26 ¥sZe 802 29te c48T 2’6 L7EE 86T
¢ 0 62°0 86 £Z t9 L5 It 9Tt £°96 9 tot £86T
t'E 9£°0 EEL 09s £98 0ET £66 L0ET E'E9 T°162 Z286T
9°¢ 69°0 Be 95/ £06 T0T 00T attT 9°¢L £768¢€ 86T
E°T 8F°0 EBZ 8t¢ (344 43 1ES i1t ¢'8L 8°'ITY 086T
£€°0 Zt o 901 TS 56 Z9 LST SLE 9'L6 0°228 646T
8°0 S5°0 0T¢ 59T ETE c9 SLE 649 2748 t 66t 8461
£°¢ 91T 6EE 199 598 SET 000t 098 6764 9 62+ £L6T
5°0 18°0 21e 8 ¥0Z 65 €9¢ S¢E 516 LARTA 4 96T MW 525 - A3Ldede)
6°E 00°T £5€T ESET 2°2L | 8tvE SL6T dmg - adAj
0°'1 It°0 85¢ 16 6¥E cre [ 728 £ 6tE vi6T TL/9 voljedado [Riddouwwon 3sT
t'o ¥ 0 60T L9 82T 517 94T 0% S'6BE E€L6T 22-44d0 f€92-05 38%20Q
°0 290 09 I jr4 Ov 19 66 LA A ¢L6T 0TI132TLNOW
dA N {AS2 o ALLLan +07 sdayyp % sUoLy (ASD-d0 s3so] a|ge 403204 | (dA-MK)

/(A522) SWwaua ) § UOL3BLS  -DJRJjUOY) ‘JULR  -puadp Swa.d ~INSBAY YILM AJL[1q| sdeay N1-E7Y uorjeziuebag Bupqaoday
SWaa as0(q 3dA] [Suuosdag uoL3IuUng YJoM ~uosJad) (LGN ~B| LBAY ~3JEM

~uosJdad | a[q,SE3Y Jaad (ag2-) Jaad (As2-) asoq Lejol 1Lun -ebay

abeuaay SWal-UOSU4dq 5Wad -U0sdDd JALID9] 0]

AJeUUNS UO[3BI3UBY JaMO4 PUB B50( *|FUUOSUT4
{panutjuen) 9 xipuaddy

93



vL 88°0 158 ¢B8TL 9€91 L6 £ELT 9961 ¥iv 6°2E2 0861
6°0 §5°0 P44 SET 2ie S6 L9F e 6768 0 TIPS 646T
0°E 16°0 £85 969 SYTIT veT 64¢T TTvT £°¥L 8 TEY 846T
¢t 96°0 999 840T BEST gz 191 €491 1704 £7G8¢E £46T
ve 89°0 6% £89 800T 0z 840T ¢8aT E°6L § 95t 96T
0°¢ ¥6°0 698 1i2 T1i6 691 0vTT 0TZT E'EL g ELE Si6T
£°¢ S0°T 2é8 é9t 818 99T 86 SE6 0L S PEY vL61 MW 029 - ALoede)
6°2 85T £55 £89 T¥0T S6T 9€2T 28¢ 9°vet £461 Mg - adAy
T ¢L°T STt 9T 4% 0ST ¢85 6¢£E 0°8TS L6l £9/¢T uoliedado |eldJaumiod 3sT
S°0 9670 8tT ¢6 06T 0s ove 6%¢ 6 8t Ti6T 9T-340 ‘6TZ-05 38%20(Q
10 g95°0 es T A e €9 56 SETy 06T A33YI YALSAD
570 EG°0 9tg 05¢ EYOT £9 90TT 5802 L7698 6°¢vie 861
90 £9°0 168 91Eg 6TTT 89 £0ZT 2061 Z°'28 GTIvie £86T
1 EL°Q 8zvL ¥9E 69T 6 ¢6L1 Stve G es T°E6ZT 86T
£°0 0570 9E6 5/2 860T ETT TTZT Stv2 8799 g I9ST 186T
970 0570 €68 291 8€6 LTT §50T teTe 1°0L L7EOLT 086T 3M4 098 ‘098 ‘098 - AjLdede)
90 870 0¢e 18T 8.8 ECT T00T 00T L{9 0°80/T 6/6T S¥Md - adA)
£°0 g8 €£50T ove YIZT 641 EBET 9E9T 876/ 0°606T 8L6T /21 ‘vi/6
80 ER'0 ¥EOT t6e 80T e ge¢ET G651 6°G9 ¥ 9951 LL6T €4/4 Uoliedado |epouswwod 35T
9°0 ¥8°0 £08 6T¢ 196 59 9¢01 ST21 0°€9 1951 9461 §6- /¥~ ‘BE-¥d0
£°0 090 Lot 06 T4 44 L6Y 6¢8 §'GL E ‘8BEST G/6T 1/82-056 ‘0.Z-05 ‘69Z-05 19%39D
80 I9°0 E£LE T 661 8T LT8 8 1°09 9°099 /6T £ ‘¢ ‘T 33N0JO
6°T v o 625 9THT 1641 st SteT ¢90€ 8789 €'TZ0T 86T 94 068 ‘068 - A3lzede)
g 0 0E "0 69E 96¢ 9esg 6¢T 599 geeée 92 v '8EET ESGT SHMd - 9dAL
§5°¢ £9°0 g0/ L0¢T LE8T 84 ST6T cige 8'GY LTLLE ¢86T 08/2T
g 0 82°0 LEE EvE A 88T 089 9Tk S°'TL 6 'T¥eT 861 ‘g//9 uoliedado [eLIABWWOD 35T
£°0 010 EET 59 06 8cT 81e 980¢ 5798 8°'189 086T 60 - ‘P0-ddN IGEE-0G 3I3A20)
6°0 ¢e’0 65¢ 06T TLE 8s 6t G202 L°19 0°£05 6L6T 2 °T YNNY HL14ON
JA Ml (ASD Jo ALy 4073 s4ay30 ¥ suoLy (ASD-doO sasop a[ge 03084 | (Jh-HW)
/{Aa522) swaf) % UOLIE]S -DEUJUOD quley  -Edadp Swad ~ANSEI YILM A1Lp1g | sdBayp JR3N uvotreziuebug Buiiuaoday
EITEN asop adA] |auuosdad uoi3oungd XJoM -uosJad) |auuos.uag B LBAY -}31EM
-uosdad | 219,59y Jad (Ag52-) dad {(Ag52-) asop Lejol Lun -ebay
abeaaay SIWAJ ~UOSJay SiLal-U0SI3g 9ALIIBL 0]

AleWwns UoL}eAaUIY J3MO4 PUB JSOQ ‘|auuosdad
{panuijucl} 3 xipuaddy

94



¢ ¥L0 Sotr St02 §5¢cc S¢¢ 0s5te ETEE L8 g°691T v86T
9'€E 56°0 s ceve 2¢t9¢ TEE £96¢2 LOTE S0t L'vZ8 £86T
¢l eLn 0es LYET +99T £1€ LL6T veie 6°9L € EBST 86T
¢'e 880 929 aset EECe €ie 9082 L58¢ 085 8°'ToTT 86T
LT €8°0 a0L 96ST 166T T1E ¢0€? viLe £°99 ¢ VLET 0861 MW SEOT ‘TG0T - A1ldede)
g°a 19°0 149 LTL EVIT st¢ 8BET 9iée S'¥8 0°0¥LT 646T 4Mg - 8dA|
8°0 65°0 809 60L SSTIT 9T LTET vree 0°t8 €79E9T 8461 v4/21
6°T ZL'0 €99 VLET €181 €22 9e0¢ £28¢ £°85 b 25801 LL6T ‘vL/L Uoijedado |eLDJBUMGD ST
90 6E "0 0¥ vEY 099 081 0v8 9g1e 0°€L ¢ 6LET 96T | 9G5- ‘pb-¥d0 {8L2-05 ‘//Z-06 3Md0Q
¢0 £2°0 ge¢c 16 6708 £ VEST S46T € ‘Z WOLLOS Hovad
8°q EvP 0 VEE 6EE 434 64 €45 bPET ¢ 8T £°86 86T
¢'e St°0 1314 1414 43:) StT L6 £912 £°09 ARt E86T
8°0 1270 Le1 £0¢ L5¢ £L O€E tGaT L°tG € "0t ¢861
c'¢ ctr0 59T LEL SEL £9T ¢06 TI512 ¢S € '8Th 861
S°1 ZE"0 ¢IT JTIE £ES 16T vt LOET 6°¢k €°88¢ 086T
T2 £5°0 et 09€ 564 66 2t 6656T 6°65 0°STY 6L6T
vZ 06°0 165 LT ¢TL 4] oL 68 L6 2 '02¢ 8461
¢0 0E"0 LL £¢ L8 ET 00T ¢EE t'16 97919 LL6T
0°¢ ¥6°0 L85 60T €49 €2 969 [4 74 ¢'8% 6°99¢ 96T 3MW GE9 - A}iomde)
0°'T ¢3°0 90¢ Set 5°¥9 0°20E S46T YMd - adA)
9785 18°0 £29 biL 5°'g L70T YL6T T4/21 volieaado |eLdudwwed ST
6°E 911 el T99 LTITT 9T EETT G546 8°98¢ €L6T 0Z-4d0 *55Z-0§ 1@yd0Q
¥'o 84 8 91¢ 2L6T $30V¥SITvd
Y65 L8°0 9TS 8E4T 0261 PET vs0e 69€¢ 9'6 T°LE 86T
6708 86°0 1413 €981 ¢6TZ 59 t5ee E0ES S°TT 6742 E£B6T
9°E 8970 vLE ey 2£8 EE 598 0421 §°¢9 L'gve ¢86T
6°¢ ¥5°0 8Et 6Lt 698 414 LT6 6891 869 87vIE 1861
(Penutrucy) ¥33YI. ¥ILSAD
A M (A3 o AILLLIN J07 SJdB3U10 B SUoL} {AgD-a0 53500 a[qe 4030'4 | (JA-MW)
ViG] SWad) B UOLIRYS  -DRUQLOY) "IULB  -BJadp SWwak =JINSERW YFLM ApL1Lq | sueay JBIA voljezuebug Buiguoday
sSwad asoQ 3dA] {2UUDS4a4 UoLyoung JJom -uosgad) |8uuosaay -BlLBAY ~33EM
QIGENEY 219,509 Jad (As2-) Jad (Aag2-) a3s0(] jejo] 1iun ~ebay
obeaany SWaJ -UoSJay SWau-Uosdad BAL1D2(|0)

AdBULING UDLIRJABUDID JAMO4 PUB 250( LN
(panutquon) g xtpuaddy

95



£°0 4 ovZ 09 tee EL 00E 8TL 2'L8 67226 L{6T vi/2T
9°0 G8°0 212 SE¢ BLE 89 Ltt 818 9794 27624 9/6T ‘€L/Z1 uoljedado [BLDJBWWOD ST
0 920 €21 Liy £°t8 0°9t8 G461 09- ‘Zb-¥d0 ‘90€-0G6 Z8Z-05 1@4d0Q
10 g1 0 £T g 8T 0ST [ 6°T8T L6l 2 T ONYIST 3TyIvid
01 95°0 ZEE LSy 899 TIeT 684 CLET 9°8L 6°88L 861
22 28’0 1744 6/1T 2eEL 18 £0¥T 2041 L 2L 2°8t9 £861
870 6470 vEZ SiE LES r44 609 £94 E"t8 I AT A 286T
80 L0 ¢EZ ¥9e £Is £8 969 €44 9°¢8 09 I86T
80 {0°T 84T oct 8ES Q9 865 9% §°28 g iel 086T
80 90°T S6T 924 648 g9 Lag) 019 8°08 0°808 6L6T
£°0 S6°0 60¢ Tt (4 I¥ 4 0cCE 9t 6°06 P16 B8L6T
§°0 EQ'T LTZ ére 99¢ £9 ¥4 4 LTV £°4L8 6°ELB LL6T
¥0 8T°T £92 £0T 485 89 0LE £T1E £°98 €498 9461 MM SBY ‘GBY - Alloede)
970 SE'T 65t 6EE 6728 ¢ 108 46T SHMd - adAL
vo vi'0 j 4% 18 §é¢ 0L S6¢ 00 £°18 €°09L ti61 eL/0T
80 (T'T 918 el 889 T0S £°E69 £/6T ‘04721 uoljedado |BLOJSWANOD 3ST
ST 08s £°8LE 2L6T| 22~ “¥Z-d0 ‘TOE-05 *99Z-05 38420(
t'o +9T ¥ EBE TL6T Z ‘T Hovaa INIOd
- 06°0 STE £8LE SEPE L9 280F 414 ¥o t'T 861
12 0S°0 98¢t 9/f 988 962 Z9TT 92EZ L8 97655 €861
6'E ¥S 0 Stir 60T G221 tIE 6EST s8¢ 6°E9 6°68¢F 86T
St 99°0 8TV BT+T 99.LT 04 9E8T £082 6°69 680 86T
70T ¢0°T 0ss 9/0€ 6TYE £0e 929¢€ 6YGE ¢79% £°09g 086T
8'T v 0 66t 91§ 88 TET STOT 852 t°68 0°'viG 646T
S°'2 08°0 CEY G968 0LTT £ST L2ET £99T 1°€8 S°6LS 86T
6°6 89°T 996 912 9662 S¢T ZYIE G{8T 19 9°9TE LL6T SMH E£99 - A3Lloede)
26 T0°¢ 8/t 0422 £8s¢ 99 8192 LTET £°09 B /82 9461 UMg - 2dA}
9°z 69°T 98t P4 959 F4a 86L ELY E'TL T°80E S46T Z4/21 uotiesado [RLDLBWWOD ST
8°'T 6°0 STV Yot ¢ 6E T vEe vL6T SE-Y¥dQ ‘€62-09 39420(
€70 85°0 L 6% 921 0€e 0 8y £/6T T WIH9TId
JA =M (A52 do ALLELIN 407 sdayl) § s5u0ly {Ag23-u0 saso( afqe 40328y | (UA-MW)
/(Aas3-) Surad ) B UOL1R1S -DBUAIUOY ‘qULEN  -BJadp swad —ANSEIW UYLH ApL1rq | osaeay ABDA uoijeziuebug furquoday
SWak asog adA] [SUuos.dag UOLIDUN{ JJOH -uosuad) LT NER -BllRAY | -37EM
-~U0S4dd apq,seal Jad (As2-) Jad (A52-) asoQ [eq0] JLun -ebay
abeuaay SWAJ-Uu0SUay SWad -U0SU3g BALIIB[ 0]

AJBUNG UDLBJAIUSD UBMOJ PUB 350 °|aUUOSAaq
(panuijuey) 5 xipuaddy

96



S0 82°0 L0T STT 6T €L F444 208 £°85 009t 86T
£°¢ 65°0 €81 09 6¢9 85T L8L BEET 8°9% 6'LPE €861
8°'0 vt 0 0ct LTe 887 6t LEE 99/ £°ES 5 60F 2861
€T 2¢5°0 LET 992 6TE €8 eat Ll 2°0% 2 T2E 86T
8°0 at 0 TET i8¢ ¢0E O0TT It 068 v°09 6°0€S 086T MW £/8 - A3toedey
2 0 o z9 9 66 4 92T 182 TI°16 07489 6461 HM4d - odA)
5°0 970 LPT 94T ive 94 £ce 805 5708 L7209 BL6T §//% uoljedade [eLI4auwod 3ST
5°0 9470 448 5344 B6Z€ 19 06€ STS T°LL ¥ 904 LLBT ¥5-4dQ *ZIE-0§ 399300
20 6170 v LT 4 9 8§ {62 ¥ 0E 1°892 9461 0335 OHINYY
9°T ¥6°0 TOS 8L0T L8¥T zet BLST 8491 £°59 9°'v66 861
£°¢C BE'L 1417 LEBT STAYNA 99T Teve Z08T Z°'6L 5 880L €861
L€ 29°T vOTT €592 08st LLT LSLE ¥1ez 09 L8101 2861
L2 (1) €25 €292 90t 00T 9TE 9vee T°18 6 "99TT 1861
9°s {5°T I8TL L59€ LSt Tez BEBY 680¢ ¥ 9 6998 086T
02 8¢°T 806 05¢T £¥6T S12 8512 . 8891 9'%8 .| 0°GL0T 646T MW 694 ‘69, - A3Ldede)
¥'1 YE'T 968 [444 Z9tT 94T 8191 ©L0ZT 9°g8 SZTL 8L6T SyMg -~ 3dA)
't YI°T 859 €LE £c6 80T 0T L06 0'v8 T°0L6 Li6T £L/E
LT SE'T E00T 89 Z¢BET 692 TS9T . §e2tl T°€L 2156 9/6T ‘€//2 uoliedado [ELD4aWWOD ST
6°T 6Y°T 926 269 ¥0ST L1488 8191 €80T 89 9°€€8 S/6T| 0E- ‘62-¥d0 ‘692-05 ‘¥SZ-05 39%20Q
5°0 1470 104 9€ Z8v 8/9 £2L | T1'856 vL6T 2 ‘T S3ILID ownd
0 £270 56 4] 621 8T fA 40 BES L'Te b 2ie 86T
€70 9e°0 09T gL 612 T €ee ¥s9 8798 1°126 £€86T
2’0 9€°0 19T 89 66T o€ 6¢¢ St9 b °06 6 ¥b6 €861
t'0 6E°0 102 8c1 9T EST 62€ 9e8 5708 6 tb8 86T
¥'o 9€ "0 4 4 ItvT g1t ot £5E £86 6°6L L7008 086T
¢'0 0g°0 TET 6t IsT 6¢ 08T 68 098 0'598 6L6T MW 005 ‘€05 - A1ioede)
2’0 1)1 LT 8t 84T et 122 9s 2726 T°1¥6 8461 SyMd - adA)
(ponuLiued) z *T ONY1ST IIYIvid
A =M {ASD a0 ALLEIn 407 sdayip g suoly {ASD.d0D saso aqe J03384 | (dA-MH)
/(Ag22) SWwad ) 2 UOL}R}S  -Jeaquo) “JuLel ~-edadg slrad ~ANSEAW YILM A1LjtLq Sdeajp AdBBA uoijeziuebuap BuLjdoday
swaa as50(] adA] | aluosday UoLIIuUN 340/ -uosdaad) lauuosJday “BLBAY | -77EM
-uosdad | @pq,sesy 43d (Ag2-) Jad (AS3-) asoq Le30] 3Lun -eBay
abedaay SWaJ .U0SJag SWIL-UDSJBd aALYDB) 09

AJBWWNS UOLIBU3UBY JIMO4 pUB 350( flauuosday
{penuiquoy) 7 xipuaddy

97



£°0 69°0 Z6e et ¥ i8 0°68E SL6T
¢'0 ¢E"0 | 6T¢ 1798 8°LLE 46T
€T ¢9°0 S8T 89T €TE ot £SE 0.5 L ELe €461 My 9ct - A1ioede)
870 8.0 B6ET LT1T tee 6¢ 96¢ 9cE G '8tE ¢L6T Md - adA)
0 w0 iy € 8€ FAN 0s TeT T°¢9E 1461 89/T uotjedado [BiJJ43WWOD ST
¥'o 29°0 96 65 vl €T 69T 16¢ 6°G9¢€ 046T €T-4dQ *902-0% 3I3%d0Q
0 ¥E"0 LE g 4 0T ot €1 T v1E 6961 T JH40NO NYS
0T 0L70 Te 69t {9 0T 189 S6ET 81t T°099 ¥86T
8°0 ¥Z°0 8TL €9t 1L8 0T 185 EBET ¥’Sse 0°¢¥L £€86T MW 90TT ‘6/0T ~ A1tdedej
80 LETD £LS€ at8 LETT 99 €021 82¢¢ 9°¢L ¥obbT 2861 SYKd - adA)
€0 ST 0 20T ¢ST 0S¢ 4 yar4 ¢991 178 0°e¥s I86T 18/01
L°0 9270 89T 8¢ P6E SS 6t¥ v0LT 2°69 97089 086T ‘L£/9 UoLIRARdO" |BLOABWWOD 3ST
£ B6E'0 S¢¢ 66€ 8y 001 89 88tT §°6¢ 0°0s¢ 66T S£-°04-¥d0 ‘TIE-°Z/2-05 39420Q
¢'0 ¢°0 06 FA 6 8¢ et LS 9°69 ¥ 9¥s 8461 Z 'T W3vs
- 0470 TEE 6%5¢ ¥89¢ S6T 0882 LeTt 0L 0°8¢ 861
£°¢ -0 S6¢ 8¢9 LZ8 96 €26 244 §°6L 860t £861
"8 IL°0 i8¢ SY6 8671 8¢l 9etT TT0Z 6°8% S'Lie 286T
LT 0s°0 0ze €TS8 889 St €EL 29tT 0°€L 9792t 1861
8'f ¢6°0 ELY 6/€T €LLT 6L ¢S8T 600¢ ¢’és £€7/8¢ 086T
§°¢ Z8°0 ¥6E 6L 8¢11l 09 88TL ¥obT 8°0L 0728t 646T
D¢ ¢0'T 1237 625 006 €9 £96 £96 0°¢L S 08¢ 846T
6°0 ZL°0 ¢ee £eé €0t es S5t ¥eg ¢'58 S°TTS LL6T
¢'L 0¢°T 88L LS¥ 589 o€ ST. LBS £°t8 § 7689 946T MW G995 - Ayloede)
£°¢ vE'L SYTl 618 L°eL 8 'T0S S/6T HMd - 2dA)
¢'1 6470 L8t S8T rAA] £58 £°¢8 17848 vi6T TL/€ uoljedado |Biddawwod 3ST
S°T ¥8°0 S69 €8 1°55¢ £46T £2-4d0 *T9Z-05 32320Q
¥ 0 88’0 8l LET LT t4 4 STZ S¥¢ a°ass ¢L6T ¢ NOSNIg0d
A AP {A5D. O ALLLLIn 407 sJdaylQ % suoll (ASD-u0 sasoQ alge J032e4 | (JA-MHD)
/(A52.) swad) 7 UQLlRls  ~JBd}uo) "JULEY ~eJdadg SWad =JANSEIY Y LM Altilg SJABIL Jeay uoLyeziuebuag Burjaoday
suaJ as0( ad& 1aulosdad uoL1oUNd YoM -uosJdad) Lauuosdag ~BlLRAY | -13EM
-uosJddd 31q,seay Jad {Aagd.) J48d (A$D-) asoQ Le30) JLun -ebay
abeuaaay SWaL-U0SUDY SWaJd-U0Sddd

3AL303| 109

%;mEEmm UOLIBUIUDSY JUBMOg PUBR 350(] ©{BUULOSJI4
(panuiiuog} 9 xtpuaddy

98



TPEET UL BWLY 15404 BY3 JO4 PRAIUNOD 34BM g ALONT *3S pUR Z aujoug UBS,

€0 £9T SOT §5¢ LT gie S0T 0°¥6 8°9T8 2861
9°T £9°0 €LE 969 606 0¢ 626 ELPT £°2L T°665 1861 oMW 98/ ‘Zeg - A}loede)
870 050 LEE 561 oSt z8 Z€5 ¥L0T S°LL 6°£29 0861 S¥Md - adA]
L0 8¥'0 62¢ 602 £l 5¢ 8t £06 0°'vL 0°¢65 6£6T £8/€ ‘94/2T "Jado [BiddBuMO> 35T
90 Zvr 0 6T 0tT a¢ct ST LEE £64 §°9¢ 909 86T 9T-4dN’£9-Yd0° /8E-*SEE-05 18%d0(
2’0 ¥E'D 09 Z6 9¢t 9¢ ¢sT St L°98 T1°6v9 £L6T »€ ‘T 313M ‘1S
MW 8FTT ‘8¥IT - A3Loeden
dMd - adA}
28/9
g°0 L0 9001 1T 96 £aT LTTT ELEZ 0769 6"TI8YT 861 ‘I8/4 uoljedade [BLDJSWWOD 35T
£'0 82°0 St 9t LT ve 6% ¢LiT 0794 £°€99T £86T 64~ ‘1/-¥d( 18ZE- 'LZE-05 3eyd0(
0'T 6270 £TS £S €09 £9 049 S96T 8¢5 S°E8S 2861 Z T HyAOnbas
MW 0L0T - AjLoeden
YMd -~ 9dA
£8/€ UoLleuado |elodawwod qsT
0T-d4dN ‘T9€-05 38%20(
L0 ST0 T 868 Set [543 ELt 0v1g 6785 £79€9 ¥86T x ¢ JY40ND N¥S o
LT rAT 64 4 2’4 t9 ETS ViEY ¥'6 L79E 86T
- 60°0 v €1t L ZA 1t 86T TOLT 0°0 0'o0 E86T
SET {20 20T 624 TsL I8 ¢tg §SS0¢€ £°ST 9°'19 Z86T
9°te IT°T 61T vo1E ECTE 00T £22E ¢06¢. £°'9¢ 6796 86T
§°te 84°0 69€ 8T0Z 891¢ 6TZ {8¢t¢ £90¢ £°¢¢ €746 086T
€°0 £Z2°0 174 g9 91T £¢ 6ET TZs ¢'06 0°Totv 646T
¢°'T 50 49T vez 9/ 5¢ 1oV 9L ¢ 08 FAR YA 8161
0°¢€ 98°0 96¢€ 5% 0LL LL L8 586 L°E9 ¢'18¢ LL6T
6°¢ 99°0 15¢ 629 €EL LT 088 OEET 2704 6462 9461
{PaNULYUD]) T JY4OND NYS
A5 =MW (AsD uo ALiLLan 407 s4ayipQ ¥ suotLl (AS2-up $350(7 aLqe do30e [ (ApA-MH)
J(A52-) Swad) 7 UOL1E3S  -2PJquU0) ‘JuUiely  -eaadg swad -ANSE3 UYILM AL L] sdea ) Jdea) uoljeziuebug buiqaoday
sSwad asaq dA] [3uuosJs3y uoL3oung YA0M -uosdad) | BUUOS U3y -elLeAy | wqqem
-uosJda4 | a|q,sesy dad (a50.) Jad (Ag3a) aso( le3o]) 3Lup -ebay
abeaaay SWa4-U05S43d SWaJd.U0Sday JALIDDL 0]

Adewung UoL1ea3usD samMod pue 3S0Q *[AUUOSJay
(panuLyuo)) 5 xipusddy



"PA6T UL 3w} 35444 BY3 0L PAJUNoD sem T euueysnbsng

MW 2E0T - A3Loede)
Mg - 3dA)
£8/9 uotjedado [ELIJBULWOD ST
vT-4dN £8€-0G 33200
t°0 IT°0 08T 821 LEZ 1L 80¢ 1282 9°2L 6°6TL ¥86T x T YNNWHINDSNs
2'c 0£°0 249 G{6T TITLT 9€q Ltée 86TE 0°'TL £7920T ¥86T
S'E {T'T PEVT 98/1 6t9¢ TiS 02¢eE ¥6i2 £°19 27916 €861
1T 6470 86 905§ T60T 66€ 06+T 8/8T S°'88 EELET Z86T
L'y ET'T v02T 0t0E 978t 8ch vt £5.E £°6S 9°.06 86T
9'9 ¢L 0 6TL LTTE E8YE £5E 9€8¢t LTES €0t Z°895 086T
¥70T 1L°0 609 §5/62 TItE LT 88t 5909 £°¢r 0 EYE 6/6T
5°T £8°0 808 6201 TTIT 92zs LEBT £0¢e e LL 9°0TeT 8/6T MW G4 ‘GeL - AjLoede)
02 2T 126 08ET 656T 8iE L0€2 0981 2'2L | 0'6ETI L4161 SUAd - adf|
vE ST°T 2621 £/81 1242 bt §9TE €542 08 £70E6 9/6T £L/5
ST 580 89 5901 (241 e 6¥9T 8¥6T 870L 0°640T S5/6T *24/2T uoijeaado (ELIJ3WWOD 3ST
¢'T IS°0 ¢18 el 88 ST/T 8'6¥ LAY ¥ ¥I6T | L€~ ‘2E-HdO ‘T182-05 ‘08z-05 334200
¥°0 9T 0 2aT 9t6 9°02% £46T Z ‘T AwdnS
MW 588 - Ajloede;
UMd - [dAL
+8/T uoLleaddo [ERLOJDWWOD ST
ZT-4dN fG6E-05 I120Q
9°0 92°0 £6 0z 992 62 562 021T 1°19 9°¢09 861 » [ H3WWNS
1 09°0 St 208 ¢eet I8 £921 0s0¢ 9769 0°EBTT 86T
Z2't ¥5°0 082 t26 661T g ¥02T 1122 6T €062 £86T
(panuijuel) g ‘T 31007 LS
LA -MW (ASD a0 Ao 403 sJ43430 % suQLl (AS3-d0 S3s50( ILge d03084 | (JA-M)
/(A83-) swad) ¥ UOLIE]S -DR4Uo) "Julel  -eaadp S —ANSEIY UILM A3Lplg | sdeap dBBA uolyeziuebug Buliluoday
EITEN aso( adA] |auUGSJa Uoi1dUng HJA0M -uosJaad) [3Uuosaag -“BILBAY | -31BM
~U0S43d 3|q,sealy Jdad (A52-) J42d {AgD-) 3s50(] {210 1Lun -eBay
abedaay SWak-UosJaad Stad-UosJdad 3AL129] (0]

AJBUWNSG UOL3BUDURY JdMod pUB 250( *[auuosJad

(panuL1uol) 3 xipuaddy

100



"S4030BAJ [ B[DJBWWOD JO JUN0D By} UL PBPR|dul [|11§ ade A3y|

"UMOPINYS 34B g PUT T PUB|S] B[ Ly 99y,

€T 29°0 6LE 948 9e01T LTe S6ZT 010t §°89 £7°9v6 86t
Tt ¢6°0 €95 6112 60¥e x4 1892 0E6C 8¢9 v°8.8 £86T
4 eL’0 €9t 9591 2261 L6T 6T1T¢ 946¢ Z°69 L°G16 861
¥E LLTO LB6E ¥58T L1861 vic isez ¢E6Z g8t 0°$59 186T
LT e6°0 1334 81¢T 6TIHT (44 1591 £081 9EL 9°066 086T
i'2 ¥8°0 £89 £66 IBET 66¢ 0891 ¢00Z A4 0°118 6/61
o't LL70 98y 95 cve 06 ¢e0T 9EET 878l Z°000T 8/6T MY 999 ‘999 - A1Loede)
11 8.°0 1S r24) a4 6 9€0T 6TET T'eL S°'646 LL6T SyMd - adA|
¢'T ¢L0 91€E 898 §60T 68 ¥BIT 191 ¢'TL 2'vi6 9/6T EL/B
670 vL70 LTE 659 909 0L2 9.8 HIT 6%/ L7E00T S46T ‘2//2T udijedado [eloJawWeD 15T
§°0 £870 Z5e 20¢ 99¢ 88 A1 6L 9°£56 PL6T|Tv- ‘TE-Yd0 ‘15Z-05 ‘05Z-05 23300Q
¢’Q 81’0 8z a4 6°T0Y €461 ¥ ‘€ INIOd AIwuni
80 4} £02 0ge £6E Ot EEY ¢v0T S 07495 86T
90 ¢e"0 8.1 62T ¢ie 13 L0€ 696 °Z9 2 véb £861
L0 Zr'o 16¢ 891 EYE 9L 6T Lib 8°'09 S°64S 2861
870 9v "0 e E9E 961 €11 609 TIET v a'6LL 86T 3MW 080T - A3loede)
g0 9¢ 70 911 S0E the LL ¥4 65TT 5°¢L S°tel 0861 ¥Md - adA)
¥ 0 SE°0 T E€1T €8T £ 152 9eL 1785 0°TE9 6461 9.4/G uoiledado {BlIJBUMOD 35T
§°T St°0 S6T et g€z 18 6T€E 114 9°0Z §°590¢ 8.61 T-4dN {tpE-0G 1a300Q
¢’0 6270 69 SOT 124" 0t L ZA8 16§ 9°26 07264 £461 NYCoYl

- ¥9°0 8GE OtE 6E9 6t 889 640T 00 0°0 861

- €L°0 4] 1£9 080T 64 64TT 2651 0°0 0°0 E86T

- L¥°0 T8 EEY 44 29 00T | XA 00 00 Z86T

- 810 981 06T 92E 0s 9L £0T¢ 0°d 00 86T

- {T°0 09T vee §9¢€ 6¢ et geee a0 0°0 0861
Z¢’S SE'O gy L06 S6TT L6T ¢6ET veot 6°'1Z 0°99¢ 661 SMW 088 ‘974 - A1toede)
L70 92°0 69¢ SE¢ 18t £¢ ¥0S 6e61 1°s8 07069 8/6T BL/ZT SYMd - adA]
§°0 zg°0 Te2 8¢T e ST 6GE [144 1 608 5 999 1161 ‘¥L/6-U0L3Rdado |[PLIMaWWOD ST
S0 §5€°0 L12 69 €9¢ £¢ 98¢ 618 ¥'59 0°0€Es 9461 €L~ '05-¥d0 1682-05 334200
0 9870 1] 8T €L TeT 4] 67549 §/6T Z T ONVISI ITIM 33UHL

AN -MW (A$2..a0 ArLeian 1071 sJdaylp ¥ suolq (AS2-d0 $asop ajqe 403084 [ (UA-MH)
/(ag3-) SWaud) B UOL1P1S  -DEA3UO) ‘jutel  -edadg SWa.l =ANSEB UILM A1LLLq | saeap JEDL votieziuebug Buiquoday
SWwad as0( adAj] {PuuoSJa4 ugound Yoy -uosdad) Lauuosday ~B{leay —3310M
~Uosdad | 31q,seay Jad (As2-) Jod {a52-) 950( {e10] qiun ~ebay
abeuany SWau-Los.dad SWad-Uuosdag IALYD9] 0]

ALRUWUNS UOLBJBUAD JIMO4 pue 3s50g ‘jsuuosdaq
(panuijuol) 7 xtpuaddy

101



8¢ €570 £02 T €Lt ST 24 59 vTL B ¥eT 86T
0 £T°0 ¥9 v 6t 6T 89 S6t v°16 57E9T €861
vy ¥5°0 65¢ 5Tz 89¢ 9 vit 18 veEL 9°'801 ¢86T
8¢ 6570 99T 9tT 6< 8 4135 STS vvL 0°60T 1861
09 ¢v o €et 06 £0¢ 9 4 4 20§ 0-ez 9°6¢ 086T
6'0 6270 SL 4] Tl 91 LT Tty 9°18 0°6+¢T 66T
6'T 05°0 £8T 56 a5¢ 92 I4:74 599 0°18 0'StT 8461
6°¢ 6%°0 ¢8T LT gee 8¢ 96¢ St 6°€L 9°¥eT 46T
¥'0 6E°0 S8 4 ct LT 6§ 2sT 8768 ¢ ¢ST 9461
870 L¥°0 0§ 99 9 4] 91T 6te v és8 T'StT SZeT
8°'T ¥8°0 90T 66 502 £ve £°TIT vL6T
8'g ¥L°0 4] Ly 66 €ET T°421 €461 MW 9T - faioede)
¢'E 06°0 60T 9T ¢6T £9 55¢ ¢8¢ L°8L zlet Hid - BdAL
S0 8570 T 6T 24 9% 06 GST S'ELT Ti6T 19/4 UCL1B4ado |BLDJBWWOD ST
LT el 0 6 86T 991 06 §95¢ GGt T 9v1 0461 £-8d0 *6Z-0G 39%30(
S°T IT°T €ET BL ctl €8 STZ €6T €°8tT 6961 JM0H JIANVA
S°'T €9°0 96¢ Lot £29 08 €09 56 0764 T1°86E 86T
vy 9T°T 1) 73 £8¢ C¢IET STZ £2G8T 9TEL £°69 T 9YE £86T
0 gt 0 GeT 08 StT 09 S0¢ 18t 0°96 0°T0S ¢86T
LT 8570 £ce B0t oTg et TEL 921 9 8 T'6et 86T
L°E £6°0 Tt 9¢6 L6TT vt BEET EVPT SIL B £GE 0861
8¢ 9670 8¢S ¢v9 te9 9t¥S 0LT1T 0¢ct 1°¢8 0+t 6461
6°0 9e°0 81 BST 19¢ BL 6EE YES 6764 §TLBE 8L6T
9°0 ot "0 891 06 SLT €8 86¢ 19 1°¢8 G ECt £L6T M4 v05 - A3toede)
0°'T 0s°0 991 Ste SLE 9€ Iy g18 744 9 6BE 961 yMa - adAy
¥ 0 ¥s o 06 £9 £8 0z E6T I4:r4 B8°L8 0°6¢t SL6T Z4/1T uoijedado {BLIJ4BWWOD 35T
£°0 090 ETT E0T ¢6T ¥e 9T¢ LSE 5§ E0€E ¥i6T 82-¥dd *TLZ-05 330(
¥°0 SE0 a8 e T ¢ce tL6T JIANYA LNOWHIA
JA-MH (ASD JdoO ArLLLan 107 543410 % suoLy (AS0-d0 s3s0Qq aLqe d03284 | (AA-HH)

/{A82=) swad) 2 UDL]IP}S -DBJLIUO) ‘JuLel  -eJadg SwaJ -ANSBAY YIipM AtLg | saeay ARBA uoryeziuebag Buiqdoday
SuId aso(] 2dA] pauuosaay uoL3ound ¥lopm -uosaad) L3uuosddd B LEAY -31EM

-uosdaq | 2[q,seal Jdad (As3-) 4ad (aso-) asoq le30], 1Lun -ebay

abeuany 5Wad -U0SJBg SWaJa-Uosdad aALIIB10]

AJBUWNS UOL]BABUAD JIMOd PUBR 350( ° [auuosdad
(panut3uo))  xipuaddy

102



9’0 1470 oee 958 €94 £€¢ 98¢ 011t 569 6 68ET 86T
't <0°T 0% S06 £6TT 81T TIET g8el 8799 £°¢221 €861
8'T YE'TL STV 8859T T90¢ 474 €012 RTA €99 "98T1 286T
€T 86°0 95 SST1 0£9T 0s 0241 veLT £7¢L 6 "99ET 86T
L0 £9°0 09¢€ 085 £48 4 026 E£9€T ¥ Z'TIPT 086T
0°T 80 £es A 74 90TT 89T VL2T ZLPT 9°£9 0°'8EeT bL6T 3HW O¥0T ‘0v0T - A31oede)
570 éb'o 665 518 £98 0ST LTO0T tOTT 2708 SEIST 8L6T SiMd - adA)
£°0 82°T 44 195 036 34 £00T V8L 0°'gs 9785ET £16T ¥L/6
5°0 ¥L0 YIE £52 £0S el TS viL 6°T9 6 PETT 9461 ‘€4/2T uoLjeaado |Elousuwod 3sT
T'0 6¢ 0 8f ot 0Tt LT £21 9EY 6L S IBTI G/6T|8F- "BE-Y¥O ‘p0E-0S ‘SHZ-05 19%20Q
T'0 8T°0 £ €T 95 50¢ T'TL =T 6T Z ‘T Noiz
dA-MA (ASD..4D A3Llian 407 sJ43yip B sUoLl (ASD-a0 $3soQ] a|qe 409384 | (dA-MK)
/{as3-) sWad) R UOL1EYS .DRJUJUOY “Julel  -puadp Slrad =ANSE3} UJLM ALpig | saeay deay uotzeziuebap Burydoday
SWad as0(] adA] |aulosdaq uoLaouny yJdopm ~uos.gtad) Lauuosdad ~B[LBAY -33EM
-uosuad | ILq,ses)y Jad {a50-) dad (AsD.) aso B30 JLun -ebay
afiedaay SWaJd-UoSuay SWaL-UOSAAd JALID3L 0D

Adewwns uoljedauan samod pue asog ‘jauuvosdad
(PanuLiu0l) I xipuaddy

103






APPENDIX D
Number of Personnel and Collective Dose by Work and Job Function

1984

Mote: A ‘i’ preceding a plant name indicates that the licensee’s input was recategorized by NRC staff,
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