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ABSTRACT

This report summarizes the occupational exposure data that are maintained in the U.S. Nuclear
Regulatory Commission (NRC) Radiation Exposure Information and Reporting System (REIRS)
database. The bulk of the information contained in this report was compiled from the 2014 annual
reports submitted by five of the seven categories' of NRC licensees subject to the reporting
requirements of Title 10 of the Code of Federal Regulations (10 CFR) 20.2206, “Reports of Individual
Monitoring.” Because there are no geologic repositories for high-level waste currently licensed

and no NRC-licensed low-level waste disposal facilities currently in operation, only five categories
are considered in this report. The annual reports submitted by these licensees consist of radiation
exposure records for each monitored individual. These records are analyzed for trends and presented
in this report in terms of collective dose and the distribution of dose among the monitored individuals.

Annual reports for 2014 were received from a total of 180 NRC licensees from the five categories
described above. The summation of reports submitted by the 180 licensees indicated that

185,604 individuals were monitored, 77,898 of whom received a measurable dose (Table 3.1). When
adjusted for transient individuals, there were actually 135,303 unique individuals that were monitored,
58,390 of whom received a measurable dose (see Section 5).

The collective dose incurred by these individuals was 9,342 person-rem (93,420 person-millisieverts
[mSv]), which represents a 7 percent increase from the 2013 value. This increase was due to an
increase in every reporting category; for example, a 6 percent increase in the collective dose

for commercial nuclear power reactor licensees, a 13 percent increase in the collective dose for
industrial radiographers, and a 21 percent increase for manufacturing and distribution. The number
of individuals receiving a measurable dose increased by 5 percent from the 2013 value. When
adjusted for transients, the average measurable dose of 0.16 rem (1.6 mSv) for 2014 is a 7 percent
increase from the 2013 value. The average measurable dose is defined as the total effective dose
equivalent (TEDE) divided by the number of individuals receiving a measurable dose.

In calendar year 2014, the average annual collective dose per reactor for light water reactor (LWR)
licensees was 71 person-rem (710 person-mSv). This represents a 4 percent increase from the
value reported for 2013 (68 person-rem) (680 person-mSv). The total outage hours at commercial
nuclear power plants decreased by 28 percent from 2013 to 2014 [Ref. 1], and there was a moderate
increase in collective dose for this licensee category. Four pressurized-water reactor units shut

down during 2013 (Crystal River, Kewaunee, and San Onofre 2 and 3) and are not included in this
analysis. The average annual collective dose per reactor was 109 person-rem (1,090 person-mSv) for
35 boiling-water reactors and 51 person-rem (510 person-mSv) for 65 pressurized-water reactors.

There were 28,976 individuals that were monitored at two or more licensees during the monitoring
year. The assessment of the average measurable dose per individual is adjusted each year to
account for the reporting of a measurable dose for transient individuals by multiple licensees. The
adjustment to account for transient individuals has been specifically noted in footnotes in the figures
and tables for commercial nuclear power reactors.

' Commercial nuclear power reactors and test reactor facilities; industrial radiographers; fuel processors (including uranium
enrichment facilities), fabricators, and reprocessors; manufacturing and distribution of byproduct material; independent spent
fuel storage installations; facilities for land disposal of low-level waste; and geologic repositories for high-level waste. There are
currently no NRC licensees involved in low-level waste disposal or geologic repositories for high-level waste.
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EDITOR’S NOTE

Staff in the Offices of Nuclear Reactor Regulation, Nuclear Material Safety and Safeguards, New
Reactors, and Nuclear Regulatory Research assisted in the preparation of this NUREG, serving
as technical reviewers. The NRC welcomes responses from readers.

Comments should be directed to:

Terry Brock

REIRS Project Manager

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Phone: 301-415-1793

E-mail Address: Terry.Brock@nrc.gov

Luis Benevides

REIRS Point of Contact

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Phone: 301-415-2457

E-mail Address: Luis.Benevides@nrc.gov

Paperwork Reduction Act Statement

This NUREG contains and references information collection requirements that are subject to the
Paperwork Reduction Act of 1995 (44 U.S.C. 3501 et seq.). Existing requirements were approved by
the Office of Management and Budget, approval numbers 3150-0005 and 3150-0006.

Public Protection Notification

The NRC may not conduct or sponsor, and a person is not required to respond to, a request for
information or an information collection requirement unless the requesting document displays a
currently valid OMB control number.
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FOREWORD

Through this annual report, the U.S. Nuclear Regulatory Commission (NRC) supports openness
in its regulatory process by providing the public with accurate and timely information about the
radiation protection program of NRC licensees. Toward that end, NUREG-0713, Volume 36,
summarizes the 2014 occupational radiation exposure data maintained in the NRC Radiation
Exposure Information and Reporting System (REIRS) database.

Seven categories of NRC licensees are required to report annually on individual exposure

in accordance with Title 10 of the Code of Federal Regulations (10 CFR 20.2206, “Reports

of Individual Monitoring”). Specifically, these categories include commercial nuclear power
reactors; industrial radiographers; fuel processors (including uranium enrichment facilities),
fabricators, and reprocessors; manufacturing and distribution of byproduct material; independent
spent fuel storage installations; facilities for land disposal of low-level waste; and geologic
repositories for high-level waste. Because the NRC has not licensed any geologic repositories
for high-level waste and all low-level waste disposal facilities are regulated by Agreement States,
this report considers only the first five categories of NRC licensees. As such, this report reflects
the occupational radiation exposure data that the NRC received from 180 licensees.

The data submitted by licensees consist of radiation exposure records for each monitored
individual. In 2014, 135,303 individuals were monitored and 58,390 received a measurable dose,
when adjusted for transient individuals who worked at two or more facilities during the year. This
report analyzes and presents these records in terms of collective dose and the distribution of
dose among the monitored individuals. During 2014, these individuals incurred a collective dose
of 9,342 person-rem (93,420 person-millisieverts [mSv]), which represents a 7 percent increase
from the 2013 value of 8,747 person-rem (87,470 person-mSv). This increase was due to an
increase in every reporting category; for example, a 6 percent increase in the collective dose
for commercial nuclear power reactor licensees, a 13 percent increase in the collective dose for
industrial radiographers, and a 21 percent increase in the collective dose for manufacturing and
distribution. The average measurable dose is the total collective dose divided by the number of
individuals receiving a measurable dose. Both the collective dose and the number of individuals
receiving a measurable dose increased from 2013 to 2014, resulting in the average measurable
dose increasing to 0.16 rem (1.6 mSv) in 2014 when adjusted for transient workers. This value
can be compared with the 0.31 rem (3.1 mSv) [Ref. 2] that the average person in the United
States receives annually from natural background radiation. Worldwide annual exposures to
natural background radiation are generally expected to be in the range of 0.1 rem (1 mSv) to

1.3 rem (13 mSv), with 0.24 rem (2.4 mSv) [Ref. 3] being the current average worldwide value.
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PREFACE

A number of U.S. Nuclear Regulatory Commission (NRC) licensees have inquired as to how

the occupational radiation exposure data that are compiled from the individual exposure reports
required by Title 10 of the Code of Federal Regulations (10 CFR) 20.2206, “Reports of Individual
Monitoring,” are used by the NRC staff. 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.
The NRC staff uses this data for the following purposes:

1. The data permit the evaluation of trends, both favorable and unfavorable, from the
viewpoint of the effectiveness of overall NRC/licensee radiation protection and
as-low-as-is-reasonably-achievable (ALARA) efforts by licensees.

2. The data assist in the evaluation of the radiological risk associated with certain categories
of NRC-licensed activities and are used for comparative analyses of radiation protection
performance (e.g., U.S./foreign, boiling-water reactors/pressurized-water reactors
[BWRs/PWRs], civilian/military, facility/facility, nuclear industry/other industries).

3. The data are used as one of the metrics of the NRC Reactor Oversight Program to
evaluate the effectiveness of the licensees’ ALARA programs and also for inspection
planning purposes.

4. The data permit an evaluation of radiation exposure to transient individuals.

5. The data are used to establish priorities for the use of NRC health physics resources:
research, standards development, regulatory program development, and inspections

conducted at NRC-licensed facilities.

6. The data provide facts for answering Congressional and administration inquiries and for
responding to questions raised by the public.

7. The data are used to provide radiation exposure histories to individuals who were exposed
to radiation at NRC-licensed facilities.

8. The data provide information that may be used to conduct epidemiologic studies.
9. The data are also used in the evaluation of the NRC radiation protection standards with

respect to adopting the recommendations described in ICRP Publication 103 of the
International Commission on Radiological Protection [Ref. 4].
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Section [
Introduction

1.1 Background

One of the basic purposes of the Atomic Energy Act and the implementing regulations in Title 10 of
the Code of Federal Regulations (10 CFR) Part 20, “Standards for Protection Against Radiation,”
is to protect the health and safety of the public, including the employees of the licensees
conducting operations under those regulations.

On November 4, 1968, the U.S. Atomic Energy Commission (AEC) published an amendment to
10 CFR Part 20 requiring the reporting of a statistical summary of occupational radiation exposure
information (but not individual exposure records) to a central repository at AEC Headquarters. At
that time, there were only four categories' of AEC licensees required to report. These facilities
were considered to have the greatest potential for significant occupational doses. Licensees were
required to report the total number of individuals who were monitored per dose range (§20.407)
and provide cumulative radiation exposure reports for individuals no longer employed (§20.408).
Occupational exposure data were extracted from these reports and entered into the AEC
Radiation Exposure Information and Reporting System (REIRS), a computer system that was
maintained at the Oak Ridge National Laboratory Computer Technology Center in Oak Ridge, TN,
until May 1990.

At that time, the data were transferred to a database management system and are now
maintained at the Oak Ridge Institute for Science and Education, which is managed by Oak Ridge
Associated Universities. The computerization of these data facilitates their collection 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 1969 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 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 occupational radiation exposure information
reported by the facilities under its jurisdiction. The annual reports published by the NRC on
occupational exposure for calendar year 1974 and subsequent years do not contain information
pertaining to ERDA facilities or contractors. Comparable information for facilities and contractors
under ERDA, now the U.S. Department of Energy (DOE) is collected and published by the

DOE Office of Analysis within the Office of Environment, Health, Safety and Security in
Germantown, MD.

T Commercial nuclear power reactors; industrial radiographers; fuel processors (including uranium enrichment facilities as
of 1997), fabricators, and reprocessors; and manufacturing and distribution of specified quantities of byproduct material.
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In 1982 and 1983, 10 CFR 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 three additional NRC licensee categories were: (1) geologic repositories for high-level
radioactive waste, (2) independent spent fuel storage installations (ISFSIs), and (3) facilities for
the land disposal of low-level radioactive waste. This document presents the exposure information
that was reported by NRC licensees representing one of these additional categories (i.e., ISFSIs),
since there are no geologic repositories for high-level waste currently licensed and there are no
low-level waste land disposal facilities currently in operation that report to the NRC.

In May 1991, 10 CFR Part 20 was revised to redefine the radiation monitoring and reporting
requirements of NRC licensees. Instead of submitting annual reports summarizing the total
number of individuals who were monitored (§20.407) and termination reports (§20.408), licensees
were required to submit an annual report of the dose received by each monitored individual
(§20.2206). Licensees were required to implement the new requirements no later than January
1994. The regulations in 10 CFR 20.1502 specify conditions that require individual monitoring of
external and internal occupational dose. Each licensee is also required, under 10 CFR 20.2106, to
maintain records of the results of such monitoring until the Commission terminates the license.

This report summarizes information reported for the current year and previous 10 years. More
licensee-specific data for the previous 10 years, such as the annual reports submitted by each
commercial nuclear power reactor pursuant to 10 CFR 20.407 and 20.2206 (after 1993) and their
technical specifications (before Volume 20 of this report), may be found in the documents listed
on the inside of the front cover of this report for the specific year desired. Additional operating data
and statistics for each commercial nuclear power reactor for the years 1973 through 1982 may

be found in a series of reports, “Nuclear Power Plant Operating Experience” [Refs. 5-13]. These
documents are available for viewing at all NRC public document rooms, as well as on the NRC
public Web site (www.nrc.gov), or they may be purchased from the National Technical Information
Service, as shown in the References section.

1.2 Radiation Exposure Information on the Internet

In May 1995, the NRC began disseminating radiation exposure information at a Web site on the
Internet. This site allows interested parties to access the data electronically rather than through
the published NUREG-0713 document. A Web site was created for radiation exposure and
linked to the main NRC Web page. The Web site contains up-to-date information on radiation
exposure, as well as information and guidance on reporting radiation exposure information to
the NRC. Interested parties may read the documents on line or download information for further
analysis. REIRView, a software package designed to validate a licensee’s annual data submittal,
is available for downloading on the Web site. There are also links to other Web sites dealing with
the topics of radiation and health physics. Individuals may submit requests for their dose records
contained in REIRS on this Web site. In addition, organizations that have provided documentation
to the NRC may submit requests for dose records contained in REIRS on this Web site.

NUREG-0713 1-2



Occupational Radiation Exposure at NRC-Licensed Facilities Forty-Seventh Annual Report, 2014

The NRC intends to continue disseminating radiation exposure information on the Web and will
focus more resources on the electronic distribution of information rather than on the publication of

hard-copy reports.

The main Web address for the NRC is

http://www.nrc.gov

The NRC radiation exposure information Web URL is

http://www.reirs.com

Comments on this report or the NRC’s radiation exposure Web page should be directed to

Terry Brock

REIRS Project Manager

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Phone: 301-415-1793

E-mail Address: Terry.Brock@nrc.gov

Luis Benevides

REIRS Point of Contact

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Phone: 301-415-2457

E-mail Address: Luis.Benevides@nrc.gov
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Section 2

Limitations of the Data

All of the figures compiled in this report relating to exposures and occupational doses are based
on the results and interpretations of the readings of various types of personnel-monitoring
devices employed by each licensee. This information, obtained from routine personnel-monitoring
programs, is sufficient to characterize the radiation exposure incident to individuals’ work and is
used in evaluating the radiation protection program.

Monitoring requirements are specified in 10 CFR 20.1502, which requires licensees to monitor
individuals who receive or are likely to receive, in 1 year, a dose in excess of 10 percent of the
applicable limits and all individuals entering a high or very high radiation area. For occupational
individuals, the annual limit for the whole body is 5 rem, so 0.5 rem per year is the level above
which monitoring is required. Separate dose limits have been established for minors, declared
pregnant women, and members of the public. Depending on the administrative policy of each
licensee, persons such as visitors and clerical individuals may also be provided with monitoring
devices, even though the probability of their exposure to measurable levels of radiation is
extremely small.

Pursuant to 10 CFR 20.2206(b), certain categories of licensees must submit an annual report

of the results of individual monitoring carried out by the licensee for each individual for whom
monitoring was required by Section 20.1502. In addition to this requirement, many licensees elect
to report the doses for every individual for whom they provided monitoring. This practice increases
the number of individuals that are monitored for radiation exposure. In an effort to account for this
increase, the number of individuals reported as having “no measurable dose™ is subtracted from
the total number of monitored individuals. This resulting number can then be used to calculate the
average measurable dose per individual with a measurable dose, as well as the average dose per
monitored individual (i.e., with or without a measurable dose).

This report contains information reported by NRC licensees. Since NRC licenses all commercial
nuclear power reactors, fuel processors, and fabricators and ISFSIs, information shown for
these categories reflect all relevant activity in the United States. This is not the case, however,
for the remaining categories of industrial radiography, manufacturing and distribution of specified
quantities of byproduct material, and low-level waste disposal. Many companies that conduct
these types of activities are located in Agreement States. More than six times as many facilities
are licensed and regulated by Agreement States than are licensed and regulated by the NRC.
Agreement States are not required to adopt the reporting requirements in 10 CFR 20.2206.

As a result, Agreement State licensees are not required to submit occupational dose reports

to the NRC.

' The number of individuals with measurable dose includes any individual with a total effective dose equivalent (TEDE) greater
than zero rem. Individuals reported with zero dose, or no detectable dose, are included in the number of individuals with no
measurable exposure.
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Although some Agreement State licensees voluntarily submit occupational dose reports to the
NRC, these results are not included in the analyses presented in Sections 3, 5, and 6 of this
report. NUREG-2118, “Occupational Radiation Exposure at Agreement State-Licensed Materials
Facilities, 1997-2010,” provides information regarding occupational radiation exposures at
Agreement State-licensed facilities.

This report can be obtained from the Web site, www.reirs.com. In addition, this report does not
include compilations of nonoccupational exposures, such as exposures received by medical
patients from X-rays, fluoroscopy, or accelerators.

The average dose per individual, as well as the dose distributions shown for groups of licensees,
also can be affected by the multiple reporting of individuals who were monitored by two or more
licensees during the year. Licensees are only required to report the doses received by individuals
at their licensed facilities. Section 5 contains an analysis that adjusts the data for transient
individuals being counted more than once.

When examining the annual statistical data, it is important to note that all of the personnel included
in the report may not have been monitored throughout the entire year. Many licensees, such as
radiography firms and commercial nuclear power reactors, may monitor numerous individuals for
periods of much less than a year.

It should be noted that an analysis of the uncertainties associated with dosimetry and dose
measurement is not included in this report. The inferences and statements represented in the
report are based upon the data as reported by the licensees. While increases or decreases in
collective values may be noted in the text, these changes may not be statistically significant
and in the absence of a full qualitative and quantitative uncertainty analysis, an assumption of
significance is not implied.

Considerable attention should be given when referencing the collective totals presented in this
report. The differences between the totals presented for all licensees that reported versus only
those licensees that are required to report should be noted. See Section 1.1 for the categories of
licensees that are required to report to REIRS. A number of licensees are not required to report to
REIRS but voluntarily report for convenient recordkeeping or because they have reported in the
past and have decided to continue to do so. These licensees are listed in Appendix A,

Table A2 — “Other Facilities Reporting to the NRC, 2014.”

The data contained in this report are subject to change because licensees may submit corrections
or additions to data for previous years.

All dose equivalent values in this report are given in units of rem in accordance with the general
provisions for records in 10 CFR 20.2101(a).

1 rem = 0.01 sievert (Sv)
1 rem = 10 millisievert (mSv)
1 curie = 3.7x10'° becquerel
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Section 3

Annual Personnel Monitoring Reports —
10 CFR 20.2206

3.1 Definition of Terms and Methodologies

3.1.1 Number of Licensees Reporting

The number of licensees in each category is provided for each of the seven’ categories that

are required to report pursuant to 10 CFR 20.2206. The third column in Table 3.1 shows the
number of licensees that have filed such reports during the past 11 years. All commercial nuclear
power reactors, fuel processors and fabricators, and ISFSls are required to report occupational
exposures to the NRC, whether or not they are in an Agreement State.

Many companies that conduct industrial radiography and manufacturing and distribution activities
are located in and regulated by Agreement States and are, therefore, not required to adopt the
reporting requirements of 10 CFR 20.2206. However, industrial radiography and manufacturing
and distribution licensees that are licensed and regulated by the NRC are required to report
occupational exposure to the NRC. Appendix A, Table A1 lists all nonreactor licensees that
reported occupational data to the NRC in 2014.

3.1.2 Number of Monitored Individuals

The number of monitored individuals refers to the total number of individuals that NRC licensees
reported as being monitored for exposure to external or internal radiation during the year. This
number includes both individuals for whom monitoring is required as well as individuals for whom
monitoring was voluntarily provided and reported (e.g., workers receiving a minimal dose below
the monitoring threshold, as well as visitors, service representatives, contract individuals, and
clerical individuals).

The total number of individuals was determined from the number of unique personal identification
numbers submitted per licensee. Uniqueness is defined by the combination of identification
number and identification type [Ref. 14].

3.1.3 Number of Individuals with Measurable Dose

The number of individuals with a measurable dose includes any individual with a TEDE that is
reported as a positive value.

' These categories are commercial nuclear power reactors; industrial radiographers; fuel processors (including uranium
enrichment facilities), fabricators, and reprocessors; manufacturing and distribution of byproduct material; ISFSls; facilities
for land disposal of low-level waste; and geologic repositories for high-level waste. There are currently no NRC licensees
involved in low-level waste disposal or geologic repositories for high-level waste.
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Table 3.1 Average Annual Exposure Data for Certain Categories of NRC Licensees

2004-2014
Number of Average
Number of Number of | Individuals with Collective Measurable TEDE
NRC License Category * Calendar | Licensees Monitored Measurable TEDE Average per Individual

and Program Code Year Reporting Individuals TEDE (person-rem) TEDE (rem) (rem)
Industrial 2004 3,568 3,014 1,603.591 0.45 0.53
Radiography 2005 3,009 2,623 1,504.575 0.50 0.57
2006 2,395 1,985 1,109.466 0.46 0.56

03310 2007 2,615 2,228 1,315.590 0.50 0.59
03320 2008 2,976 2,593 1,461.405 0.49 0.56

2009 2,662 2,307 1,317.982 0.50 0.57

2010 2,377 2,034 1,297.300 0.55 0.64

2011 2,545 2,210 1,608.821 0.63 0.73

2012 2,670 2,275 1,508.792 0.57 0.66

2013 2,848 2,440 1,521.881 0.53 0.62

2014 3,141 2,747 1,713.745 0.55 0.62

Manufacturing 2004 2,539 1,787 347.258 0.14 0.19
and 2005 2,566 1,557 388.547 0.15 0.25
Distribution 2006 1,256 795 273.028 0.22 0.34
2007 2,106 1,463 291.326 0.14 0.20

02500 2008 1,934 1,341 222123 0.11 0.17
03211 2009 1,939 1,388 179.539 0.09 0.13
03212 2010 976 672 146.667 0.15 0.22
03214 2011 903 702 112.023 0.12 0.16

2012 1,057 713 118.709 0.1 0.17

2013 994 627 114.550 0.12 0.18

2014 936 650 138.266 0.15 0.21

Independent 2004 1 37 27 1.257 0.03 0.05
Spent Fuel 2005 2 59 30 0.769 0.01 0.03
Storage 2006 2 59 26 2.108 0.04 0.08
2007 2 57 26 1.697 0.03 0.07

23100 2008 2 53 21 1.248 0.02 0.06
23200 2009 2 72 34 1.465 0.02 0.04

2010 2 73 39 1.337 0.02 0.03

2011 2 54 25 1.449 0.03 0.06

2012 2 42 15 1.099 0.03 0.07

2013 2 53 18 1.533 0.03 0.09

2014 2 51 22 3.192 0.06 0.15

Fuel Cycle Licenses - 2004 9 8,060 4,283 657.799 0.08 0.15
Fabrication 2005 10 8,215 3,839 643.631 0.08 0.17
Processing and 2006 10 8,007 4,017 677.025 0.08 0.17
Uranium Enrichment 2007 10 8,402 4,007 588.837 0.07 0.15
and UFg Production 2008 10 7,807 3,424 538.201 0.07 0.16
Plants 2009 11 8,918 3,738 533.721 0.06 0.14
2010 1 9,362 4,212 541.876 0.06 0.13

11400 2011 11 9,535 4,361 607.202 0.06 0.14
21200 2012 9 7,388 3,541 438.729 0.06 0.12
21210 2013 8 7,476 3,942 357.067 0.05 0.09

2014 8 6,625 3,635 362.518 0.05 0.10

Commercial 2004 104 150,322 69,849 10,367.897 0.07 0.15
Light-Water Reactors 2005 104 160,701 78,127 11,455.807 0.07 0.15
(LWRs) ** 2006 104 164,823 80,265 11,021.186 0.07 0.14
2007 104 164,081 79,530 10,120.013 0.06 0.13

4111 2008 104 169,324 79,450 9,195.940 0.05 0.12

2009 104 176,381 81,754 10,024.804 0.06 0.12

2010 104 179,648 75,010 8,631.384 0.05 0.12

2011 104 191,538 81,321 8,771.326 0.05 0.11

2012 104 193,977 79,549 8,035.393 0.04 0.10

2013 100 173,536 67,027 6,752.129 0.04 0.10

2014 100 174,851 70,844 7,124.460 0.04 0.10

Grand Totals and 2004 255 164,526 78,960 12,977.802 0.08 0.16
Averages 2005 229 174,550 86,176 13,993.329 0.08 0.16
2006 217 176,630 87,088 13,082.813 0.07 0.15

2007 214 177,261 87,254 12,317.463 0.07 0.14

2008 196 182,094 86,829 11,418.917 0.06 0.13

2009 199 189,972 89,221 12,057.511 0.06 0.14

2010 192 192,436 81,967 10,618.564 0.06 0.13

2011 197 204,575 88,619 11,100.821 0.05 0.13

2012 204 205,134 86,093 10,102.722 0.05 0.12

2013 189 184,907 74,054 8,747.160 0.05 0.12

2014 180 185,604 77,898 9,342.181 0.05 0.12

* These categories consist only of NRC licensees required to submit an annual report (see Section 2).
** This category includes all LWRs in commercial operation for a full year for each of the years indicated. Reactor data have not
been corrected to account for the multiple counting of transient reactor workers (see Section 5).
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3.1.4 Collective Dose

The concept of collective dose is used in this report to denote the summation of the TEDE
received by all monitored individuals within a category and is reported in units of person-rem.
Since 10 CFR 20.2206 requires that the TEDE be reported, the collective dose is calculated by
summing the TEDE for all monitored individuals in each category.

The phrase “collective dose” is used throughout this report to mean the collective TEDE, unless
otherwise specified.

Before the implementation of the revised dose-reporting requirements of 10 CFR 20.2206 in 1994,
the collective dose, in some cases, was calculated from the dose distributions by multiplying the
number of individuals reported in each of the dose ranges by the midpoint of the corresponding
dose range and then summing the products. This assumed that the midpoint of the range was
equal to the arithmetic mean of the individual doses in the range. Experience has shown that

the actual mean dose of individuals reported in each dose range is less than the midpoint of the
range. For this reason, the resultant calculated collective doses shown in this report for these
licensees may be approximately 10 percent higher than the sum of the actual individual doses.
Care should be taken when comparing the actual collective dose calculated for 1994 to 2014 with
the collective dose for years before 1994 because of this change in methodology.

In addition, before 1994, doses only included the external whole-body dose with no internal dose
contribution. Although the contribution of internal dose to the TEDE is minimal for most licensees,
it should be considered when comparing collective doses for 1994 and later with the collective
dose for years before 1994. One noted exception is for fuel fabrication licensees, where the
committed effective dose equivalent (CEDE), in some cases, contributes the majority of the TEDE
(see Section 3.3.5).

3.1.5 Average Individual Dose

The average individual dose is obtained by dividing the collective dose by the total number of
monitored individuals. 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 TEDE by the number of
individuals with a measurable dose. This is the average most commonly used in this and other
reports when examining trends and comparing doses received by individuals in various segments
of the nuclear industry.
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3.2 Annual TEDE Dose Distributions

Table 3.2 provides a statistical compilation of the occupational dose reports by categories of
licensees (see Section 3.3 for a description of each licensee category). The dose distributions are
generated by summing the TEDE for each individual and counting the number of individuals in each
dose range. In several licensee categories, a large number of individuals received doses that were
less than measurable, and eight individuals exceeded 4 rem in 201