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Actions Being Taken To Help Reduce
Occupational Radiation Exposure At
Commercial Nuclear Powerplants

Workers who operate and maintain com-
mercial nuclear powerplants are exposed to
low doses of radiation. Although exposures
to individual workers have remained rela-
tivgly constant, the total dose received by all
nuclear powerplant workers has increased
dramatically during the history of nuclear
powerplant operations.

This report identifies the extent of the occu-
pational exposure increase and examines
(1)|the causes for the increase, (2) the
potential impacts of this increase, and (3)
Federal and industry efforts to reduce occu-
pational exposures. Because many of these
efforts have only been recentlyimplemented
or are still in the developmental stage, it is
tog early to determine how effective these
actions will be. Nevertheless, GAO believes
that the actions taken or planned to date are
a step in the right direction.
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UNITED STATES GENERAL ACCOUNTING OFFICE
WASHINGTON, D.C. 20548

ENERGY AND MINERALS
_ DIVISION

B-208425

The Honorable John Glenn
Unites States Senate

Dear Senator Glenn:

This report is in response to your request that we provide
you with information on increases in occupational radiation
exposures that are occurring at commercial nuclear powerplants.
This report focuses on the extent of the occupational exposure
increase, its causes, and what is being done to reduce these
exposures. In addition, we also discuss the potential future
impact as a result.

As arranged with your office, no further distribution of
this report will be made until 7 days from the date of the report.
At that time, we will send copies to interested parties and make
copies available to others upon request.

Sincerely yours,

J. Dexter Peach
Cirector






GENERAL ACCOUNTING OFFICE REPORT " ACTIONS BEING TAKEN TO

TO THE HONORAEBLE JCHN GLENN: ‘ HELP REDUCE CCCUPATIONAL
UNITED STATES SENATE RADIATION EXPOSURE AT
COMMERCIAL NUCLEAR
PCWERPLANTS
DIGEST

Workers who operate and raintain commercial
nuclear powerrlants are exposed to low doses
of radiation. However, the health effects

are not clear because the scientific community
has not been able to show a clear cause-effect
relationship. Because the health effects are
not known, coupled with the knowledge that
certain radiation effects are irreversible and
cumulative, the scientific community assumes
there is no threshold below which there is no
risk and urges that any exposure to radiation
be kept to the lowest rossible level.

|

} Concerned over the effect increasing exposures

\ could have on the future availability of reac-

; tor technicians and the rossibility of rising
risks for some nuclear workers, Senator John
Glenn requested that GAO examine the problem
and provide answers to the following questions:

-~To what extent have radiation exposures in-
creased for reactor employees? Although ex-
posures to individual workers have remained
relatively constant, the collective dose--
the total dose received by all nuclear power-
plant workers--has increased dramatically.
Individual exposures have not increased be-
cause operators of nuclear powerplants have,
as a standard practice, restricted-doses to
individual workers by adding more workers,
and exposing each worker for only a short
period of time. From 1969 to 1980, the
number of workers exposed per reactor has
increased aprproximately eightfold. Thus,
individual exposures have been maintained
well telow the regulatory limit. The
collective dose, on the other hand, has
increased substantially rising from 1,247
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man-rems 1/ in 1969 to 53,796 man-rems in
1980. While some of this increase is due,

in part, to an increase in the number of
reactors, the average collective dose per re-
actor rose from 178 man-rems in 1969 to 791
man-rems in 1980--a fourfold increase. (See
EE. 5 and 6.)

--What are the causes for this increase?
Based on discussions with agency and indus-
try officials, GAO identified a number of
factors affecting occupational exposures,
three of which have clearly contributed to
the increase. These are (1) increased radia-
tion levels and maintenance due to plant age,
(2) modifications required by the Nuclear Regu-
latory Commission (NRC) to correct identified
safety problems, and (3) unanticipated rremature
failure of major plant components. Other,
less tangible factors that also aprear to
have contributed to the increase are (1) the
use of less experienced workers and (2) nuclear
plant management's attitude toward radiological
safety. (See rp. 6 to 10.)

--What are the potential impacts? GAO Lkelieves
! the most likely impact would be increased
3 exposures for highly skilled technical work-
ers who are hired on a terporary basis to
perform major maintenance and modifications
when the plant is shut down. Because the
rractice of adding more workers to keep
individual exposures down relies on an ade-
quate supply of workers being available to
replace those already exposed, individual
exposures could increase should worker supply
fall short of demand. Temporary workers in
highly skilled technical positions require
a great deal of training and will be the
hardest to replace and the most likely af-
fected should shortages occur. However,
because licensees have restricted exposures
to levels well below the regulatory limit,

1/A rem is a unit of dose of radiation which
produces the same biological effect as a
unit of absorbed dose of ordinary x-rays.
The term man-rem is used by NRC to show the
sum of doses to a group of people rather than
the dose to one person.
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individual exposures would have to increase
about 7 times before contributing to any
worker supply shortages. (See pp. 10 to 12.)

--what is the Federal role in dealing with the
Frobtlem? GAC found that many of the efforts
to reduce the collective dose began after the
1979 accident at the Three Mile Island Nu-
clear powerplant. Prior to that, NRC and
the nuclear industry paid little attention
‘to the collective dose and its increases.
However, NRC, utilities, and industry groups
have recently initiated a number of actions to
irmprove control over and reduce occupational
radiation exposures, including the collec-
tive dose. The Department of Energy (DOE),
which is responsible for dose reduction
research and develorment, is currently
undergoing a reassessment of what its role
should be. (See pp. 13 to 19.)

Because many actions to better control, or re-
duce, exposures have only been implemented in
recent years, and because some efforts are still
in the developmental stage and have not yet been
fully implemented, it is too early to determine
how effective these actions will te. Due to the
number of factors affecting occupational exposures,
it is also difficult to say whether any one ac-
tion will reduce exposures. Nevertheless, GAO
telieves the actions taken or planned to date
are a step in the right direction.

AGENCY COMMENTS AND

GAO'S EVALUATION

Both NRC and DOE generally agreed with this
report. DOE's corments were prirmarily focused
around two points. First, DOE believed GAC's
discussion of steam generator proklems in pres-
surized water reactors should be talanced against
other major component failures contributing to
high exposures in koiling water reactors. Where
arprorriate, changes were made to reflect this
concern. Second, DOE officials commenting on this
report disagreed that DOE's dose reduction program
was being phased out solely due to cuts in DOE's
fiscal year 1982 budget. According to these
officials, DOE also decided not to start any

new dose reduction projects until completion

of its efforts to develop a coordinated program
that would satisfy the requirements of the Nuclear
Safety Research, Development, and Demonstration
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Act. DOE considered it inaprropriate to regin
any new projects until the safety issues were
identified and prioritized.

In all but two instances, NRC's suggested changes
were made to improve the technical accuracy

of the report. However, GRO disagreed with

two of NRC's comments. According to NRC, GAO's
statement that little attention has been fpaid

to the collective dose until recently, gives

a false impression. While GAO recognizes

certain past actions have been directed at
collective dose control, past practice has been
primarily aimed at controlling individual doses.

In another comment, NRC stated that it does not
consider permanent employees of companies such as
General Electric and Westinghouse to be transient
workers who are hired on a temporary basis to
perform wajor maintenance and modifications at
reactor facilities. However in GAO's view, although
these workers are permanent employees of a specific
company, when they perform work under contract at
more than one reactor facility within one calendar
year, they meet NRC's definition of a transient
worker. Further, it is the licensee, not the
employer, who is responsikle for assuring these
workers' exposures stay within the regulatory
limit,

iv
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CHAPTER 1

INTRODUCTION

The Nuclear Regulatory Commission (NRC) is responsible for
licensing and regulating commercial nuclear powerplants and for
assuring that nuclear powerplant operators protect workers from
radiological hazards. Many workers who operate and maintain
nuclear powerplants are exposed to low doses of radiation. How-
ever, the health effects of exposure to low doses are not clear
because the scientific community has been unable to show a clear
cause-effect relationship. Because the health effects of low
doses are not known, coupled with the knowledge that certain
radiation effects are irreversible and cumulative, the scientific
community assumes that there is no threshold below which there is
no risk and, therefore, strongly recommends that every effort be
made to reduce exposures to the lowest possible level. 1/

Occupational radiation exposure to powerplant workers is
defined in terms of individual dose and collective dose. The in-
dividual dose is the amount of radiation received by each worker.
The collective dose is the total amount of radiation received
by all workers at a particular powerplant and/or for the industry
as a whole. Information on the average individual dose and the
collective dose is determined by using annual exposure data pro-
vided to NRC by powerplant licensees.

NRC requires its licensees--nuclear powerplant operators--
to monitor occupational radiation exposures and ensure individual
exposures remain within established limits. Current radiation
exposure standards for workers over the age of 18 limit exposure
to 1.25 rems 2/ per quarter, resulting in an annual limit of 5
rems. Under certain conditions, however, a worker may receive
higher exposures as long as the worker's average exposure
does not exceed 5 rem per year. 3/

NRC requirements also state that licensees should abide by
an operating philosophy that maintains occupational exposures to
levels that are as low as reasonably achievable. However, since
what constitutes reasonably achievable is subject to individual
judgment, NRC in 1973 issued a regulatory guide to help licensees
meet this requirement.

1/"Implications of Commission Recommendations that Doses Be Kept
as Low as Readily Achievable," International Council on Radia-
tion Protection, Publication 22, 1973.

2/A rem is a unit of dose of radiation which produces the same
biological effect as a unit of absorbed dose of ordinary x-rays.

3/Licensees are not permltted to allow persons under 18 years of
age to receive a dose in excess of 10 percent of the quarterly
limits. Further, in determining a worker's average annual dose,
only the exposures received over the age of 18 are averaged.

1



While the individual dose has remained relatively constant
and ggnerally well below regulatory lirits, the collective dose has
steadily increased during the history of nuclear powerplant opera-
tions and has increased at a rate four times faster than the number
of operating reactors. The continual rise in the collective dose
and the March 1979 accident at the Three Mile Island nuclear
rowerplant raised serious questions over the adequacy of radia-
tion protection programs at nuclear power facilities. As a
result, Federal agencies and the nuclear industry have tecome
increasingly concerned about this trend and have begun to take
actions and plan to take other actions to upgrade licensee
radiation protection programs and to strengthen efforts to
keer exposures as low as reasonably achievable.

CBJECTIVES, SCOPE, ANLC METHODCLOGY

In an October 7, 1981, letter, Senator John Glenn expressed
concern over indications that occupational exposures were in-
creasing and the effect this trend could have cn the future
availability of nuclear reactor technicians and the possibility
of rising risks for some nuclear workers. Srecifically, we were

recuested to

--document the increase in radiation exposures for reactor
englcyees,

--ascertain the cause and extent of the incresse,
--comment on potential impacts of the increase, and
--comment on the Federal role in dealing with this proktlem.

Because the nuclear industry is also taking actions to reduce ra-
diation exposures, an additional objective was to identify and
comment on industry efforts in this area.

Our review was performed in accordance with CAC's current
"Standards for 2udit of Covernmental Crganizations, Programs,
Activities, and Functions." 1In rerforming our review, we talked
to officials responsikle for collecting exposure cata, evaluating
radiation protection progranms, establishing radiation protection
standards and criteria, and ranaging dose reduction research and
development at the following organizations:

--NRC Headquarters, Bethesda, Maryland.
--NRC Region I1I, Rtlanta, Ceorgia.
--Fnvironmental Frotection Agency, Crystal City, Virginia.

--LCepartrent of Energy (CCE), Cermantown, Maryland.



We also visited 6 utilities operating 20 of the Nation's 73 nu-
clear powerrplants to oktain their views on the causes and impacts
of increasing exposures as well as the Federal role in dealing
with the problem. These were

--Georgia Fower, Atlanta, Georgia;

--Florida Power and Light Company, Miami, Florida;
--Baltimore Cas and Electric, Calvert County, Maryland;
--Virginia Electric and Fower Corpany, Richmond, Virginia;
--Tennessee Valley Authority, Chattanocoga, Tennessee; and
--Carolina Fower and Light Company, Raleigh, North Carolina.

We selected these utilities because they had rowerplants
rerorting both low as well as relatively high collective doses
and because they were rerpresentative of both pressurized water
reactors and boiling water reactors--the two reactor types in
use by the cormercial nuclear industry.

Finally, we obtained studies from and interviewed officials
of the following industry groups involved in activities dealing
with occupational radiation exposure:

--Atomic Industrial Forum, Washington, [C.C.
--Institute of Nuclear Power Operations, Atlanta, Ceorgia.
--Electric Pcwer Research Institute, Falo Alto, California.

To deterrine the extent of occupational exposure increases,
we examined NRC's compilation and analysis of licensee-reported
exposure data. We found it to ke a useful indicator of general
industry trends concerning occurational exposures and used it as
the basis for much of our analysis. To determine the accuracy
of the NRC data, we examined NRC reporting requirements and
discussed reporting rractices with several officials at the six
utilities we visited. We also exarined studies on occurational
radiation exposure at nuclear power facilities performed ty NRC,
DOE, the Atomic Industrial Forum, and the Electric Power Pesearch
Institute.

Through discussions with Federal and industry officials, we
identified recent actions to better control or reduce occupational
exposures as well as those that were underway or planned. 1In
most cases, we obtained planning documents, internal papers on
proposed actione, and reports that rrovided detailed discussions
on actions planned and the results of actions already completed.



Finally, in evaluating the potential for adverse impacts
due to rising exposures, we also examined (1) current NRC and
industry requirements and practices for controlling exposures
to all nuclear powerplant workers and (2) staffing studies per-
formed by DOE and the Institute of Nuclear Power Orerations to
identify any future worker supply problems. In addition, we
identified Federal and industry efforts to evaluate and prevent
worker shortages in the future to determine what, if anything,
was being done to address this problem.



CHAPTER 2

CCCUPATICNAL EXPOCSURES--

CAUSES ANC PCTENTIAL IMPACT

OF INCREASES

Although exposures to individual workers have remained well
telow the regulatory limit, the collective dose for all nuclear
powerplant workers has increased over the years of commercial
nuclear powerplant oreration. However, because exposures are
affected by many different factors and vary widely from plant to
plant, there is no simple answer to why the collective dose is

" increasing. Nevertheless, we identified a number of factors

‘affecting occupational exposures, some of which have clearly

contributed to the collective dose increase.

Utilities, on the other hand, have avoided increasing in-
dividual exposures by adding more workers and exposing each worker
for a shorter period of time. This practice, however, relies on
an adequate supply of workers being available when needed. As
new plants are licensed to orerate, the nuclear power industry

'is going to need additional workers to safely orerate and maintain
- these plants. At this tirme, it is uncertain whether enough workers

can be hired and trained, particularly in certain highly skilled

' professions, to safely orerate and maintain future plants. If

worker supply should fall short of demand, utilities may not be
akle to maintain low individual exposures bty adding more workers.
As a result, exposures to individual workers--particularly those
in highly skilled technical positions--could increase.

INCIVICUAL EXFOSURES HAVE
NOT INCREASED ALCNG WITH
THE COLLECTIVE DOSE

Exposure data, rerorted to NRC by powerplant licensees,
reveals that since 1969, individual exposures have remained
relatively constant, with the average annual dose per worker
ranging between .60 and 1.02 rems or well below the average
annual exposure of 5 rem permitted by NRC regulation. For
exanple, in 1980, 99.5 rercent of the workers exposed re-
ceived annual doses of less than 5 rerms, with 76 percent re-
ceiving less than 1 rem. Utilities have maintained individual
exposures to such low levels by sukstantially increasing the num-
ber of workers exposed to radiation. Since 1969, the number of
workers exposed per reactor increased approximately eightfold--
rising from an estimated 149 in 1969 to 1,128 in 1980--with the
total number of workers exposed to radiation increasing from an
estimated 744 to 76,706 during the same period.



The collective dose, on the other hand, has increased sub-
stantially, from 1,247 man-rems 1/ reported for all nuclear power-
plants licensed to operate in 1969 to 53,796 man-rems in 1980.
Some of this increase is due to an increase in the number of
orerating reactors with 7 commercial reactors licensed to ofperate
in 1969 as compared to 68 in 1980. However, the increase in the
collective dose cannot be attributed solely to this as the average
collective dose per reactor rose from 178 man-rems in 1969 to
791 man-rems in 1980--a fourfold increase.

FACTORS CONTRIEUTING TO
OCCUPATICNAL EXPOSURE INCREASES

Because most occupational radiation exposure data management
systems have been directed at recording and tracking doses re-
ceived by individuals, only a limited amount of data is availatle
that relates exposures to specific activities. As a result, the
task of identifying causes for the collective dose increase for
the nuclear industry as a whole is very difficult because it has
not been fully documented. Further complicating the situation is
the fact that occupational radiation exposures vary widely not
only from plant to plant but also from year to year at individual
plants.

Nevertheless, based on discussions with agency and industry
officials, as well as a review of available studies, we were able
to identify many of the factors affecting occupational exposures,
three of which have clearly contrikuted to the increase. These
are

--increased radiation levels and maintenance due to plant age,

--modifications required by NRC after the plant is operating
to correct identified safety problems, and

--unanticipated premature failure of major plant components.

Other, less tangikle factors that also appear to have con-
tributed to the increase are (1) the necessity to use less ex-
perienced workers who, because they cannot complete the work as
quickly as more experienced workers, receive higher exposures for
a given task and (2) nuclear plant management's attitude toward
radiological safety.

1/The term man-rem is used by NRC to show the sum of doses to a
group of people rather than the dose to one person.



Facdiation levels and maintenance
increase with plant age

As a nuclear powerplant gets older, radiation levels at the
Elant increase. This occurs because radiocactive corrosion prod-
ucts accumulate within the reactor system in pipes, pumps, valves,
and heat exchangers. BAs shown below, radiation levels grow
rapidly during the first few years of operation. After 4 to 6
years, this rate of growth declines. Shown below is a simplified
radiation growth curve demonstrating how radiation levels increase
in a typical commercial nuclear powerplant over the years.

Growth in Radiation Levels
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Source: Management Study of Light Water Reactor Radiaticn
Exposure, prerared for COE by Catalytic, Inc.,
Sept. 1980,



Growth of occupational exposures at a nuclear powerplant
follows the same curve. As corrosion products accurulate and
radiation levels increase, exposures for many jobs also increase.
Although studies have shown that after the first few years of
operation corrosion buildup increases at a slower rate, more
maintenance work is typically required as plants increase in age.
Thus, exposures tend to continue to increase as the plant ages.

NRC-required modifications
often cause exposures to increase

NRC often requires licensees of operating nuclear powerplants
to backfit design changes based on advances learned through re-
search efforts and plant operating experience. When workers per-
form these modifications in high radiation areas of the plant,

a signficant increase in the overall collective dose can result.
For example, NRC required licensees to perform modifications to
improve fire protection at each nuclear facility because of a
fire at the Browns Ferry nuclear plant. Such modifications ex-
pose workers to radiation that they would not have received
otherwise. For example, at the Robinson nuclear plant in South
Carolina a specific fire protection modification added over 600
man-rems of exposure to the collective dose in 1980.

In another example, potential problems with the containment
design of existing boiling water reactors were identified during
safety reviews. Subsequent testing indicated that the safety
margins at existing reactor units were not as great as origi-
nally anticipated. As a result, NRC required licensees to
perform modifications to restore the containment structure to
originally envisioned safety margins. This work has to be
performed in a radiation area and has caused increases in occu-
pational exposures. For example, at Georgia Power's Hatch nuclear
facility, workers received approximately 400 man-rems of additonal
exposure in 1981 from such modifications.

Following the accident at the Three Mile Island nuclear
facility in March 1979, NRC required licensees to immediately
perform a number of actions to improve the safety of nuclear
powerplants. Many of these actions have caused occupational
exposures to increase. In addition, a number of actions were
recommended for either near- or long-term 1mp1ementat10n. NRC
expects these modifications to also result in increased expo-

sures during the next few years.

Major component failures have
contributed to occupational
exposure lncreases

Unanticipated premature failure of major components is
another major contributor to occupational exposure increases.



These include steam generator failures in pressurized water
reactors as well as cracking of major components in the reactor
coolant system in boiling water reactors.

The largest single contriktutor to exposure in pressurized

jwater reactors is steam generator maintenance and repair. In a
' pressurized water reactor, the prirary cooclant water is heated
"by circulating through the reactor core and is kept under suf-
~ficient pressure to prevent koiling. The water then passes

- through tukes to heat the secondary coolant water circulating
~around the tutes. The water in the secondary system is allowed

to boil and produce steam to drive the turbine generators. The
asserkly in which the transfer takes place is the steam generator.
The tuktes within the steam generator are an integral part of the
reactor coolant system, keeping the radiocactive primary coolant

in a closed system sealed off from the environment. When these
tuktes develor leaks, radiocactivity enters the secondary system
where it could escare to the environment. Thus, damaged tukes
must ke repaired.

Due to an unanticipated number of leaks in steam generator

- tubing, licensees have had to perform extensive rerair and main-

tenance at a nurber of facilities. At some facilities, entire

- steam generators have had to ke replaced. Steam generator rerair
' and replacement results in high occurational exposures bkecause
§ of the high radiation levels associated with this tyre of work.

Prokblenrs with steam generators are the result of a cormbi-
nation of improper cdesign and poor orerating rractices. Although
the industry has icdentified some of the design and orerational
practices that led to steam generator failures, NRC expects
these failures to continue, but perhagps at a slower rate due to
ofperational improvements. However, all plants with pressurized
water reactors scheduled to receive an orerating license before 1984
will have steam generators similar to those currently in service.

In toiling water reactors, a number of major components in
the reactor cooclant system have develored cracks resulting from
stress and corrosion. Because crack growth in these components
could lead to reduction in design safety margins, licensees with
beciling water reactors inspect and rerair affected components
when the reactor is shut down for refueling. Rergair of these
comgponents can result in major increases in occugpational ex-
posures kecause of the high radiation levels in the work areas
and the length of time required to perform the necessary work.
Despite industry efforts toc solve this prokblem, cracking inci-
dents continue to occur.

Intangikle factors

Other factors which are difficult to define and even harder
to quantify deal with people. For example, a worker who knows



his job well is generally more proficient and can do it faster
than one who does not. Because the less experienced worker gen-
erally takes longer to perform the same task than the more ex-
perienced, rroficient worker, the exposure for that worker is
higher-~the longer the exposure time, the higher the exposure.
Thus, the practice of adding more workers to perform tasks in
high radiation areas in order to keepr individual exposures down
often results in using workers that are qualified ktut have less
experience. In addition, as more workers are added to a task,
the collective dose increases simply because more people are ex-
posed during nonproductive periods as they approach the job,

as they kecome oriented, and as they withdraw from the work site.
Not only does this practice serve to increase the collective dose,
it also conflicts with an operating philosorhy of maintaining

the collective dose as low as reasonably achievakle. According
to NRC's regulatory guide, restricting individual doses to a
fraction of the limit is inappropriate if more peoprle are exposed
and the collective dose at a powerplant increases.

Attitudes can also affect exposures. For example, an NRC
evaluation of licensee radiation protection programs (discussed
more fully on p. 14) showed that when management failed to demon-
strate a continuing concern for proper radiological work practices,
workers often adopted similar attitudes. 1In the past, such ex-
periences have resulted in several individual overexposures.
Further, weaknesses in the area of radiation protection organi-
zation and management were identified at approximately one-
third of the facilities appraised. NRC believes that the single
greatest cause for these weaknesses was generally poor attitude
toward radiological safety. According to NRC, nuclear plant
management often considered the radiation protection group more
of a routine service organization rather than a radiation support
function integrated into the fabric of overall plant operations.
As a result, funding, staffing, and management backing were fre-
quently provided at the minimum level.

EXPOSURES COULD INCREASE FOR HICHLY
SKILLEC TEMPORARY WORKERS SHOULD
WORKER SUPPLY FALL SHCRT OF DEMAND

The nuclear industry is going to face a difficult challenge
in the future obtaining an adequate number of workers to safely
operate and maintain present and future powerplants. A survey
conducted by the Institute of Nuclear Power Operations projects
that approximately 41,000 additional permanent employees will
be needed to orerate the Naticn's nuclear rower facilities through
1991. Both DOE and the nuclear industry believe that attainment
of this personnel level will only ke achieved through a con-
certed effort on the part of the nuclear industry. These pro-
jections, however, only consider the nunber of erployees needed
for normal operations and 6o not include the vast nurber of em-
ployees hired on a temporary kasis to perform major maintenance
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and modifications when the plant is shut down. In 1980 temporary
workers 1/ received almost two-thirds of the collective dose fror
all nuclear powerplant operations.

The typical nuclear pcwerplant operates with a core of per-
manent enployees retained¢ directly by the utility. 1In a large
plant with a capacity of over 1,000 megawatts, for example, the
ccre of workers could consist of about 250 permanent employees,
such as managers, operators, quality assurance personnel, welders,
anc electricians. Periodically, powerrlants must be shut down
for refueling. At this time, utilities perform major maintenance
work, special repairs, and modify systems and equipment. To per-
forw these tasks, several hundred to a thousand temnporary workers
are brought in to ensure individual exposures are kept well below
regulatory limits.

The most mokile of the temporary workers are referred to as
transient workers. &2 transient worker is one who kegins and
terminates two or more periods of employment with at least two
different reactor facilities within one calendar year. Many
transient workers are in highly skilled professions which are
of limited supply and frequent demand ky a number of emgployers.
In addition, many of these workers fall into technical employee
categories which reqguire the greatest arount of training and
rerresent the group most difficult to recruit, such as master
welders and electronics technicians. According to NRC exposure
data, transient workers already receive higher exposures than
that received by the average worker. For exarple, NRC's evalu-
ation of 1980 exposure data for transient workers shows that:

--The average annual dose rer transient worker is about
1.0 rem, while for nuclear workers in general it is only
0.67 renm.

--The average annual dose rer transient worker tends to
increase as the number of facilities where the worker was
enployed increases. For example, the average dose fer
worker employed by two licensees in 1980 was 0.89 rem
while the average dose for workers employed ty 4 or more
licensees was 1.69 rers.

Although exposures to transient workers are higher than
for other nuclear workers, exposures have remained well within the
average annual exposure of 5 rerms rermitted by NFC regulation.
Thus, experience to date does noct indicate a cause for alarm.
Bcwever, the practice of controlling individual doses by acéding
nore peorle and expocsing each worker for a short period of time

l/Tenporary workers are all workers other than those hirec directly
by nuclear powerplants on a conventicnal, long-term basis.
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relies on an adequate supply of workers being available to rerlace
those already exposed. Because many transient workers are difficult
to recruit and are already of limited surrly and in frequent demrand
by a number of utilities, these workers could te faced with an

even greater demand for their skills as the number of nuclear

- powerplants increases, and thus even greater exposures should

- future shortages occur.

Such a practice coulé also serve to aggravate and contribute
to a worker supply shortage should one occur. However, this is likely
to happen only if individual exposures started approaching the 5
rem limrit. Because licensees have restricted exposures to levels
well below the limit, individual exposures would have to increase
on the average about 7 times ktefore this would occur. In addition,
licensees could also limit exposures ty implementing design and
operational changes as discussed more fully in chapter 3.
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CHAPTER 3

RECENT EFFORTS TO REDUCE

CCCUPATICNAL RALCIATION EXPOSURE

Since the 1979 accident at the Three Mile Island nuclear
powerplant, NRC and the nuclear industry have paid greater at-
tention to the increase in the collective dose. Eoth NRC and
the nuclear industry have begun efforts to improve control and
reduce occupational radiation exposure. BAlso, DCE is in the
gprocess of develoring a program, mandated by law, to develop
practical improvements in the generic safety of nuclear power-
plants--including radiation dose reduction. BRecause most efforts
have only recently teen implemented or are still under develop-
ment, it is too early to determine the impact of these actions
'on occugational radiation exposure.

'NRC_EFFORTS_TO_IMPROVE
' OCCUFATIONAL RADIATICN PROTECTION

NRC has recently taken or plans to take several actions to
‘address concerns over increases in occupational radiation exposure.
Specifically, NRC has

--proposed procedures that would require that occupational
exposures be considered whenever new generic safety
requirements are under development,

-~appraised the radiation protection programs of all facilities
with operating reactors and recommended improvements, and

--plans to amend its regulations to require licensees to
develop radiation protection plans which would include

; more effective measures for maintaining occugational

| radiation exposures as low as reasonably achievable.

|

\

' NRC also has a number of research projects that it believes will

(1ead to reductions in occupational exposures.

NRC rroposes review of
occupational exposure
when issuing new requirerents

In response to a growing concern throughout the nuclear in-
dustry over possible negative safety impacts caused bty the numker
and score of new NRC reguirements being imposed, NRC established
the Ceneric Requirements Review Committee to review generic safety
requirements 1/ proposed by the NRC staff. This Committee was

1/A generic requirement applies to one or more classes of reactors.
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established because (1) new requirements were keing issued from
different organizations within NFC, (2) these organizations were
not coordinating among each other, and (3) no single organization
within NRC had the authority to review and prioritize new re-
guirements to ensure approrriate attention was given to those
issues most important to safety.

One of the objectives in establishing the Committee was to re-
duce the exposure of workers to radiation when licensees implement
new reguirements. For each generic recuirement under considera-
tion, an assessment of any increases or decreases in occupational
exposures must ke included for the Committee's review. This re-
guirement should Lketter assure that NRC does not overlook occura-
tional exposures when imposing new requirements on licensees.

NRC has recomrmended sgecific
irrroverents in licensee

radiation protection gErograms

In an effort to determine whether the radiation protection
programs at nuclear power facilities needed to be upgraded, in
1980 NRC initiated an evaluation of the adequacy and effectiveness
of licensee radiation protection programs at each facility. This
effort was a major deviation from past NRC inspection efforts
where it sirply audited discrete sukject areas of licensee radiation
protection programs to cetermine whether they complied with specific
requlatory reguirements. 1Instead, NRC established teams to compre-
hensively evaluate the total radiation protection program, emphasizing
capability and performance rather than compliance with regulations.
NRC considered this aprroach necessary, since merely meeting the
explicit regulatory regquirements did not necessarily ensure an
adequate and effective program.

NRC's major findings were that few licensee radiation
protection programs met the high standards of excellence ex-
cected of nuclear power facilities, and that the single greatest
cause for weaknesses was a lack of management support resulting
in minimal funding and staffing for radiation protection at those
facilities. NRC made a number of recommendations for correcting
significant deficiencies identified as a result of the aprraisal
reviews at individual facilities. TCuring regularly scheduled
inspections, performed ty the regional offices, NRC inspectors
are to follow-up to assure these corrective actions are taken.

According to NRC officials at Region II, all licensees
for that region had kteen reinspected and had either corrected
the identified deficiencies or had taken initial steps to
correct proklems requiring longer term action. 1In addition,
according to radiation rrotection officials at the Florida Fower
and Light Company, management attention and supgort for radiation
protection had increased as a result of NRC's arrraisal at that
facility.
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NkC plans to modify requlations
to recuire radiaticn protection plans

Tc further recduce the risk to workers from racdiation exgosure,

NEC plans to wcdify its requletions to require licensees to de-
velop, document, and implement a radiation protection plan that
would include effective measures for maintaining occupational
exposures as low as reasonably achievaktle. The rrorosed rule
change is not only intendeé to strengthen efforts performed by

the licensee to maintain occupational exposures as lcw as rea-
sonably achievable, but should also strengthen NRC's ability

tc enforce licensee implementation cf the concept by requiring

a documented plan that it can inspect against.

KRC research efforts to reduce
occurational exposures

NRC also has a number of research projects for occupational
radiation prctection. NRC Lkelieves that these projects will lead
to significant dose reductions. The projects include studies of:
the formation, transport, and deposition of radioactive corrosion
Froducts in reactor systems; the effectiveness of decontamination
for reroval of such corrosion products; the radioactive waste
treatment and disposal problers created ty decontamination;
handling techniques for packaged radicactive waste; the use of
low-mraintenance equigpment in reactcr systems; and incentives to
reduce the collective cose.

INCUSTKY EFFORTS TC RELCUCE
OCCUFATICNAL ERALIATICN EXPCSUFRE

Individual utilities and industry grours have also taken
stepe to Letter contrcl occupational radiaticn exposures. Al-
though maintaining individual exposures as low as reasonably
achievatle has Leen a practice for many years, utilities have
paid little attention to the collective cdose. However, in recent
years, utilities have becore more concerned over ccllective dose
increases and have recently taken or planned actions to Lketter
control and reduce ccllective doses.

All six of the utilities we visited had either taken or
rlanned actions to fcrmalize programs and irgprcve their capability
to maintain expcsures ag lcw as reasonably achievable. These
acticns included: setting up committees to review tasks and
identify areas where exposures could te reduced, assigning sge-
cific people decicated to maintaining doses as low as reason-
atly achievetle, and, in one instance, a total revamping cf a
raciation protection pregram. At scme facilities, licensees
informed us that they were already experiencing reductions in
expoesures fcr scme routine tasks.

These utilities also had efforts underway to track doses
ky individual tasks performed. For examrle, those that did not
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have the computer capability for tracking occupational exposures
by individual tasks were in the process c¢f ¢eveloping that cap-
ability. Improved capability for reccrding exposures by system,
jokb, ané component is necescary tc identify and track exposures
of significant activities to deterwrine srecific causes for
exposures and to ultimately reduce them. FMost utilities have
nct done this in the past.

Utilities and reactor vendors are also continuing to evaluate
areas where improvements can be made in the decsign and operation of
steam generators. Although the industry has already identified
and corrected some of the design deficiencies that led to tube
failures and have made certain operational improvements, NRC
expects tube failures to continue for the immediate future and
expects them to continue to cause an increased total dose to
workers because of increased inspection requirements and associated
repair efforts.

In addition to actiong taken by individual utilities, we
also found that independent, non-profit industry groups are also
taking steps to address the cccupational exposure problem including
the (1) Atomic Industrial Forum (AIF), (2) Electric Power Research
Institute, (EPRI) and (3) Institute of Nuclear Power Cperations
(INPC).

AIF, a nonprofit organization that provides for cooperation
in resolving problems relating to nuclear power, has perforred a
number of studies on occupational radiation exposures to identify
ways, from an engineering standpoint, to reduce exrosures.
Specifically, they have evaluated and published reports on

--occupational exrosure exgerience at commercial nuclear
powerrlants.

--economic effects of reducing individual exposures, and
--engineering design nodifications for reducing exposures.

BIF currently has a study underway to provide tetter information

on the exposure experience of temporary workers, and it is also
looking at the feasibility of a computerized recordkeeping syster
that would enhance the nuclear power industry's 2bility to exchange
exposure information on transient emrployees.

EPRI, as the research arm of the utility industry, locks at
the whole question of power generation, including the cuestion of
health effects. Since its incepticn, in 1975, EFFI has sugported
research projects aimed at reducing occurational radiation
exposure. These recearch prcjects emphasize methods fcor reducing
the buildup of radiation levele within the plant iteelf.

INPC is dedicated to promoting safety in nuclear powerplants
frowm an operational standpoint. In late 198C, it tegan fccusing
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on radiation rrotection to bring all plant radiation protection
Eractices ur to the highest standards. Specifically, INPO

--evaluates and recommends improvements in utility radio-
logical protection programs,

--develops job qualification and performance standards and
evaluation methods,

--promotes an exchange of information between utilities on
"best practices" in radiation protection, and

--assists utilities in maintaining the best radiological
frotection practices.

INBC's accomplishments to date include the development of
--radiation protection performance objectives and criteria,
--guidelines for general employee training and education,

--training qualification criteria for radiological protection
technicians, and

--a Radiological Experience Notebook describing "good
practices" being performed within the industry.

INPO has also reviewed the radiation protection programs at all
nuclear facilities and recommended improvements. INPO plans to
review utility programs about once every 15 months and has already
begun its second round of evaluations. 1Its criteria for con-
trolling radiation exposures includes controlling exposures
associated with specific tasks through preplanning and scheduling
of work to ensure the lowest possible radiation exposure and the
assignment of jok goals fcr exposures.

INPC is also establishing an accreditation program for in-
dustry training activities. This program will include training
for radiological protection technicians and is intended to help
assure other plant personnel are properly trained in radiological
protection matters. And, finally, INPO is working closely with the
utilities to help ensure that staffing requirements are met for
each nuclear plant and for the industry as a whole.

DOE IS REEVALUATING ITS SUPFORT OF
RADIATICN DOSE REDUCTION RESEARCH
AND DEVELOPMENT

Under the Nuclear Safety Research, Development, and Demon-
stration Act (P.L. 96-567), passed by the Congress in 1980,
COE must establish a research, development, and demonstration
program for developing practical improvements in the generic
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safety of nuclear powerplants. Specifically, the act reguires
DOE to include in its program efforts directed at a number of
specific objectives, including develoring changes in the design
and oreration of nuclear powerplants to reduce radiation exposure
to workers.

To carry out the objectives of the act, DOE is currently in
the process of identifying and prioritizing the appropriate DOE
research and development role for each of the specific safety
areas identified in the act. To do this, DOE has established
a working group for each area to

--define the issues,
-~-determine what is required to resolve the issues,

--identify and review accomplishments and any ongoing work
in the area,

--determine what yet needs to be done, and
--develor a coordinated program.

DOE's goal is to identify and support those safety areas that have
the highest potential payoff for improving light water reactor
safety. DOE plans to complete its evaluation later this year.

In the past, DOE has funded a number of research projects
to develop and demonstrate new technology and improved maintenance
and operational practices that would reduce occupational radiation
exposures. Until fiscal year 1982, DCE had a specific program
supporting radiation dose reduction research and development with
the objective of reducing occupational exposures by 50 percent by
1990. However, according to DOE officials, due to reductions in
DOE's fiscal year 1982 budget, DOE kegan phasing out its dose
reduction research and development program. At that time, DOE
decided to attempt to complete existing projects and not start
any new dose reduction research and development efforts. 1In
commenting on our report, DOE officials also told us that DOE
considers it inapprorriate to start any new dose reduction proj-
ects until DOE completed its identification and prioritization
of the safety issues involved and develored a coordinated program
to meet the requirements of the Nuclear Safety Research, Develop-
ment, and Demonstration Act. Thus, the extent to which DOE will
support dose reduction research and develorment in the future will
depend on its prioritization of the safety issues identified in the
act and available funding.

In addition, DOE has assisted the nuclear power industry
in tackling the staffing problem tky funding and participating in
a comprehensive, three-part staffing study to

18



This

--guantify current staffing and future needs for powerplant
orerations,

--investigate the sources of staff supplies, and
--identify competing areas of demand.

project should be completed before the end of 1982.
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CBAPTER 4

OBSERVATIONS, CONCLUSICONS,

ANDC AGENCY COMMENTS

"OESERVATICONS ANL CONCLUSICNS

Protecting workers from radiological exposure is a vital
national concern. Thus, NRC requires rowerplant operators to
monitor occupational radiation exposures and ensure that exposures
are within regulatory limits. NRC regulations also state that
licensees should maintain exposures as low as reasonably achiev-
able. While individual exposures have, for the most part, been
kept well below the regulatory limit, the collective dose has
dramatically increased. The average collective dose per reactor
rose from 178 man-rems in 1969 to 791 man-rems in 1980--a four-
fold increase. Keeping individual exposures down, however, has
‘been achieved by adding more workers and exposing each worker for
'only a short reriod of time, causing the average number of workers
‘exposed per reactor to increase eightfold between 1969 and 1980.

There is no simple answer to why the collective dose is
increasing because occupational radiation exposure data has not
‘been recorded and tracked by specific tasks, and because ex-
posures are affected by many factors. However, three factors
have clearly contributed to increases in occupational exposures:

--Increased radiation levels and maintenance due to plant age.
--Modifications required by NRC to correct safety problems.
--Premature failure of major plant components.

In addition, the utility practice of spreading exposures over
more workers results in a higher collective dose than would occur
otherwise because the less experienced worker takes more time to do
required operational and maintenance activities and as more workers
are added to a task, more people are exrosed during nonproductive
periods. Finally, based on an NRC analysis, the single greatest
cause for weaknesses identified in the area of radiation protection
organization and management was generally poor attitude toward
radiological safety which resulted in utilities providing inade-
~quate staff resources and management support. Such resources and
'support are critical if occupational exposures are to be kept as
low as reasonably achievable.

In the future, more workers will be needed to operate and
maintain additional powerrlants that will come on line. Many
of these workers that will be needed are in highly skilled tech-
nical areas which are already in short supply. If a shortage
occurs, utilities will no longer be able to follow the practice
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of adding more workers to keep individual exposures down. Thus,
individual exposures could increase--particularly for workers

in highly skilled technical positions--unless other actions are
taken to reduce exposures.

Sfince individual exposures are currently well below regulatory
limits, utilities could increase individual exposures on the
average about 7 times before exceeding the limits. This, however,
would ke inconsistent with (1) the scientific community's assumption
that there is no threshhold below which there is no risk and (2)
NRC's requirement that licensees should maintain exposures as low
as reasonably achievable. However, as individual exposures approach
the 5 rem limit and if a worker shortage were to continue, the
utilities' ability to adequately carry out operational and maintenance
activities would be adversely affected.

! The rising collective dose and the potential impact are not
going unnoticed by the Federal Government and the nuclear industry.
s the collective dose has continued to climb over the years, both
¢he Federal Government and the nuclear industry have begun efforts
to improve control of, and reduce, occupational radiation exposures.
NRC actions are aimed at strengthening radiation protection at the
ﬁacility level as well as providing a mechanism fcr assuring oc-
¢upational exposures are evaluated when imposing new requirements
on licensees. DCE, on the other hand, is in the process of
developing a program, mandated by law, to develop practical im-
provements in the generic safety of nuclear powerplants--including
educing radiation exposure to workers. Because DCE's goal is to
identify and support those safety areas that have the highest
otential payoff, DOE's role is uncertain until this study is
%ompleted.

| Individual utilities and private industry groups have also
tarted to take a number of steps to address the exposure problem.
11 six of the utilities we visited were beginning to improve
heir ability to track exposures related to specific tasks as
ell as evaluate these tasks to determine ways-exposures could
be reduced. 1In addition, a number of independent, industry
roups are looking into the causes of, and methods to reduce,
Eccupational exposures. Improvemrents are being examined from
an operational, as well as an engineering standpoint. Industry
efforts are also underway to evaluate and recommend improvements
in individual utility radiation protection programs and to promote
a free exchange of inforration on good practices being used
within the industry.

Because increases in the collective dose have received little
attention in the past, actions to better control, or reduce, ex-
posures have only been implemented in recent years. Many of these
efforts are still in the developmental stage and have not yet been
implemented. As a result, it is too early to determine how effec-
tive these actions will be. Further, due to the numker cf factors
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affecting occupational exposures, it is difficult to say whether
any one action will reduce exposures. Nevertheless, we believe
the actions taken or planned to date are a step in the right
direction.

AGENCY COMMENTS AND OUR EVALUATICN

Both NRC and DOE commented on our report. DOE provided verbal
comments and NRC provided formal written comments which are included
in appendix I of this report. In general, NRC's and DOE's comments
were of a technical nature and, where appropriate, we made changes
to improve the technical quality of this report.

DOE 's comments reflected concerns in two specific areas.
One of these dealt with our discussion of steam generators as being
the single largest contributor to exposures at pressurized water
reactors. DCE officials felt that this section gave the impression
that exposures are higher at plants with pressurized water reactors
when in fact they are not. These officials pointed out that there
are also failures in major components in boiling water reactors
that are contributing to increases in occupational radiation ex-
posure. As a result, we changed our report, accordingly, to re-
cognize DOE's comments concerning boiling water reactors.

DOE officials commenting on our report also did not agree
with our observation that the dose reduction research and develop-
ment program was phased out solely as a result of cuts in DOE's
fiscal year 1982 budget. At this time, we were told that DOE de-
cided not to start any new dose reduction projects until they
finished developing a coordinated prograr that would meet the re-
quirements of the Nuclear Safety Research, Development, and Cemon-
stration Act. In the absence of issue identification and prioriti-
zation, DOE considered it inappropriate to begin any new projects.
These commments are reflected in the body of the report.

In all instances but two, we made NRC's suggested changes
to improve the technical accuracy of our report. However, we
disagreed with NRC on two points.

According to NRC, our comment that, until recently, little
attention has bteen paid to the collective dose at nuclear powerplants
gives a false impression. In support of this belief, NRC provides
information on earlier requlatory guides and actions recognizing
the importance of collective doses. While we recognize that certain
past actions have been directed at collective dose control, in our
discussions with agency and industry officials, we found that, until
recently, attention has been primarily focused on controlling in-
dividual doses. In addition, the limited data relating exposures
to specific tasks is further evidence of the lack of attention to
collective dose control in day-to-day operations at nuclear power

facilities.
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In another comment, NRC stated that,

"The highly-skilled workers that go from plant to plant
during outages and who receive the larger doses, are not
hired on a temporary basis. They are rermanent employees
of corpanies like Ceneral Electric and Westinghouse, among
others. The transient workers, hired on a temporary basis,
usually are not highly-skilled and normally are limited to
1.25 rers rer quarter."

However, according to NRC's own definition, a transient worker is
one who begins and terminates two or more periods of employment

with at least two different reactor facilities within one calendar
year. Employees of companies, such as General Electric and Westing-
house, working at two or more reactor facilities in one calendar
vear fall under this definition. Further, it is the licensee not
the employer, who is responsitle for assuring these worker's ex-

- posures stay within the requlatory limit. Curing our review, we
- found that these workers, along with other highly skilled technical

workers, are included in NRC's analysis of transient workers dis-
cussed in its annual report on "Occupaticnal Radiation Exposure
at Commercial Nuclear Reactors." In addition, according to NEC
and industry officials, these employee's skills are in derand by
a number of utilities, and as a result, they are arong those
receiving some of the highest exposures.
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Mr. J. Dexter Peach, Director

Energy and Minerals Division

United States General Accounting Office
Washington, DC 20548

| Dear Mr. Peach:

We have reviewed the General Accounting Office draft report, "Will Federal
and Industry Efforts Help Reduce Occupational Radiation Exposure at Com-

| mercial Nuclear Power Plants?", as requested in your letter to

: Chairman Palladino dated June 18, 1982, We have identified a few statements
in the report that should be corrected, and in an attachment to this letter
we have provided our comments for your consideration,

Sincerely,

/.

\ William J. Dircks
| Executive Director
; for Operations

Enclosure:
NRC Staff Comments
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Nuclear Regulatory Commission Staff Comments on the General Accounting Office Draft
Report, "Will Federal and Industry Efforts Help Reduce Occupational Radiation Expo-
sures at Commercial Nuclear Power Plants?":

3.

On page 1, the report states that the NRC is responsible for assuring that
power plant workers are protected from radiological hazards. It would be more
accurate to state that the NRC is "responsible for ...providing regulations
and controls which, when properly implemented by licensees, will assure that

power plant workers are protected from radiological hazards.

On pages 1 and 24, the report states that "...the scientific community takes
the conservative approach of assuming that there is no threshold below which
the risk is acceptable,.." This statement is not correct. The approach taken
by the scientific community, as represented by the International Commission on
Radiological Protection (ICRP), is concerned with a threshold for radiation
effects rather than a threshold for acceptable risks. A basic assumption of
the ICRP regarding radiation doses in tne occupational range is the existence
of "a linear relationship without threshold between dose and the probability
of effect" (ICRP-26, paragraph 27). It does not follow that there is no thres-
hold below which the risk is acceptable. The risks associated with doses below
regulatory limits are considered acceptable even though the probability of ef-
fect is not zero.

On page 6, the report indicates that NRC regulations contain an annual whole-
body dose 1imit for workers and that this 1imit is 5 rems. (Previously, on

page 1, the report states that the standard is 1.25 rems per quarter, which re-
sults in an annual limit of 5 rems.) This is an incomplete account of NRC
requirements which, we believe, could lead to a false impression. NRC quar-
terly dose limits appcar in 10 CFR Part 20, Section 20.101. No annual limits
are given. Workers are allowed to receive up to 1.25 rems per calendar quarter,
with no restrictions on the lifetime accumulated dose. However, workers are
allowed to receive up to 3 rems per calendar quarter, provided that the lifetime
accumulated dose is controlled; speCifically, the average annual dose cannot
exceed 5 rems. The dose to the whole body, when added to the accumulated occu-
pational dose to the whole body, shall not exceed 5(N-18) rems where "N" equals
the individual's age in years at his last birthday. Section 20.104 of 10 CFR
Part 20 limits the quarterly exposure of minors, individuals under 18 years of
age, to 10 percent of the 1imits specified in Section 20.101 of 10 CFR Part 20,

On pages i, 1, and 2, references are made to keeping radiation exposures to the
lowest possible level. Terminology of this nature is usually avoided because
it is possible to reduce occupational exposures by unacceptably large expendi-
ture of funds. The terminolngy normally employed is "as low as is reasonably
achievable," which takes costs into consideration.

Gn pages i1 and 25 of the report, a statement is made which indicates that
"1ittle" attention has been paid to the collective dose at nuclear power plants
until recently. While it is true that the collective dose problem is now re-
ceiving more attention than in the past when the problem was less evident,
considerable attention has been paid to the collective dose problem for some
time. For example, Regulatory Guide 8.8, "Information Relevant to Ensuring That
Occupational Radiation Exposures at Nuclear Power Stations Will Be As Low As Is
Reasonably Achieveable," was first issued in July 1973; and Regulatory Guide
8.19, "Occupational Radiation Dose Assassment in LWR Power Plants, Design Stage
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Man-rem Estimates,” was first issued in May 1978, Both of these guides are
concerned with collective dose control. These guides and subsequent revisions
have been used in the evaluation of construction permit and operating license
applications since their inception. Implementation of the guidance in newly
designed plants has involved a considerable effort by both industry and the
NRC. Since new plants have been designed and built using the guidance in Regu-
latory Guides 8.8 and 8.19, we expect that the collective doses will be lower
than earlier plants of similar size, which were built without the benefit of
such guidance.

Also, in recognition of the importance of collective doses, the NRC, in 1969,
amended 10 CFR Part 20 to require reactor licensees to provide annual reports
of collective dose. In 1974, Regulatory Guide 1.16, "Reporting of Operating
Information-Appendix A Technical Specifications," was issued to establish a
standard format for reporting collective dose by job function and work classi-
fication. These annual reports have been analyzed by the staff for use in
focusing regulatory attention on work areas where collective doses are higher,

In recognition of the effect that in-service-inspection (ISI) had on increasing
collective doses, we established, in early 1978, a system for use by NRC staff

in balancing ISI safety improvements against collective worker dose. In addition
during the 1970's, NRC staff interacted with industrial representatives, parti-
cularly representatives of the Atomic Industrial Forum (AIF) and the Electric
Power Research Institute (EPRI), to encourage efforts to reduce radioactive cor-
rosion product buildups and thus reduce the major sources of worker doses.

Thus, we believe that the adjective "1ittle" as used in this connection leaves

a false impression. We suggest that the sentence, on both pages, be revised

as follows: Recently, greater attention has been pafd to reducing the collective
dose.

6. On page 1, the report indicates that new employees are allowed to receive only
approximately 0.3 rem per quarter until the licensee receives their occupational
dose histories. This practice is not required by the NRC, nor is it recommended
in any NRC regulatory guide. NRC regulations permit a quarterly dose of 1.25
rems even though the worker's exposure history is unknown. After the history
is obtained, the worker may receive up to 3 rems per quarter provided that the
acccumulated 1ifetime occupational dose does not exceed an average of 5 rems per
year. Some licensees voluntarily impose more restrictive dose limits. If adminis-
trative 1imits of this nature are referenced in the report, they should be iden-
tified as such. ’

7. On page 10, a statement is made that "... work has to be performed in a "high
radiation area...". The term "high radiation area" is specifically defined in
10 CFR Part 20.202 as any area having radiation levels high enough that a worker
could receive in any one hour, a dose in excess of 100 mrem. Only a fraction
of the required containment structure modification work is performed in high
radiation areas. We suggest deleting the word "high".
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8. On pages 11, 23, and 24, there are references to an NRC "requirement” that occu-
pational exposures be maintained as low as is reasonable achievable (ALARA).
In 10 CFR Part 20, Section 20.1.c, 1t is stated that licensees should maintain
exposures ALARA. This statement is considered to be hortatory rather than pre-
scriptive. It {s not referred to by the NRC staff as a requirement.

9. On page 12, there is an indication that "transient workers hired on a temporary
basis" are among the highly-skilled workers in limited supply who may be called
upon to accept higher individual doses. It appears that there may be a miscon-
ception here. The highly-skilled workers that go from plant to plant during
outages and who receive the larger doses, are not hired on a temporary basis.
They are permanent employees of companies 1ike General Electric and Westinghouse,
among others. The transient workers, hired on a temporary basis, usually are not
highly-skilled and normally are limited to 1.25 rems per quarter.

10. On page 13, there is a statement that utilities redesign systems and equipment
while the plants are shut down for refueling. In general, the designs are per-
formed wel) before shutdown. We suggest "modify" rather than "redesign".

P1. On page 15, the section entitled "NRC Efforts to Improve Occupational Radiation

‘ Protection" does not mention the NRC research projects for occupational radiation

? protection. We believe these projects will lead to significant dose reductions.
The projects include studies of: the formation, transport, and deposition of radio-
active corrosion products in reactor systems; the effectiveness of decontamination
for removal of such corrosion products; the radioactive waste treatment and dis-
posal problems created by decontamination; handiing techniques for packaged radio-
active waste; the use of low-maintenance equipment in reactor systems; and incen-
tives to reduce the collective dose.

12. On page 16, the following sentence appears:

| “In an effort to upgrade radiation protection at all nuclear power facilities,
in 1980 NRC evaluated the adequacy and effectiveness of licensee radiation
protection programs at each facility."

1 The actual purpose of this appraisal program was to determine whether upgrading
‘ was needed.

13. On page 23, the words identified by underiining below should be added to the
third sentence:

"While individual exposures have, for the most part, been kept well below the
regulatory limit..."

14, On page 23, after the first sentence in the final paragraph additional statements
should be added which explain that higher collective doses associated with the
use of extra workers are not always the result of higher individual doses to
inexperienced personnel. When crew changes are required because of radiation,
the workers are exposed as they approach the job, as they become oriented, and
as they withdraw from the work site. This extra dose is called, "nonproductive"
because no progress is made on the task while dose is being received by workers.
While it is obviously true that inexperienced workers would also increase the
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collective dose, in general, it is not true that they are allowed to receive
higher doses.

On page 23, in reference to the NRC health physics appraisal of the nuclear power
plants, the final paragraph mentions adequate staff resources and support for
radiation safety as critical to maintaining occupational exposures ALARA. The
paragraph fails to mention the very important finding that the responsibility
for radiation protection at these plants often is not clearly assigned to line
management. We believe this problem to be as critical as staff resources, if not

more so; and we suggest that it be included.
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MM C. DANFORTH, MO, BAM NUMN, GA,
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DAVID Fasmt semE G LM, b 0N, S BARREA, TN, CHIEF COUNSEL AND STAFF DIRCCTOR

MACK MATYINGLY. A, DAVID PRYOR, ARK,
AUlnifed Diates Henale

MARMEN 0. NUDMAN, N H, FARL LEVIN, MECH,
COMMITTEE ON

JOAN M. MIENTEE. 8TAFF DIRECTOR
GOVERNMENTAL AFFAIRS
SUBCOMMITTEE ON ENERGY, NUCLEAR
PROLIFERATION AND GOVERNMENT PROCESSES
WASHINGTON, D.C. 20310

October 7, 1981

Mr. J. Dexter Peach
Director, Energy and
Minerals Division :
U.S. General Accounting Office
441 G Street
Washington, D.C. 20548

| Dear Mr. Peach:

As a result of information I have received concerning both the
United States and foreign countries, I have become concerned about
the levels of radiation received by workers at commercial nuclear
power plants.

I am specifically concerned because of indications that occupation
exposures have increased 20 to 40 percent over each of the past
several years. During that period, only one commercial nuclear
power plant was brought on line. Thus, this obviously does not
provide an explanation. GSeveral discussions have led me to believe

‘ that such increases may have resulted from unanticipated mainten-

j ance due to the premature aging of the power plants. The effect

| of this trend may be devastating on the future availability of

} reactor technicians with possibly rising risks for temporary workers

i whose previous radiation exposure histories may not be well docu-

J mented.

Consequently, I would like you to provide me with information re-
lated to this matter. Specifically, I am reguesting that you
document this increase in radiation exposures for reactor employees
and ascertain the cause of the increase and the extent of the
problem. I am also requesting your comments concerning the poten-
tial impacts and implications of this increase, as well as the
federal role in dealing with this problem.

I would greatly appreciate receiving a report on this matter in early
1982. If you or your staff have any questions or need any clarifi-
cation, please contact Dr. Leonard Weiss at 224-4508.

Sincerely,
s Ly
,?,4_%7’;‘&‘14‘-
John Glenn
JG/lwp
(301576)
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