h
S tu d y

o f A n tic ip a te d

I m p a c t o n
P r o g ra m s
P ro p o s e d
to

th e

D O E
f ro m
R e d u c tio n s

E x te r n a l

O c c u p a tio n a l
R a d ia tio n
E x p o s u re
L im it

U.S. Department of Energy
A ssista n t S e c r e ta ry fo r E nvironm ent
D ivision o f O perational a n d E n v iro n m e n ta l S afety

DOE/EV-0045
UC-41

S tu d y

o f A n tic ip a te d

Im p a c t o n
P ro g ra m s
P ro p o s e d
to

th e

D O E
f ro m
R e d u c tio n s

E x te rn a l

O c c u p a tio n a l
R a d ia tio n
E x p o s u re
L im it

U.S. Department of Energy
A s s is ta n t S e c re ta ry fo r E n v iro n m e n t
D ivision of O p e ra tio n a l and E n v iro n m e n ta l S a f e ty
W a s h in g to n , D C

... NOTICF.

< > ■ Nfjiiid tin*

! 1-MU.

; i-co

luhlir, ,

r.t>.
{„, ,h...

n| ,m>ir.rornMtiMji. jpj.iMius pu.-u •

.I.sjpv-cl. nr
inirinp’prrvjtclv «nul iijihl,

I
!

lU;,w ,A., lM
' fKl. |
'I

20585

Acknowledgement
Participating Contractors
Foreword ...................
Abstract ......................
DOE Ad Hoc Committee
Background ...............
The Study ...................
Findings .....................
Data Presentation .........
Discussion .................
Recommendations . . . .
References .................
Appendices .................

A c k n o w le d g e m e n t

The Committee wishes to acknowledge the cooperation and
support and technical assistance from the Field Offices and
individual contractors who developed the basic data used in
this report. Recognition should also be given to the staff from
the Occupational & Environmental Safety Department of
Battelle-Northwest, and particularly Lois Peter, for efforts in
typing, reviewing and editing the report.

Richland
P a rtic ip a tin g
C o n tra c to rs

Field Offices

Contractors

Naval Reactors Bettis Atomic Power Laboratory
Shippingport Atomic Power Station
Albuquerque
Los Alamos Scientific Laboratory
Rocky Flats Plant
Mound Facility
Sandia Laboratory, AL
Sandia Laboratory, Livermore
Pinellas Plant
Inhalation Toxic Research Institute
Pantcx
Savannah River E.I. du Pont de Nemours & Co.
Oak Ridge National Laboratory
Oak Ridge
Y-12 Plant
Oak Ridge Gaseous Diffusion Plant
GAT
Paducah Gaseous Diffusion Plant
National Lead Company of Ohio
Idaho
EG&C.
Allied Chemical Corporation

Nevada

Chicago

San Francisco

J. A. Jones Construction Company
Hanford Engineering Development
Laboratory
Pacific Northwest L.aboratory
United Nuclear Industries, Inc.
Fast Flux Test Facility (FFTF)
Rockwell Hanford Operations
Department of Defense-DNA
EG&G
EPD
Fenix & Narver, Inc.
NDA
Reynolds Electrical & Engineering Co., Inc.
Sandia Laboratories
Waekenhut Services, Inc.
Wesiinghouse Electric Corporation
Argonne National Laboratory
Brookhaven National l.aboratory
Ames Laboratory
MIT
Fermi Laboratory
UCLA
Stanford
Rockwell International

F o re w o rd

Selected DOE contractor representatives were appointed to an
Ad Hoc Committee to evaluate the impact on DOE programs from
proposed reductions to the externa! occupational radiation
exposure limits. The enclosed report is a culmination of the Ad
Hoc Committee study. We believe it presents an accurate
summary of exposure experience, findings and conclusions
which should be of value to other standards setting organizations,
including the Environmental Protection Agency (EPA); Nuclear
Regulatory Commission (NRC); Department of Health,
Education and Welfare (HEW)f National Committee on
Radiation Protection and Measurements (NCRP); as well as
committees and the general public.
The Ad Hoc Committee agrees in principle with the general
concern for the need to further uduce occupational exposure.
Such emphasis is indeed consistent with sound radiation
protection practice. However, the manner of achieving such a
goal requires careful consideration. For example, the report
shows that 97% of the monitored workers receive occupational
exposures less than 500 mrem/year. Therefore, proposed limit
changes would have little effect on further reducing exposures to
these radiation workers. Proposed limit changes could also have
the net effect of increasing nonproductive total exposure
accumulation. For these reasons other methods must he used to
achieve further reduction in occupational exposures.
Sev<:ial important findings which have been highlighted in the
Committee report indicate that the Department’s stress on a
continuing program termed— maintaining exposures “as low as
reasonably achievable” (ALARA) has produced very effective
results. This appears to be the strongest vehicle for reducing
occupational exposures. Therefore, the recommendations of the
Commiitee, in part, indicate that future efforts to reduce
occupational exposures still further should be focused in the area
of a more formalized ALARA program.

The Department of Energy is taking the following steps to
enhance the exposure reduction program:
1. Technical guidelines will be implemented in the near future
which will provide a strong technical base for assuring the
adequacy of ALARA in the work place.
2. Standardized guidance for the testing and calibration of
radiation measurement instrumentation, based on optimum
methods, will be issued. This will enhance the accuracy of our
radiation measurement program.
3. A follow-up study will be initiated to recommend specific
changes and improvements in DOEstandards to best stimulate
and accomplish further reductions.
4. Achange of DOE regulations will be issued to require each
contractor to es;ablish administrative control levels based on
their operational requirements at the lowest practicable level.
5. The auditing and appraisal program will be modified to
require greater emphasis on technical ALARA reviews of the
work place.
It is the policy of the Department to maintain exposures as low
as reasonably achievable within current standards, and DOE will
continue to strengthen its ALARA program to effectively achieve
this endpoint.

Ruth C. Cluscn
Assistant Secretary for Environment

Even a factor of 2reduction to where all planned exposures
would be less than 2.5 rem/yr would significantly increase
costs and would result in an increase, but perhaps not an
important increase, in total exposure to the work force.
4.

A b s tra c t

In addition to a significant one-time initial capital cost
resulting from a 0.5 rem/yr limit, there would be a significant
increase in annual costs.
5.

The Department of Energy (DOE) has conducted a study of the
impact of reducing the occupational radiation exposure limit from
5 reni/yrto 2.5,1.0 and 0.5 rem/yr, respectively. (Many years of
radiation exposure experience in all phases of nuclear energy
applications have been surveyed to evaluate the impact of
reducing the present DOE limit of 5 rem/yr.) Several conclusions
have been drawn from this study:
1. Reduction of the occupational exposure limit would result
in significant increase in total accumulated exposure to the
current radiation worker population and could require an
increase in the work force with attending personnel and
administrative problems.

6 . The major emphasis in controlling occupational exposure

should be on continued work toward further reduction of total
man-rem This should involve continued development of
ALAP programs along with improvements in dose
measurement and recording methods, more sophisticated
exposure records, and containment, handling and remote
maintenance techniques.

2. Important programs/facilities would have to be abandoned
at a planned exposure limit of 0.5 rem/yr.

7. Radiation protection practices at DOE facilities have
maintained exposures of the bulk of the nuclear work force
substantially below current limits for many years. The
exposure experience presented in this report documents the
effectiveness of a continuing exposure reduction effort.

3. Some engineering technology is not sufficiently developed
to design or operate at the 0.5 rem/yr limit.

8 . The current standards of 5 rcm/y: is used only as a limit. For
example, 91% of the employees receive less than 0.5 rem/yr.

This is possible to a large measure due to the flexibility
permitted where a few radiation workers receive exposures
above 0.5 rem/yr but below the limit in an effort to maintain
total worker exposure ALAP.
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B a c k g ro u n d

Since the adoption of occupational exposure* limits for
radiation workers in 1928, those limits have undergone several
reductions. Basic protection standards for ionizing radiation were
first set by the National Council on Radiation Protection (NCRP)
and Measurements and then the International Committee on
Radiation Protection (ICRP) in 1934. The basic radiation
protection standards were subsequently adjusted by the NCRP
and then the ICRP in 1947 and 1950, respectively. Additional
adjustments were again made by NCRP in 1957 followed by
changes introduced by ICRP in 1958. After many years of
continuous studv and review of the basis for the permissible dose
standards, the NCRP re- firmed the basic structure of its 1957
recommendations in 1969. Similarly, the ICRP, after
considerable study, reaffirmed its basic occupational dose
equivalent standards in 1977. Dr. Lauriston S. Taylor, past
president of NCRP and actively associated with the Council since
its formation in 1929 reported at the Hearings before the
Committee on Commerce, Science and Transportation, U.S.
Senate, June 17, 1977 that:
“ . . . during all ofthe periods since 1934, the changes in
permissible dose standards which have been introduced
were not because of new data indicating radiation to be
more hazardous than previously thought. The changes
were introduced primarily because of the practicability o.
accomplishing lower radiation exposure levels in keeping
with the practical needs of the scientific, medical and
engineering community.”
A brief chronology of radiation standards (Occupational
External Whole Body Dose Equivalent Limits 1947-1977) is
shown i/i Table 1.
Since the eariy I940’s, it was a recognized principle of
radiation protection that the prescribed limits were indeed, limits
for planned exposure, and that every reasonable effort should be
made to keep exposures below the limits and to avoid unnecessarv
exposure to radiation. Recently this principle has been strongly
emphasized at the Federal level by promulgation of the As Low
As Practicable (ALAP) or As Low As Reasonably Achievable
(ALARA) concept. With the exception of a few accidents from
which higher individual exposures have resulted, average
radiation exposures over the past 35 years have been maintained
far below 1.0 rem/yr.
More recently the question of the adequacy of present exposure
limits for protection of workers for both somatic and genetic
effects has been addressed. Two 1972 publications have served as
focal points for many recent efforts to better quantify the effects of
low exposure and lowexposure rate of radiation workers. These
are the “BEIR Report,” issued by the National Academy of
'The words ''exposure'' or "exposure rale'' tireherein symmomous with ' 'dost
equivalent" antI "dose equivalent rate."

Sciences as a report of its Adv. iory Committee on the Biological
Effects of Ionizing Radiation;1and the “ UNSCEAR Report,” a
report to the General Assembly by the United Nations Scientific
Committee on Effects of Atomic Radiation.2The 1977
“ UNSCEAR Report” 1formed the basis for ICRP Publication
26.4
Other studies have appeared in the open literature. These
include a study on the mortality of workers at the Hanford Plant in
Richland, Washington5 and on the mortality among naval
shipyard radiation workers." There is considerable controversy
over some of the results of these latter two studies principally due
to the relatively small numbers of individuals involved,
incomplete medical and work histories and the application of
statistics to the data and epidemiological inferences therefrom.
8, it, 10

In 1975, the Environmental Protection Agency (EPA) received
a petition from the Natural Resources Defense Council, Inc.
(NRDC) requesting that the occupational exposure limits for
radiation workers be reduced so that the associated risk of genetic
effects would be lowered by a factor of 10 and the associated risk
for somatic effects would be lowered by a factor of 6. The Nuclear
Regulatory Commission (NRC) received a similar petition from
the NRDC. The NRC published the petition (Docket Number
PRM 20-6) in the Federal Register (Vol. 40, No. 209, October
29, 1975, 40 FR 50327) and requested comments. Letters
received included three supporting the petition, one proposing an
alternative set of reduced limits and 52 opposing the petition.
On August 10, 1975 the EPA denied the petition. The EPA
denial was based largely on the following considerations:
i. Risk is (assumed) proportional to the actual dose received,
not the dose limit.

ii. Average doses have oeen far below the limit.
iii. Efforts to keep exposures ‘‘as low as is reasonably
achievable” (ALARA) will keep doses well below the limit.
iv. Lowering the limits would likely increase the collective
(man-rem) dose to the worker population and thereby increase
the risk.
A supplement to the NRDC petition was submitted to NRC on
November 4, 1977 requesting 1) consideration of two
epidemiological studies that are cited in the reference petition,
and 2) a public hearing. A similar supplement was sent to EPA
and the EPA subsequently advised the NRDC that their denial of
the petition would be reconsidered.
In response to the NRDC petition supplement, the NRC staff
has been reviewing the comments received from tiie Federal
Register notices, the EPA di. ial, as well as pertinent technical
reviews of the referenced epidemiological studies and the
recommendations of the national and international groups
responsible for the development of radiation standards. NRC
conducted a formal hearing on April 7, 1978 centered around the
epidemiological study by Brass. The NRC value/impact
statement of the dose reduction petition has been completed and
was submitted to the Commission on
July 31, 1978."
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Table i
C h ro n o lo g y o f R ad iatio n S ta n d a rd s
O c c u p a tio n a l E xtern al W h Me B o d y
D o se E q u iv alen t L im its, 1947-1977*

Year
1947

NCRP
National Council on
Radiation Protection &
Measuremrnt
Criteria
Reference
0.1 R/day
NBS Handbook
0.5 R/wk
#18

1949

0.3 R/wk

1950

0.3 R/wk

1951

0.3 R/wk

1952
1954

0.3 R/.vk
3.0 R/13 wks
0.3 R/wk Max
15 rem/y
5 rem/y Ave
12 rem/y Max

1957
ior>8

1959

1960

1965

1971

1974

1977

ICRP
International Commission
on Radiological Protection
Criteria
Reference
0.2 R/day
1.0 R/wk

NBS Handbook 0.2 R/day
#42
1.0 R/wk
r-Z R/wk

3.9 R/13 wk
3.0 R/Series
2.0 R/Series
3.9 R/13 wks

0.3 R/wk
NBS Handbook 0.3 R/wk
#69
0.3 R/wk
0.1 rem/wk
ICRP
3.0 rem/13 wks Report # 1
5 (N-18) rem
0.1 rem/wk
3.0 rem/13 wks
5 (N-18) rem

-

0.1 rem/wk
3.0 rem/13 wks
5 (N-18) rem
3 rem/13 wk
5 rem/y Max

ICRP
Report #9

3 rem/13 wk
5 rem/y Max

3 rem/13 wk
5 rem/y

3 rem/13 wk
5 rem/y Max

3 rem/13 wk
5 rem/y

5 rem/y
acceptable
risk

Atomic Energy Commission (AEC
Energy Research and Developmer
Administration (ERDA)
Departmen; of Energy (DOE)
Criteria
Reference
0.1 R/day
NCRP
NBS Handbook
#18
0.1 R/day
0.3 R/wk

0.3 R/wk

Addendum
NBS Handbook
#59
0.3 rem/wk Max Addendum
3 rem/13 wks NBS Handbook
12 rem/y Max #59
5 (N-18) rem
0.3 rem/wk Max
3 rem/13 wks
12 rem/y Max
5 (N-18) rem
0.3 rem/wk :ax
3 rem/13 wks
12 rem/y Max
5 (N--*Q) rem
0.3 rem/wk Max
3 rem/13 wks
12 rem/y Max
5 (N-18) rem
NCRP Report
3 rem/13 wk
5 rem/y
#39

•E. J. Vallario, Jan. 1970.

FRC (1960)
Federal Radiation
Council
Criteria
Reference

IOr?P
#26

3 rem/13 wk
5 rem/y Ave
12 rem/y Max
5 (N-18) rem
3 ren/13 wk
5 rem/y Ave
12 rem/y Max
5 (N- ;8) rom
3 rem/13 wk
5 rem/y Ave
12 rem/y Max
5 (N-18) rem
3 rem/13 wk
5 rem/y Ave
M rem/y Max
5 (N-18) rem
3 rem/13 wk
5 rem/y Ave
12 rem/y Max
5 (N-18) rem

3.9 R/13 wks
3.0 R/13 wks
0.3 R/wk Max
15 rem/y
3.0 R/13 wks
0.3 R/wk Max
15 rem/y
0.3 rem/wk
3.0 rem/13 wk
12 rem/y Max
5 (N-18) rem
0.3 rem/wk
3.0 rem/13 wks
12 rem/y Max
5 (N-18) rem
FRC Re|»rt #1 3 rem/13 wk
#1
5 rem/y Ave
5 (N-18) rem

NBS
Handbook 47
AEC (DBM)
AEC
(LASL/WT 204)
AEC (Ranger/
Greenhouse)
AEC (DBM)
AEC (DBM)
NCRP
NBS Handbook
#59

NCRP
NBS Har dbook
#59

FRC Report

3 rem/13 wk
5 rem/y Ave
5 (N-18) rem
1 iem/13 wk
Crem/y Ave
5 (N-18) rem
3 rem/13 wks

5 rem/y

3 rem/13 wks
5 rem/y

NCRP
#39

- 8. What time fram e fwould be required'to permit transition to
reduced dose equivalents?
•

T h e

S tu d y

Since DOE programs involve a large and diverse portion o f all
wort* involving radiation in the U .S ., it was assumed that
reduction of exposure limits might be felt m ost keenly within
D C E . Consequently, as a result o f the response by EPA to the
N R D C petition and the impending response by NRC, as well as
m ounting congressional interest in the problem o f occupational
exposure, the Departme.H of Energy decided th at a review should
be undertaken to delineate the impact of low ered occupational
radiation exposure limits on DOE personnel, programs and
facilities. To establish a basis for assessing the potential im pact of
low er exposure limits among DOE contractors, the Division of
Operational & Environmental Safety (DOES) asked the following
questions of its Field Office contractors on June 15, 1978.
F o r each of the following annual radiation exposure lim its, 0 .5 ,
1 and 2.5 rcm
1. What percentage of your radiation v orkers are exceeding
0 .5 rem/yr, 1 rem/yr, and 2.5 rem/yr? Provide the exposure
d ata by facility type, e .g ., reactor, accelerator, fuel cycle, etc.
2 . Would it be necessary to increase the w ork force? If so,
w hat workers need to be added and what is the anticipated
increase in yearly cost?
3 . Would control of individual exposures to the proposed
reduced limits increase or decrease the total man-rem exposure
to your work force?

4. Where would the greatest increase (if any) in man-rem
occur (type of workers)?
5 . Would facility modifications be required to comply w i'h
reduced dose equivalents? If so, what is ;’n e nature o f these
changes and their corresponding estimated costs?
6 . What changes to your radiation protection program,
including corresponding costs, would be required in the
following areas:
a. instrumentation,
h record keeping,
c. dosimeters (passive, active),
d. general controls (posting, storage, e tc .),
e. staffing,
f. training.
7 . Would any phase of current operations have to be
abandoned because of high cost factors associated
w ith.m odifications necessary for com pliance? Specifically
identify.

Selected contractor representatives were appointed to an ad hoc
committee through DOE Field Offices. These members were
assigned responsibility for coordinating replies to the above ,
questions from various contractors within their Field Office. A
meeting of the ad hoc committee was held November 29 and 3 0 ,
1978 at DOE Headquarters. T h e data from all of the contractors >;
were reviewed a n d initial sum m aries were prepared. The
following set of basic assumptions and decisions w ere made: .ffi!
• No discussion or evaluation o f dose effects would be
t
undertakenj how ever, some health effects would be assum ed’,,]W
even at low d o se. '
• Total worker population dose would be considered along*!
with individua’ worker’s dose.

'

y.

• No attempt w ould be m ade to evaluate the value o f a program’!
or facility to D O E , the industry or the U.S. •<,
• T he same radiation protection control and reportmg.' - f;^'
philosophy w ould be continued if lower limits were adog
• The connnittee would not recommend any changenniili
• No attempt w o u ld be made to identify or quaritify,'.t**"fJ"J
curtailment o f programs.
• For the purpose o f developing cost and mqnp6w%,c
it would be assum ed that program s and facilities!^
operated at the proposed lim its (this may not be;a
assumption at th e 0.5 rem /yr limit).
'
The basic design o f the rep o rt was developeditogf .
list of important p o in ts to be d iscussed. It is im p o rta n tto fn ^ ti;
this report is limited to a presentation of exposure j\pcrieiK e i
anticipated econom ic and exposure impact oi tnereauction, it
occupational exposure limits and does not?address th e a lleg ed
need fo r dose lim it re d u c tio n . T he ad hoc committee concluded ■'
that the results o f this st’idy satisfactorily projecFthe effects a n d 4.Vt
problems associated vvuh the proposed reduction o f the <ilose\y .:?i f
limits. Results sim ila r to those obtained in this study were- '
developed in studies by the A tom ic Industrial Forum (A1F)
Stone and W ebster.1'1 As an exam ple, the cufves (Figure I j
developed by Stone and W ebster for BWR and PW R'plants w ith ;
S 4 years of operation, suggest that the results are.com parable
with the finding fo r DOE facilities. *' ' '
'
‘
.
During the course of the study a series of meetings, briefings
and reviews were held with representatives of various prdgrafcn1
divisions including several w ith the Division qf O p e ra tio n a l^
Environmental S afety. Finally, a briefing waslheld witb^the;.5'
Assistant Secretary for Environment ’and her principaf staff.1

Figure I

Number ol Additional Workers Required as a Result of
Ked'".'i'vj! individual Dose Limits
Number of
Additional
Workers

from program delays or from development work necessary to
improve the state-of-the-art technology of engineered controls
and dose measuring devices genei ■Jiy are not included.
Some of the contractors have noted that the external whole
body dose limits cannot be considered independently from
internal or extremity exposure limits. Any lowering ,)f dose limits
would have an impact on other limits, such as internal and/or
extremity dose limits. A reduction in the whole body external
exposure limit would be expected to reflect changes in the internal
and extremity dose limits if the basis for the reduction were
uniformly applied. Current internal and extremity dose
experience of a few DOE contractors is such that any significant
reduction in the dose limits could have a major economic impact
upon the continued operation of the plants. While some DOE
contractors were prepared to discuss the impact of lowering the
internal and extremity dose imits. the questionnaire (and hence
this report) did not include a study of this impact. As ar>example,
two of the Field Office contractors reported the neea for a
significant worker increase if a factor of 2 reduction in the internal
exposure limit followed the external dose limit reduction. It was
further reported that changes necessitated to meet a reduced
internal exposure limit would result in an increase in external
exposure.
Several major programs under development by the Department
of Energy, which were not specifically included in this study,
would be expected to involve significant ;adiation exposures with
a correspondingly large number of workers. Examples >,refusion,
major new waste management facilities, and decontamination
a xl decommissioning. Though the report is not comprehensive
fromthis standpoint, the qualitative results are based on extensive
data and the ind,cations and conclusions are considered to be
accurate.
Figure 2

Dose Limit (Rem/Yr)

Data obtained from DOE reports on occupational exposure for
years 1974-1977 are plotted in Figure 2.MThis shows that
app oximately 50% of the total workers monitored do not receive
measurable exposure. There were several thousand additional
DOE and DOE contractor personnel classed as "non-radiation
workers” who are not monitored. These people receive no
appreciable exposure which increases the “nonmeasurablc dose‘’
ratio shown in Figure 2,
The costs identified in this study are, for the most part,
estimates of tangible costs that could be readily identified, as
distinct fromcomplete engineering studies normally performed in
developing preliminary proposals for modified or new facilities.
Thus, the cost estimates could conceivably become higher as a
result of thorough engineering studies. Indirect costs resulting

Comparison of Total Number of Employees, T.nal
Numbers of Employees Monitored and Number of
Employees Monitored but No Measurable Dose for Each
Year
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F in d in g s

Several findings result from an examination of the DOE
exposure data and anticipated cost impact study information
presented and discussed in the succeeding sections. These are
summarized as follows:
J . Total exposure to the radiation worker population has
steadily declined although the number of workers has increased
from ~ 95,000 in 1964 to —117,000 in 1977 (Figure 3).
Changing programs have accounted for part of (he decrease;
however, there are m any areas in which the radiation Helds
have increased. This reflects an effective effort to reduce
exposures to as low as practicable (ALAP). Very few workers
( < 1r/r) receive exposures in excess of 2 rem (409; of the
annual limit), A large percentage ( -60'/;) o / those employed
receive no measurable exposure above background as shown in
Figure 1 for years 1974 through 1977.
2. Although the 5 (N -18) rem limit (12 rem/yr maximum) for
planned exposure is authorized for use in the U .S ., most of the
DOE contractors have not used it for the last 10 years. Since
1974 the official lim it for use in DOE facilities has been 5
rem/yr. This limit has been exceeded infrequently, for a few
individuals since 1968. In general, the flexibility of the current
limit/guide recom m ended by NCRP, ICRP and FRC has been
usea to minimize total exposures.
3. Reduction of the present 5 rem/yr limit for planned
exposure would significantly increase the total exposure to the
radiation worker population when compared to the 1977 DOE
exposure of ~ 10,500 man-rem (Figure 4) and could result in an
increase in radiation related health risk (if any exist at these
levels). The anticipated total man-rem exposure increases
substantially as the individual exposure limit is reduced.
4. As the limit approaches the 0.5 rtm /yr level, the
technology required to measure the dose within the limits
becomes inadequate, assum ing the need to measure some
incremental exposure ranging from 1/4 to 1/12 of the annual
limit. Engineering technology generally does not exist at
present and requires developm ent to accomplish a significant
portion of the current D O E projects within this limit.
5. Existing facilities have not been designed to an engineering
standard o f0 .5 rem /yr lim it, thus operation a t0 .5 rem/yr would
result in many having to be abandoned or remodeled at
considerable expense. In addition, there are several
programs/facilities for which (as indicated in # 4 above) the
technology to design facilities and/or develop operational
'echniques to do current work at reduced exposure levels has
not been developed.

6. Hvlmi a factor >t 2 reduction to 2.5 rem /yr would increase
costs and would result in an increase, but perhaps of marginal
importance, in total exposure received by all DOE radiation
workers (Figure 4)
7. DOE experience shows that the distribution of exposure to
the radiation worker population is such thal the hulk ot the
individual exposures occur j<t or below approxiir >.ely
one-tenth of the limit of 5 rem/yr. Reduction of the limit
assuming a similar distribution of exposures could have the
effect of placing a large number of exposures into an
impractical range, i.e., unmeasurable and within the variation
in natural background radiation ranging from 65 io 150 rem/yr,
depending on the location of the facility and fluctuations in
background exposure related to general facility operation.
8. Additional personnel would be required throughout DOE
programs in order to provide a ‘'spreading” or “ averaging” of
dose to individuals below the reduced m axim um . Working in a
slightly elevated radiation field, inefficiencies caused by more
frequent changing of crews in the radiation work field, and loss
of work efficiency due to absence of some quality of training
would significantly increase total exposure to an increased
radiation work force. The “ averaging” of exposure also would
result in an increase of the yearly exposure for the workers
currently receiving exposure at annual rates less than the
F igure 3
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proposed new limit. Additional problems include the need for
1) providing useful work during non-radiation work period
(anticipated to be the m ajor portion of the w orker’s time), 2)
providing housing and support facilities, and 3) maintaining a
safe work environment when a signficant portion of the work
force is either engaged in temporary assignments or is
transient.
9. Though not a part o f this study, many o f the respondents
pointed cnit that a reduction in external whole body dose might
lead to a consideration o f exposure reduction in other
categories, i.e ., internal and extremity.
10. The radiation protection programs should continue to
em pha.ize the reduction o f total man-rem exposure along with
the reduction of individual exposure. To aid in this reduction it
will be necessary to 1) strengthen ALAP programs, 2)
undertake technical developm ents to improve occupational
exposure m easurem ent, recording, and exposure record
programs, and 3) im prove containment, handling and remote
maintenance equipm ent and/or methods.
Figure 4

D a ta
P re s e n ta tio n

Data from each of the DOE contractors w ere reviewed by the ad
hoc committee to determine appropriate methods of combining
the. data for presentation. It was concluded that the data should be
presented by major Program and by Regional DOE Field Office
for the following reasons:
1. Data from DOE sources covers a v.iriety of programs, such
as accelerators, reactors, fuel reprocessing plants, etc. For
direct comparison with previous and for use in future studies,
here and elsewhere, the data from each o f these sources must be
summarised separately.
2. Specific programmatic impact can affect several of the Field
Offices.
3. For future reference and action. Field Offices need a
summary of the data after evaluation by the committee.
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4. Health physics cost data could not be subdivided into
programs within a contractor organization where the work
within the contractor organization spanned more than one
major Program area.
R ath committee member was responsible for analyzing data
from contractors within his Field Office to determine the
distribution of data between the various program s where more
than one major program was involved. T he committee members
reviewed these data with each o f the cognizant contractors as
necessary to assure that bias had not been introduced as a result of
the analysis of major Program areas. The data for each of the two
m ajor categories (Program and Field O ffice) were tabulated for
each of the three dose limits: 2.5 reni, 1 rem , and 0.5 rem/yr.
The program data were summarized in the following nine
m ajor areas: 1) reactors, 2) fuel fabrication, 3) fuel reprocessing,
4) uranium enrichment, 5) weapons, 6) general research, 7)
accelerators, 8) waste management, and 9) miscellaneous. The
data rounded generally to one significant figure for the Program
areas for the 2.5 rem , 1 rem, and 0.5 rem /yr limits are shown in
Tables 1, 2, and 3 o f the Appendix, respectively. Generally, the
costs identified as “ facility” are one-tim e costs while those
identified as “ m anpow er” are annual costs.
Note: Data on the anticipated increase in workers required were
included in the totals for some new facilities, such a* FFTF, AIW,
and LWBR. These increases would be over and above the
anticipated staffing levels. Although in som e cases u ’.vas possible
to calculate the number of additional personnel a/id the
expenditures required to “ average' all exposures within 0.5
rerc/yr limit, it was concluded that it w ould not be feasible to
operate some facilities at this level even w . h the ucluiiional
expenditure and personnel. Data from one fuel reprocessing
contractor included estimated manpower needs but qualified them

Figure 5

Figure 6

Trends in Whole Body Exposures

N u m ber o f D O E and D O E C o n tracto r W o rk e rs

Number

Number
of Workers

Exposure Range (Rem)
•For years beyond 1968 the points above 5 rem represent accidental
exposures.
as meaningless, while sorr.e accelerator contractors included no
manpower or facility costs after they concluded they could not
operate.
The Field Office data for exposure limits of 2.5 rem, 1 rem , and
0.5 rem/yr are shown in Tables 4 , 5 , and 6 in the Appendix,
respectively. It should be noted that these tables contain an
additional column on health physics costs which were not
included in the programmatic data. T he health physics costs were
tabulated in six areas: 1) instium ents, 2) records, 3) dosimetry, 4)
general controls, 5) staff, and 6) training. Both initial and annual
costs were identified where possible. Tables 7, 8, and 9 in the
Appendix show the costs for the 2.5 rem , 1 rem, and 0.5 rem /yr
limits, respectively.
Data contained in the annual reports “ Radiation Exposures for
DOE* and DOE Contractor E m ployees” were compiled for the
years 1964, 1968, 1972, 1976, and 1977.14 These data were
plotted in Figure 5. The figure illustrates the number of workers

*Where DOEis died, ERDA mul AEC ore also included.

Exposure Range (Rem)
*Data points for exposures between 1 and 2 rem appear higher because
data is not available at 250 millirem increments as it is below 1 rem.
who received exposures in various ranges. It should be noted that
the data points were plotted at the upper end of each exposure
range. In 1964 the occupational exposure limits w ere 3 rem per
quarter with a 1ifetime limit of 5 (N -18) rem , where N is the age of
the w orker. Thus, most employees could receive as m uch as 12
rem/yr by a combination of these limits. Therefore, the data for
1964 reflects several workers who received exposures in excess of
the present DOE limit of 5 rem /yr. Many of the contractors
adopted the ALAP concept in 1965 with de-em phasis o f 3
rem /quarter o r 12 rem/year that was recommended in ICRP
Report # 9 . Exposures above 5 rem/yr since 1965 represent
primarily accidental rather than planned exposures. In 1974, the 5
rem/yr lim it recommended by N CRP Report # 3 9 w as officially
adopted by D O E in Manual C hapter 0524. Figure 6 show s the fine
structure betw een 0 and 2 rem for the yers 1974 through 1977.
The data contained in this figure were obtained directly from the
annual D O E exposure reports.14 The reports on occupational
exposure fo r the years prior to 1974 did not perm it the

development of the fine structure below 1 rem .vhich is shown in
Figure 6.

Figure 7

Total C ollective D ose E q u iv a le n t for
E R D A C ontractor E m p lo y e e s

Collective
Dose Equivalent (Man-Rem)

Year

Figure 8
N u m b e r o f D O E C o n tra c to r Em ployees w ith
D ose E q u iv alen ts G re a te r th a n 1 and 2 Rem

The total collective dose equivalent above ! rem for DOE
contractor employees is presented in Figure 7 for the years 1964
through 1977. The number of DOE contractor employees with
dose equivalents equal to or greater than 1 or 2 rein is presented jn
Figure 8 for the same period of time. The percentage of
em ployees with whole body dose equivalents equal or greater
than 1 or 2 rem is presented in Figure 9. The distribution of whole
body exposure in man-rem for DOE and its contractors for 1977 is
show n in Figure 10. The five exposures above 5 rem were due to
accidents. The information for these figures w as derived from the
D O E annual exposure reports.14 Additional background
information useful for interpreting the tables and figures is as
follows:
• One of the most important factors considered in developing
the manpower increase, manpower cost and facility cost
projections is the need to establish adm inistrative control
points, e .g ., 2.0 rem/yr to assure com pliance with a 2.5 rem/yr
standard (see Table 2). In Table 2, e tc ., the corresponding
projections generally w ere not based on enhanced controls
necessary to assure compliance.
• It is difficult to compare the number o f people exceeding 0.5
rem , 1 rem, and 2.5 rem per year as contained in Tables 1
through 6, and the number of workers exposed as shown in
Figures 5 through 10, since the tabulated d ata represents only
F ig u re 9

Pe<cent o f Em ployees w ith W hole B o d y D o se Equivalents
c ire a te r than 1 and 2 R em

Number of
Employees
(in 1,000’s)

Percent of Monitored
Contractor Employees

Year

Year

responses from contractors representing approximately 7 5 'f ot
the total personnel monitored w hile the data contained in the
figures are obtained from exposure reports from all DOE
contractors.
* The “ Miscellaneous" category refers to onsite “ resident”
construction and maintenance forces.
Incomparing the costs of increased manpower and facilities by
Progran for each of the three proposed limits (Tables I through 3
in Appendix) the incremental costs were estimated at:
S
18M for 2.5 rcm/yr dose lim it
S 580M for 1 reni/yr dose limit
$3430 M for 0.5 rem/yr dose limit

Figure 11

Total Manpower and Facility Cost

Cost ($M)

In comparing the costs by Field O ffice for each of the three
proposed limits (Tables 4 through 6) the projections for
manpower, facility and health physics costs are shown below:
$
22M for 2.5 rem/yr dose lim it ($10 M annually)
$ 620M for 1 rem/yr dose limit ($136 M annually)
$3530 M for 0.5 rem/yr dose lim it ($440 M annually)
The costs are also presented graphically in Figure 11. This
dramatic increase in cost shown is attributed to the substantial
increase in workers required to “ a v e ra g e ” exposures within the
corresponding limits and the increased controls necessary to
assure that exposure limits are not exceeded. For example, the
following increase in staff was projected:
160 staff needed for a 2.5 rem /yr dose limit
3200 staff needed for a 1 rem /yr dose limit
11000 staff nee ied for a 0.5 rem /yr dose limit
To provide a meaningful base for the total impact on DOE
programs it is important to provide both one-time costs
and annual costs. Tables 7 through 9 in Appendix present health
physics costs, which are also shown graphically in Figure 12.
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F igure 12

Estimated Tot;;! Dose for Proposed Dose Limits
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D is c u s s io n

A. Increase in Collective (Man-Rem) Dose
The summary tables for the three proposed limits indicate
an increase in total man-rem exposure for DOE and its
contractors. Figure 4 graphically presents the summation of
the contractor estimates o f the incremental man-rem
increase as a result of reduction of occupational exposure
limits. Not all contractors were able to provide a realistic
estimate since this is quite subjective in many cases.
Therefore, these data represent no more than a lower limit
on the possible man-rem increases. Increase in man-rem
exposure is related to many factors including 1) efficiency
of long-term employees versus new employees brought in
to lower individual exposures, 2) nonproductive time of
additional workers in locations where radiation levels
exceed natural background, and 3) nonproductive exposure
received by workers ir. transit to and from radiation work
areas which occurs irrespective of the amount of time the
worker is pemitted to accom plish the work in the radiation
area.
Neither the contractors, nor the ad hoc committee
attempted to develop definitive models for describing
additional man-rem exposure that would result from lower
occupational exposure lim its. However, there have been
some studies conducted individually by contractors within
DOE (e.g ., United Nuclears Industries and Allied
Chemical). Figure 13 illustrates the character of the
increase estimated from a specific study at the Idaho
Chemical Processing Plant (ICPP). The AIF in iheir
preliminary assessment o f potential impacts of operating
nuclear power plants at a limit o f 0.5 rem/year, developed
models to describe the potential impacts on man-rem
exposures.111 Models were also developed in a study by
Stone and Webster Engineering Corporation13 (see pages
14 through 58). The shape o f the curve for this DOE study is
sim ilar to that of the Stone and W ebster study, thus, in the
view o f the committee, indicating the DOE contractors’
estim ates are reasonable even though extensive model work
was not undertaken.
B. Manpower Problems
As was shown previously in Figure 1, the requirement for
additional workers increases as the occupational exposure
limit is reduced. The DOE data points for Figure 1 were
developed directly from the data obtained in this study.
These data were superim posed on data generated in the
Stone and W ebster study to demonstrate the similarity in
shape o f the respective curves. The principal increase in
personnel was associated w ith craft-type people involved in

maintenance operations. To a lesser extent, radiation
protection personnel and operating personnel will also be
affected.
An increase in manpower requirements will place a
greater burden on DOE and the taxpayer because of the need
for more people (generally operations, radiation protection
and crafts) for routine operation and m aintenance whether
in D OE facilities or in power reactor facilities. The crafts in
D O E include pipefitters, operators, m illw rights, instrument
technicians, electricians, etc. These are the sam e groups
w hich, because they are used heavily in the pow er reactor
industry not only for refueling and m aintenance operations
but also in the construction of new pow er p lan ts, have been
in great demand. Thus, the limited labor base should
becom e a problem in supplying the needs for the entire
industry. Alternatively, the wages will be increased
significantly to attract more workers.
M any of the DOE facilities are located in rem ote areas
m aking it difficult to obtain enough em ployees for
tem porary work. The transportation o f w orkers to these
rem ote sites could involve significant time and cost. In
som e crafts such as radiation monitors, new workers have
been provided moving expenses as an encouragem ent to
relocate. These costs generally were not included in the
overall cost summaries.
The nuclear industry has developed a num ber o f key
people for specific jobs. It may be extrem ely difficult, in
m any instances, to develop two key people for the same job
and yet limit or eliminate casual exposure (nonproductive
tim e) for them. The cost associated with maintaining
duplicate ‘‘expert?” and the psychological problem s that
m ay develop as a '.esult o f too much unproductive time will
be significant. Possible solutions to these problem s include
guaranteed annual incomes, layoffs, or diversion to tasks
involving non-radiation exposure. As a result o f these
solutions, there may be a reduction in the quality of the
w ork provided by the “ experts” along with the
development of labor-management problem s. There was
concern by the ad hoc committee w hether the educational
system will be capable o f providing the technical and skilled
m anpow er required by a reduction in occupational exposure
lim its, let alone meet the current dem ands o f the industry.
T here have been several studies15 through 2:1 identifying
current and projected needs for the industry. As an
exam ple, one stucfy suggested the need for H ealth Physics
Technicians will increase by a iacto ro f 5 betw een 1975 and
the year 2000. This estim ate, which was m ade in 1977,
w ould have to be increased drastically if low er dose limits
w ere adopted. In comparison, a report by DO E on
Radiation Protection Enrollments and D egrees for the Year
197724 shows the number of degrees granted during the
years 1966-1977 increased by less than a factor of 2.
C. Facility Problems
T he cost data contained in Figures 11 and 12 illustrate
som e o f the problems associated with operation o f present
facilities under reduced exposure limits. It was concluded
that facilities operated at the 0.5 rem/yr limit would require

extensive modification to permit operation under reduced
standards. This also requires that the technology exist to
permit these changes.
Design criteria utilized for many facilities were much
less stringent than present criteria. It is difficult, if not
impossible, to upgrade an existing facility to the point that
occupational exposure rates will meet new design
objectives. Adoption of an occupational exposure limit of
0.5 rem/yr may m ake it virtually im possible to modify
existing facilities, utilized for extensive radiation work, to
meet the new limits. This is particularly true in the case of
accelerator facilities and some of fuels and materials
facilities. Correction o f design deficiences to meet design
objectives necessary for limits of 1 rem and 2.5 rem
generally appear to be feasible, but costly.
In some cases it has been difficult to m eet current design
objectives in developing new facilities. At an 0.5 rem/yr
occupational exposure limit there no doubt w ould be a
design objective perhaps as low as 0.1 rem /yr. It was
concluded that m. t existing DOE facilities could not be
built and operated w ith present engineering technology to
meet a design objective of 0.1 rem/yr.
Much of the “ high exposure” work involving single
exposures of several hundred mrem would by necessity
need to be conducted remotely. Fuels work, as an example,
is one of the operations expected to require remote
operations if the occupational exposure lim it w as reduced.
Remote operations in many instances involve technology
which has not been developed. Generally, required
development work is not even underway.
Thicker shields can be built to reduce operator exposure.
However, contact m aintenance on potentially highly
radioactive items 'vill continue to be required in the future
until more technology development occurs. T hus, the
higher exposures not only will be transferred from operators
to the crafts and health physics personnel, but will also
increase the number o f these workers required. This has
been experienced in the automation of glovebox lines. This
is the same classification of workers that w ill be in heavy
demand for maintenance o f old facilities as well as the
high exposure m aintenance work associated w ith the
power industry.
D . Dosimetry and Instrumentation Problems
1. External Dosimetry (Whole Body) and
Instrumentation
The sensitivity o f dosim etry and instrum entation at lower
exposure levels, particularly at a 0.5 rem/yr lim it, becomes
an important consideration. As an exam ple, present
dosimetry systems exhibit a minimum sensitivity level of
0.02 to 0.04 rem for each reporting period. T h u s, for
example, 12 monthly measurement periods co u ld result in
0.24 rem either that is not “ detected” by m easurem ents and
should have been charged as exposure or added
unnecessarily to the actual exposure. V ariation in natural
background, coupled with variability in facility background
(build-up of radioactive materials) can m ake it virtually
impossible to provide adequate m easurements and controls

in a range of 0 to 0.5 rem with present dosimetry
capabilities. Currently the measurement of neutron d o se is
difficult. At the 0.5 rem /yr lim it, adequate measurem ent o f
neutron dose will be virtually impossible without a m a jo r
breakthrough in technology.
2. Extremity Dose Measurement
The questionnaire did not include collection o f d ata fo r
extremity exposure problem s. Although a detailed stu d y
w as not performed, it w as noted that the extremity d o se
experienced in some contractor operations, including th o se
involved with contact m aintenance and operation, could be
limiting at times under the current standards. A reduction o f
the extremity dose limit from 75 rem/yr to 30 rem /yr as h a s
been suggested in NCRP 39, could have as severe an im p ac t
on some operations as w ould a reduction of the whole b o d y
external exposure limit to 1.0 or 0.5 rem/yr.
3 . Internal Dose
Although the questionnaire did not deal with the e ffe c ts
o f reduced internal dose lim its, several of the contractors
(particularly those associated with the enrichment o f
uranium and the processing and utilization of large
quantities of plutonium and highly enriched uranium )
pointed out that a subsequent lowering of internal d o se
lim its to match the reduced external dose limits could m ak e
it impossible to operate w ithin an 0.5 rem/yr limit w ith
existing people and facilities. Significantly higher
operating costs would result even if the limit was red u ce d
only by a factor of 2. One contractor estimated the need fo r
an additional 230 workers with a factor of 2 reduction o f th e
internal exposure limits. Further lowering of internal
exposure limits resulting in the widespread use o f
respiratory protection could lead to increased external
exposure due to decreased operator efficiency.
E. Operating Health Physics Philosophy
Since the 1940s the operating health physics philosophy
o f DOE contractors has been to eliminate unnecessary
exposure by engineered and administrative controls,
training of radiation w orkers and health physics staff,
continuim: technology developm ent, improvement o f
measurement systems, and reducing exposure to the
individual worker. This operating philosophy has
developed into what is currently called As Low As
Practicable (ALAP). A L A P is an integral part of the D O E
health and safety requirem ents specified in Manual C h a p te r
0524 Part V which provides specific criteria to be used in
implementing a com prehensive ALAP program.
Recognizing the importance o f ALAP in a w ell-conceived
exposure reduction program , the DOE (OES) has tak en
further initiative by contracting with a laboratory to d e v e lo p
technical guidance to provide more substantive A LA P
guidance for DOE operations.
O ne of the effective m ethods o f controlling radiation
w orker exposure which has led to continued reductions b o th
in individual exposures as w ell as the man-rem exp o su re,
has been to apply an adm inistrative exposure control lim it

which is somewhat below ihc annual limit. further controls
have hcen implemented by applying weekly, monthly, or
quarterly limits depending on the exposure potential and the
nature of the operations. Thus, the limit of 5 reni/yr
represents an extreme upper limit. Lowering the exposure
limits by a factor of 2, 5, or 10 should he accomplished by
the application ol a similar rule such as an 80% control
point. Thus, the impacts analyzed in this study are
understated to the extent that (he contractors reviewed only
those employees exceeding limits of 2.5 rem, 1 rem, and
0 5 rem/yr rather than at an KO'/i control point.
figure 5 shows the trends in the whole hotly exposures
lor the years 1964, I96K, 1‘>72. 1976 anti 1977. It can be
seen the number of workers with exposures in excess ol 2
rein has hcen lowered. This is a result of changes
of program emphasis anil the application of Af AP
philosophy. Total man rein exposure data for 1977, shown
in figure 10, demonstrates Ilie effective reductions of
planned exposures to less than 5 rein. Approximately 60%
i6200 man-rcm)of the man rem exposure is recorded in the
0 I lem range. In -lie range of () to 0.5 rcm, approximately
40'/f ol the man ein exposure is received. These data were
calculated Imini ata in the 1)01 {exposure report for 1977"
by multiplying the median exposure for each range times
the total numherof workers in that range. Inthe range of 0 I
rein data was subdivided into 0 to (1,1,0.1 to 0.25, 0.25 lo
0.5,0.5 to0.75 anil 0.75 to I rem subranges since the finer
structure was available. Total calculated exposure for all
l)()f workers using this method was 10440 man rem. Thi.s
was within 0.4'/< of the actual reported total measured
exposure of 104(H) man rem.
As a further indication of the effectiveness of DOli
radiation protection program over the past 'Ml35 years, the
.mlaysis of the highest individual lifetime exposure
l able 2
W h o le Hotly lixposure lix p o tic n c c * Workers
tire a te i Than 60 Rem All T im e

Worker Classification

Average
Annu
Acco mutated
Dose
Service Expo
(yoars) (rorn)
(rein)

Sup Oporator
Roactor Instr Sp.
Reactor Monitor
Sop Operator
Roactor Monitor
Reactor Monitor
Roactoi Monitor
Reactor Monitor
Sep. Oporator
Reactor Monitor
Roactor Oporator
Roactor Operator
Sop Oporator
Roactor Toch.
Radiation Control Toch.
Reactor Operatoi
Reactor Operator
Reactor Monitor
Reactor Monitor

I'M* 4
76
74
68.5
68.5
67.4
66.9
65.8
65 1
63,9
61.6
61.2
61.1
60.8
60.6
60.5
60.4
60 3
60.1

2 !>

29
2 ti
31
.?/
30
25
26
30
35
29
29
29
26
27
33
36
31
33

' Data obtained from RI. programs.
"Known uccidont wheio individual received about 110 rcm

5.8
2.6

2.9
2.2

25
2.2

2.7
2.5
2.2
1.8
2.1
2.1
2.1

23
2.2
1.8

1.7
2.0
1.8

Table 3
A verage W h o le Body D ose (*) B y C rafts

Worker
Classification

Number of
Workers in
Classification

Total
D ose

(rem)
Reactors
Monitors
Plumbers
Operators
Millwrights
Operators
Instr. Spec.
Instr Toch.
Electrician
Powor Opor
Separations
Choin Tech
Monitors
Oporalors
Oporator!;
Oporatorr,
Plumbors
Vochnician!;

21

47
19
36
29
25
40
17
7.3
3.8

58
56

33
26

21

41
22

27
49
10

26
29

86

I

06
132
57
42

05
24
7
13

Service
(years)
20
8

18
16
14
28
13

Average
All Time
Dose
(rem)
2.3
2.3
1.9
1.8
1.8

1.5
t .3

11

0.6

13

0.3

2.1

19
5.7
0.6

23

16
1.4
1.2
1.2
1.1

8

0.9

16

0.8

'Data Ironi HI program

experience of current workers in one Held Office were
analyzed ( Table 2). Workers from that Held Office who
have received -60 rein during their total service time have
an average annual exposure in all but one case, of less than 3
rein. Table 3 illustrates crafts exposure data for the same
field Olfice. Average exposure for all workers in the
various crafts groups for two major program areas are below
2.5 rem/yr.
!*'. P ro g ram m atic

Manpower, facility anti health physics costs associated
with meeting the proposed lower limits were illustrated in
f igures 11 and 12. These costs can be expected torise as the
limits are reduced, similar to the rise in the number of
workers required anil the increased man rent exposure. The
increase is also similar to that illustrated in the AIT1'' and
Slone and Webster11' studies on the effects of reduced
occupational limits.
There was no attempt to determine the added cost of
program delays or abandonment. However, it was
estimated that the length of time required to meet these
lower occupational exposure limits could he as great as 20
years. This would cause a significant program tlelay or
alternatively, a curtailment of existing, programs. As
previously indicated, it appears impossible to meet reduced
limits in some of the existing facilities such as accelerators
and fuel and weapons fabrication facilities. The highenergy
physics programs would be severely curtailed until such
time that residual exposure rales al existing facilities could
he lowered or that new facilities meeting the more
restrictive design requirements could be constructed.

This should result in a measurable reduction incollective dose
as well as the number of people receiving higher exposures.
Enhancement of the radiation control program
administration, including standardization, where feasible,
should be undertaken. Attention should continue to be given to
the possible adoption of technical specifications for AI.AI*
programs, to improve the ability to inspect the program, and to
compare efforts of other contractors.

R e c o m m e n d a tio n s

As a result of the data analyses, the occupational radiation
exposure experience of DOE and its contractors, information
supplied hy the contractors, and a review of repons from studies
and workshops, the ail hoc committee makes the following
recommendations:
• Emphasis should he to continue to avoid all unnecessary
exposure to ionizing radiation.

Dose Measurement Programs

A systematic program to improve sensitivity and accuracy
of all dose measurement programs should be undertaken. Dose
measurement programs continue to need technical
improvements including increasing sensitivity, advancing
neutron and extremity dosimeter capabilities, and the
standardization of measurement and calibration techniques.
Internal dose measurement programs also require further
development efforts to enhance current capabilities as well as
addressing future needs that would be brought about by
continuing to lower occupational exposures.

• Reduction of total man rein exposure should he the
emphasis rather than exposure limits.
• Effort should he made to strengthen AI.AP programs with a
view toward development of technical specifications for which
compliance can he assessed.

D. Exposure Data Collection

• Undertake an accelerated program to improve dose
measurement capabilities including standardization of
performance capabilities.

Occupational exposure data collection and retrieval
programs should be expanded to provide for a better
understanding of exposure experiences, to aid in control of
occupational exposure, to include data relative to all organ
exposure limits and to facilitate easier retrieval and analyses
for DOE wide studies. As an example, this would require
more standardization of the methods to be used, including the
treatment of background readings and the addition of various
measurements to compare against a limit.

• Improve occupational exposure data collection and retrieval
programs including development ol analytical subprograms to
aid in evaluation of AI.AI’ efforts.
• Increase efforts to develop and improve containment,
handling, and remote maintenance equipment and methods.
E.
A . M an-Kcni E xposure R eduction

Efforts should he continued toward reducing the overall
man rein exposure of the employees of l)( )li and its
contractors. Previous efforts have resulted in significant
reduction of man remexposure above 2rem. In 11>77,X2(>; of
the man rein exposure for DOE and its contractors occurred
below 2rein. The major contributors of exposure below 2 rem
should be identified so that a meaningful, cost effective
program of man rem reduction can be developed. In (he effort
to reduce the overall man rem exposure, DOE should continue
to seek methods to lower the exposure of individuals and to
avoid all unnecessary exposure.
It. ALAI* Program

ALAI* philosophy generally applies to collective as well as
individual dose and implies the use of professional judgement
in balancing risk anil benefit. It is precisely in this area that the
arbitrary assignment of a lower exposure standard can be
detrimental to the overall safety program. The net effect of
reducing the occupational exposure limit would be to remove
necessary flexibility from radiation protection programs. This
could result in an increase in man rent exposure as well as the
average exposure. In contrast, a more positive approach would
be to continue toencourage improvement of ALAP programs.

Engineered Controls

There are many engineering systems that require lur'her
development to aid in the continued reduction of occupational
exposures. These include but are not limited to improvements
in containment, handling and remote maintenance equipment
and methods. Since funds for engineering improvmenls arc
limited, an ad hoc study should be undertaken to identify and
prioritize the most pressing problems and to make suggestions
for possible solutions. This review or study should be similar
to one undertaken by DOE contractors when OSIIA
requirements were imposed.
A high percentage of current radioactive deposition cases
result from accidental release of airborne or surface
contamination. Improvements should be made to reduce or
eliminate the spread of contamination from containment
systems.
To further reduce external exposure, improved handling
techniques should be developed. This includes continued
efforts to increase the number of remote operations and the use
of air screens to eliminate the need for respiratory protection
during high exposure contact maintenance work. There is also
a need to develop equipment and methods which would permit
more contact maintenance to he done remotely.
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Table 1
2.5 R em L im it

Operation
Typo

Total Number of
People that
Exceed Limit of
2.5 rem
1977

Reactors

160

70

3

.2 plus remote
handling equipment

2

20

1.0

0

0

70

40

2.0

0

60

0

10

2

0

Weapons F/T

10

0

0.2

9

General Research

60

10

.2

.3

Accelerators

90

30

0.4

.1

Waste Management

20

0

1

10

420

160

9

9

130

Total Number of
People that
Exceed Limit of
1 .0 rem
1977

Manpower
Increase

IMCoat

Facility
Coat ($M)

Exposure
Increase (man-rem)

Fuel Fabrication
Fuel Reprocessing
Uranium Enrichment

Miscellaneous
Total

Manpower
Increase

$M Cost

0

Facility
Cost ($M)

10

—
5
40 •
5
—

0

.4

Exposure
Increase (man-rem)

—

5

'1 able 2

i .0 R em L im it

Operation
Type
Reactors

390

1400

50

90

110

6

50

40

300

500

20

50

300

10

30

1

0

—

Weapons F/T

200

180

5

240

30

General Research

270

180

30

30

260

Accelerators

360

230

10

10

100

Waste Management

180

130

5

25

5

Miscellaneous

480

400

20

5

10

2500

3200

150

430

840

Fuel Fabrication
Fuel Reprocessing
Uranium Enrichment

Total

c

2 0 plus remote
handling equipment

90

Ta.'le 3

0.5 Rem Limit

Operut!on
Type

Total Number of
People that
Exceed Umtt of
0.5 rem
1977

Reactors

1300

3800

15C

40

180

Fuel Fabrication

200

400

20

110

120

Fuel Reprocessing

600

2400

90

1100

1100

80

40

2

0

Weapons F/T

680

1300

40

1600

120

General Research

670

540

30

100

300

Accelerators

780

560

20

50

410

Waste Management

450

600

30

50

20

Miscellaneous

1200

1100

50

10

80

Total

6000

1100 O

430

3000

2300

Uranium Enrichment

Manpower
Increase

Facility
Cost ($M)

$M Cost

Exposure
Increase (man-rem)

—

Table 4

2.5 Rem Limit

FteJd Office
Albuquerque
Chicago
Idaho
Nevada
Oak Ridge
Pittsburgh Naval
Reactors
Richland
San Francisco
Savannah River
Schenectady Naval
Reactors
Total

Total Number of
People that Exceed
Limit of 2.5 rem
1977

Manpower
Increase

Manpower
Cost ($M)

Facility
Cost ($M)

Exposure
Increase
(man-rem)

Health Physics
Cost ($M)

50

10

0.5

9.0

0

.23 iiiltia!
.36 annual

100

30

.6

.1

60

.13 initial
.12 annual

60

40

0

0

10

60

1

0

—

_

10

2

0

2

40

3

0

180

20

1

.10 plus remote
handling equip.

8

2

10

10

3
420

.04

—
5

_

0
0

3.2 initial
.09 annual
0

—

.36 initial
.05 annual
0

.2

0.6

0

10

0

0

0

0

160

9

9

130

0

.08 initial
4.0 initial

.62annual

Table 5
1.0 Rem Limit

FieldOffice

Total Number of
People that Exceed
Limit of 1.0 rent
1977

Manpower
Increase

Manpower
Coat(SM)

320

Chicago

340

340

10

Idaho

180

840

30

Nevada

10

10

Oak Ridge

60

90

30

Pittsburgh Naval
Reactors

70

380

25

1100

1000

40

San Francisco

80

30

Savannah River

240

140

Schenectady Naval
Reactors

100

20

2500

3200

Total Number of
People that Exceed
Limit of 0.5 rem
1977

Manpower
Increase

Total

(man-rem)

240
40

350

Richland

Facility
Coat ($M)

IISiiliK

Albuquerque

- \ ‘T£1’S
f:|LS®SI|S|ii^s?A
Bkiielod

Expoaure
Increase

W T .

100

“

3™ _________

3

«

2fc0

.431
2“
-------------------------- v38I X L

-

J _______ r _
05_________
■
10
----------------------------------------jro-*-— ----- - - ------- ------6!------------— r~7ifi :
50 plus remote
50
handling equip. <
3.2

100

100

150

430

840

Manpower
Cost ($M)

Facility
Cost ($M)

Increase

initial
.27 annu

12

.3

T able 6

0.5 Rem Limit

Field Office
Albuquerque

910

1100

40

Chicago

700

530

20

Idaho

360

3400

140

Exposing
(man-rem/

1400

90

iSO
!I

450

1000

23

900

.39 initial
annual* 'i
2 6 initial
.55 annual
- 12 . initial
.77 ann|f|
18

30

30

■ 1 ."

Oak Ridge

220

560

10

Pittsburgh Naval
Reactors

220

1000

60

2200

3300

120

San Francisck

300

130

7

Savannah River

760

540

Schenectady Naval
Reactors

260

160

1

6000

11000

430

Nevada

Richland

1.4

160

—
20

95
130 plus remote
handling equip.
20

100

260

■— ■■»—
■»:.-»g
O
T initial
*1 1
B7
;-\7 2 w m

30

250

520

7 A hMarril

’ iE L a

Total

2

3000

—

2300

Vw

»§

Table 7

Health Physics Cost ($M)
2.5 REM Limit
1977
Field Office

Instrummts

Central

Records

Dosimetry

Controls

Staff

Training

Albuquerque

.23

—

—

—

—

—

Chicago

.10

—

.03

—

—

—

Total
.23 initial
.36 annual
.13 initial
annual

.12

Idaho

0

0

0

0

0

0

0

Nevada

—

—

—

—

—

—

—

Oak Ridge

1.7

0

.4

1.0

Pittsburgh Naval
Reactors

0

0

Riciiland

.02

.05

.02

.04
.06

.03

.03

0
0

—

0

0

.04

.25

3.2 initial
.09 annual
0

.36 initial
.05 annual

.0 2

San Francisco

0

0

0

0

0

0

0

Savannah River

0

0

0

0

0

0

0

Schenectady Naval
Reactors

0

0

0

0

0

General
Controls

Staff

Training

Total

4.6

6.1
2 .0

12 .
2.0

.08

.06 initial

Table 8

Health Physics Cost ($M)
1.0 REM Limit
1977
Field Office

Instruments

Records

Dosimetry

Albuquerque

.74

.04

.06

Chicago

.22

.004

.03

.01

.50

0

initial
annual

.15

.93

.25

.43 initial
.38 annual

Grand Junction
Idaho

.04
—
.05

Nevada
Oak Ridge

5.0

Pittsburgh Naval
Reactors

.09
.14
—

—
—

—

—

_

3.2
—

_

.02

.1

.03

.01

.018

.11

.1

2,3
—

San Francisco

0

•02

0

0

Savannah River

1.0
.2

Schenactady Naval
Reactors

.07

0.1
.02

.08

.5
.18

3.4
—

11 .
1.0

.03

—

—

2.5
—

_

.1 2

0 .2

.41

.70

.\2

0

1.1

Richland

—

—

.2

—
—

—

.1

0

.05

_

.02

—
—

.05
6.7 initial
.61 annual
.33
20.

initial
2.5 annual
.09

0
.0 2

--

initial
.27 annual

1.2

.08

1

Table 9

Health Physics Cost i$M)
0.5 REM Limit
1977
Field Office

Instruments

Records

Dosimetry

General
Controls

Staff

Training

Total

Albuquerque

2.0
—

.19
—

.20
—

.20
—

10
—

8.3
3.0

21.

.06

Chicago

.64

.03

.17

Idaho

.07
.05

.09
.14

.10
.25

Nevada

.20

Oak Ridge
Pittsburgh Naval
Reactors
Richland
San Francisco
Savannah River
Schonactady Naval
Reactors

8.3
.4
.01
1.7
3.4
.39
.012
1.0
.2

—
—

.40
—

—
.1

.01
.03

0.1

.26

—
1.0

9.2
—

initial
3.0 annual

1.3

.04

2.3

—
—

—
.64

.13
.24

.39 initial
1.8 annual

2.0
—

—
.55

.6
.01
0

2.7
—
.45

26.
2.0

11.
—

—
—
.5
.23
.04
7.1
—

2.6 initial
.55 annual
12. initial
.77 annual
.95
55. initial
6.4 annual

.02
.03

.13
.16

—
.005

—
.35

.33
.16

.87 initial
.72 annual

.03
—

.1
.02

.05
.02

6.2
—

.02
—

7.4 initial
.24 annual

—

—

.08 initial
.02 annual

.08
.02

0

