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ABSTRACTS

1. ANALYSIS OF COSTS FOR
COMPLIANCE WITH FEDERAL
RADIATION PROTECTION GUIDANCE
FOR OCCUPATIONAL EXPOSURE.
VOLUME 1: COST OF COMPLIANCE WITH
PROPOSED RADIATION PROTECTION
GUIDANCE FOR WORKERS. FAUCETT
(JACK) ASSOCIATES, INC. (Chevy Chase, MD),
EPA/520/1-83-013-1, Nov 1983, p. 148.

On January 23, 1981 the Office of Radiation Pro-
grams, U.S. Environmental Protection Agency
published in the Federal Register proposals for
revisions to the existing Federal Radiation Protec-
tion Guidance for Occupational Exposures. This
report is a part of the continuing analysis by EPA
of the cost/feasibility of the proposed revisions.
Specifically, the report evaluates each of the pro-
posed changes to estimate the cost of compliance
to all segments of the private sector wherein im-
pacts are expected to be significant. This study
concentrates its effort on estimating the direct re-
source costs for each industry that must comply
with the regulations resulting from the revision to
the guidance. Those that are met by industry par-
ticipants will account for a significant portion of
the total costs. These costs were estimated
through a series of case studies and independent
research.

2. USE OF BENEFIT-COST ANALYSIS IN
ESTABLISHING FEDERAL RADIATION
PROTECTION STANDARDS: A REVIEW.
ERICKSON, L. E. (Battelle Pacific Northwest
Labs., Richland, WA.), PNL-2678, Oct 1979 p.
77.

This paper complements other work which has
evaluated the cost impacts of radiation standards
on the nuclear industry. It focuses on the ap-
proaches to evaluating the health and safety bene-
fits of radiation standards and the actual and
appropriate processes of benefit-cost comparison.
A brief historical review is given of the ration-
ale^) for the levels of radiation standards before
1970. The Nuclear Regulatory Commission (NRC)
established numerical design objectives for light
water reactors (LWRs). The process of establish-
ing these numerical design criteria below the ra-
diation protection standards set in 10 CFR 20 is
reviewed. EPA's 40 CFR 190 environmental stan-
dards for the uranium fuel cycle are lower than

NRC's radiation protection standards. The task of
allocating EPA's 40 CFR 190 standards to the
various portions of the fuel cycle was left to the
implementing agency, NRC. So, whether EPA's
standards for the uranium fuel cycle are more
stringent for LWRs than NRC's numerical de-
sign objectives depends on how the former are
implemented by NRC. In setting the numerical
levels in Appendix I to 10 CFR 50 and 40 CFR
190, NRC and EPA, respectively, focused on
the costs of compliance with various levels of
radiation control. Much of the paper is devoted to
a review and critique of the available methods for
assessing health and safety benefits. All current
approaches try to estimate a constant value of life
and, from this, the expected number of lives saved.
This paper argues that it is more appropriate to
seek the value of a reduction in risks to health and
life that varies with the extent of these risks. Ad-
ditional research is recommended. (ERA citation
05:009268)

3. COST BASIS FOR IMPLEMENTING
ALARA PROGRAM. KENT, C.E.; HUM-
BRECHT, R. (Tennessee Valley Authority, Chat-
tanooga, TN), Conference on Radiation Protection
Standards and Regulatory Issues, Atomic Indus-
trial Forum (Bethesda, MD), CONF-841031-,
1984, pp. 26-?.

This paper examines operating ALARA programs,
and reviews the development of the ALARA phi-
losophy. The authors attempt to define the basis
for the value of a rem or man-rem, and to establish
an objective value which considers the risk of
harmful effects, and reflected social value judg-
ments. The value of a man-rem was calculated.
The basic elements of cost/benefit analysis are
presented and include differential man-rems, im-
plementation costs, and operational savings.

4. RADIATION PROTECTION, SAFETY
AND COST BENEFIT ASPECTS OF GAMMA
IRRADIATION. FOELDIAK, G.; STENGER,
V. Experimental and industrial gamma irradiation
facilities and their applications (Kiserleti es ipari
gamma-besugarzoberendezesek es felhasznalasul,
Az atomenergia- es magkutatas ujabb ered-
menyei), Akademiai Kiado,Budapest (Hungary),
1983, pp. 102-116.
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Protection against external radiation is based on
the suitable choice of shielding material and wall
thickness. Lead, tungsten, uranium, concrete, and
water are the major shielding materials. The cen-
tral problem in protection against internal radiation
is the contamination of water pools. Special care
must be paid to choosing suitable operators as well
as to the security locks to avoid unwarranted inter-
ference, and to comply with health, fire and acci-
dent prevention regulations. The economical ap-
plication of irradiation is characterized by a so-
called radiation utilization factor which is about
34-37% for the continuously operating industrial
facilities.

5. COST OF OCCUPATIONAL DOSE.
FLEISHMAN, A.B.; CLARK, M.J. (National
Radiological Protection Board, Harwell (UK)),
International Congress of the International Radia-
tion Protection Association, 5. Volume 3, INIS-
mf-5876; CONF-800304,1980, pp. 19-22.

The optimization of radiological protection will
routinely involve balancing public and occupa-
tional exposure, particularly within the nuclear
fuel cycle. For example, the reduction of public
exposure from an effluent stream could increase
occupational exposure from treatment, storage,
and disposal operations. A methodology is pro-
posed for estimating the cost of occupational ex-
posure in the UK (Pound man-Sv/sup -If) based
on evaluations of changes in risk. A variable value
for the cost of the occupational man-Sv is obtained
depending on per caput dose levels. The values at
particular dose levels differ for occupational
workers and the general public because of differ-
ent demography and assumptions on risk percep-
tion and aversion. However, they are approxi-
mately the same when the per caput doses are ex-
pressed as percentages of the dose limits for work-
ers and the general public. An example is given of
the application of the derived cost of exposure (at
the site boundary), collective dose commitment,
and the associated potential health effects for the
regional or general population. Finally, the selec-
tion of optimal waequences on secondary limits is
discussed.

6. COST OF COLLECTIVE DOSE EQUIVA-
LENT. CLARK, M.J.; FLEISHMAN, A.B.
(National Radiological Protection Board, Harwell
(UK)), Application of the dose limitation system
for radiation protection. Practical implications.
Proceedings of a topical seminar on the practical
implications of the ICRP recommendations (1977)
and the revised IAEA basic standards for radiation

protection sponsored by IAEA, ILO, WHO,
OECD NEA, ICRP, IAEA-SR-36/3, IAEA
(Vienna, Austria), 1979, pp. 143-160.

The successful application of the ALARA princi-
ple depends on a monetary evaluation of collective
dose, so that the costs of control may be directly
compared with the costs of detriment. The paper
initially reviews the traditional, quantitative meth-
ods of valuing human life from which a monetary
value of the man-sievert can be derived by subse-
quent application of risk factors. The political,
ethical, and economic implications of employing
such techniques in radiological protection are
noted. An alternative approach to the problem is
then outlined, based on estimating the marginal
value of a change in risk. At low levels of individ-
ual risk, this includes only the tangible, economic
consequences of detriment from output losses and
medical costs. However, as risk levels rise, social
costs related to the anxiety associated with radia-
tion-induced health effects are also incorporated
and the valuation increases disproportionally.
While such valuations are measurable in principle,
without empirical data a risk/detriment cost rela-
tionship is proposed, giving a variable monetary
value of the man-sievert which is a function of the
per caput dose of a given population subgroup.
Application of this methodology will help to en-
sure that radiological protection resources are
spent in areas where they are most required.

7. LABOUR COST OF RADIATION DOSE.
COOK, A.; LOCKETT, L.E. (UKAEA Risley
Nuclear Power Development Establishment, Cul-
cheth. Safety and Reliability Directorate Cul-
cheth), Radiation Protection in Nuclear Power
Plants and the Fuel Cycle, Vol. 1, British Nuclear
Energy Society (London), CONF-7811132-P1,
1978, pp. 37-39.

To optimize capital expenditure on measures to
protect workers against radiation, it would be use-
ful to have a means to measure radiation dose in
money terms. Because labor has to be employed
for radiation work, there must be some relation-
ship between the wages paid and the doses re-
ceived. When the next increment of radiation dose
requires recruiting additional labor, the cost will at
least equal the cost of the extra labor employed.
This paper examines some factors which affect the
variability of the labor cost of radiation dose, and
notes that for 'in-plant' exposures the current cost
per rem appears to be significantly higher than
values quoted in ICRP Publication 22. An exam-
ple is given showing how this concept may be
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used to determine the capital that is worth spend-
ing on installed plant to prevent regular increments
of radiation dose to workers.

8. RESIDUAL RADIOACTIVITY GUIDE-
LINES: A COST-BENEFIT CONSIDERA-
TION. YU, C ; PETERSON, J.M.; YUACHIEN
YUN (Argonne Nat. Lab., IL, USA), Transactions
of the American Nuclear Society, vol.55,1987:
112-14.

The US Department of Energy (DOE) has estab-
lished radiological protection guidelines to clean
up residual radioactive material located at sites
administered under the Formerly Utilized Sites
Remedial Action Program and Surplus Facilities
Management Program. The guidelines specify that,
under reasonably foreseeable conditions, the an-
nual radiation dose received by a member of the
general public from residual radioactivity at a
given site must not exceed 100 mrem (the basic
dose limit) if the site is to be released for unre-
stricted use. The authors examine the relative
effects of annual dose limits and cleanup costs on
the allowable concentration of residual radioac-
tivity. Two sites are analyzed; site A, a small site
(1.4 ha) contaminated with uranium (an alpha
emitter), and site B, a large site (77 ha) contami-
nated with /sup 137/Cs (a beta-gamma emitter).
For this analysis, uranium is assumed to consist of
/sup 238/U, /sup 234/U, and /sup 235/U in their
naturally occurring concentration ratio. (4 Refs)

9. COST AND RADIATION EXPOSURE OP-
TIMIZATION OF DEMINERALIZER OP-
ERATION. BERNAL, F.E.; BURN, R.R.; COOK,
G.M.; SIMONETTI, L.; SIMPSON, P.A.
(Michigan Univ., Ann Arbor, MI, USA), Transac-
tions of the American Nuclear Society, vol.49,
suppl., no.2,1985: 55-6.

A pool-water demineralizer is used at a research
reactors to minimize impurities that become ra-
dioactive, to minimize impurities that react
chemically with reactor components, to maintain
optical clarity of the pool water, and to mini-
mize corrosion of aluminum fuel cladding by
maintaining a slightly acidic pH. Balanced against
these advantages are the dollar costs of equip-
ment, resins, recharging chemicals, and mainte-
nance, the man-rem costs of radiation exposure
during maintenance, demineralizer recharges, and
resin replacement, and hazardous chemical expo-
sure. At the Ford Nuclear Reactor, maintenance of
the demineralizer system is the second largest
source of radiation exposure to operators.

10. COST BASIS FOR IMPLEMENTING
ALARA PROGRAMS. KENT, C.E., JR., Atomic
Industrial Forum Conference on Radiation Pro-
tection: Standards and Regulatory Issues
(Individual papers only received), Atomic Ind.
Forum (Bethesda, MD, USA), 1984, p. 29.

The author discusses the economic cost bene-
fits of ALARA programs and the concept of a
man-rem cost. (ORefs).

11. ESTIMATED TRANSPORTATION COST
AND RISK FOR OPERATION OF A NU-
CLEAR WASTE REPOSITORY AT CANDI-
DATE SITES. PETERSON, R.W.; VARADA-
RAJAN, R.V.; MCSWEENEY, T.I.; CASH-
WELL, J.W.; WILMOT, EX. (Battelle Memorial
Inst., Columbus, OH, USA), PATRAM 83. 7th
International Symposium on Packaging and
Transportation of Radioactive Materials (papers
in summary form only received), Oak Ridge Nat.
Lab (Oak Ridge, TN, USA), 1983, pp. XIX/5-6.

To support the selection of the first commer-
cial nuclear repository site in 1987, environ-
mental analyses of five candidate locations are
being made. The five sites, named after the regions
in which they are located are the Gulf Interior Re-
gion (salt), the Permian Basin (salt), the Paradox
Basin (salt), the Nevada Test Site (tuff) and the
Hanford Reservation (basalt). Life-cycle costs
were calculated for a 25 to 30 year period and
operational risks associated transporting nuclear
wastes to a single repository at these sites. Trans-
portation cost and risk analyses were performed
for both once-through and reprocessing scenarios.
(4 Refs)

12. COST-BENEFIT CONSIDERATIONS IN
REGULATORY ANALYSIS. MUBAYI, V. ;
SAILOR, V.; ANANDALINGAM, G.
(Brookhaven National Lab., Upton, NY.), BNL-
NUREG-52466, Oct 95, p. 136.

Justification for safety enhancements at nuclear
facilities, e.g., a compulsory backfit power, re-
quires a value-impact analysis of the increase in
overall public protection versus the cost of imple-
mentation. It has been customary to assess the
benefits in terms of radiation dose to the public
averted by the introduction of the safety enhance-
ment. Comparison of such benefits with the costs
of the enhancement then requires an estimate
of the monetary value of averted dose
(dollars/person rem). This report reviews infor-
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mation on a variety of factors that affect this
valuation and assesses the continuing validity of
the figure of $1000/person-rem averted, which has
been widely used as a guideline in analyzing
value-impact. Factors that bear on this valuation
include the health risks of radiation doses, espe-
cially the higher risk estimates of the BEIR V
committee, recent calculations of doses and off-
site costs by consequence codes for hypothe-
sized severe accidents under the NUREG-1150
program, and recent information on the economic
consequences of the Chernobyl accident in the
Soviet Union and estimates of risk avoidance
based on the willingness-to-pay criterion. The
report presents results on the dollars/person-rem
ratio arising from different assumptions on the
values of these factors.

13. COST OF HUMAN ERROR INTERVEN-
TION. BENNETT, C. T.; BANKS, W. W.;
JONES, E. D. (Lawrence Livermore National
Lab., CA.), Probabilistic Safety Assessment and
Management Conference (PSAM) (2nd), UCRL-
JC-115495; CONF-940312-51, Mar 1994, pp. 6-?.

DOE has directed that cost-benefit analyses are to
be conducted as part of the review process for all
new DOE orders. This new policy will ensure that
DOE analysts can justify the implementation costs
of the orders that they develop. The authors argue
that a cost-benefit analysis is merely one phase of
a complete risk management program — one that
would more than likely start with a probabilistic
risk assessment. The safety community defines
risk as the probability of failure times the severity
of consequence. An engineering definition of
failure can be considered in terms of physical per-
formance, as in mean-time-between-failures; or, it
can be thought of in terms of human performance,
as in the probability of human error. The severity
of consequence of a failure can be measured along
any one of several dimensions — economic, politi-
cal, and social. An analysis along one dimension
cannot be directly compared to another, but a set
of cost-benefit analyses, based on a series of cost-
dimensions, can be extremely useful to managers
who must prioritize their resources. Over the last
two years, DOE has been developing a series of
human factors orders, directed to lowering the
probability of human error, or at least changing the
distribution of those errors. The discussion pres-
ents a series of cost-benefit analyses using histori-
cal events in the nuclear industry. Some of the
analytic cautions that must be considered when
dealing with human error are discussed first.

14. LOW-COST TELEOPERATOR-
CONTROLLED VEHICLE FOR DAMAGE
ASSESSMENT AND RADIATION DOSE
MEASUREMENT. TYREE, W. H. (EG and G
Rocky Flats, Inc., Golden, CO. Rocky Flats
Plant.), RFP-4509; IEEE Nuclear Science Sympo-
sium, Santa Fe, NM (United States), CONF-
911106-20, 1991, pp. 7-?.

A low-cost, disposable, radio-controlled, remote-
reading, ionizing radiation and surveillance
teleoperator re-entry vehicle has been built. The
vehicle carries equipment, measures radiation lev-
els, and evaluates conditions in a building. The
basic vehicle, radio control with amplifiers, te-
lemetry, elevator, and video camera with monitor
cost less than $2500. Velcro-mounted alpha, beta-
gamma, and neutron sensing equipment is used,
but many types of health physics radiation meas-
uring equipment may be substituted on the vehicle.
The system includes a black-and-white video cam-
era to observe the environment surrounding the
vehicle. The camera is mounted on a vertical ele-
vator extendible to 11 feet above the floor. The
vehicle uses a video camera with an umbilical cord
between the vehicle and the operators; preferably,
the cord would be eliminated. The video moni-
toring equipment is part of the operator's control
system. Power for the vehicle's equipment is car-
ried on board and supplied by sealed lead-acid
batteries. Radios are powered by 9-V alkaline
batteries. The radio control receiver, servo driv-
ers, high-power amplifier and 49-MHz FM trans-
ceivers were irradiated at moderate rates with
neutron and gamma doses to 3000 Rem and 300
Rem, respectively, to ensure the system's opera-
tion.

15. AS LOW AS REASONABLY ACfflEV-
ABLE COST BENEFIT (OPTIMIZATION)
ANALYSIS FOR THE SHIELD DESIGN
CRITERION AT THE HANFORD WASTE
VITRIFICATION PLANT. BROWN, R. C.
(Westinghouse Hanford Co., Richland, WA), An-
nual meeting of the Health Physics Society, WHC-
SA-1102; CONF-910727-7, Jul 1991, pp. 27-?.

The Hanford Waste Vitrification Plant (HWVP)
is undergoing design and will be constructed at
the Hanford Site in Richland, Washington. This
facility will vitrify pretreated, Hanford defense,
liquid high-level and transuranic wastes into
borosilicate glass. Shielding is required in cer-
tain process and storage areas of the HWVP
to limit exposure of personnel from external
sources of radiation. Optimization of the radiation
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shielding was employed to balance the increased
cost of shielding above the reference baseline of
5.0 (mu)Sv/h with the reduction in detriment to
operating personnel during the lifetime of the
facility. The purpose of this paper is to provide
an ALARA (as low as reasonably achievable) ba-
sis for the shield design criterion for use in the
HWVP. Estimates are provided for the increased
construction costs to implement the ALARA
shield design criterion as well as the cumulative
reduction in personnel exposure during the life of
the HWVP. 3 refs., 10 figs., 2 tabs.

16. USING COST/RISK RELATIONSHIPS
IN RESTORING RADIOLOGICALLY CON-
TAMINATED SITES, TAWIL, J. J. (Battelle
Pacific Northwest Labs., Richland, WA.), Interna-
tional conference on nuclear power performance
and safety (Vienna, Austria), PNL-SA-15069;
CONF-8710259-1; IAEA-CN—48/285, Sep 1987,
p. 22.

In the event of a major radiological accident at a
nuclear power plant, large populated areas could
become severely contaminated. In the United
States, local public officials would be responsible
for establishing radiation recovery criteria or
cleanup levels that would allow the displaced
members of the population to return safely to their
jobs and homes. The range of acceptable criteria
could imply variations in property losses in the
billions of dollars. With public concern over the
health consequences, and the magnitude of the
potential property-related losses, a cost/risk
analysis can provide important input to establish-
ing the recovery criteria. This paper describes
procedures for conducting a cost/risk analysis,
using the Indian Point reactor site in New York
State as a case study. The procedures are illus-
trated with computer software developed for de-
termining the property and health effects of major
reactor accidents. The software also is used to
demonstrate how a decontamination plan might
be developed by evaluating alternative decon-
tamination strategies. 6 refs., 2 figs., 7 tabs.
(ERA citation 13:018307) Descriptors: Cost
Estimation; Property Values; Reactor Acci-
dents; Risk Assessment; Cost Benefit Analysis;
Decision Making; Decontamination; Dose Limits;
Economic Impact; Fallout; Human Populations;
Indian Point-1 Reactor; Mathematical Models;
New York; Public Health; Public Relations; Ra-
diation Monitoring; Radiation Protection;
Remedial Action; Site Preparation

17. INTEGRATING SOCIO-ECONOMICAL
DIMENSIONS IN THE ICRP COST-BENEFIT
MODEL (A THEORETICAL APPROACH),
LOCHARD, J. (CEA Centre d'Etudes Nucleates
de Fontenay-aux-Roses (France). Dept. de Protec-
tion.), CEA-R-5132, In French, Sep 1981, p. 49.

This report analyzes, from a methodological
point of view, the main problems associated
with integrating socio-economical dimensions
into the cost-benefit model recommended in
ICRP publication no. 26. After recalling the ba-
sic principles of cost-benefit analysis, the ele-
ments to be retained in the objective function
characterizing the analysis, and the question of
the social benefit, definitions are discussed.
The theory of social surplus is presented with
an illustration taken from radiological protection
field. (Atomindex citation 13:647810)

18. COST-RISK ANALYSIS OF PROTEC-
TIVE ACTIONS FOR A LOW-LEVEL DEPO-
SITION OF RADIONUCLIDES (CONTRACT
REPT. (FINAL)), FINN, S. ; DURA, V. ; SIM-
MONS, G. L. (Office of Radiation Programs,
Washington, DC), ORP/CR-80-1, May 1980, p.
99.

This report summarizes a cost-effectiveness
analysis of protective actions following a low-
level deposition of radionuclides. Land, property,
water supplies, people, and biota were contami-
nated. The end products of the investigation of
this phase are dose and costs associated with
dose reduction techniques. The mechanisms by
which radionuclides may be taken up by hu-
mans were modeled, and control technologies
(protective actions) which reduce the dose were
defined. With the exception of Phase VI, the
consequences were expressed as the 100-year
collective dose commitment equivalent, in per-
son-rem. In Phase VI, the dose calculated was the
dose equivalent, also expressed in person-rem.
The dose commitment is defined as the sum of all
doses to individuals over the entire period that
radioactive material persists in the environment
in a state available for interaction with humans.
Two are periods involved, (1) the intake period,
during which radionuclides are taken up by hu-
mans, which in this study was 100 years, and (2)
the interval over which the dose rate is integrated,
which was 70 years. The collective dose com-
mitment is obtained by integrating the individual
dose commitments over the affected population.
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19. COST AND EFFECTIVENESS OF EX-
ERCISE EVACUATIONS TO INCREASE
RADIOLOGICAL EMERGENCY PREPAR-
EDNESS. FISCHER-COLBRIE, E. (California
Univ., Livermore. Lawrence Livermore Lab.), Dec
1979, p. 33.

This investigation of the expected cost and ef-
fectiveness of exercise evacuations from the vi-
cinity of nuclear power plants estimated that the
total cost per person and day varies from $17.34 to
$78.20. The motivation of the public to participate
in drill evacuations appears to be very low. In
contrast to popular beliefs, actual evacuations
from disaster areas other than nuclear have been
carried out consistently in orderly fashion with-
out drills. Nuclear radiation, an unfamiliar threat,
is not expected to change this pattern. Exercise
evacuations are very costly and confer virtually
no increase in preparedness. (ERA citation
05:012000)

20. NUCLEAR FISSION SAFETY SHARED-
COST AND CONCERTED ACTIONS (1989-
1994). Catalogue of Research Projects. Volume I,
UNBPUB, 1994, p. 435.

This description of projects carried out within the
Radiation Protection Research Action of the
Energy Directorate is designed to disseminate
administrative information about the research
groups, and to identify the scientific basis and
scope of the contracts. The information provided is
two-fold: first, administrative data are given,
such as names and addresses of contractors and
the duration and budget of the contract; second,
there is a brief description of the scientific re-
search project. Part I, Radiation Protection Re-
search Action 1992-94. This broad multidiscipli-
nary research was divided into three main but
interactive themes for management reasons and
for the benefit of the reader: A. Human exposure
to radiation and radioactivity; Measurement of
radiation dose and radioecology. B. Consequences
of radiation exposure to humans; Stochastic and
non-stochastic effects and effects on the develop-
ing organism. C. Risk and management of radia-
tion exposure; Assessment of risk and optimiza-
tion of radiation protection. Under these very
general headings are grouped the following: the
management policies for optimizing of radiologi-
cal work; exposure of patients and members of
the medical profession during diagnostic radiol-
ogy; behavior of radionuclides in the environ-
ment; mechanisms of radiation carcinogenesis;
the problems of natural radioactivity (including

that which is concentrated as a result of human
activities), and the means of achieving optimal
management and communication about the risks
associated with radiation and radioactivity.

21. COST ANALYSIS AND FINANCIAL RISK
PROFILE FOR SEVERE REACTOR ACCI-
DENTS AT WATERFORD-3. CUTBUSH, J.D.;
ABBOTT, E.C. (ABZ, Inc., Chantilly, VA (United
States)); CARPENTER, W.L. JR. (Louisiana
Power and Light Co., New Orleans (United
States)), American Nuclear Society Annual meet-
ing, CONF-920606-, 1992, pp. 539-540.

To support Louisiana Power and Light Company
(LP and L) in determining an appropriate level of
nuclear property insurance for Waterford Steam
Electric Station, Unit 3 (Waterford-3), ABZ, In-
corporated, performed a series of cost analyses and
developed a financial risk profile. This five-month
study, conducted in 1991, identified the potential
severe reactor accidents for Waterford-3 and de-
scribed each from a cleanup perspective, estimated
the cost and schedule to cleanup from each acci-
dent, developed a probability distribution of asso-
ciated financial exposure, and developed a profile
of financial risk as a function of insurance cover-
age.

22. GENERIC COST ESTIMATES. SCIACCA,
F (Science and Engineering Associates, Inc., Al-
buquerque, NM (United States)), NUREG/CR-
4627-Rev.2 SEA~87-253-08-A:2-Rev.2, Feb
1992, p. 44.

The Nuclear Regulatory Commission sponsored
several generic cost-estimating studies. These
studies will aid analysts in preparing Regulatory
Impact Analyses. They give cost estimates that
have wide application to many Regulatory Analy-
ses being performed throughout the NRC, and deal
primarily with the repairs and modifications that
may be imposed on nuclear power plants by regu-
latory actions. Abstracts of each of the studies
have been prepared and assembled in this catalog.
These abstracts present the results of the more
detailed studies in a compact, easily understood
and readily usable format. Individual abstracts
have been developed to treat the main-line topics
of the generic studies. In addition, there are ab-
stracts covering important sub-topics or "stand-
alones" which are of broad interest in preparing
RIAs. Revision 2 of this catalog incorporates a
new methodology for estimating the radiation-
related impacts physical modifications to nuclear
plants.
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23. COST BENEFIT ASSESSMENT METH-
ODOLOGY FOR SEISMIC DESIGN OF
HIGH LEVEL WASTE REPOSITORY FA-
CILITIES. SUBRAMANIAN, C.V. (Sandia Na-
tional Labs., Livermore, CA (USA)); HADJIAN,
A.H. (Bechtel Power Corp., Norwalk, CA (USA)),
Transactions of the 10th International Conference
on Structural Mechanics in Reactor Technology,
American Association for Structural Mechanics in
Reactor Technology (Los Angeles, CA, USA),
CONF-890855-, ISBN: 0-9623306-0-4, 1989, pp.
105-110.

This paper summarizes a methodology for assess-
ing the cost benefit of the seismic design of the
surface facilities associated with the prospective
high- level waste repository at Yucca Mountain,
NV. The methodology will develop the costs and
benefits of varying design levels for vibratory
ground motion and surface fault displacements for
structures, components, and equipment in the re-
pository.

24. INCREMENTAL ALARA COST/BENEFIT
COMPUTER ANALYSIS. HAMBY, P.
(Commonwealth Edison Co., Nuclear Services
Rm. 1248, 72 W. Adams St. Chicago, IL(US)),
Proceedings of the Twenty First Midyear Topical
Meeting of the Health Physics Society, CONF-
871202-, Health Physics Society (McLean, VA),
1987: 395-396.

Commonwealth Edison Company has developed
and is testing an enhanced FORTRAN Computer
Program for cost/benefit analyses of Radiation
Reduction Projects at its six nuclear power facili-
ties and Corporate Technical Support Groups. This
paper describes a Macro-Driven IBM Mainframe
Program comprised of two different types of
analyses-an Abbreviated Program with fixed costs
and base values, and an extended Engineering
Version for a detailed, more through and time-
consuming approach. The extended version breaks
down the radiation exposure costs into two com-
ponents-Health-Related Costs, and Replacement
Labor Costs. According to user's input, the pro-
gram automatically adjusts these two cost compo-
nents and applies the derivation to company eco-
nomic analyses, such as replacement power costs,
carrying charges, debt interest, and capital invest-
ment cost. The results from one of more program
runs using different parameters can be compared
to determine the most appropriate ALARA dose
reduction technique. The benefits of this particu-
lar cost / benefit analysis technique include flexi-

bility to accommodate a wide range of user data
and pre-job preparation, as well as the use of
proven and standardized company economic
equations.

25. COST OF AVOIDING DEATH - NU-
CLEAR POWER, REGULATION AND
SPENDING ON SAFETY. MARIN, A. (London
School of Economics (UK)), Mar 1988, pp. 20-36.

Drawing on evidence presented to the Sizewell 'B'
Enquiry, this article examines the processes by
which cost/benefit calculations of the amounts
which should be spent on ensuring the safety of
nuclear installations are arrived at, and finds them
confused and overly dependent on subjective as-
sessment. Much more explicit quantification, par-
ticularly of the valuation of risks to life, is required
to restore public confidence in the process.

26. INDEX - A SOLUTION TO THE HIGH
COST OF PROCESSING TRANSD5NT
WORKERS. STROUPE, E.P., 13. American
Nuclear Society International Meeting on Nuclear
Power Plants, CONF-870837-, 1987, pp. 69-70.

In 1985, twelve midwestern utilities formed the
Nuclear Employee Data System for the US Nu-
clear Regulatory Commission's (NRC's) Region III
(NEDS III) group. These utilities are Cleveland
Electric Illuminating Company, Commonwealth
Edison Company, Consumers Power Company,
Detroit Edison Company, Illinois Power Com-
pany, Indiana and Michigan Electric Company,
Iowa Electric Light and Power Company, North-
ern States Power Company, Toledo Edison Com-
pany, Union Electric Company, and Wisconsin
Public Service Corporation. Early in 1986, Kansas
Gas and Electric of NRC's Region IV joined the
group and a cost-benefit study of a nuclear em-
ployee data system was initiated. The purpose of
this system is to reduce the cost of processing
workers requiring unescorted access to nuclear
power plants. The utilities continued this project as
the Integrated Nuclear Data Exchange (INDEX).
In 1987, the following additional utilities joined
INDEX: Houston Lighting and Power, Pacific Gas
and Electric, Texas Utilities Electric Company,
Arkansas Power and Light, Louisiana Power and
Light, Systems Energy Resources Inc., and South-
ern California Edison. This paper summarizes the
results of the study and discusses the current status
of the program.

27. A LOW0-COST TRITIUM HANDLING
FACILITY. VIS, V.A. (KMS Fusion, Inc., Ann
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Arbor, MI), 2. National Topical Meeting on Trit-
ium Technology in Fission, Fusion and Isotopic
Applications, CONF-850405-, Sept. 1985, pp.
2517-2519.

The tritium facility at KMS Fusion, Inc. supports
its Inertial Confinement Fusion research program.
The main function of the facility is to fill glass or
polymer shells to a maximum pressure of 100 atm.
with tritium (T/sub 21) or deuterium-tritium (DT).
The apparatus and procedures used in this process
are described, including provisions for containing
and monitoring tritium. An estimate of equipment
costs is given.

28. MULTIPLE COST CRITERIA FOR OC-
CUPATIONAL DOSE REDUCTION. JAMES,
J.Z. (James Engineering Co., El Cerrito, CA
(USA)), Proceedings of the Sixth International
Conference on Radiation Shielding, 2, Japan
Atomic Energy Research Inst. (Tokai, Japan),
CONF-830538-, 1983, pp. 1216-1225.

This paper describes a simple, feasible procedure
for deciding if a proposed measure for dose reduc-
tion is justified under ALARA, based on engi-
neering economic principles of project feasibility
analysis. Particular attention is given to the fixing
of cost criteria: the importance of melding dispa-
rate objectives into a single parameter, and the
distinction between a cost criterion and a cost con-
sideration.

29. NUCLEAR POWER - THE COST OF
SAFETY (250 references). GILBERT, J.D, Vance
Bibliographies (Monticello, IL), 1982, p. 22.

This bibliography presents sources of factual in-
formation on the actual cost of safety measures in
the nuclear power industry. The entries include all
aspects of safety: environmental protection, car-
cinogenic research and treatment, responsible dis-
posal of nuclear power wastes, safeguards against
nuclear theft, and national security. They address
the cost to the industry, consumer of these safety
measures, and the issue of legal liability for nu-
clear accidents.

30. PREPARING A DECOMMISSIONING
COST AND TECHNOLOGY STUDY. KOCH,
D.A.; AKINS, M.J.; MICKELSON, S. (ed.)
(Gilbert Associates, Inc., Reading, PA), 1982 In-
ternational Decommissioning Symposium, CONF-
821005-, 1982, pp. VII.51-VII.65.

Decommissioning planning requires a systematic
approach to determine costs, radiation exposure,
waste disposal, manpower requirements, disman-
tling and decontamination procedures, personnel
protection, and schedules. The basic document is
the cost and technology study prepared for the
specific site. It was important that this study
yielded complete and comprehensive results. This
is accomplished by using a methodology known as
the Work Package concept which accounts for all
significant cost factors and technical activities. It
divides all labor and materials into specific incre-
ments which are basically suitable for all power
plants and summarizes of the major results. This
paper describes the major study outputs, the work
package format and function, and the type of input
criteria which must be collected before beginning
the study. It is concluded that correct formatting is
essential to the complete and consistent processing
of large, and varied amounts of data and that de-
tails and input criteria are crucial to assure ade-
quate sensitivity and reliable results. 7 tables.

31. COST-BENEFIT COMPARISON OF NU-
CLEAR AND NONNUCLEAR HEALTH AND
SAFETY PROTECTIVE MEASURES AND
REGULATIONS. O'DONNELL, E.P.;
MAURO, JJ. (Ebasco Services, Inc., New York,
NY), Sep 1979, pp. 525-540.

This article compares the costs and benefits of
health and safety measures and regulations in the
nuclear and nonnuclear fields. A cost-benefit
methodology for nuclear safety concerns is pre-
sented and applied to existing engineered safety
features. Comparisons in terms of investment
costs to reduce mortality rates are then made be-
tween nuclear plant safety features and the protec-
tive measures and regulations associated with
nonnuclear risks, particularly with coal-fired
power plants. These comparisons reveal a marked
inconsistency in the cost effectiveness of health
and safety policy, in which nuclear regulatory
policy requires much greater investments to reduce
the risk of public mortality than is required in
nonnuclear areas where reductions in mortality
rates could be achieved at much lower cost. A spe-
cific example of regulatory disparity is given,
comparing the gaseous effluent limits for nuclear
and fossil-fuel power plants. It is concluded that a
consistent health and safety regulatory policy
based on uniform risk and cost-benefit criteria
should be adopted and that the cost/benefit of fu-
ture proposed Nuclear Regulatory Commission
regulatory requirements should be critically evalu-
ated.
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32. CONSIDERATIONS OF HEALTH BENE-
FIT-COST ANALYSIS FOR ACTIVITIES IN-
VOLVING IONIZING RADIATION EXPO-
SURE AND ALTERNATIVES (Technical Re-
port). PB-286555, 1977, p. 204.

The report deals with development of methodol-
ogy for the health benefit-cost analysis of activities
that expose humans to radiation. It attempts to
frame the problems and to communicate the neces-
sary elements of the complex technical process
required for this method of analysis. The main
thrust of the report is to develop a methodology
for analyzing the benefits and costs of these ac-
tivities. Application of the methodology is dem-
onstrated for nuclear power production and medi-
cal uses of radiation, but no definitive analysis is
attempted. The report concludes that benefit-cost
analysis can be effectively applied to these fields,
and that it provides, a basis for more informed
governmental decision-making and for public par-
ticipation in evaluating the issues of radiation ex-
posure. However, that for cases where national
policy is involved, decisions must inevitably be
made on the basis of value judgements to which
such analyses can make only limited contributions.
An important conclusion is that a significant re-
duction in radiation exposure to the population is
apparently achievable by development of methods
for eliminating unproductive medical X-ray expo-
sure.

33. UNSETTLED PROBLEMS OF LIABILITY
CONCERNING THE COST OF PROTEC-
TION ACCORDING TO THE ATOMIC EN-
ERGY ACT. SCHULZ-BOURMER, G. (German
Federal Republic), Versicherungsrecht v 27:29.,
Aug 1976: 697-703.

Taking as an example a maximum credible acci-
dent, the author discusses the cost of radiation
protection and liability according to the Atomic
Energy Act as well as problems of cost of protec-
tion as subject matter of the Atomic Energy Act,
and police and public order laws: 1) Relationship
Atomic Energy Act - liability; 2) the citizen who
has incurred damage - liable as a disturber of an
original state; 3) limited liability according to the
Atomic Energy Act and liability of the proprietor
of the facility; 4) apportionment according to sub-
section 1 of section 37 of the Atomic Energy Act;
and 5) cost of protection and integrated house and
household insurance.

34. ADEQUACY OF PERSONAL AIR SAM-
PLERS FOR MONITORING PLUTONIUM
INTAKES. BIRCHALL A.; JAMES A.C.;
MUIRHEAD C.R. (National Radiological Protec-
tion Board, Chilton, Didcot, Oxfordshire
OX110RQ United Kingdom), 1991, 37/3 (179-
188).

When personal air samplers (PAS) are used to
estimate plutonium intakes, the number of parti-
cles collected is often small, and substantial errors
in the estimate can arise from random statistical
error. By using a Gaussian approximation for the
probability distribution of intake following a sin-
gle PAS measurement, the authors derived sim-
ple algebraic expressions for the probability that
an estimated intake (or committed dose equiva-
lent), from a series of PAS measurements, will be
exceeded by any given factor F. A small computer
program written in BASIC is listed in an ap-
pendix to aid evaluation. From these expressions,
together with a definition of adequacy used by
the ICRP, the aerosol conditions under which the
PAS will inadequately estimate of intake are de-
fined.

35. THE USE OF PERSONAL A m SAM-
PLERS AT THE SELLAFIELD WORKS OF
BRITISH NUCLEAR FUELS. TAGG, B.;
SMITH, P.R. (British Nuclear Fuels pic, Sellafield
(United Kingdom)), Conference on Occupational
Radiation Protection, CONF-910429--, London
(United Kingdom) British Nuclear Energy Soci-
ety, 1991, pp. 277-281.

Personal air samplers have been used in the nu-
clear fuel reprocessing plants and laboratories at
the Sellafield Works of British Nuclear Fuels since
1962 since they became available. This paper pre-
sents details of the design standards of the current
large-scale personal air sampler service and re-
views the operational experience and dosimetry
data obtained over the last twenty seven years,
with particularly the last four years. (Author).

36. OPERATIONAL HEALTH PHYSICS
TRAINING. (Argonne National Lab., IL.), ANL-
88-26, Sep 1988, p. 928.

The initial four sections contain basic infor-
mation on atomic structure and other useful
physical quantities, natural radioactivity, the prop-
erties of alpha , beta , gamma , x rays and neu-
trons, and the concepts and units of radiation do-
simetry (including SI units). Section 5 deals with
biological effects and the risks associated with
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radiation exposure. Background radiation and
man-made sources are discussed next. The basic
recommendations of the ICRP on dose limita-
tions, their justification, and optimization
(ALARA concepts and applications) are covered
in Section seven. Section eight is an expanded
version of shielding concepts, and the internal
dosimetry discussion has been extensively revised
to reflect the concepts contained in the MIRD
methodology and ICRP 30. The remaining sec-
tions discuss the operational health physics
approach to monitoring radiation. Individual sec-
tions include principles of radiation detection,
instrument operation and counting statistics,
health physics instruments and personnel moni-
toring devices. The last five sections deal with
the nature of, operation principles of, health
physics aspects of, and monitoring approaches to
air sampling, reactors, nuclear safety, glove boxes
and hot cells, accelerators and x-ray sources.
Decontamination, waste disposal and transporta-
tion of radionuclides are added topics. Several
appendices containing constants, symbols, selected
mathematical topics, and the Chart of the Nu-
clides; an index has been included. (ERA citation
14:009479)

37. METHODS AND RESULTS OF IMPLE-
MENTING A COMMERCIALLY AVAIL-
ABLE VIDEOTAPED HEALTH PHYSICS
TRAINING PROGRAM IN A MULTI-
DISCIPLINED DOE FACILITY. O'NEAL, B.
L. (Sandia Labs., Albuquerque, NM.), CONF-
791203-7, 1979, pp. 13-?.

Sandia, a prime contractor for DOE, is a multi-
disciplined research and development laboratory.
Its various activities include operating two nuclear
reactors, several multi-kilocurie gamma irradiation
facilities, a transuranic hot cell facility, various
and numerous particle accelerators and x-ray gen-
erators, and many other areas involving employees
working with or around radioactive materials or
radiation producing machines. Since March 1979,
Sandia has conducted a formalized basic train-
ing program on radiation safety using a com-
mercial videotaped package. The videotapes are
generic in nature and are accompanied with hard
copy text material, view-graphs, quizzes, and an
instructor's guide. Sandia's overall training pro-
gram and the methods, results, and problem areas
of implementing an off-the-shelf, commercial
videotaped training program are described. The
results are summarized using an instruc-
tor/course/student evaluation form. (ERA citation
05:007680)

38. EG AND G IDAHO HEALTH PHYSICS
TRAINING PROGRAM (Idaho National Engi-
neering Lab., Idaho Falls.), 1979, p. 8.

The selection, training and qualification pro-
gram for health physics technicians to be hired
at Idaho National Engineering Laboratory is
detailed. This program results from compli-
ance with ANSI-N18.1 for selecting and train-
ing nuclear power plant personnel to be qualified
to appraise any emergency condition and take
prompt and effective action. Salary progression
charts are also proposed for entry-level techni-
cian through to journeyman level. (ERA citation
05:001965)

39. HEALTH PHYSICS TRAINING OF
PLANT STAFF. HEUBLEIN, R.M. JR.;
CHRISTENSEN, R.C.; SAYEG, J.A.; SIM-
MONS, G.H.; HAHN, O.J. (EDS.), Proceedings
of the Health Physics Society 1981 Summer
School on Selected Topics in Reactor Health
Physics, NUREG/CP-0039; CONF-8106181-, Dec
1982,pp.E.l-E.2O.

The scope of this document entitled Health Phys-
ics Training of Plant Staff addresses critical ele-
ments common to all health physics training pro-
grams. Incorporating these elements in a health
physics training program will provide some assur-
ances that the trainees are competent to work in
the radiological environment of a nuclear plant.
This paper gives sufficient detail for the health
physicist to make managerial decisions about
planning, developing, implementing, and evaluat-
ing health physics training programs. Two models
are used in the appendices as examples of per-
formance-based programs.

40. SIMULATION AND COMPUTATION IN
HEALTH PHYSICS TRAINING. LAKEY,
J.R.A.; GIBBS, D.C.C.; MARCHANT, C.P.
(Royal Naval Coll., Greenwich (UK)), Radiation
Protection. A Systematic Approach To Safety, 5.
International Congress of the International Radia-
tion Protection Association, CONF-800304-, Per-
gamon Press (Oxford, England), 1980, pp. 443-
446.

A summary is outlined of several applications of
computers in Health Physics training (restricted in
this paper to digital applications) used by the
Royal Naval College for 10 years in graduate-level
courses for radiological protection. Programs
have been developed for training in radiation

10
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shield design, optimization methods, the environ-
mental impact of a reactor accident, and the pre-
diction of detector responses in various radiation
fields. Time dependent phenomena are not always
easily assimilated, so analogue computers are used
on reduced or accelerated time scales; in some
cases, the calculation can be stopped if required by
the student.

41. HEALTH PHYSICS TRAINING AT V.C.
SUMMER NUCLEAR STATION. BLUE, L.A.;
BELLMORE, J.R.; SHULTZ, P.A. (V.C. Summer
Nuclear Station, Columbia, SC), Training of Nu-
clear Facility Personnel, CONF-810411-, Apr
1981, pp. 247-254.

Health Physics training for radiation workers and
Health Physics Specialists continues to receive full
attention by regulatory agencies, such as the NRC
and ANI. Guidance for such training is developing
in a direction which forces utilities to continuously
upgrade the quality and quantity of their Health
Physics Training Program. This occurs at a time
when a rapidly growing industry is placing greatly
increased demands on the work force of highly
trained nuclear workers.

42. INDIVIDUALIZED STUDY HEALTH
PHYSICS TRAINING MODULES. CAREY,
W.E.; EVANS, A.D.; CAMPBELL, T.O., Pro-
ceedings of the Third Symposium on Training of
Nuclear Facility Personnel, CONF-790404-, Apr
1979, pp. 350-357.

The strength of individualized study modules is
that the quicker student can advance more rapidly
while the slower student continues to review the
material, take self-checking tests, and obtains
guidance from an instructor until the material is
mastered. At present, five health physics individu-
alized study modules are nearing completion. The
titles of these modules are The Nature of Radiation
and Its Interaction with Matter; Detection of Ra-
diation and Assay of Radioactivity; Biological
Effects of Radiation; Physical Safeguards; and,
Waste Disposal and Decontamination. Each mod-
ule consists of a slide-and-audio-tape-
synchronized program accompanied by directions,
objectives, a self-quiz, and a test for the students.

43. CHARACTERIZATION OF A HEALTH
PHYSICS INSTRUMENT CALD3RATION
RANGE (FINAL REPT). SLABACK, L. A. ;
JONES, C. G. (National Inst. of Standards
and Technology, Gaithersburg, MD. Occupa-
tional Health and Safety Div.), Proceedings of

Midyear Topical Meeting on Instrumentation
(22nd, San Antonio, TX.), December 4-8 1988, pp.
281-288.

The radiation field of an instrument calibration
facility consisting of a 4m range and an 80 Ci Cs-
137 source with various attenuators was charac-
terized in terms of secondary field components,
such as backscatter and buildup, intensity of the
radiation beam versus distance, actual effective
energy of the filtered beams, and useful field size
and calibration distance as a function of detector
size. The relative effectiveness of the attenuators
of an unfiltered beam is consistent at distances
greater than one meter. At shorter distances, the
relative effectiveness of the filters is not constant
with up to an 8% change under certain conditions.
Aluminum filtration was added to lead attenuators
to correct for low energy emissions. This paper
examines the scattered environment for a rela-
tively small calibration room (3m x 7m) and dis-
cusses it as a viable alternative to a large facility.
A PC computer program is available which fits the
calibration data that are described.

44. ENVIRONMENTAL ASSESSMENT FOR
THE HEALTH PROTECTION INSTRU-
MENT CALIBRATION FACILITY AT THE
SAVANNAH RIVER SITE. (Department of
Energy, Aiken, SC. Savannah River Operations
Office.), DOE/EA-0873, Aug 1993, p. 25.

The purpose of this Environmental Assessment
(EA) is to review the possible environmental con-
sequences associated with constructing and oper-
ating a Health Protection Instrument Calibration
Facility on the Savannah River Site (SRS). The
proposed calibration facility would be located in B
Area of SRS and would replace an inadequate fa-
cility located within A Area of SRS (Building 736-
A). The new facility would provide laboratories,
offices, test equipment and the support space nec-
essary for the SRS Radiation Monitoring Instru-
ment Calibration Program to comply with DOE
Orders 5480.4 (Environmental Protection, Safety
and Health Protection Standards) and 5480.11
(Radiation Protection for Occupational Workers).
The proposed facility would serve as the central
site source for the evaluation, selection, inspection,
testing, calibration, and maintenance of all SRS
radiation monitoring instrumentation. It would be
constructed on an undeveloped portion in B Area
of SRS, on a 1.2 hectare (3 acre) tract of land lo-
cated on the west side of SRS Road No. 2. The
proposed facility would lie approximately 4.4 km
(2.75 mi.) from the nearest SRS site boundary,

11
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within the confines of the existing B Area, and
SRS safeguards and security systems. Archaeo-
logical, ecological, and land-use reviews have
been conducted in connection with the use of this
proposed plot of land, and there is a detailed dis-
cussion of these reviews. Socioeconomic, opera-
tional, and accident analyses were also examined
and the findings from these reviews are also given
in this EA.

45. DEVELOPMENT OF A 6 TO 7 MEV
PHOTON FIELD FOR INSTRUMENT CALI-
BRATION. (FINAL REPT.), DUVALL, K. C. ;
SOARES, C. G. ; HEATON, H. T . ; SELTZER, S.
M. (National Bureau of Standards (NML),
Gaithersburg, MD. Center for Radiation Re-
search), Nuclear Instruments and Methods in
Physics Research Section B-Beam Interactions WI
10-11, May 1985: 942-945.

A photon source was developed at the National
Bureau of Standards to measure the response of
radiological survey instruments to high-energy
photons. Six commercial radiological survey in-
struments were measured behind various thick-
ness of plastic absorber. The results indicate that
approximately 2.5 cm of plastic in front of these
instruments is sufficient to discriminate against
the associated high-energy electron contamination.

46. OAK RIDGE NATIONAL LABORATORY
PORTABLE NEUTRON INSTRUMENT
CALIBRATION PROGRAM. HALLIBUR-
TON, RE (Oak Ridge National Lab., TN (United
States)), 1991 Winter meeting of the American
Nuclear Society (ANS) session on Fundamentals
of Fusion Reactor Thermal Hydraulics, CONF-
911107--, 1991, pp. 468-469.

The Oak Ridge National Laboratory (ORNL) ra-
diological calibration program was recently up-
graded to provide an extensive array of calibration
and exposure services to support the radiological
protection programs at ORNL, Martin Marietta
Energy Systems, and other US Department of En-
ergy (DOE) facilities. This support includes the
calibration of moderating neutron detectors and
also the irradiation of personnel neutron dosime-
ters. As part of the upgrade, a large, low-scatter
neutron irradiation room was included in a 450-
m{sup 2} (4800-ft{sup 2}) addition to the existing
laboratory. The facility design concept has served
as a model for other DOE laboratories.

47. CALIBRATION OF INSTRUMENT AND
PERSONNEL MONITORING IN RADIO-

LOGICAL PROTECTION. RAMLI, A. A. M.;
ABDULLAH, W. S. W. (Unit Teenage Nuclear,
Bangui (Malaysia)), Seminar on the Application
of Nuclear Techniques in Industry (Kuala Lum-
pur, Malaysia), INIS-MF-11473; CONF-8711314-
,1987, p. 29.

It is difficult to find radioprotection equipment
that is not too expensive yet still serves its pur-
pose. Some of the characteristics of good do-
simeters outlined by ISO 4071-1978 (E) namely,
scale linearity, energy dependence, radiation qual-
ity dependence and angular dependence are dis-
cussed for some commercial dosimeters. The
calibration procedures practiced at the National
Secondary Standard Dosimetry Laboratory
(SSDL), of the Nuclear Energy Unit (NEU) are
also explained. The radiological equipment for
personnel monitoring such as film badges and
TLDs are widely used to estimate the radiation
dose delivered to the whole body or part of it.
Both of these personnel monitoring procedures
have been established at the NEU. The objective,
use, and maintenance of the devices are discussed
in detail, together with an evaluation of the
monthly dose received by personnel from various
establishments in the country, (author). 17 figs.
(Atomindex citation 20:064337).

48. ALBEDO DOSIMETRY SYSTEM FOR
ROUTINE PERSONNEL MONITORING.
PIESCH, E.; BURGKHARDT, B. (Karlsruhe
Nucl. Res. Centre, West Germany), Sixth Sympo-
sium on Neutron Dosimetry, Radiation Protection
Dosimetrv. vol.23, no.1-4,1988: 117-20.

The universal albedo neutron dosimeter used
with automatic thermoluminescence readout
systems, manufactured by Alnor, Harshaw,
Panasonic, and Vinten, is a two-component do-
simeter consisting of an albedo and an additional
thermal neutron detector; it may also incorporate a
recoil-etched track detector inside the boron-
loaded plastic encapsulation. Within routine
monitoring, the variety of neutron fields can be
reduced to four: (Nl) reactors, low-energy linear
accelerators, (N2) nuclear fuel processing, (N3)
radioactive neutron sources, and (N4) high energy
accelerators. Within one area, the albedo's neutron
response does not vary by more than a factor of
two. The albedo dosimeter system became the
official neutron dosimeter in the Federal Republic
of Germany, replacing the neutron film do-
simeter. The technique of dose estimation,
the classification in stray neutron fields, the do-
simetric properties, such as dose range, energy
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and angular response, uncertainties of neutron
dose measurement and results of routine appli-
cations are described. (4 Refs)

49. IMPLEMENTATION OF THE PANA-
SONIC TLD (THERMOLUMINESCENT DO-
SIMETER) SYSTEM FOR PERSONNEL
MONITORING AT THE NEVADA TEST
SITE. DEMARRE, M.; TEASDALE, C. L. ; SY-
GITOWICZ, L. S. (Reynolds Electrical and Engi-
neering Co., Inc., Las Vegas, NV.), Conference
on Radiation Protection and Dosimetry (Orlando,
FL, USA), CONF-881032-5, 1988, p. 5.

In January 1987, the dosimetry system at the
Nevada Test Site changed from a film-badge
dosimetry program to the Panasonic Thermolumi-
nescent Dosimeter (TLD) system to monitor ex-
ternal radiation exposure to personnel working at
the Nevada Test Site. To implement the TLD
system, a combination dosimeter and security cre-
dential badge holder had to be developed, also a
computer-processing system, and a dose process-
ing algorithm; enough Panasonic UD802AS2
TLDs had to be purchased to support a large
quarterly exchange. Problems that had to be re-
solved during the first year of operation were
processing approximately 15,000 dosimeters per
quarter; multiple exchanges of the same dosime-
ter in the same quarter due to visitors and ven-
dors, late returns due to the unique user commu-
nity at the Nevada Test Site, and damage to the
TLDs, and unusual anomalies. The experience
gained from the original planning stages for con-
version to the TLD system to the implementation
of this system are discussed. (ERA citation
14:018092)

50. INFLUENCE OF AMBIENT HUMIDITY
ON TL-DOSIMETERS FOR PERSONNEL
MONITORING. CHRISTENSEN, P.; BOTTER-
JENSEN, L.; MAJBORN, B., Reg Conf on Radia-
tion Protection (v 1), Proc. Isr. At. Energy Comm,
Yavne, 1973, pp. 194-206.

Dosimeters were kept in air at different humidities
and temperatures and the effects were studied over
three months. The dosimeters investigated in-
cluded LiF, Li//2B//4O//7:Mn, and CaSO//4:Dy in
the form of powder as well as solid dosimeters.
For comparison film dosimeters were included.
From the experimental results it is concluded that
variations in ambient humidity are only of minor
importance in using TLDs for personnel monitor-
ing. (7 Refs)

51. PERSONNEL MONITORS UTILIZING
TISSUE EQUIVALENT PROPORTIONAL
COUNTERS. BRACKENBUSH, L.W.; EN-
DRES, G.W.R.; SCHRAUBE, H.; BURGER, G.;
BOOZ, J. (Institut fuer Strahlenschutz, Ge-
sellschaft fuer Strahlen-und Umweltforschung,
Muenchen, Germany, F.R.), Proceedings of the 5.
Symposium on neutron dosimetry, Radiation pro-
tection aspects. Vol. 1, EUR-9762-Vol.l; CONF-
8409161-Vol.l, 1985, p 359-368.

The US Department of Energy established a pro-
gram to improve neutron dosimetry at facilities
where a significant number of workers are ex-
posed to fast neutrons from handling isotopic neu-
tron sources. One facet of this program is the de-
velopment of small, lightweight personnel moni-
tors to determine dose equivalent to the workers.
These instruments use small, cylindrical tissue-
equivalent proportional counters to detect neu-
trons, and a microprocessor to determine absorbed
dose and dose equivalent. A Pocket REM Meter
containing three cylindrical tissue-equivalent pro-
portional counters 1.9-cm in diameter and 13-cm
long was developed. The instrument uses hybrid
circuitry and a 256-channel analog-to-digital con-
verter to supply signals to a CMOS microproces-
sor, which calculates absorbed dose and dose
equivalent for neutrons and displays the results on
a liquid crystal display. Independent measure-
ments at the Pacific Northwest Laboratory verified
that the Pocket REM Meter is accurate within 20%
for determining neutron dose equivalent when
exposed to unmoderated or slightly moderated Cf-
252 sources, which were calibrated by the US Na-
tional Bureau of Standards. The Laboratory is de-
veloping a Total Dose Meter to measure absorbed
dose and determine dose equivalent from mixed
radiation fields of neutrons and gamma rays, using
a single tissue-equivalent proportional counter
with two amplifiers operated at different gains.
From empirical algorithms derived from exposures
to monoenergetic neutrons, quality factors can be
determined within about 7% for neutrons with
energies between 200 KeV and 7.5 MeV.

52. NEED AND PRACTICE OF ..BETA.. DO-
SIMETRY IN PERSONNEL MONITORING.
REGULLA, D.F. (Gesellschaft fuer Strahlen- und
Umweltforschung Munchen mbH, Neuherberg,
West Germany), International Beta Dosimetry
Symposium: Proceedings, NUREG/CP-0050;
CONF-830204-, Jan 1984, pp. 263-281.

There is a consensus that an improvement is
needed in personnel monitoring in ..beta., dosime-
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try. For illustration, statistical data on incidence
rates and origins of ..beta., expositions are pre-
sented; the data result from GSF's Personnel Do-
simetry Service processing about 3/4 million do-
simeters a year. Dosimetric practice is discussed
and compared with requirements from operational
radiation protection. Adequate advances in ..beta-
technology are shown besides conceptional alter-
natives to prevent harm from .such radiation. The
meaning of preventive or subsequent dose estima-
tions is discussed for which the personnel ..beta.,
dosimeter serves as an indicator. Recent activity in
research and development in the field of personnel
..beta., dosimetry is considered; at first, working
place analysis as a means of preventive radiation
protection; second, evaluation of labor- represen-
tative exposure geometries and work-specific dose
indices can be determined. Another subject is the
computation of conversion coefficients for
monoenergetic electrons, different exposure geo-
metries and tissue depths converting area or per-
sonal dose into doses relevant for radiation protec-
tion. Information is given on a new ..beta., do-
simetry committee, named Eurados, operating on a
European basis, and on a German draft code of
practice for estimating ..beta., dose.

53. CURRENT STATUS OF PERSONNEL
MONITORING FOR BETA PARTICLES.
PLATO, P.; MIKLOS, J. (Univ. of Michigan,
Ann Arbor), International Beta Dosimetry Sympo-
sium, Program and Abstracts, IDO-12097; CONF-
830204-Absts, Feb 1983, p 40.

From 1975 to 1982, a concerted effort was made
to develop a uniform procedure to test the per-
formance of personnel dosimetry processors
throughout the United States. At the heart of this
effort is a standard developed by the Health Phys-
ics Society Standards Committee (HPSSC) and
adopted by the American National Standards In-
stitute (ANSI) as ANSI N13.11-1982. The US
Nuclear Regulatory Commission (NRC) sponsored
a five-year pilot study of this Standard which in-
cluded three trial tests in which approximately 80
dosimetry processors participated. The Standard
has made several contributions to the art and sci-
ence of personnel monitoring for beta particles.
First, the Standard defines test categories for beta
particles and mixtures of beta particles plus
gamma rays in addition to test categories for other
types of radiation. Second, it defines a reference
beta-particle source for the tests. Third, it provides
criteria which are used to determine acceptable
performance by a processor. The pilot study pro-
vided information on the state-of-the-art of per-

sonnel monitoring within the bounds of the Stan-
dard. In addition, since the pilot study was adver-
tised as the forerunner of a fiirure mandatory certi-
fication program for dosimetry processors in the
United States, considerable attention was given to
personnel monitoring in general, and beta particles
in particular. This paper discusses specific contri-
butions of the HPSSC/ANSI Standard and the pilot
study of beta-particle dosimetry summarizing the
results of its three tests. The paper also amplifies
on the needs to clearly define the sources of
monitoring particles.

54. PHOSPHATE GLASS DOSIMETRY. A
POTENTIAL ALTERNATIVE IN PERSON-
NEL MONITORING. PIESCH, E.K.A.
(Kernforschungszentrum Karlsruhe G.m.b.H.
(Germany, F.R.)); REGULLA, D.F. (Gesellschaft
fuer Strahlen- und Umweltforschung m.b.H.
Muenchen, Neuherberg (Germany, F.R.). Inst. fuer
Strahlenschutz), Radiation Protection. A System-
atic Approach to Safety, CONF-800304-, Perga-
mon Press (Oxford, England), 1980, pp. 343-346.

The use of phosphate glass dosimetry is reassessed
in the light of German experience. The following
properties of current glass dosimetry are consid-
ered in relation to LiF TLD systems: 1) New glass
compositions with low energy dependence and
high batch uniformity, and the ability to determine
individual pre-dose values reproducibly. Using
perforated filters also improves energy depend-
ence. 2) Improvements in automatic read-out sys-
tems. 3) Multidirectional scanning. 4) Laser pulse
excitation to suppress pre-dose. This new readout
technique was good for exposure assessment as
low as 10 mR, and down to 0.1 mR when using
the time constant as a measure of dose.

55. THERMOLUMEVESCENT BETA DO-
SIMETRY FOR ROUTINE PERSONNEL
MONITORING. BENKO, L.; UCHRIN, GY.;
BIRO, T. (Magyar Tudomanyos Akademia Izotop
Intezete, Budapest), Proceedings of the 4th Inter-
national Congress of the International Radiation
Protection Association. Paris, 24-30 April 1977.
Vol. 4, Association Internationale de Protection
contre les Rayonnements, (Fontenay-aux-Roses,
France), 1977, pp. 1261-1264.

Different types of thermoluminescent materials
(LiF, CaSO/sub 4/:Dy, CaSO/sub 4/:Tm) with dif-
ferent shapes and thicknesses were tested to select
dosimeters for measuring beta skin dose. Sensi-
tivity and energy response were determined for a
wide range of beta (0.225 to 2MeV) and gamma

14



BNL ALARA Center

energy (0.01 to 1.33 MeV). The directional re-
sponse was measured with different types of hold-
ers developed for a routine flexible personnel do-
simetry. The properties and possible applications
of a 5 to 15 mg cm/sup -21 thick phosphor/heat-
resistant resin dosimeter using fine LiF and
CaSO/sub 4/:Dy powder and an Al disc as holder
was reviewed. Phantom measurements, using
mixed beta and gamma radiations, demonstrate the
performance of the finger dosimetry system.

56. BEHAVIOR OF REUSABLE DOSIME-
TERS IN PERSONNEL MONITORING.
VALLEY, J.F.; JAN, P.; PACHE, G.; LERCH,
P., Proceedings of the 4th International Congress
of the International Radiation Protection Associa-
tion. Vol. 1, Association Internationale de Protec-

•tion contre les Rayonnements (Fontenay-aux-
Roses, France), in French, 1977, pp. 97-100.

Besides an individual calibration, reusable do-
simeters, like TLDs, need further periodical con-
trol because of the possibility of aging effects and
defects from use. Both calibration and periodical
control can consist of verifying that the response
of the dosimeters to a determined dose lies be-
tween two fixed limits. An alternative method,
based on the attribution of a calibration factor to
each sensitive element of every dosimeter, has
become practical using a computer for managing
the control. This technique has the following ad-
vantages: better monitoring of the long-term do-
simeters behavior; the possibility of establishing a
precise ratio between the signals of two different
elements to provide more information about the
type and energy of the radiation; optimized use of
the dosimeters by more selective exclusion. The
registration, besides the calibration factors, of the
accumulated dose and the number of times each
dosimeter is used allows a study of the correlation
between these quantities and aging effects. The
results obtained by monitoring the behavior of
3000 dosimeters is discussed.

57. RADIATION MONITORING SYSTEM IN
NUCLEAR POWER PLANTS. SUZUKI, ZEN-
JIRO; SAKAMAKI, TSUYOSHI; JMAI, MIT-
SUHIRO (Fuji Electric Co. Ltd., Kawasaki, Kana-
gawa (Japan)), Fuji Jiho (Fuji Electric Journal)
(Japan) v 67:7, Jul 1994; 415-420.

To reduce radiation exposure, nuclear power
plants are equipped with area monitors and dust
monitors, which provide exact information on the
working environment to take proper protection
against radiation exposure. Fuji Electric supplied

numbers of these radiation monitors, and recently
has developed an area-and-dust monitor using a
solid-state detector to meet the need for small-
sized, reliable, high-sensitivity devices. Particu-
larly, the multi-point dust monitor which has real-
time processing, continuous monitoring, and pre-
dictive processing, fully satisfies the needs for
sophisticated radiation control, (author).

58. THE USE OF A CONTINUOUS ON-LINE
RADIATION MONITORING SYSTEM FOR
THE EARLY ASSESSMENT OF SHORT DU-
RATION SOURCE TERMS, NEAL, A.P.;
SMITH, M.M. (UKAEA Atomic Energy Estab-
lishment, Winfrith, Dorchester (UK). Radiological
and Safety Div.), Radiation Protection - Theory
and Practice, GOLDFINCH, E.P. (Central Elec-
tricity Generating Board, London, UK). Nuclear
Health and Safety Dept), 4th International Sym-
posium of the Society for Radiological Protection
on Radiation Protection - Theory and Practice,
CONF-8906120-, Bristol (UK) Institute of
Physics, 1989, pp. 181-184.

A system was developed at the Winfrith Steam
Generating Heavy Water Reactor for assessing the
potential radiological consequences of any release
by using a system of continuous on-line radiation
monitors surrounding the reactor. The assessment
is carried out in three stages as more data becomes
available. The initial determination of the potential
distance out to which countermeasures may be
required is made using only the integrated dose
measured by the downwind monitoring station;
this assessment will be available to the Emergency
Controller within about 10 minutes of any release.
The display system also may be driven by using a
computer program generating mock data; this fa-
cility has proved of great benefit during emer-
gency exercises, (author).

59. RADIATION-MONITORING SYSTEM BY
MEANS OF SIGNAL TRANSMISSION WITH
OPTICAL FIBER. YAMAMURA, SEINI;
TAKENAGA, YUUJI; SAKAMAKI,
TSUYOSHI; MATSUNO, KIYOSHI;
OKAMOTO, EISUKE; YOSHJDA,
YOSHITERU (Fuji Electric Co. Ltd., Tokyo
(Japan)), FAPIG (Tokyo) (Japan) v 123, Nov
1989: 39-43.

There are various sizes of radiation-monitoring
systems ranging from small ones consisting of a
few detectors to large ones of several hundred de-
tectors. The recent development of personal com-
puters has improved their reliability and also has
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realized a large sized memory. This circumstance
has increased demand for small radiation-control
systems where computers on-log of detected ra-
diation. On the other hand, it is necessary to im-
prove the reliability and to simplify the mainte-
nance process for large systems because they have
so many elements. We describe new radiation-
monitoring systems based on the optical signal
transmission, which can be applied to various re-
cent needs, (author).

60. COMPUTERIZED RADIATION MONI-
TORING SYSTEM FOR NUCLEAR POWER
PLANT. ffiA, D.; OSE, K.; NAKATA, A.
(Hitachi Ltd., Tokyo (Japan), Hitachi Hyoron
(Japan) v 60:2, Feb 1978: 125-128.

In nuclear power plants, strict radiation monitoring
and control are based on the concept of ALARA
(as low as reasonably achievable), to protect the
general public around, and the workers inside,
power plants from exposure to radiation. Recently,
Hitachi Ltd. and Japan Atomic Power Co. cooper-
ated to systemize the radiation control work and
applied it to Tokai No. 1 and No. 2 nuclear power
plants. This system is composed of a number of
monitoring equipments located inside and outside
the plant's sites, exposure-dose instruments to
measure and check the exposure dose of each
worker at every entrance check-point set up at the
entrance of the control area and working area on
the sites, and at various computer peripherals,
centering around the control computer. The com-
puter system is a dual one; a system mainly to ac-
quire data and monitor on real time, and the other
to file that data and statistically analyze them. The
functions of the system are described by dividing
them into personal exposure control, radiation
level control inside the plant, and environmental
radiation control.

61. RECENT ADVANCES IN RADIATION
MONITORING SYSTEMS FOR NUCLEAR
POWER STATIONS. JOHNSON, W.S. SR.
(Eberline Instrument Corp., Santa Fe, N.Mex.
(USA)), Proceedings of the 4. International Con-
gress of the International Radiation Protection
Association. Vol. 2, CONF-770409-, Association
Internationale de Protection contre les Rayonne-
ments (Fontenay-aux-Roses, France), 1977, pp.
529-531.

Present projections indicate that by 1990 a mini-
mum of 700 nuclear power stations will be in op-
eration in at least 42 different countries. The health
physics profession is confronted, therefore, with a

massive effort to control the radiological conse-
quences of these operations. Regulations have
been adopted or are being considered by various
governments to guide the health physicist. It is
apparent that the necessary radiological measure-
ments will become increasingly complex, require •
improved sensitivity and accuracy, increase in
frequency, and demand more attention from the
health physics staff. Computerized systems offer a
cost-effective solution to keep these expanding
requirements within manageable limits. The tech-
nology of computers, minicomputers, and micro-
computers is one of the most dynamic develop-
ments occurring today with a history of doing
more-for-less. In the face of constant cost escala-
tion in constructing nuclear plant, the opportunity
to provide more-for-less is most welcome. Antici-
pating expanded radiological requirements and the
availability of a compatible technology to meet
them, the next step is to design and test a total
system to be responsive to regulatory guidelines.
Such a system is described with appropriate em-
phases on the data acquisition and data manage-
ment subsystems. As the system evolves, it is logi-
cal to view its full purpose as a health physics op-
erations center more than just another monitoring
tool. Here, the data vital to the decision-making
processes are displayed rapidly and intelligently
for the operators. Overall, the system's design and
operation should provide the health physicist with
credible data to reflect favorably on the environ-
mental and public acceptability of nuclear power.

62. IMPROVE PROTECTIVE CLOTHING
AND REDUCE RADWASTE. JOHNSTONE,
G.A.; FRYER, J.; SMITH, J.M.; BARKER, R.L.
(Interstate Nucl. Service Corp., Springfield, MA,
USA), Transactions of the American Nuclear So-

vol.73,1995:96-?.

A new custom-designed, synthetic microdenier
fabric has been developed for nuclear-protective
apparel. The new fabric was subjected to exten-
sive testing: various protocols of the American
Society for Testing and Materials quantifying
physical characteristics, Kawabata Evaluation
System measuring the fabric's mechanical and
surface properties, and specialized radiological
testing. The fabric outperformed other nuclear-
protective fabrics in terms of particulate-barrier
properties, resistance to contamination, ease of
decontamination, and wearer comfort. Genera-
tions of radioactive waste is reduced because the
garments produced from the new fabric last longer
and, as it is 50% lighter than traditional fabrics, the
volume and weight of discarded garments are re-
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duced by half. In addition, the new fabric is fully
incinerable. (ORefs)

63. CONTAMINATION AND DECONTAMI-
NATION ABILITY OF FABRICS FOR NEW
TYPES OF PROTECTIVE CLOTHING.
KNAJFL, I ; SEVERA, J., in Czech, Bezpecnost
Jaderne Enerpie vol.2, no.3-4, March-April
1994:87-9.

Contamination ability was tested on the fabric
samples of protective clothing using solutions of
radioactive substances, and decontamination abil-
ity was tested with decontamination foams The
tested fabrics have low contamination. They have
a suitable surface finish, and their decontamination
is a high efficiency. (4 Refs)

64. EPRI GUIDE TO MANAGING NUCLEAR
UTILITY PROTECTIVE CLOTHING PRO-
GRAMS, Issued by: Electr. Power Res. Inst.
(Palo Alto, CA, USA), EPRI NP-7309, May 1991,
p. 56.

Protective clothing and associated expenditures
range from $1 million-$3 million annually for
each nuclear utility plant. This guide will help
management improve protective clothing pro-
grams, reduce associated costs, and implement
changes using a standardized economic approach.

65. PROTECTIVE CLOTHING BASED ON
PERMSELECTTVE MEMBRANE AND CAR-
BON ADSORPTION. GOTTSCHLICH, D. ;
BAKER, R. (Membrane Technology and Re-
search, Inc., Menlo Park, CA.), DOE/MC/30179-
96/CO591; CONF-9510108-8,1995, p. 7.

This paper describes Phase I of the US DOE's pro-
gram to improve protective clothing for workers
engaged in decommissioning and decontaminat-
ing former DOE sites, including those used for
atomic weapons research and production. Mem-
brane Technology and Research has been devel-
oping the clothing with an innovative ultrathin,
permselective outer membrane that is ex-
tremely permeable to water but impermeable to
toxic organic compounds. Phase I included op-
timizing the fabric, establishing commercial-scale
production; and evaluating a prototype suit-
evaluation. This phase is complete, with the
results discussed in this document.

66. PROTECTIVE CLOTHING: FIRE AND
RADIATION ENVIRONMENTS. (Latest Cita-
tions from the NTIS Bibliographic Database),

(Published Search), NERAC, Inc. (Tolland, CT.),
Nov 95.

The bibliography contains citations on clothing
design, fabrication, and testing for personal pro-
tection from exposure to flames and radiation.
The citations cover the treatment of fibers and
textiles, testing for physiological tolerances, and
methods of decontamination after exposure. Dis-
cussed also are user acceptance and proper use of
protective clothing by firefighters, nuclear energy
personnel, and others. (Contains 50-250 citations
and includes a subject term index and title list.)
(Copyright NERAC, Inc. 1995)

67. PROTECTIVE CLOTHING: FIRE AND
RADIATION ENVIRONMENTS. (Latest cita-
tions from the NTIS Database), (Published
Search), NERAC, Inc. (Tolland, CT), Apr 92.

The bibliography contains citations on research
on clothing, respirators, visors, and associated
equipment used for personal protection against
flames and radiation. Topics include treatment of
fibers and textiles, design of protective gear, tests
for physiological tolerances, and methods of de-
contamination after exposure. Citations also ad-
dress user acceptance and proper use of protective
clothing by firefighters, nuclear energy personnel,
and others. (Contains a minimum of 84 citations
and includes a subject term index and title list.)

68. PROTECTIVE CLOTHING USE AT THE
SAVANNAH RIVER PLANT NUCLEAR FA-
CHJTY. CABBIL, C. C. (Du Pont de Nemours
(E.I.) and Co., Aiken, SC. Savannah River Plant.),
DP-MS-87-62; CONF-8705143-1,1987, p. 21.

The mission of the Savannah River Plant in pro-
ducing nuclear materials poses some unique pro-
tective clothing and equipment requirements. In
addition to ensure protection against the chemicals
and physical agents encountered, radioactive haz-
ards must also be managed. This paper describes
the protective clothing and respiratory protection
used at SRP, and focuses particularly on the de-
velopment of a new plastic suit. (5 Refs, 7 figs., 3
tabs.) (ERA citation 12:037457)

69. PERSONAL PROTECTIVE CLOTHING.
REVISION. ZIPPLER, D. B. (Du Pont de Ne-
mours (E.I.) and Co., Aiken, SC. Savannah River
Lab.), DP-MS-84-116-REV.12-84; CONF-
8410245-1-REV., Dec 84, p. 12.
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The protective clothing used at the Savannah River
Plant is briefly described. Materials, designs, and
cost factors are discussed. (8 figures.) (ERA ci-
tation 10:023149)

70. TRITIUM PROTECTIVE CLOTHING.
FULLER, T. P. ; EASTERLY, C. E. (Oak Ridge
National Lab., TN.), Jun 1979, p. 79.

Occupational exposures to radiation from tritium
at present nuclear facilities, and potential expo-
sures at future fusion reactors demonstrate the
need for improved protective clothing. The im-
portant factors that increase the protection af-
forded by tritium ventilation suits are discussed.
They include permeation processes of tritium
through materials, various tests of film permeabil-
ity, selection and availability of suit materials, suit
designs, and administrative procedures. The phe-
nomenon of film permeability calls for more stan-
dardized, universal test methods, which would
increase the amount of directly useful information
on impermeable materials. Improvements in suit
designs could be expedited and better communi-
cated to the health physics community by central-
izing developmental equipment, manpower, and
expertise in tritium protection to one or two
authoritative institutions. (ERA citation
04:053534)

71. PROTECTIVE CLOTHING TEXTILE
RESEARCH FOR SPACE ACTIVITIES IN
THE 1980S. RADNOFSKY, M. I.; KOSMO,
JOSEPH J., Space Safety and Rescue, 1979-1981,
(Proceedings of Symposia of the International
Academy of Astronautics held in conjunction with
the 30th, 31st, and 32nd International Astronauti-
cal Congresses.), American Astronautical Soci-
ety, Scientific Technology Series v54., Conference
No. 04753, Publ for American Astronautical Soc
by Univelt Inc (San Diego, CA, USA), 1983, p
201.

The role played by research on protective clothing
textiles for space activities in past years is sur-
veyed and its relationship to such activities in the
1980s. Both intra- and extra-vehicular clothing is
discussed, together with its associated textile com-
ponents. Newer concepts of protective clothing are
related as they were adopted for the Shuttle pro-
gram. Near-term future applications of textiles in
space clothing are also discussed in terms of their
incorporation into potentially operational hard-
ware. These future systems include, construction
workers space gear, a portable lunar survival
shelter, and an extravehicular tunnel suit.

72. PROTECTIVE CLOTHING: STUDY IN
INDUCED THERMAL STRAIN AND IN
PROTECTION AGAINST THERMAL RA-
DIATION. EISSING, GUENTER, Symposium
Papers Presented at the 1984 Winter Meeting of
the American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc., Conference
No. 06423, ASHRAE Transactions v 90 pt IB
1984. Publ by ASHRAE (Atlanta, GA, USA),
1984, pp. 1099-1115.

In two studies, the physiological effects of differ-
ent kinds of clothing were investigated. The tests,
with five test subjects, were carried out at a tem-
perature of 20 DEGREE C and a humidity of 50%
RH using a treadmill (speed 4 km/h, inclination
5%). Metabolic rate, heart rate, rectal temperature,
skin temperature, skin water vapor pressure, and
sweat loss were measured. (9 Refs.)

73. INFORMATION BOOKLET ON PER-
SONAL PROTECTIVE EQUIPMENT: PRO-
TECTIVE CLOTHING AND COVERALL.
Atomic Energy Regulatory Board, Bombay
(India), AERB-PPE-6-1992,1992, p. 19.

Personnel protective clothing are meant to protect
the user against radiant heat, flames, corrosive and
other chemicals, radioactive contaminants, and X-
rays. Various types of leather, plastics, and coated
fabrics are available for these clothing. The mate-
rial should be able to offer protection against the
specific hazard involved. This information booklet
covers the following four categories of protective
clothing and coverall (i) flame/heat resistant suits,
(ii) suits for radiation protection, (iii) chemical
resistant suits for corrosive chemicals, and (iv)
lead-rubber aprons for X-rays. (M.K.V.). (3 an-
nexures, 1 appendix.)

74. GUIDANCE FOR SPECIFYING PRO-
TECTIVE CLOTHING, RESPIRATORY
PROTECTION, AND RADIATION MONI-
TORING MEASURES. LEWIS, L. (DUKE
POWER CO., NUCLEAR PRODUCTION DEPT.,
CHARLOTTE, NC (US)), Radiation Protection
Management (US) v 2:2, Jan 1985: 59-62.

As radiation protection programs at nuclear power
stations become more complex, and the number of
health physics personnel required to run these pro-
grams increases, the need for standard methods for
prescribing and implementing radiation protection
measures also increases. The value of a standard-
ized approach is readily apparent during outages
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when many new personnel unfamiliar with station
practices must enter and work in controlled areas;
then, radiation protection coverage must be main-
tained on jobs that span several work shifts and,
therefore, several different health physics work
teams. Without guidance, the protective clothing,
respiratory protection, and radiation monitoring
measures specified on Radiation Work Permits and
enforced for work in radiologically controlled ar-
eas may vary undesirably between jobs, work
groups, and work shifts, confusing both the work-
ers and their supervisors.

75. PROTECTIVE CLOTHING LAUNDER-
ING AND MONITORING AT NUCLEAR
POWER PLANTS. HYLKO, J.M. (Virginia
Univ., Charlottesville, VA (United States). Dept.
of Nuclear Engineering); MILLER, M.L. (Weston
(Roy F.), Inc., Albuquerque, NM (United States));
BREHM, L.E.; PETERSON, S.K. (Northern
States Power Co., Monticello Nuclear Generating
Plant, Monticello, MN (US)), Radiation Protection
Management (United States) v 5:1, Feb 1988:59-
64.

A small but significant number of skin contamina-
tion incidents at Northern States Power Company's
Monticello Nuclear Generating Plant were be-
lieved to have been caused by residual contamina-
tion in laundered, clean protective clothing. Since
very little information was available on this mode
of skin contamination, a two-part study was un-
dertaken to evaluate it more fully. The first part of
this study consisted of a survey of laundering and
monitoring practices at 24 nuclear power plants.
The second part of the study was a simple experi-
ment to evaluate the effect of perspiration on the
transfer of residual contamination from laundered
clothing.

76. REMOVAL OF RESIDUAL CONTAMI-
NATION FROM CLEAN PROTECTIVE
CLOTHING. HYLKO, J.M. (Virginia Univ.,
Charlottesville, VA (United States). Dept. of Nu-
clear Engineering); MILLER, M.L. (Weston (Roy
F.), Inc., Albuquerque, NM (United States));
BREHM, L.E.; PETERSON, S.K. (Northern
States Power Co., Monticello Nuclear Generating
Plant, Monticello, MN (US)), Radiation Protection
Management (United States) v 5:3, Jun 1988: 60-
62.

During 1986, a small but significant number of
skin contamination incidents at Northern States
Power Company's Monticello Nuclear Generating
Plant were believed to have been caused by resid-

ual contamination in dry-cleaned protective
clothing. A survey of 24 other nuclear power
plants in May and June of 1986 indicated that
about half of these facilities had experienced in-
stances of sweat-induced skin contamination on
persons wearing laundered, clean protective
clothing, and a simple experiment showed that
perspiration indeed could remove residual con-
tamination from the 100% cotton fabric used in the
Monticello Plant's coveralls. To further study this
problem, a series of tests were performed on some
coveralls to determine how effective wet washing
methods would be in removing residual contami-
nation from this clothing, which previously was
laundered exclusively by dry cleaning.

77. CHARACTER OF PROTECTIVE
CLOTHES CONTAMINATION OF THE
PERSONNEL PARTICIPATED IN THE EF-
FORTS TO ELIMINATE THE CHERNOBYL
ACCD3ENT CONSEQUENCES
(KHARAKTER RADIOAKTTVNOGO ZA-
GRYAZNENIYA SPETSODEZHDY
PERSONALA, UCHASTVOVAVSHEGO V
LIKVIDATSII POSLEDSTVIJ AVARII NA
CHERNOBYL'SKOJ AEHS), KLOCHKOV,
V.N.; GOL'DSHTEJN, D.S.; VAS'KIN, A.G.
(AND OTHERS), Atomnaya Ehnergiya (USSR)
v 68:2, Feb 1990:105-107.

An investigation is described of radioactive con-
tamination of protective clothes made of cotton
and mixed materials for personnel who partici-
pated in eliminating the consequences of the Cher-
nobyl accident. The radionuclide composition of
the contamination on the clothes before and after
decontamination, as well as the values of decon-
tamination coefficients, which were much lower
than calculated ones, are presented. Contamina-
tion is shown to be caused by almost insoluble
particles of irradiated uranium fuel. The radionu-
clide composition changes a little as a result of
decontamination: there is a decrease only the total
quantity of radionuclides, but the contribution of
each radionuclide remains unchanged. During
decontamination, particles of irradiated uranium
fuel are removed from material without dissolving
in the decontaminating solution.

78. EPRI GUTOE TO MANAGING NUCLEAR
UTILITY PROTECTIVE CLOTHING PRO-
GRAMS. KELLY, J.J. (Right Angle Industries,
Melbourne, FL (USA)), EPRI-NP-7309, May
1991, p. 43.
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The Electric Power Research Institute (EPRI)
commissioned a radioactive waste-related project
(RP2414-34) during the last quarter of 1989 to
produce a guide for developing and managing
nuclear protective clothing programs. Every nu-
clear facility must coordinate a protective clothing
program for its radiation workers to insure their
proper and safe protection and to control the
spread of contamination. Yet every nuclear facility
has developed its unique program for managing
such clothing. Accordingly, a need existed for a
reference guide to standardize of protective cloth-
ing programs and to assist in controlling the po-
tentially runaway economics. This document is the
first known effort to formalize the planning and
economic factors of such programs. It is intended
to be informative by addressing the various pieces
of information necessary to establish and maintain
an effective, professionally managed protective
clothing program. It also attempts to provide guid-
ance toward tailoring the information, giving ex-
amples to fit each utility's specific needs. This re-
port further addresses new issues and trends occur-
ring throughout the nuclear industry in late 1989
which can have either a significant positive or
negative impact on the operations or economics of
nuclear protective clothing programs. (1 Ref., 11
tabs.)

79. RADIOACTIVE CONTAMINATION OF
PROTECTIVE CLOTHES MADE OF TEX-
TILE AND THEIR DECONTAMINATION IN
AQUEOUS SOLUTIONS, FUKUMORI, D.T.,
INIS-BR-1948,1989, p. 92.

This dissertation deals with radioactive contami-
nation, its prevention, control, and decontamina-
tion related to protective clothing made of textile
and usually worn in normal working conditions
within installations where radioactive materials are
handled or processed, especially as unsealed
sources. It describes the features of textile materi-
als and contaminants, mechanisms of contamina-
tion, risks related to contaminated clothes, plan-
ning of working areas, and monitoring and surface
contamination limits. The reagents used in decon-
tamination, their action mechanisms and methods
of efficiency evaluation are emphasized. Selected
reagents were experimentally tested and their effi-
ciencies in decontaminating cotton cloth samples,
contaminated with uranyl nitrate solution, were
evaluated with a Geiger-Muller counting system.
In this way, complexing agents, surfactants, and
commercial cleaning products were tested. The
results were analysed and interpreted considering
statistical, radiochemical and Radiation Protection

aspects. Radioactive contamination and decon-
tamination of protective clothes are important
matters and techniques could be developed and
improved; many suggestions were made for fur-
ther studies, (author).

80. PROTECTIVE CLOTHING AND RESPI-
RATORS USED IN NUCLEAR ENVIRON-
MENT. MURADA, MIKIO (Japan Atomic En-
ergy Research Inst., Tokai, Ibaraki (Japan). Tokai
Research Establishment); WATANABE,
MICHIHIKO, Sen'i Gakkaishi (Japan) v 45:7, Jul
1989:308-314.

Nuclear power generation supplies about 30 % of
electric power in Japan, and the establishment of
the nuclear fuel cycle has advanced steadily.
There are about 65,000 workers in the radiation
environment of nuclear power stations and re-
search facilities, and about 1,000 in establishments
which handle radioisotopes. Atmospheric pollu-
tion in the routine work environment is very rare,
but in the case of maintenance, checkup, and re-
pair in dangerous isolated and closed facilities,
work is carried out in an environment of radioac-
tive pollution. The use of individual protectors, in
other words, the confinement of the person is the
most effective means of protection. Safe and
pleasant protectors meeting the conditions of the
environment are always in demand. JIS was insti-
tuted for testing the protective effects when masks
are worn and for protective clothing. Protective
clothing comprises underwear, coverall, socks,
gloves, and boots. Respirators are of the air
cleaning type, self-supply type, and clean-air sup-
ply type. These protectors and the method of using
respirators are described. (K.I.).

81. RADIATION PROTECTIVE CLOTHING.
FUJINUMA, TADASHI; TAMURA, SHOJI;
IJIRI, YASUO., Patent No.: JP 63-195596 A, Mit-
subishi Cable Industries Ltd.(Tokyo Japan), 7 Feb
1987.

Purpose: To develop radiation protective clothing
of excellent workability and durability. Constitu-
tion: Protective clothing described in this inven-
tion comprises shielding materials for the upper-
half of the body having lead foils laminated on one
surface, and shielding materials for the lower-half
of the body of a resin sheet containing inorganic
powders of high specific gravity. Such protective
clothing has a flexibility capable of following the
movement of the upper-half body, and easily fol-
lowing the movement in the lower-half body, such
as acute bending at the waist. (Kamimura, M.).
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82. KEEPING COOL ON THE JOB. LIHACH,
N.; O'BRIEN, J. (Heat-resistant protective cloth-
ing), EPRI J. (United States) v 7:7, Sep 1982: 14-
17.

Maintenance workers at nuclear power plants need
special protective clothing that slows overheating
from the 55/sup 0/C temperature caused by waste
heat from pipes and pressure vehicles. Cooling
garments increase efficiency by extending the time
workers can function, as well as safeguarding their
health and morale. The Electric Power Research
Institute evaluated two cooling concepts: circulat-
ing liquid suits already available, and a prototype
frozen-water garment. Performance tests of the
latter showed that it can more than double the 65-
minute stay-time of liquid-cooled systems. The
frozen-water garment permits mobility, is com-
patible with radiation protection and other gar-
ments and equipment, is easy to clean or decon-
taminate, has no moving parts, and is attractively
priced. (4 figures.) (DCK)

83. PROTECTIVE CLOTHING (PATENT),
WINNETT, G.F., Patent No.: GB 2020164 A
,UKAEA Headquarters, London, 14 Feb 1979, p
9.

A protective suit of three parts used for isolating
its wearer from radioactively contaminated areas is
described. The first part includes the covering for
the wearer's head, arms, and upper body and at the
waist is releasably fitted around an opening into
the contaminated area. The second part includes
the legs of the suit and is releasably connectable to
the first part of the suit to enclose the wearer who
is then supplied with air through an umbilical pipe.
The third part surrounds the second and is releasa-
bly connectable to it, enclosing a space between
the two. This third part is also releasably connect-
able to the opening at the waist to prevent egress
from the contaminated area. The releasable con-
nections between the parts may be bayonet type
fittings or may be rotating T-shaped projections
which engage in T-shaped grooves.

84. A DYNAMICALLY INSULATED HEAT-
PROTECTIVE CLOTHING ASSEMBLY.
DAVIES, J., Performance of Protective Cloth-
ing, R. L. Barker, and G. C. Coletta, Editors;
Philadelphia, Pennsylvania, American Society
for Testing and Materials, ASTM Special Tech-
nical Publication 900, Symposium Sponsored by
ASTM Committee F-23 on Protective Clothing
June 1986.

A thermally comfortable pressure suit based on the
vortex cooling effect was described, designed for
using during maintenance access penetration into
gas-cooled reactor systems designed in the United
Kingdom. The suit protects workers inside the
pressure vessel of such reactors. The workers are
exposed to expected radiation hazards, in addition
to temperatures of up to 60 degrees-C and noise
levels of up to 130 decibels. The dynamic insula-
tion characteristics and thermal conductance of the
suit were outlined. Details were given on the heat-
balance equation based on the Ranque Hilsch
cooling effect generated by a vortex cooling-tube
used with a ventilative clothing assembly. Fea-
tures pertaining to the operation of the suit for
extended periods, in adequate protection condi-
tions were demonstrated. Physiological evaluation
revealed that comfort was achieved between 10 to
25 degrees C, while discomfort was expected at
higher and lower temperatures.

85. ALARA CONSIDERATIONS IN UP-
GRADING A RADIATION CALIBRATION
FACILITY. CLEMENT, R. S. ; COSTIGAN,
S. A. ; OLSHER, R. H. ; EISELE, S. L. ; FIN-
DLEY, J. I. (Los Alamos National Lab., NM.),
Joint meeting of the American Association of
Physicists in Medicine and the Health Physics
Society (Boston, MA, United States), LA-UR-95-
2508; CONF-950702-1, 1995, l ip . , 23-27 Jul
1995.

The Los Alamos Radiation Calibration and
Evaluation Facility has been upgraded with Cs-
137 sources replacing the Co-60 and Ra-226 ra-
diation sources in the gamma wells used for cali-
brating beta-gamma exposure-rate meters. The
facility upgrade involved the transfer of 33.7 TBq
of Cs-137, 2.4 TBq of Co-60, and 74 MBq of Ra-
226. Due to the intense radiation fields anticipated
from the transfers, several phases of planning ad-
dressed each specific job task (leak testing, re-
moval, transportation, and installation of source).
Controls used to reduce personnel exposures
ALARA for the various jobs included the determi-
nation of direct and scattered radiation dose-rates
using the Los Alamos Monte Carlo Code and by
knowledge of process to estimate collective dose;
mock-up exercises or "dry-run" of the transfers to
reduce time in handling the sources; the use of a
3.7 m electromagnet and 0.91 m mechanical han-
dling tool to increase distance during the transfers;
consideration of localized shielding to reduce ex-
posure; the set up of remote video cameras and
monitors over the well ports and lead storage casks
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to ensure proper removal and installation of the
source; the issue of alarming electronic pocket
dosimeters (EPDs) to personnel directly involved
to measure the integrated and peak dose rates to
limit stay times in the radiation areas; the incorpo-
ration of a contingency plan to cover unexpected
events during a transfer; and the establishment of
an exclusion zone to minimize dose to the public.
Completion of the facility upgrade resulted in a
collective dose of 1.14 mSv.

86. CONSTRUCTION AND OPERATION OF
AN IMPROVED RADIATION CALIBRA-
TION FACILITY AT BROOKHAVEN NA-
TIONAL LABORATORY. ENVIRON-
MENTAL ASSESSMENT. DEPARTMENT OF
ENERGY, WASHINGTON, DC. ASSISTANT
SECRETARY FOR ENVIRONMENTAL MAN-
AGEMENT, DOE/EA-0891, Oct 1994, p. 25.

Instruments used to detect and measure ionizing
radiation have been calibrated over the last 20
years at Brookhaven National Laboratory's (BNL)
Radiation Calibration Facility, Building 348.
Growth of research facilities, projects in progress,
and more stringent Department of Energy (DOE)
orders which involve exposure to nuclear radiation
have placed substantial burdens on the existing
radiation calibration facility. The facility currently
does not meet the requirements of DOE Order
5480.4 nor American National Standards Institute
(ANSI) N323-1978, which establish calibration
methods for portable radiation protection instru-
ments used detecting and measuring levels of ion-
izing radiation fields or levels of radioactive sur-
face contamination. Failure to comply with this
standard could mean instrumentation is not being
calibrated to necessary levels of sensitivity. The
Laboratory recently obtained a new neutron source
and gamma beam irradiator which cannot be made
operational at existing facilities because of inade-
quacies in geometry and shielding. These sources
are needed for routine periodic calibrations of ra-
diation detecting instruments used by scientific
and technical personnel, and to meet BNL's sub-
stantial increase in demand for radiation monitor-
ing capabilities. To place these new sources into
operation, construct of an addition to the existing
radiation calibration facility is proposed that
would house all calibration sources and bring BNL
calibration activities into compliance with DOE
and ANSI standards. The purpose of this assess-
ment was to identify potential significant envi-
ronmental impacts associated with the construction
and operation of such an improved facility.

87. FOREIGN CRITERIA AND PROGRAMS
(EUROPEAN ACCREDITATION PRO-
GRAMS IN THE RADIATION CALIBRA-
TION AND MEASUREMENT AREAS).
SWINTH, K.L. (Pacific Northwest Lab., Richland,
WA (United States)); (Thompson (I.M.G.),
Glouchestershire (United Kingdom)), Workshop
on Measurement Quality Assurance for Ionizing
Radiation, PNL-SA-22101 CONF-9303220-3,
Mar 1993, p. 16.

The concept of measurement quality assurance
(MQA) as embodied in National Institute of Stan-
dards and Technology (NIST) programs is not
generally used within European testing or ac-
creditation programs. Although the essential ele-
ments of quality control and assurance are in the
European programs, the concept of testing the
capability of the laboratory itself, in terms of its
performance for the designated measurements,
may not be included. Rather, the European pro-
grams use the concept of periodic calibration of
laboratory reference standards against the next
highest level of standards. Thus, they embody
measurement traceability to appropriate primary
standards. Within Europe, a series of calibration
accreditation programs were established in the
various countries, tied together through a multilat-
eral agreement. The radiation measurement pro-
grams are based on the International Organization
for Standardization (ISO) 9000 series. This paper
outlines the overall operation of European Ac-
creditation Programs in radiation calibration and
measurement. The operation of the radiation
measurement programs of the National Measure-
ment Accreditation Service (NAMAS) in the
United Kingdom is described in detail, along with
other European programs. The manner in which
these programs relate to individual dosimetry
service programs is also described.

88. DESIGN OF A HIGH-LEVEL RADIA-
TION CALIBRATION FACILITY.
COPELAND, C.H. (Western Area Radiological
Lab., Tennessee Valley Authority, Muscle Shoals,
AL (US)), Radiation Protection Management
(United States) v 2:4, Jul 1985:27-32.

In 1982, the Tennessee Valley Authority upgraded
its well source at the Western Area Radiological
Laboratory from 50 curies to 1,500 curies. This
article outlines the major areas of concern in plan-
ning for the upgrade and describes the design fea-
tures of the facility. Topics covered include
source-size selection, beam-size constraints,
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shielding, computer controls, interlocks, and
source handling.

89. A RADIATION PROTECTION SERVICE
USING AN ENERGY DISCRIMINATING
THERMOLUMINESCENCE DOSEMETER.
CURRY, R.G.; DODSON, J.; FERNANDO, F.;
SHEPPARD, R.M. (Vinten Instrum. Ltd., Wey-
bridge, UK), Radiation Protection Dosimetrv
vol.17, no.1-4, 1986:43-7.

A 4-element TL dosimeter was developed that can
measure both skin and body dose, and estimate the
effective energy of the incident radiation. This
badge forms the basis of a radiation protection
service, using commercial Vinten dosimeter read-
ers and a minicomputer-based recording keeping
system. The service is operated by AEE Winfrith
and an alternative 'main frame' record-keeping
system is available for long-term storage of rec-
ords. The hardware and software required for a
commercial TLD system and the experience
gained in its use are described. (1 Ref)

90. GUIDE TO GOOD PRACTICE IN RA-
DIATION PROTECTION TRAINING. JOHN-
SON, N. ; SCHENLEY, C. ; SMITH, A. ; WE-
SEMAN, M. (Oak Ridge Associated Universities,
Inc., TN), ORAU-88/H-99, Oct 1988, p. 120.

These guidelines apply to radiation protection
training programs for all Department of Energy
(DOE) contractors, subcontractors, and visitors to
contractor facilities. It is to be used as a self-
evaluation tool by DOE contractors to develop and
evaluate their training programs. This document is
based on good practice guidelines used by a vari-
ety of different facilities within and outside of the
DOE contractor system. Good practices are not
requirements; they are guidelines that contractors
should use as they develop and conduct training
programs. The applicability of the contents of the
Guide to Good Practice in Radiation Protection
Training depends upon each DOE facility's scope
and need for radiation safety training. Although
this document focuses on radiation protection
training, it is important that the process by which
training is developed and implemented is dis-
cussed. Therefore, the first section presents
guidelines for performance-based training and
ideas to be considered in the structure and docu-
mentation of the training function. (ERA citation
14:016125)

91. GUIDELINE ON HOLDING INTRA-
PLANT RADIATION PROTECTION TRAIN-

ING COURSES. Staatliches Amt fuer Atomsi-
cherheit und Strahlenschutz, Berlin (German
D.R.), SAAS-MITT-87-05, in German, 1987, 14p.

The guideline which came into force on 30 July
1987 regulates the acquisition of required knowl-
edge in radiation protection by workers and op-
erators through intraplant training courses and
establishes recognized careers. Curricula exam-
ples for several nuclear fields are given in the ap-
pendix. (Atomindex citation 20:009254)

92. RADIATION PROTECTION TRAINING
FOR DIVERSE GENERAL EMPLOYEE
POPULATIONS. COPENHAVER, E. D. ;
HOUSER, B. S. (Oak Ridge National Lab., TN),
CONF-8610178-1,1986, 6p.

Radiation protection training for the general em-
ployee at the Oak Ridge National Laboratory has
undergone a great deal of restructuring in the last
two years. Less than a fifth of our employees are
totally dedicated to nuclear facilities and the per-
centage of contracted employees is much smaller.
However, the aging of our facilities and increasing
emphasis on environmental control means that
everyone needs to understand the basics of radia-
tion protection. In accordance with changing DOE
guidelines and internal ORNL policies, greater
emphasis has been placed on keeping training fo-
cused on current issues, training the total work-
force, and requiring some type of testing or feed-
back mechanism. This report describes efforts to
instill respect, but not fear, of radiation in the work
environment. Flexible tools are being developed
to meet this objective for several diverse general
employee populations. Continuing efforts include
consideration of computer-based retraining, devel-
oping additional modules for specialized groups
and jobs, and testing/documentation appropriate to
each population segment. (6 Refs.) (ERA citation
12:010046)

93. RADIATION PROTECTION TRAINING
RESOURCES GUIDE. OAK RIDGE ASSOCI-
ATED UNIVERSITIES, INC., TN, ORAU-266,
Jull986,p. 184.

The Guide contains in-house and externally pro-
duced training resources that are used by DOE
contractors in training their employees: e.g., radia-
tion protection technicians, radiation workers,
instructors, and first line supervisors. It includes
in-house courses, external resources, training con-
tacts, TRADE activities, and regulations, stan-
dards, and guidelines. (ERA citation 12:001996)
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94. RADIATION PROTECTION TRAINING
AT URANIUM HEXAFLUORIDE AND FUEL
FABRICATION PLANTS. (Technical rept),
BRODSKY, A. ; SOONG, A. L. ; BELL, J.
(Nuclear Regulatory Commission, Washington,
DC. Office of Nuclear Regulatory Research), May
1985, p. 33.

This report provides general information and ref-
erences useful for establishing and operating ra-
diation safety training programs in plants that
manufacture nuclear fuels or process uranium
compounds used in making nuclear fuels. In ad-
dition to a brief summary of the principles of ef-
fective management of radiation safety training,
the report also contains an appendix with a com-
prehensive checklist of scientific, safety, and man-
agement topics, from which topics may be selected
in preparing training outlines for various job cate-
gories or tasks pertaining to the uranium nuclear
fuels industry. The report is designed for radiation
safety training professionals who have the experi-
ence to use it not only to select the appropriate
topics, but also to tailor the specific details and
depth of coverage of each training session to
match both employee and management needs of a
particular industrial operation.

95. PHILOSOPHY, QUALIFICATIONS AND
TRAINING IN CANADA. RHEAUME, R., Ra-
diation Protection Training and Information for
Workers (Radiation Protection Training), EUR-
12177 CONF-8811372-, 1989, pp. 81-112 (297

P).

The Canadian nuclear power industry on record of
the radiation protection is commendable, with low
doses and no over-exposures, despite the much
higher risk in this sector compared with other
sectors studied. Various technical factors also have
contributed towards this achievement, but the
philosophy adopted and the high qualifications of
the radiation protection personnel have played a
major role. Much work has been put into training
nuclear plant operatives up to the desired level,
since many were not particularly well-educated.
The solution has been to improve the teaching
aspect of the training, and to clearly identify the
workers' needs by analyzing the tasks which they
are required to perform. Consequently, the crea-
tion of a systematic training program for users of
radiation sources in universities and hospitals
would improve radiation protection, especially as
the users in this sector are generally better edu-
cated than the maintenance workers in power sta-

tions. In the mining sector, training does not have
such a significant role to play in dose reduction,
but it will, nevertheless, have an indirect impact:
once miners know more about radiation and its
health implications, their demands on issues such
as ventilation, for example, will become more spe-
cific and have more substance.

96. TRAINING OF QUALIFIED PERSONS IN
RADIATION PROTECTION APPROACH
AND INSTITUTIONS IN THE NETHER-
LANDS. HUYSKENS, C.J. (TECHNISCHE
UNIV. EINDHOVEN (NL)), Radiation Protection
Training and Information for Workers, EUR-
12177 CONF-8811372-, 1989:211-218.

This paper explicates the Dutch approach and ex-
perience on the training of professionals
(graduates) and technicians (non-graduates) who
are concerned in radiological practices. The re-
quired training at different levels of expertise is
explained. It applies to persons who are responsi-
ble for the health surveillance and the protection of
workers, as well as radiation protection for pa-
tients.

97. APPROACH AND INSTITUTIONS IN
FRANCE. CHANTEUR, J, Radiation Protection
Training and Information for Workers ( Radiation
Protection Training), EUR-12177 CONF-
8811372—, 1989:187-192.

In France, safety training for workers is compul-
sory under general legislation, in some cases sup-
plemented by specific regulations on certain indi-
vidual hazards. The radiation protection training
for exposed workers is largely left to the initiative
of the qualified officers, and there are regulations
governing the training of the officers themselves.
Qualified officers play a fundamental part in
France in disseminating the radiation protection
training and information which the regulations
require them to have. The qualification for the
purposes of these regulations implies having a
clear grasp of the mechanisms involved rather than
the acquisition of theoretical knowledge and re-
quires a thorough understanding of the relevant
legislation.

98. UNITED KINGDOM APPROACH AND
INSTITUTIONS. RYDER, E.A., Radiation Pro-
tection Training and Information for Workers (
Radiation Protection Training), EUR-12177
CONF-8811372-, 1989: 143-150.
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The UK approach to legal requirements for in-
struction and training has been to specify broad
objectives in the legislation and not to attempt to
define in detail what qualifications or course of
instruction should be held or followed to qualify
workers for a particular task. The emphasis, there-
fore, is on the job being done safely and the em-
ployers' duty is to ensure that training and instruc-
tion are not the only factors. The UK Ionizing Ra-
diation Regulations 1985 implement the Basic
Safety Standards Directive which says, as respects
instruction and training, that exposed workers shall
be informed of the health risks involved in their
work, the precautions to be taken, and the impor-
tance of complying with technical and medical
requirements; they should also be given appropri-
ate training in radiation protection.

99. RADIATION PROTECTION TRAINING
IN ONTARIO HYDRO. SPARKES, R.K.
(Nuclear Training Centre, Rolphton, Ontario
(Canada)), Operational Health Physics: Proceed-
ings, Carson, P.L.; Hendee, W.R.; Hunt, D.C., 9.
Topical Symposium on Operational Health Phys-
ics, CONF-760202-, 1976: 214-220.

Ontario Hydro provides extensive training for its
rapidly growing nuclear staff at a nuclear training
center and at nuclear stations. Radiation protec-
tion training, the responsibility of the health phys-
ics department, forms an important part of the
training. Responsibility for radiological safety is
shared by all staff and several levels of radiation
protection training are offered. RPT 3 is a basic
course to prepare individuals to look after their
own radiological safety on the job. RPT 2 pro-,
vides a more detailed understanding and prepares
experienced personnel to be responsible for the
radiological safety of others. RPT 1 is an ad-
vanced course for persons with significant respon-
sibility for radiological safety. Training in station
procedures for radiation protection is also offered
at each station by a radiation control supervisor.
Radiation protection qualifications are awarded on
the basis of training and experience. All training
emphasizes the capabilities to anticipate, assess
and protect in radioactive work areas. A practical
training facility has been constructed and com-
pletely fitted with instruments and protective
equipment and provides a radioactive environment
where trainees demonstrate their control over ex-
posure and contamination.

100. BUILDING THE BASIS FOR COMPRE-
HENSIVE RADIATION-PROTECTION
TRAINING FOR A MULTI-PROGRAM

LABORATORY. COPENHAVER, E.D.(Oak
Ridge National Lab., TN (USA)), Technical
training: Challenge in a Changing Environment,
11. Annual Training Resources and Data Ex-
changes (TRADE) Conference, ORAU-88/A-73;
CONF-8710184-, Feb 1988, pp. 79-85.

During the last two years an explicit, workplace-
specific training program was developed, imple-
mented, and documented for all radiation workers
at Oak Ridge National Laboratory (ORNL). In
addition to the radiation workers at reactors, accel-
erators, radiochemical laboratories, and waste-
treatment areas, training was extended to person-
nel who work in areas with lower potential for
radiological/chemical exposures. These workers
include construction crews, site-restoration crews,
site-characterization teams, and short-term visitors.
Based on their needs, a comprehensive, integrated
approach to radiation-protection training suitable
for a multi-program research laboratory is being
developed. (7 Refs, 3 figures.)

101. RADIATION PROTECTION TRAINING
IN AUSTRALIA. CULLY, D. (Australian
School of Nuclear Technology, Lucas Heights), 9.
Annual Conference of the Australian Radiation
Protection Society, CONF-840723-, Oct 1984, pp.
125-129.

A broad outline is presented of suitable training
for a radiation protection officer. The article in-
cludes details and comparative costs of courses in
Australia, as well as in France, Germany, the
United States and the U. K..

102. IMPROVED ALPHA-BACKGROUND
CANCELLATION CIRCUIT FOR TRITIUM
GAS MONITOR. MATSUMOTO, Y.;
KUMABE, I. (Kyushu Univ., Japan), Journal of
the Atomic Energy Society of Japan, vol.31, no.5,
May 1989: 569-76.

A new cancellation circuit which eliminates the
component due to alpha -particles from Rn in the
ionization current of a tritium gas monitor has
been constructed. To eliminate the alpha -particle
component, a gated integrator-circuit that forms
signals having the same pulse shape as initial alpha
-particle signals was newly adopted in the cancel-
lation circuit. The transfer function of the cancel-
lation circuit was calculated for the alpha -particle
signal by means of the Laplace transformation.
Test of the system showed that the cancellation
circuit eliminated successfully the component of
alpha -particle signals. By using the gated inte-
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grator, the cancellation circuit functioned very
well even when the counting rate of alpha -particle
signals is as high as 1 cps in the input. This circuit
is essential to measure tritium-gas concentrations
below the maximum permissible concentration. (4
Refs)

103. HIGH SENSITIVITY TRITIUM GAS
MONITOR USING CANCELLATION CIR-
CUIT FOR GA-BACKGROUND ELIMINA-
TION. MATSUMOTO, Y.; MITO, Y.; NAKA-
MURA, H.; KUMABE, I. (Faculty of Engng.,
Kyushu Univ., Kyushu, Japan), Journal of the
Atomic Energy Society of Japan, vol.26, no.2,
Feb. 1984:157-66.

A cancellation circuit was designed to eliminate
signals induced by alpha -particles from Rn in air
from the output signals of a flow-through ion
chamber used in a tritium gas monitor. The circuit
consists of a differentiating circuit, discriminator,
adding circuit, peak-hold circuit sample-hold cir-
cuit and differential amplifier. Pulsed alpha -
signals are separated from tritium beta -signals by
the differentiating circuit and discriminator. After
shaping alpha -signals are formed in the peak-hold
circuit with the same decay time constant as that of
the initial alpha -signals, the alpha -signals are
subtracted from initial signals in the differential
amplifier. (5 Refs)

104. DEVELOPMENT OF
BREMSSTRAHLUNG DETECTION TYPE
TRITIUM GAS MONITORING SYSTEM,
(1). RELATION BETWEEN SENSITIVI-
TIES AND SIZES OF SAMPLING CYLIN-
DERS, A MONITORING RANGE OF TRIT-
IUM CONCENTRATION IN AIR. BINGO, K.
; YOSHIDA, M. ; CHIDA, T. ; KAWASAKI, K.
(Japan Atomic Energy Research Inst., Tokyo),
JAERI-M-82-148, Nov 1982, p. 25.

A tritium monitoring system was developed that
uses a bremsstrahlung detector. The prototype
system consisted of a sampling cylinder, a gas-
circulating apparatus, an NaI(Tl) detector, an am-
plifier, and a multichannel analyzer. The sizes of
sampling cylinders used the 208 mm phi x 290;
170; 70 mmH, 133 mm phi x 292; 172; 72 mmH
and 55 mm phi x 294; 174; 74 mmH, respectively.
The sensitivity of the prototype system was from
12 to 57 cps/ mu Ci.cm exp -3 , depending on the
size of sampling cylinder and an efficiency of
Nal(Tl) detector. When pulses due to
breamsstrahlungs with energy from 4 to 17 keV
were counted, the minimum concentration de-

tected by the prototype system was 5.2 x 10 exp -3
mu Ci/cm exp 3 . It was found that the detectable
range of concentration was from 1 x 10 exp -2 to 1
x 10 exp 3 mu Ci/cm exp 3 . (Atomindex citation
14:799988)

105. THE US DEPARTMENT OF ENERGY
SARP REVIEW TRAINING PROGRAM.
MAUCK, C.J., (USDOE, Germantown, MD,
USA), INMM 29th Annual Meeting Proceedings,
Nuclear Materials Management, INMM, North-
brook (IL, USA), 1988:152-5.

In support of its radioactive material packaging
certification program, the US Department of En-
ergy (DOE) established a special two-week train-
ing workshop. Its purpose was to develop skills in
reviewing Safety Analysis Reports for Packagings
(SARPs) and performing confirmatory analyses.
The workshop, conducted by the Lawrence
Livermore National Laboratory was divided into
two parts: methods of review, and methods of
analysis. The sessions covering methods of re-
view are based on the DOE document, 'Packaging
Review Guide for Reviewing Safety Analysis Re-
ports for Packagings'. The sessions covered rele-
vant DOE Orders and all areas of review in the
applicable Nuclear Regulatory Commission
Regulatory Guides. The technical areas addressed
include structural and thermal behavior, materials,
shielding criticality and containment. The course
sessions on methods of analysis provide hands-on
experience in using calculational methods and
codes for reviewing SARPs. Analytical tech-
niques and computer codes were discussed and
sample problems worked. Homework was as-
signed each night and over the included weekend;
at the conclusion, a comprehensive six to ten hours
take-home examination was given.

106. EVALUATION OF A RADIATION
WORKER SAFETY TRAINING PROGRAM
AT A NUCLEAR FACILITY. LINDSEY, J. E.
(Westinghouse Hanford Co., Richland, WA.),
WHC-MR-0383, May 1993, p. 49.

A radiation safety course was evaluated using the
Kirkpatrick criteria of training evaluation as a
guide. Thirty-nine employees were given the two-
day training course and were compared with 15
employees in a control group who did not receive
it. Cognitive results show an immediate gain in
knowledge, and substantial retention at 6 months.
The implications of the results are discussed in
terms of applications to current radiation safety
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training was well as follow-on training research
and development requirements.

107. ALARA TRAINING PROGRAM FOR
DESIGN ENGINEERS. ALDPJDGE, T. L. ;
HESS, D. O. (Westinghouse Hanford Co., Rich-
land, WA.), WHC-SA-1028; CONF-9010257-1,
Oct 1990, p. 19.

The Westinghouse Hanford Company
(Westinghouse Hanford), a contractor of the US
Department of Energy-Richland Operations
(DOE-RL), conducts an As Low As Reasonably
Achievable (ALARA) training program for design
engineers. The training program was developed
by the ALARA Program Office (APO) to comply
with requirements to DOE Order 5480.11, Radia-
tion Protection for Occupational Workers (DOE
1988). This paper discusses this training, along
with a background on the program.

108. HUMAN FACTORS EVALUATION
AND VALIDATION CRITERIA FOR QUAL-
ITY TRAINING PROGRAMS: DEVELOP-
MENT, PRESENTATION, AND ASSESS-
MENT. BANKS, W. W. (Lawrence Livermore
National Lab., CA.), UCRL-ID-103792, 15 May
1990, p. 96.

This paper gives LLNL managers with a rigorous,
quantitative human factors method for assessing
die development and validity of any training pro-
gram at the Lab. A secondary purpose is to pro-
vide a checklist for course developers and evaluat-
ors. The checklist is easy to use and comprehen-
sive; it helps ensure that critical components of a
training program are adequately addressed. (15
Refs., 6 figs.)

109. TRAINING ACCREDITATION PRO-
GRAM. TRAINING PROGRAM SUPPORT
MANUAL: TAP 3. DEPARTMENT OF EN-
ERGY, WASHINGTON, DC. ASSISTANT SEC-
RETARY FOR ENVIRONMENT, SAFETY AND
HEALTH, DOE/EH-90008881, 1 Mar 1989, p.
185.

The Training Accreditation Program establishes
the objectives and criteria against which DOE nu-
clear facility training is evaluated to determine its
readiness for accreditation. Training programs are
evaluated against the accreditation objectives and
criteria by facility personnel during the initial self-
evaluation process. From this self-evaluation, the
contractor plans to address the scope of work nec-
essary to upgrade any deficiencies. This scope of

work must be formally documented in the Train-
ing Program Accreditation Plan. When reviewed
and approved by the responsible Head of the Field
Organization and cbgnizant Program Secretarial
Office, EH-1 concurrence is obtained. This plan
then becomes the document which guides ac-
creditation efforts for the contractor.

110. TRAINING ACCREDITATION PRO-
GRAM. TRAINING PROGRAM MANUAL:
TAP 1 DEPARTMENT OF ENERGY, WASH-
INGTON, DC. ASSISTANT SECRETARY FOR
ENVIRONMENT, SAFETY AND HEALTH,
DOE/EH-90008879,1 Mar 1989, p. 50.

In recent years, increased attention has been given
to all aspects of the operation of Department of
Energy (DOE) nuclear facilities. Contributing to
this is the finding that the severity of the accident
at Three Mile Island in 1979, in large part was
attributed to personnel training deficiencies. Ini-
tially, the impact of the Three Mile Island accident
and the lessons learned were directed at DOE
Category A reactor facilities. This resulted in nu-
merous initiatives to upgrade the safety of opera-
tions and to improve the training of personnel re-
sponsible for operating these facilities.

111. TECHNICAL QUALIFICATION RE-
QUIREMENTS AND TRAINING PRO-
GRAMS FOR RADIATION PROTECTION
PERSONNEL AT OAK RIDGE NATIONAL
LABORATORY. COPENHAVER, E. D. ;
HOUSER, B. S.; BUTLER, H. M . ; BOGARD, J.
S. ; FAIR, M. F. (Oak Ridge National Lab., TN.
Environmental and Occupational Safety Div.),
ORNL/TM-10119, Apr 1986, p. 135.

This document deals with the policies and prac-
tices of the Environmental and Occupational
Safety Division (EOSD) at the Oak Ridge National
Laboratory (ORNL) on the selection, training,
qualification, and requalification of radiation pro-
tection staff assigned to reactor and nonreactor
nuclear facilities. Personnel at the following fa-
cilities are included: (1) that operate reactors or
particle accelerators; (2) that produce, process, or
store radioactive liquid or solid waste; (3) that
conduct separations operations; (4) that engage in
research with radioactive materials and radiation
sources; and (5) that conduct irradiated materials
inspection, fuel fabrication, decontamination, or
recovery operations. The EOSD personnel also
have environmental surveillance and operational
and industrial safety responsibilities related to the
total Laboratory. (ERA citation 12:001997)
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112. FISSIONABLE MATERIAL HANDLERS
CERTIFICATION TRAINING PROGRAM.
STRANGELAND, J. V. (Westinghouse Hanford
Co., Richland, WA.), CONF-791203-3, Jul 1979,
p. 12.

A formal program for certification of fissionable
material handlers is presented that cultivates safe
working practices. This certification complies
with the training requirements of the Department
of Energy Directive 0530 (ERDA Manual Chapter
0530), Nuclear Criticality Safety. It consists of a
series of classroom lectures, on-the-job training,
and examinations in criticality safety, radiation
protection, industrial safety, emergency proce-
dures, and the employee's specific work opera-
tions. The program for recertificationis also dis-
cussed. (ERA citation 05:002680)

113. PROPOSED TRAINING PROGRAM
FOR CONSTRUCTION PERSONNEL IN-
VOLVED IN REMEDIAL ACTION WORK
AT SITES CONTAMINATED BY NATU-
RALLY OCCURRING RADIONUCLIDES.
BERVEN, B. A. ; GOLDSMITH, W. A. ; HAY-
WOOD, F. F. ; SCHIAGER, K. J. (Oak Ridge
National Lab., TN.), CONF-791203-9, 1979, p.
11.

Many sites used during the early days of the US
atomic energy program are contaminated with
radionuclides of the primordial decay chains
(uranium, thorium, and actinium series). This
contamination consists of residues resulting from
refining and processing uranium and thorium.
Preparing these sites for release to unrestricted
private use will involve construction workers,
many of whom have limited knowledge of the
hazards associated with radioactive materials.
Therefore, there is a need to educate these workers
in the fundamentals of handling radioactive mate-
rial to minimize exposures and possible spread of
contamination. This training should disseminate
relevant information at an appropriate educational
level and instill a cautious, common-sense attitude
toward handling radioactive materials. The train-
ing should emphasize basic information on envi-
ronmental radiation within a context of relative
risk. A multi-media format, including colorful
visual aids, demonstration, and discussion, should
be used to maximize motivation and retention. A
detailed, proposed training program is presented.
(ERA citation 05:023756)

114. MULTIDISCIPLINARY TRAINING
PROGRAM TO CREATE NEW BREED OF
RADIATION MONITOR: THE HEALTH
AND SAFETY TECHNICIAN. VANCE, W. F.
(California Univ., Livermore. Lawrence Liver-
more Lab.), CONF-791203-8(REV.l), 22 Oct
1979, p. 10.

A multidiscipline training program is described,
established to create a new monitor, the Health and
Safety Technician. The training program includes
instruction in fire safety, explosives safety, indus-
trial hygiene, industrial safety, health physics, and
general safety practices. (ERA citation
05:007704)

115. RADIATION MONITOR TRAINING
PROGRAM AT ROCKY FLATS. MEDINA, L.
C. ; KITTTNGER, W. D. ; VOGEL, R. M.
(Atomics International Div., Golden, Colo. Rocky
Flats Plant), p. 9.

The Rocky Flats Radiation Monitor Training Pro-
gram is tailored to train new health physics per-
sonnel in radiation monitoring. The purpose of the
prescribed materials and media is to be consistent
in training in all areas of Rocky Flats radiation
monitoring job involvement. (ERA citation
03:022281)

116. DOE RADIOLOGICAL CONTROL
MANUAL CORE TRAINING PROGRAM.
SCOTT, H.L.; MAISLER, J., 1993 Radiation
Protection Workshop: Proceedings, CONF-
9304128-, 1993,pC.10-C18.

Over the past year, the Department of Energy
(DOE) Office of Health (EH-40) has taken a
leading role in developing new standardized ra-
diological-control training programs for use
throughout the DOE complex. The Department
promulgated its Radiological Control (RadCon)
Manual in June 1992. To ensure consistent appli-
cation of the criteria in the Manual, standardized
core training courses and training materials were
developed for use at all DOE facilities. In pro-
ducing local training programs, standardized core
courses are supplemented with site-specific lesson
plans, viewgraphs, student handbooks, qualifica-
tion standards, question banks, and wallet-sized
training certificates. Training programs for Gen-
eral Employee Radiological Training, Radiological
Worker I and II Training, and Radiological Con-
trol Technician Training were disseminated. Also,
training committees under the direction of the Of-
fice of Health (EH-40) were established to develop
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of additional core training courses and examina-
tion banks, and to update existing core training
courses. This paper discusses the current activities
and future direction of the DOE radiological-
control core training program.

117. ALARA TRAINING PROGRAM AT DOE
CONTRACTOR FACILITITES. NEESER, J.L.
(Westinghouse Idaho Nuclear Company, Idaho
Falls (United States)), Proceedings of the Depart-
ment of Energy ALARA Workshop, DIONNE,
B.J.; BAUM, J.V. (comps.), CONF-920468-,
1992:45-51.

ALARA training is an important element of a
sound ALARA program. ALARA training at a
nuclear facility needs to be given to all occupa-
tional workers, for radiation workers, for radiation
protection technicians, and for all other employees
who have ALARA responsibilities. Each group
needs ALARA training specific to their responsi-
bilities. This report describes how to develop this
training and outlines what should be included in an
acceptable ALARA training program.

118. RADIATION PROTECTION RE-
SEARCH AND TRAINING PROGRAMME
REVIEW RADIATION PROTECTION PRO-
GRAMME 1960-89 SYNOPSIS OF RESULTS
1985-89. EUR-13200,1990, p. 245.

This document traces the evolution of the CEC
radiation protection program over its 30 years of
existence. During this time, research carried out in
the framework of the Community program has
made major contributions to the scientific under-
standing of the action of ionizing radiation and the
protection of humans and the environment. This
information was crucial for developing better ra-
diation protection management for existing and
new technologies and for providing the scientific
basis for the regulatory activities of the Commis-
sion. One important feature of the program was
the success of bringing together scientists from
different Member States to cooperate in the vari-
ous fields of radiation protection and to integrate
different areas of radiation protection research.
The structures thus developed have enabled re-
search in radiation protection to be conducted in a
cost-effective manner on behalf of the Member
States. This document also gives a synopsis of the
most important results of the 1985-89 radiation
protection program. This period was characterized
by two challenges, the integration of two Member
States into Community research, and the impact of
the Chernobyl accident. In spite of reduced fund-

ing, the program has continued to provide a high
degree of expertise for the Community's needs in
radiation protection. This has been explicitly ac-
knowledged in the evaluation of the 1980-89 pro-
grams carried out by an independent panel.

119. CHARACTERIZATION OF HEALTH
PHYSICS TECHNICIAN MANPOWER SUP-
PLY AND TRAINING PROGRAMS.
KATHREN, R.L.; MANN, J.C.; BAIR, W.J., Pa-
cific Northwest Laboratory Annual Report for
1982 to the DOE Office of the Assistant Secretary
for Environmental Protection, Safety and Emer-
gency Preparedness. Part 5. Environmental and
Occupational Protection, Assessment, and Engi-
neering, PNL-4600-P1.5, Feb 1983, p 33.

The purpose of this study was twofold: (1) to de-
termine the current status and recent trends in ra-
diation safety manpower supply and demand
among DOE contractors; and (2) to document the
scope of radiation safety training activities within
the DOE contractor system. A questionnaire was
developed in conjunction with Oak Ridge Associ-
ated Universities to gather data in these two areas.

120. PLUTONIUM SAFETY TRAINING
PROGRAM. COURTNEY, J.C. (Louisiana State
Univ., Baton Rouge (USA), Nuclear Science cen-
ter); THELEN, V.N., Health Physics. (United
Kingdom) v 35:6, Dec 1978: 860-862.

A multimedia training program was developed to
prepare personnel at Argonne National Labora-
tory's Idaho Site (ANL-W) to work with pluto-
nium-bearing fuels has been developed. The ob-
jective was to produce a self-taught course for
persons of varied backgrounds. The primary in-
struction tool is a videotape, assisted by a short
text and a workbook for each of three topics. Suc-
cessful completion of this program is mandatory
for all employees assigned to the Hot Fuel Exami-
nation Facility (HFEF). Another tape and text are
used to orient personnel who enter the HFEF occa-
sionally. Annual re-qualification is required, and
test scores are maintained to provide an auditable
record for the Department of Energy. The pro-
gram covers the basic properties of Pu and specific
features of HFEF.

121. WHAT IS A REASONABLE COST FOR
PROTECTION AGAINST RADIATION AND
OTHER RISKS? BENGTSSON, G.; MOBERG,
L. (Swedish Radiation Protection Inst, Stockholm,
Sweden), Health Physics, vol.64, no.6, June
1993:661-6.
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It is natural to consider radiation protection costs
as well as costs for other types of human health
and environmental protection. In this way, there
are better chances that each person gets the best
possible protection for the money spent. Swedish
experience indicates that to postpone death 1 y for
one person, it would be reasonable to spend 1-10
times the average annual gross national product
per person. The Swedish Radiation Protection
Institute has proposed that further development
work should be based on an interval of 2-12 times.
Protection in the higher range of the interval
would be less justified if the total societal cost is
high. In its long-term radiation protection strat-
egy, the Institute has applied these rules of thumb.
Parts of the protection measures against radon,
ultraviolet radiation from the sun, and X-ray ex-
aminations of patients, are consequently consid-
ered particularly urgent. (13 Refs)

122. COST EVALUATION OF CONTROL
MEASURES FOR INDOOR RADON PROG-
ENY. MOELLER, D.W.; FUJIMOTO, K.
(Harvard School of Public Health, Boston, MA,
USA), Health Physics, vol.46, no.6, June
1984:1181-93.

Based on assumed conditions within a typical US
home, annualized costs for reducing indoor air-
borne radon progeny concentrations have been
calculated for a variety of methods of control.
These analyses were limited to methods for control
in existing homes. Control through modified con-
struction techniques was not evaluated. Methods
assessed included increased air circulation, in-
creased ventilation, particle removal using electro-
static precipitation and unipolar ion generation,
and the application of sealants to room surfaces.
Although surface sealants proved to be reasonably
cost-effective per person-Sievert dose reduction,
such sealants are prone to cracking and the dura-
bility of their effectiveness is questionable. Use of
ceiling fans for increased air circulation and parti-
cle deposition appears to be least cost-effective,
but this method may be attractive in some cases
for reasons of comfort. The use of unipolar ion
generators appears to be the best approach from
the standpoint of cost effectiveness. These devices
are also easy to install and are esthetically readily
acceptable. (29 Refs)

123. ENGINEERING EVALUATION/COST
ANALYSIS FOR THE PROPOSED MAN-
AGEMENT OF 15 NONPROCESS BUILD-
INGS (15 SERIES) AT THE WELDON

SPRING SITE CHEMICAL PLANT, WEL-
DON SPRING, MISSOURI. MACDONELL.M.
M.; PETERSON, J. M. (Argonne National Lab.,
IL.), DOE/EA-0732, DOE/OR/21548-071, May
89, p. 64.

The US Department of Energy, under its Surplus
Facilities Management Program (SFMP), is re-
sponsible for cleanup activities at the Weldon-
Spring site, located near Weldon Spring, Missouri.
The site consists of two noncontiguous areas: (1) a
raffinate pits and chemical plant area and (2) a
quarry. This engineering evaluation/cost analysis
(EE/CA) report has been prepared to support a
proposed removal action to manage 15 nonprocess
buildings, identified as the 15 Series buildings, at
the chemical plant on the Weldon Spring site.
These buildings have been nonoperational for
more than 20 years, and the deterioration that has
occurred during this time has resulted in a poten-
tial threat to site workers, the general public, and
the environment. The'EE/CA documentation of
this proposed action is consistent with guidance
from the US Environmental Protection Agency
(EPA) that addresses removal actions at sites sub-
ject to the Comprehensive Environmental Re-
sponse, Compensation, and Liability Act
(CERCLA) of 1980, as amended by the Superfund
Amendments and Reauthorization Act of 1986.
Actions at the Weldon Spring site are subject to
CERCLA requirements because the site is on the
EPA's National Priorities List. The objectives of
this report are to (1) identify alternatives for man-
agement of the nonprocess buildings; (2) docu-
ment the selection of response activities that will
mitigate the potential threat to workers, the public,
and the environment associated with these build-
ings; and (3) address environmental impacts asso-
ciated with the proposed action. (ERA citation
17:027628)

124. RESPONSIVENESS SUMMARY FOR
THE ENGINEERING EVALUATION/COST
ANALYSIS FOR DECONTAMINATION AT
THE ST. LOUIS DOWNTOWN SITE, ST.
LOUIS, MISSOURI. PICEL, M. H.; PETER-
SON, J. M.; WILLIAMS, M. J. (Argonne National
Lab., IL.), DOE/OR-23701-02.3, Dec 91, p. 30.

The US Department of Energy (DOE) is responsi-
ble for conducting remedial actions at the Mal-
linckrodt Chemical Plant, also referred to as the St.
Louis Downtown Site (SLDS), located in the city
of St. Louis, Missouri. Remedial activities at the
SLDS are being carried out under DOE's Formerly
Utilized Sites Remedial Action Program
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(FUSRAP) as part of the overall cleanup planned
for three noncontiguous areas in St. Louis, which
are collectively referred to as the St. Louis Site.
Potential response action alternatives for managing
the contaminated material generated at the SLDS
have been evaluated in accordance with US Envi-
ronmental Protection Agency (EPA) guidance for
conducting interim actions under the Comprehen-
sive Environmental Response, Compensation, and
Liability Act (CERCLA), as amended. An engi-
neering evaluation/cost analysis (EE/CA) report
was prepared to document this process. On the
basis of the analysis presented in the EE/CA, the
preferred alternative for the management of con-
taminated wastes generated by DOE-supported
plant activities is the provision of temporary stor-
age capacity, which can be made available by
modifying an existing building (i.e., Building 116)
at SLDS. This alternative would enable DOE and
Mallinckrodt to coordinate efforts to prevent the
uncontrolled relocation of contamination and en-
sure that ultimate site cleanup objectives are not
complicated by plant activities implemented by
Mallinckrodt. The EE/CA, dated May 1991, was
issued to the general public on June 7,1991, and a
public comment period was held from June 7
through July 10,1991, in accordance with the
public participation process identified in CER-
CLA. Comments on the proposed action were
received in writing from the Missouri Department
of Health, private citizen Kay Drey, and the EPA
Region 7. This responsiveness summary has been
prepared to respond to issues identified in these
comment letters on the proposed action.

125. VALUATION OF THE HEALTH DET-
RIMENT COST LOMBARD, J. (Centre d'Etude
sur l'Evaluation de la Protection dans le Do-
maine Nucleaire, Fontenay-aux-Roses (France)),
CEPN-104, in English, Sep 86, p. 22.

To estimate the efficiency of radiological protec-
tion systems we have to compare the cost involved
in putting each system into operation (cost of pro-
tection) to the collective dose that can thus be
avoided. This comparison is facilitated if a man-
Sievert monetary value is available. The man-
Sievert value can be estimated from various detri-
ments that can be attributed to this unitary expo-
sure: whether there are lethal or non-lethal somatic
effects, genetic effects and psycho-social effects.
ICRP recommends, in its publication 37, to break
down the cost of radiological detriment Y into two
parts. The first part, Yl= alpha S, corresponds to
the somatic and genetic effects; the second part,
Y2= beta sigma N/sub j/f(Hj), corresponds to the

relevant effects of psycho-social considerations.
This breakdown leads to the definition of two
man-Sievert value components: alpha, which re-
flects somatic and genetic detriments; and beta,
which reflects the psycho-social effects. Several
different methods can be used to determine alpha
and beta . Here, we will analyze the following: the
a priori evaluation based on the Value of Human
Life (VHL) or the costs of repair (for non-lethal
effects); the a priori evaluation based on the loss of
life expectancy; the evaluation basedon what an
individual would agree to give up to reduce the
risk associated to a man Sievert-dose; the evalua-
tion based on the expenses effectively incurred in
the past to reduce the risk associated to a man-
Sievert dose. (ERA citation 13:010292)

126. NUCLEAR FISSION SAFETY SHARED-
COST AND CONCERTED ACTIONS (1989-
1994). CATALOGUE OF RESEARCH PROJ-
ECTS. VOLUME I, UNIPUB, 4611-F ASSEM-
BLY DRIVE, LANHAM, MD 20706-4391
(USA), 1994, p. 435.

This description of projects carried out within the
Radiation Protection Research Action of the En-
ergy Directorate is designed to disseminate ad-
ministrative information about the research groups
and to identify the scientific basis and scope of the
contracts. The information provided is two-fold:
first, all administrative data such as names and
addresses of contractors as well as the duration
and budget of the contract; second, a brief de-
scription of the scientific research project. Part I,
Radiation Protection Research Action 1992-94.
This broad multidisciplinary research activity has
been divided into three main but interactive
themes for management reasons and for the bene-
fit of the reader, namely: A. Human exposure to
radiation and radioactivity; Measurement of radia-
tion dose and radioecology. B. Consequences of
radiation exposure to man; Stochastic and non-
stochastic effects and effects on the developing
organism. C. Risk and management of radiation
exposure; Assessment of risk and optimization of
radiation protection. Under these very general
headings are grouped the following: the manage-
ment policies for the optimization of radiological
work; exposure of patients and members of the
medical profession during diagnostic radiology;
behavior of radionuclides in the environment; the
study of the mechanisms of radiation carcinogene-
sis; the problems of natural radioactivity
(including that which is concentrated as a result of
human activities) as well as the means of achiev-
ing optimal management and communication
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about the risks associated with radiation and radio-
activity.

127. DEVELOPMENT OF A LOW-COST,
MODULAR, WIRELESS COLOR TELEVI-
SION SYSTEMFOR NUCLEAR RADIATION
ENVIRONMENT. PANDA, N.B. (COHU, INC.,
SAN DIEGO, CA (UNITED STATES)), 35th An-
nual Meeting Proceedings. Volume XXIII, Con-
ference: 35. Annual Meeting of the Institute of
Nuclear Materials Management (INMM), CONF-
940748,1994:1048-53.

The system developed is an enhancement of an
existing video system for process control and ob-
servation. It was developed to work within a nu-
clear radiation environment to identify locations
and volumes of accumulated in-cell solids and to
inspect the interior and exterior of the process ves-
sel. It also performs remote integrity assessments
of tanks and pipes routing that are required by
regulatory agencies. System highlights are: op-
eration in a highly radioactive environment; mi-
crowave transmission of video and control signals;
low cost; low maintenance; and modular design to
enable future enhancements. Microwave trans-
mission resolves the complications of a wired
system while increasing reliability and safety. The
video image is transmitted via microwave out of
the cell to TV monitors at consoles in non-
radiation zones.

128. GENERIC COST ESTIMATES.
SCIACCA, F. (Science and Engineering Associ-
ates, Inc., Albuquerque, NM (United States)),
NUREG/CR-4627-Rev.2,SEA--87-253-08-A:2-
Rev.2, Feb 1992, p. 44.

The Nuclear Regulatory Commission has spon-
sored a number of generic cost estimating studies.
These studies were prepared to aid analysts in pre-
paring Regulatory Impact Analyses. These ge-
neric studies provide cost estimates that would
have wide application to a large number of Regu-
latory Analyses being performed throughout the
NRC and deal primarily with repair and modifica-
tion activities that may be imposed on nuclear
power plants as a result of regulatory actions. Ab-
stracts of each of the generic cost estimating stud-
ies have been prepared and assembled in this
catalog. These abstracts present the results of the
more detailed studies in a compact, easily under-
stood and readily usable format. Individual ab-
stracts have been developed to treat the main-line
topics of the generic studies. In addition, abstracts
have been prepared covering important sub-topics

or stand-alones" which are of broad interest in RIA
preparation. Revision 2 of this catalog incorpo-
rates a new methodology for estimating radiation-
related impacts for nuclear plant physical modifi-
cations.

129. SSDP MANAGEMENT SUPPORTED BY
AN EFFECTIVE COST/SCHEDULE CON-
TROL SYSTEM, WELLS, D.L. (General Electric
Co., Shippingport, PA), Annual Meeting of the
American Nuclear Society, CONF-870601,
1987:44-5.

This paper considers the support of a well-
managed cost/schedule control system (C/SCS)
can provide project management when manage-
ment in turn supports the C/SCS program. The
C/SCS initially implemented on the Shippingport
Atomic Power Station (SAPS) was a validated
General Electric Co. system, which was devel-
oped for the Clinch River Project. Therefore, the
major variable involved is the management proc-
ess developed and the way that it supports use of
the C/SCS. Selected aspects of this process are
reviewed, the results achieved outlined, and some
ideas presented for consideration. The key to suc-
cess of the project was establishment of a good
management environment. This situation allows
assigned personnel to openly present ideas or al-
ternative approaches to accomplishing defined
objectives. These personnel are supported with
systems that assist them in evaluating the status of
the ongoing work schedule and cost. These sup-
port systems are supported by management and
those they serve, because they are recognized as
tools of the trade and used positively rather than
negatively.

130. GENERIC COST ESTIMATES. AB-
STRACTS FROM GENERIC STUDIES FOR
USE IN PREPARING REGULATORY IM-
PACT ANALYSES, NUREG/CR-4627, Jun
1986, p 154.

The Nuclear Regulatory Commission's Cost
Analysis Group (CAG) has sponsored a number of
generic cost estimating studies. These studies
were prepared to aid NRC analysts in preparing
Regulatory Impact Analyses (RIA's). They were
initiated by the CAG in order to provide costs es-
timates that would have wide application to a large
number of Regulatory Analyses being performed
throughout the NRC. These generic studies deal
primarily with repair and modification activities
that may be imposed on nuclear power plants as a
result of regulatory actions. Abstracts of each of
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the generic cost estimating studies have been pre-
pared and assembled in this catalog. These ab-
stracts present the results of the more detailed
studies in a compact, easily understood and readily
usable format. Individual abstracts have been de-
veloped to treat the main-line topics of the generic
studies. In addition, abstracts have been prepared
covering important sub-topics or "stand-alones"
which are of broad interest in RIA preparation.
This abstract catalog will be expanded and modi-
fied as additional generic cost studies are com-
pleted and as abstracts are modified to reflect up-
dated conditions.

131. A BENEFIT-COST METHODOLOGY
FOR DEVELOPING ENVIRONMENTAL
STANDARDS FOR URANIUM MILL TABL-

. INGS DISPOSAL. LEITER, A.J.; NELSON, J.
D. (Office of Radiation Programs, US Environ-
mental Protection Agency, Washington, DC),
Uranium Mill Tailings Management, Conference:
5. Annual Symposium on Uranium Mill Tailings
Management, CONF-821209,1982:11-25.

This paper describes a method for using benefit-
cost analysis in developing generally applicable
environmental standards for uranium mill tailings
disposal. Several disposal alternatives were se-
lected which consist of different combinations of
control measures. The resulting cost and benefit
estimations allow the calculation of the incre-
mental cost of obtaining incremental benefits of
radiation protection. The overall benefit of a dis-
posal alternative is expressed in terms of an index
which is based on weighting factors assigned to
individual benefits. The results show that some
disposal alternatives have higher costs while pro-
viding no additional benefit than other alterna-
tives. These alternatives should be eliminated
from consideration in developing standards.

132. COST OPTIMIZATION OF TRITIUM
CONTROL SYSTEMS. HOLLAND, D.F. (EG
and G Idaho, Inc. P.O. Box 1625, Idaho Falls, ID
83415), Conference: 5. Topical Meeting on Tech-
nology of Fusion Energy, CONF-830406, Sept.
1983:1127-30.

In the future, control systems will be needed to
reduce tritium levels in the primary coolant and
reactor building of water cooled fusion devices.
This paper presents a method to determine the size
and configuration of the control system required to
meet federal regulations including the as low as
reasonably achievable (ALARA) guideline. A
cost expression is developed that includes a cost

for population exposure based on an ALARA
guide (cost/man-rem). The optimum configuration
and resulting tritium levels are determined by op-
timizing the cost expression. Application is made
to an ETR/INTOR class of fusion reactor.

133. PRELIMINARY DESIGN AND COST
ESTIMATE FOR A FIELD WORTHY SIM-
PLE FEATURED MMRDM BASED ON A
PROTOTYPE BETA ATTENUATION/ FIL-
TER TAPE SYSTEM DEVELOPED UNDER
CONTRACT NUMBER H0166097. LILIEN-
FELD, P., PB-81-166324,16 May 1980, p 97.

This report presents a design and cost investigation
for several alternative versions of a field-worthy
mining machine-mounted respirable dust monitor.
Three main design variations are light scattering
sensing, Beta-filter tape sensing, and a combina-
tion of the two methods. Eventual instrument pro-
duction costs as a function of design complexity
are tabulated. Cost estimates for the development
and field testing of field-worthy prototypes are
also presented. A general discussion on the tech-
nical aspects of these design alternatives is in-
cluded following a modular-hierarchical approach
of progressive complexity.

134. INACTIVE URANIUM MILLSITES AND
TAILINGS PILES PROGRAM. MCGINLEY,
F.E.; HALDANE, W.E.; HARWARD, E.D. (ED.)
( Energy Research and Development Administra-
tion, Grand Junction, CO), Methods for Measuring
Radiation in and around Uranium Mills (Health
hazards and cost of remedial actions), Conference:
Workshop on Methods for Measuring Radiation
and Around Uranium Mills, CONF-770581,
1977:15-34.

Progress is reported on a survey of 22 inactive
uranium mill sites and mill tailings disposal areas
to determine site conditions and environmental
factors contributing to health hazards to the gen-
eral population. The findings will be used to sug-
gest remedial action measures and to prepare cost
estimates for alternative remedial actions. The
criteria for remedial action are summarized. Ef-
forts were made to quantify the major potential
routes of radiation exposure to man including:
radon diffusion, external ..gamma.., airborne ac-
tivity, water contamination, subsoil contamination,
food chain contamination, and physical removal.
The inhalation of radon daughters was considered
the most significant health hazard and the food
chain pathway the least health hazard.
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135. LOW COST HIGH RELIABILITY AL-
PHA BETA GAMMA HAND AND SHOE
MONITOR USING MULTIPLE CHAMBER
FAST RESPONSE A m IONIZATION
PROBES. FERGUS, R.W.; ROBINET, M.J.,
Symposium on Advances in Radiation Protection
Monitoring, IAEA-SM-229/105; CONF-780612-9,
1978, p 16.

A hand and shoe monitor will be described which
represents a significant departure from the tradi-
tional in that it utilizes air ionization probes with
simple analog electronic circuitry. Two primary
problems which required solution during the de-
velopment of the monitor were: a probe design
that would not only protect the fragile window but
would also minimize electrical signals due to win-
dow vibrations caused by the user stepping on the
probes and a circuit design which would shorten
the long response time of a typical low level ioni-
zation chamber input amplifier. The monitor has
sensitivity comparable to the presently available
equipment. Its attractive features include low ini-
tial cost and no predictable failure modes other
than severe window damage by careless users.
Because of the simple design, minimal expertise
and facilities are required for fabrication and
maintenance.

136. APPLYING COST-BENEFIT CON-
CEPTS TO PROJECTS WHICH ALTER
HUMAN MORTALITY. HIRSHLEIFER, J.;
BERGSTROM, T.; RAPPAPORT, E., UCLA-
ENG-7478,Novl974,pv.

Information is presented concerning risk-benefit
analysis and cost-benefit analysis; the "value of
life" or willingness-to-pay approach; value of sur-
vival in life-cycle models; preference and choice
in matters of life and death; and economic analysis
of life-and-death decision-making.

137. EXPERIENCE WITH A LOW-COST
CHAIR-TYPE DETECTOR SYSTEM FOR
THE DETERMINATION OFRADIOACTTVE
BODY BURDENS OF MIT RADIATION
WORKERS. MASSE, F. X.; BOLTON M. M.,
CIS-841-1971, Health Physics. Vol. 19, No. 1,
July 1970:27-35.

The unit described has been in use at the Radiation
Protection Program of the Massachusetts Institute
of Technology (MIT) for more than 3 years. It
combines the advantages of low-cost, light-weight,
shadow-shielded screening devices and the abso-
lute counting ability of the fixed-geometry, heav-

ily shielded whole-body counters. The calibration
of the unit is discussed in detail, and the spectra of
various radiation workers represented (cyclotron
and reactor workers, nuclear chemists, radioiso-
tope worker, dial painter, etc.).

138. DOSE CONTROL AT NUCLEAR
POWER PLANTS / RECOMMENDATIONS
OF THE NATIONAL COUNCDL ON RADIA-
TION PROTECTION AND MEASURE-
MENTS, NATIONAL COUNCIL ON RA-
DIATION PROTECTION AND MEASURE-
MENTS. BAUM, J. W.; KINDLEY, W. R.;
QUINN, D. M.; MURPHY, T.; D ROECKLEIN,
A. K.; WILSON, R.; DIONNE, B. J.(Brookhaven
National Laboratory), NCRP Report No. 120.
Dec, 1994.

This report represents the first scientific committee
effort by the National Council on Radiation Pro-
tection and Measurements (NCRP) devoted solely
to radiation protection at nuclear power plants.
The members of the Committee represent a mix-
ture of corporate management, operational and
regulatory personnel. This report is another in the
series of reports produced under the umbrella of
NCRP Scientific Committee 46 on Operational
Radiation Safety. There is a wealth of material
presented in this report drawn from the more than
35 years of practical experience in nuclear power
operation in this country and Canada. The world's
literature on the subject has been reviewed and
pertinent material has been incorporated into this
report. The application of the principle of
ALARA, as promulgated by NCRP and ICRP
committees, is the central theme and operational
examples of its use are provided.

139. OCCUPATIONAL DOSE REDUCTION
AT NUCLEAR POWER PLANTS: ANNO-
TATED BIBLIOGRAPHY OF SELECTED
READINGS IN RADIATION PROTECTION
AND ALARA. SULLIVAN, S. G.; KHAN, T. A.;
XIE, J. W. (Brookhaven National Laboratory),
NUREG/CR-3469, BNL-NUREG-51708 Vol. 8.,
May, 1995.

The ALARA Center at Brookhaven National
Laboratory publishes a series of bibliographies of
selected readings in radiation protection and
ALARA in the continuing effort to collect and
disseminate information on radiation dose reduc-
tion at nuclear power plants. This is volume 8 of
the series. The abstracts in this bibliography were
selected from proceedings of technical meetings
and conferences, journals, research reports, and
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searches of the Energy Science and Technology
database of the U. S. Department of Energy. The
Subject material of these abstracts relates to radia-
tion protection and dose reduction, and ranges
from the use of robotics, to operational health
physics, to water chemistry. Material on the de-
sign, planning, and management of nuclear power
stations is included, as well as information on de-
commissioning and safe storage efforts. Volume 8
contains 232 abstracts, an author index, and a
subject index. The author index is specific for this
volume. The subject index is cumulative and lists
all abstract numbers from volumes 1 to 8. The
numbers in boldface indicate the abstracts in this
volume; the numbers not in boldface represent
abstracts in previous volumes.

140. DATABASE ON DOSE REDUCTION
RESEARCH PROJECTS FOR NUCLEAR
POWER PLANTS. KHAN, T. A.; YU, C. K.
(Brookhaven National Laboratory), NUREG/CR-
4409, BNL-NUREG-51934, Vol.5, May 1994.

This is the fifth volume in a series of reports that
provide information on dose reduction research
and health physics technology for nuclear power
plants. The information is taken from two of the
several databases maintained by Brookhaven Na-
tional Laboratory's ALARA Center for the U. S.
Nuclear Regulatory Commission. The research
section of the report covers dose reduction projects
that are in the experimental or developmental
phase. It includes topics such as steam generator
degradation, decontamination, robotics, improve-
ments in reactor materials, and inspection tech-
niques. The section on health physics technology
discusses dose-reduction efforts mat are in place or
in the process of being implemented at nuclear
power plants. A total of 105 new or updated proj-
ects are described. All project abstracts from this
report are made available to nuclear industry pro-
fessional with access to a fax machine through the
ALARA Center's ACEFAX system or a computer
with a modem and the proper communications
software through their ACE system. Detailed de-
scriptions of how to access all of the databases
electronically are in the appendices of the report.

141. DOSE-REDUCTION TECHNIQUES FOR
HIGH-DOSE WORKER GROUPS IN NU-
CLEAR POWER PLANTS. KHAN, T. A.;
BAUM, J. W.; DIONNE, B. J. (Brookhaven Na-
tional Laboratory), NUREG/CR-5139, BNL-
NUREG-52278, March 1991.

This report summarizes the main findings of a
study of the extent of radiation dose received by
special work groups in the nuclear power industry.
Work groups which chronically get large doses
were investigated, using information provided by
the industry. The tasks that give high doses to
these work groups were examined and techniques
described that were found to be particularly suc-
cessful in reducing dose. Quantitative information
on the extent of radiation doses to various work
groups shows that significant numbers of workers
in several critical groups receive doses greater than
1 and even 2 rem per year, particularly contract
personnel and workers at BWR-type plants. The
number of radiation workers whose lifetime dose
is greater than their age is much less. Although
the techniques presented would go some way in
reducing dose, it is likely that a sizable reduction
to the high-dose work groups may require devel-
opment of new dose-reduction techniques as well
as major changes in procedures.

142. VALUE OF PUBLIC HEALTH AND
SAFETY ACTIONS AND RADIATION DOSE
AVOIDED. BAUM, J. W. (Brookhaven National
Laboratory), NUREG/CR-6212, BNL-NUREG-
52413, May 1994.

The values judged best to reflect the willingness of
society to pay for the avoidance or reduction of
risk were deduced from studies of costs of health
care, transportation safety, consumer product
safety, government agency actions, wage-risk
compensation, consumer behavior (market) stud-
ies, and willingness-to-pay surveys. The results
ranged from $1,400,000 to $2,700,000 per life
saved. Applying the mean of these values
($2,100,000) and the latest risk per unit dose coef-
ficients used by the ICRP (1991), which take into
account risks to the general public, including ge-
netic effects and non-fatal cancers, yields a value
of dose avoided of $750 to $1,500 per person-cSv
for public exposures. The lower value applies if
adjustments are made for years of life lost per fa-
tality. A nominal value of $1,000 per person-cSv
seems appropriate in light of the many uncertain-
ties involved in deducing these values. These val-
ues are consistent with values recommended by
several European countries for individual doses in
the region of 1 mSv/y (100 mrem/y). Below this
dose rate, most countries have values a factor of 7
to 10 lower, based on assumption that society is
less concerned with fatality risks below about
lO^/y.
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143. COMPENDIUM OF COST-
EFFECTIVENESS EVALUATIONS OF
MODIFICATIONS FOR DOSE REDUCTION
AT NUCLEAR POWER PLANTS. BAUM, J.
W.; MATTHEWS, G. R. (Brookhaven National
Laboratory), NUREG/CR-4373, BNL-NUREG-
51915, Oct. 1985.

This report summarizes available information on
cost effectiveness of engineering modifications of
potential value in dose reduction at nuclear power
plants. Data was gathered from several U. S. utili-
ties, published literature, equipment and service
suppliers, and recent technical meetings. Five
simplified econometric models were employed to
evaluate data and arrive at a value for cost effec-
tiveness expressed in either (a) dollars/rem; or (b)

• total dollar savings calculated using a nominal
value of $l,000/rem. Models employed were: a
basic model with no consideration given to the

time value of money; two models in which dis-
counting was used to evaluate costs and savings in
terms of present values; and two models in which
income taxes and revenue requirements were con-
sidered. Results from different models varied by
as much as a factor of 10, and were generally low-
est for the basic model and highest for the before-
tax revenue requirement model. Results for 151
evaluations employing different assumptions con-
cerning number of plants per site and outage im-
pacts were tabulated in order of decreasing cost
effectiveness. Twenty-five evaluations ere identi-
fied as exceptionally cost effective since both costs
and dose were saved. Forty evaluations indicated
highly cost-effective changes based on costs of
less than $l,000/rem saved using results of the
present-worth model that included discounting of
future dose savings.
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Information • 124
Opinion • 32, 124
Relations-16,136

PVC • 70

Q

Quality
Assurance • 87, 108
Control • 38
Factor-51
Ratio • 104

R

Radiation • 20,126
Accidents • 58,112

Environmental Impacts • 40
Detection And Measurement • 103
Detectors • 14,86,133

Dose-Response Relationships • 40,125
Dose Distributions • 36
Dose Units-3, 132
Doses - 7 , 12, 15, 24, 28, 30, 43, 46, 60, 85, 95,
118,124

Cost • 5
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Pollution • 8
Waste -11,62,124
Waste Facilities

Seismic Effects • 23
Waste Management • 124,127
Waste Storage • 127

Radioactivity • 60,77
Radioisotopes • 77,122
Radiological Personnel • 28,36, 90

Protective Clothing • 75
Radiation Protection -75,116
Training-116

Radiology • 74, 95
Radionuclide

Kinetics-35, 134
Migration-118,134
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