
BNL--43228-VO1.2

DE91 010375

ALARA Engineering at
Department of Energy Facilities:

Bibliography of Selected Readings
in Radiation Protection and ALARA

B.J. Dionne, T.A. Khan, S.G. Lane, and J.W. Baum

March 1991

DEPARTMENT OF NUCLEAR ENERGY
BROOKHAVEN NATIONAL LABORATORY

UPTON, NEW YORK 11973

Prepared for the U.S. Department of Energy
Assistant Secretary for Environment, Safety, and Health

Office of Health
(Contract No. DE-AC02-76CH00016

B&R Code HA-01-00-0)

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED



FOREWORD

This report is the second in the series of bibliographies supporting the efforts at the Brookhaven
National Laboratory ALARA Center on dose reduction at U.S. Department of Energy (DOE) facilities.
The BNL ALARA Center was originally established in 1983 under the sponsorship of the U.S. Nuclear
Regulatory Commission to monitor dose-reduction research and ALARA activities at nuclear power plants.
This effort was expanded in 1988 by the DOE"s Office of Environment, Safety and Health to include DOE
nuclear facilities.

In developing and managing the technical information of radiological engineering and operational
ALARA programs for DOE and its contractors, the BNL ALARA Center places under bibliographic control
worldwide literature on scientific and technical advances in the field of radiological safety. The objective
of this effort is to aid in the development and application of the ALARA philosophy by exchanging
information on dose reduction on an international level.

Abstracts for this bibliography were selected from proceedings of technical meetings, journals,
research reports, searches of the DOE Energy Data Base, and reprints of published articles provided by the
authors. Information that the reader feels should be included in the next volume of this bibliography may
be submitted to the BNL ALARA Center. These abstracts, which have a bearing on dose reduction,
consolidates information from publications pertinent to Radiological Engineers and Operational Health
Physicists. Facility types covered in the scope of this report include: radioactive waste, uranium
enrichment, fuel fabrication, unirradiated fissile material storage, irradiated fissile material storage, fuel
reprocessing, decommissioning, recovery, hot laboratories, tritium production, reactors (research, test, and
production, but not commercial power reactors), weapons fabrication, weapons testing, and accelerators.
Material on improved shielding design, decontamination, containments, robotics, planning, improved
operational techniques, and other topics have also been included, which are reiaied to dose reduction at
DOE nuclear facilities.

Volume 2 contains 127 abstracts numbered from 69 through 195 as well as author and subject indices.
The subject index contains the abstract numbers from both the previous volume and the current volume,
the latter being indicated in boldface. Some abstracts were obtained from DOE Energy Data Base searches
conducted from May 2,1988 to May 2,1990. Others were collected from DOE contractor personnel during
visits to their facilities conducted by BNL Health Physicists during the period May 1988 to January 1990.

Anthony A. Weadock C. Richard Jones
Health Physicist Acting Director
Office of Health Physics Office of Health Physics
and Industrial Hygiene and Industrial Hygiene
Office of Health Office Of Health "
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ABSTRACTS
(Volume 1 contains abstracts 1 to 68)

69. TMI-2: LESSONS LEARNED BY THE US
DEPARTMENT OF ENERGY: APROGRAM-
MATIC PERSPECTIVE. R.C. SCMIDT and
H.W. RENO (EG&G Idaho, Inc., Idaho Falls. ID);
KJ. BENTLEY and D.E. OWENS (ENCORE
Technical Resources. Inc.. Idaho Falls. ID). EG
and G Idaho, Inc., Idaho Falls, ID. DOE/ID-
10276. March 1990.
This report is a summary of the lessons learned by
the US Department of Energy during its decade-
long participation in the research and accident
cleanup project at Three Mile Island Nuclear
Power Station Unit 2 near Harrisburg, Pennsylva-
nia. It is based on a review of a wide range of
project documents and interviews with personnel
from the many organizations involved. The les-
sons are organized into major subjects with a brief
background section to orient the reader to that
subject. The subjects are divided into sub-topics,
each with a brief discussion and a series of lessons
learned. The lessons are very brief and each is
preceded with a keyword phrase to highlight its
specific topic. References are given so that the
details of the subject and the lesson can be further
investigated.

70. DATA BASE ON DOSE REDUCTION RE-
SEARCH PROJECTS FOR NUCLEAR
POWER PLANTS, VOLUME 3. T.A. KHAN
and J.W. BAUM (Brookhaven National Lab.. Up-
ton, NY). BNL-NUREG-51934, May 1989.
This is the third 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 a data base
maintained by Brookhaven National Laboratory's
ALARA Center for the Nuclear Regulatory Com-
mission. This report presents information on 80
new projects, covering a wide area of activities.
Projects on steam generator degradation, decon-
tamination, robotics, improvement in reactor ma-
terials, and inspection techniques, among others,
are described in the research section. The section
on health physics technology includes some sim-
ple and very cost-effective projects to reduce ra-
diation exposures. Collective dose data from the
United States and other countries are also pre-
sented. In the conclusion, it is suggested that
although new advanced reactor design technology

will eventually reduce radiation exposures at nu-
clear power plants to levels below serious con-
cern, in the interim, an aggressive approach to
dose reduction remains necessary.

71. HUMAN ENGINEERING IN MOBILE
RADWASTE SYSTEMS. D. JONES. J. MC-
MAHON, and G. MOTL. Transactions of the
American Nuclear Society (USA), Vol. 56. June
12-16.1988. p. 83.
To a large degree, mobile radwaste systems are
replacing installed plant systems at US nuclear
plants due to regulatory obsolescence, high capi-
tal and maintenance costs, and increased radiation
exposure. Well over half the power plants in the
United States now use some sort of mobile sys-
tem. Human engineering is reflected in mobile
radwaste system design due to concerns about
safety, efficiency, and cost The radwaste services
business is so competitive that vendors must re-
flect human engineering in several areas of equip-
ment design in order to compete. The paper
discusses radiation exposure control, contamina-
tion control, compact components, maintainabil-
ity, operation, and transportability.

72. OCCUPATIONAL DOSE REDUCTION
AT NUCLEAR POWER PLANTS: ANNO-
TATED BIBLIOGRAPHY OF SELECTED
READINGS IN RADIATION PROTECTION
AND ALARA, VOLUME 4. T.A. KHAN and
J.W. BAUM (Brookhaven National Laboratory.
Upton. NY). NUREG/CR-3469-Vol. 4, BNL-
NUREG-51708. June 1989.

This report is the fourth in the series of bibliog-
raphies supporting the efforts at the Brookhaven
National Laboratory on dose reduction at nuclear
power plants. Abstracts for this bibliography were
selected from proceedings of technical meetings,
journals, research reports and searches of the
DOE's Energy Data Base. The abstracts included
in this report relate to operational health physics
as well as other subjects which have a bearing on
dose reduction at nuclear power plants, such as
stress corrosion cracking, plant chemistry, use of
robotics and remote devices, etc. Material on im-
proved design, materials selection, planning and
other topics which are related to dose reduction
efforts are also included. The report contains 327



abstracts as well as subject and author indices. All
information in the current volume is also available
from the ALARA Center's bulletin board service
which is accessible by personal computers with
the help of a modem. The last section of the report
explains the features of the bulletin board. The
bulletin board will be kept up-to-date with new
information and should be of help in keeping
people current in the area of dose reduction.

73. INTERNATIONAL WORKSHOP ON
NEW DEVELOPMENTS IN OCCUPA-
TIONAL DOSE CONTROL AND ALARA IM-
PLEMENTATION AT NUCLEAR POWER
PLANTS AND SIMILAR FACILITIES: PRO-
CEEDINGS. J.W. BAUM. B.J. DIONNE. and
T.A. KHAN [compilers] (Brookhaven National
Laboratory, Upton, NY). NUREG/CP-0110.
BNL-NUREG-52226. February 1990.
This report contains summaries of papers and
discussions presented at the International Work-
shop on New Developments in Occupational
Dose Control and ALARA Implementation at
Nuclear Power Plants and Similar Facilities held
at Brookhaven National Laboratory, Upton,New
York. September 18-21.1989. The purpose of this
workshop was to bring together scientists, engi-
neers, regulators, and administrators who are in-
volved with occupational dose control at nuclear
facilities, to exchange information on recent de-
velopments from their countries. The eleven
countries represented were: Canada. Finland,
France, Germany, Italy. Japan. Luxembourg,
Sweden, Switzerland, United Kingdom, and the
United States of America. The workshop was
organized into seven sessions with 20-minute pa-
pers, and four sessions with 5-minute discussions.
The topics for the paper sessions included: Ses-
sion 1, ALARA stans. studies, and organization:
Session 3, ALARA engineering in design and
modifications; Session 5, system chemistry and
water purification: Session 7. ALARA in opera-
tion I: Session 9, ALARA in operation II: Session
10, ALARA in operation III: and Session 11. the
NEA Information System on Occupational Expo-
sure. This workshop was sponsored jointly by the
US Nuclear Regulatory Commission and the U.S.
Department of Energy, in cooperation with the
Organization for Economic Cooperation and De-
velopment. Nuclear Energy Agency.

74. DECONTAMINATION TO ACHIEVE
SITE-RELEASE CRITERIA. A.R. SCHUL-
MEISTER. Transactions of the American Nuclear
Society, Vol. 56. June 12-16. 1988. pp. 78-79.
The Shippingport Station Decommissioning Pro-
ject presented unique opportunities in the man-
agement and performance of component and area
decontamination to meet established site-release
criteria. Decontamination activities were per-
formed to meet ihe following overall project ob-
jectives: (1) internal decontamination of
radioactively contaminated components to meet
low-specific-activity (LSA) shipping limits. (2)
reduction of component radiation levels to as low
as reasonably achievable (ALARA) for sub-
sequent dismantlement, packaging, and off-site
disposal. (3) reduction of surface contamination
to qualify steel structurals for unrestricted off-site
release, and (4) reduction of surface contamina-
tion to qualify concrete structurals for unrestricted
on-site release. The paper discusses planning and
scheduling, decontamination activities, surface
decontamination methods and techniques, and in-
ternal component decontamination methods and
techniques. Successful completion of the decon-
tamination activities at Shippingport has demon-
strated that state-of-the-art technology can be
applied cost-effectively to support a full-scale
nuclear power plant decommissioning.

75. CLEAN-UP ACTS CONDUCTED BY MO-
BILE ROBOTS IN NUCLEAR FACILITIES.
H.B. MEIERAN (PHD Technologies, Inc.. Pitts-

burgh, PA) In: the Proceedings of the Interna-
tional Conference on Remote Techniques for
Inspection and Refurbishment of Nuclear Plant.
Organized by the British Nuclear Energy Society
and Co-sponsored by the European Nuclear Soci-
ety, the Institution of Electrical Engineers and ihe
Institution of Mechanical Engineers. Held in
Stratford-upon-Avon. UK, November 28 - De-
cember 1, 1988. pp. 7-13.
This paper will review some of the roles and
methodologies that mobile robots are now assum-
ing in the clean-up and decontamination of nu-
clear power plants and other nuclear facilities, as
well as in response to radiological accidents and
emergencies. These robots can conduct many
tasks and missions that are currently assigned lo
plant personnel or to emergency response (cam
personnel in the case of accidents. The relative
degrees of success and problems experienced by
these robots will be identified along with addi-
tional missions that the devices could have as-



sumed had the time and the opportunity been
available.

76. AN ASSESSMENT OF HIGH-LEVEL RA-
DIOACTIVE WASTE DISPOSAL FOR AD-
VANCED REACTOR FUEL CYCLES. W.R.
HOLLAWAY (Massachusetts Institute of Tech-
nology, Cambridge. MA. Dept. of Nuclear Engi-
neering). DOE/OR/00033-T435. May 1989.
A preliminary comparative assessment is made of
ihe high-level radioactive waste disposal aspects
of four alternative reactor systems: the current
generation domestic Light Water Reactor (LWR)
system, as a reference case, and three advanced
reactor systems - the Integral Fast Reactor (IFR),
the Prismatic Fuel Modular Gas-Cooled Reactor
(MGR-PF), and the Pebble Bed Modular Gas-
Cooled Reactor (MGR-PB). The four alternative
reactor systems are described, in general, and the
aspects and parameters of each which are impor-
tant to high-level waste disposal are developed, in
detail. The method of investigation applied in this
thesis is an abridged form of the multiattribute
utility analysis used by the US DOE for the evalu-
ation of candidate repository sites. However, no
attempt is made to combine the results for each
waste disposal impact, via value tradeoffs, into a
cumulative overall single score. The primary con-
clusions are, with respect to high-level radioactive
waste disposal, the IFR is superior to the other
systems due primarily to its small waste volume
and the low actinide concentration in its HLW and
the LWR is slightly superior to both the MGR-PF
and the MGR-PB, due primarily to the large MGR
waste volume per kW»hre. High-level waste dis-
posal impacts for the MGR-PF and the MGR-PB
appear to be roughly equivalent.

77. IMPLEMENTATION OF SITE-RE-
LEASE CRITERIA AT SHIPPINGPORT.
K.J. EGER, M.J. GALGOUL. and J.B. CARR.

Transactions of the American Nuclear Society,
Vol. 56, June 12-16. 1988, pp. 76-78.
Criteria for the unconditional release of the site
and materials left thereon following decommis-
sioning of the Shippingport Atomic Power Station
(SAPS) site were issued by the US Department of
Energy (DOE) in January 1987. The criteria were
100 mrem/year via the worst-case scenario and as
low as reasonably achievable (ALARA). Sub-
sequently, General Electric Nuclear Energy, the
decommissioning operations contractor (DOC),
generated a final consolidated implementation
plan. This document defined the scenarios by

which the final dose would be calculated, the
limiting conditions for the xs-decommissioned
site, and the methodology for demonstrating the
achievement of these conditions. The plan is be-
ing used concuTendy with the decommissioning
operations to demonstrate that the site will meet
the criteria issued

78. QUALITATIVE AND QUANTITATIVE
DECISION AIDING TECHNIQUES APPLI-
CABLE IN RADIATION PROTECTION.
J J». BERTHET (Electricite de France, 93 - Saint-
Denis (France). Dept de Radioprotection). In:
Radiation Protection Practice. IRPA 7, Interna-
tional Radiation Protection Association, Wash-
ington, DC: Australian Radiation Protection
Society, Sydney (Aus). In: the Proceedings of a
Symposium - 7. held in Sydney, Australia, April
10-17, 1988, pp. 1294-1298.
EDF's exposure reduction program comprises a
three pronged attack on the radiation field buildup
process, based on modification of PWR's design
features, and operating conditions.

79. RESPIRATORY PROTECTION - LES-
SONS LEARNED AT THREE MILE ISLAND
[TMI]. E.F. GEE. Transactions of the Ameri-
can Nuclear Society, Vol. 57. October 30 - No-
vember 4, 1988, pp. 480-481.
At the time of the Three Mile Island Unit 2 (TMI-
2) accident, GPU Nuclear was ill prepared for the
respiratory protection demands that were about to
be endured. Although a recognized respiratory
protection program was in place that permitted
application of protection factors, the depth and
detail needed to attack an accident and recovery
process of this magnitude was lacking. Airborne
radioactivity concentrations following the acci-
dent reached 1000 times the maximum permissi-
ble concentration. Surface contamination levels
ranged upward of I rad/smear. Oxygen concen-
trations in the reactor building were less than 14%
prior to the first purge. A multitude of short- and
long-term challenges necessary to expand the
scope of the program was faced. Some of those
most significant are discussed. Immediate prob-
lems included respiratory equipment inventory,
self-contained breathing apparatus charging capa-
bilities and qualified respirator wearers. Long-
term problems included: training: selection, issue.
and use of respirators: equipment cleaning, main-
tenance, and inspection: breathing air supplies:
and emergency preparedness.



80. FINAL EVALUATION OF ADVANCED
AND CURRENT LEAK DETECTION SYS-
TEMS. D. KUPPERMAN. R. CARLSON. R.
LANHAM. W. BREWER (Argonne National
Laboratory, IL) In: the Proceedings of the Six-
teenth Water Reactor Safety Information Meet-
ing. Volume 2. held in Gaithersburg, MD (USA),
October 24-27. 1988. Office of Nuclear Regula-
tory Research. U.S. Nuclear Regulatory Commis-
sion. Washington, DC.; Brookhaven National
Laboratory. Upton. NY. NUREG/CP-0097-
Vol.2, March 1989, pp. 181-192.
This report presents the results of a study to evalu-
ate the adequacy of leak detection systems in light
water reactors. The sources of numerous reported
leaks and methods of detection have been docu-
mented. Research to advance the state of the an
of acoustic leak detection is presented and proce-
dures for implementation are discussed.

81. AN UPGRADED PERSONNEL DOSIME-
TRY SYSTEM FOR THREE MILE ISLAND
UNIT 2 [TMI-2]. J.W. SCHMIDT and J.M.
HARWORTH. Transactions of the American Nu-
clear Society, Vol. 57, October 30 - November 4,
1988. pp. 479-480.
Following the Three Mile Island Unit 2 (TMI-2)
accident.it was identified that due to the unusual
radiological conditions created, an improved ther-
moluminescent dosimetry (TLD) system was
needed to support the cleanup and recovery. The
deficiencies of the existing system were identified
as an unsuitable dosimeter design and limited
system automation available to support the ap-
proximately 6000 dosimeters being processed
monthly for record dose. As a result, a Panasonic
TLD personnel dosimetry system was developed
and installed by GPU Nuclear at the TMI facility.
The components of this dosimetry system in-
clude: a dosimeter design and associated inter-
pretation algorithm, an extensive quality
assurance program, and a computer-based do-
simeter processing system. This dosimeter/algo-
nthm design provides for the use of a changing
beia correction factor (BCF). which is derived
from beta spectral data collected by the dosimeter.
The system computer-based processing equip-
ment is driven using software developed to be user
friendly, totally menu driven, and geared toward
ihe implementation of an extensive quality assur-
ance program fora production dosimetry system.
In total, this software consists of over95 programs
that specifically support written dosimetry proce-
dures.

82. COMPREHENSIVE RADIOLOGICAL
PROTECTION PROGRAM - AN ESSEN-
TIAL ELEMENT OF SUCCESSFUL DE-
COMMISSIONING. R.P NAIR. M.A.
MAAN, and S. SCHAFER (Atomic Energy of
Canada Ltd., Montreal. Quebec (Can)). In: The
Spectrum "86, Volume 2. J.M. Pope. I.M. Leon-
ard, and EJ. Mayer (eds,). Held in Niagara Falls.
NY. USA, September 14. 1986. American Nu-
clear Society. Fuel Cycle and Waste Management
Div.; American Nuclear Society. Niagara-Finger
Lake Section. CONF-860905-Vol.2: July 1987,
pp. 1378-1389.
The decommissioning of the Canadian 250 MWe
GentiUy-1 nuclear plant over a two-year period
called for a clearly defined radiation protection
program. The decommissioning activities were
carried out within the framework of radiation
protection guidelines and techniques so structured
that all the elements of the program could be
applied for the future handling of more radioac-
tive facilities.

83. DEVELOPING POSITIVE WORKER AT-
TITUDES TOWARD RADIATION PROTEC-
TION. NJLMILLIS (Baltimore Gas and Elec-
tric, Calvert Cliffs Nuclear Power Plant. Lusby.
MD). Transactions of the American Nuclear So-
ciety, Vol. 54, August 30. 1987, p. 95.

Teamwork, productivity, and reducing exposure
are admirable goals to present to workers in a
nuclear power plant. A common thread of
achievement in these areas is worker attitude to-
ward the tasks presented. A positive, alert, and
cooperative attitude is an element in a worker's
mind that must be created and maintained by good
leadership and management practices. At the Cai-
vert Cliffs Nuclear Power Plant, management has
used certain strategies to foster good posiuve
worker attitudes toward radiation protection and
quality workmanship in all tasks. Strategies differ
from management by objectives in that they have
no deadlines or timetab'es in and of themselves.
Rather, strategies are preplanned methods that can
be called upon when the opportunity arises lo
improve worker attitudes. A series of five siraie-
gies for positive attitude development are de-
scribed in the full paper. The strategies arc
identified with buzz words to allow ihe user a
recall mechanism (as with the acronyms abound-
ing in the nuclear industry). They cover the range
of management techniques from example setting
to reward/recognition. Although not unique to



radiation exposure management nor ail inclusive,
the strategies provide some thought stimulation in
creating productive worker attitudes.

84. DEVELOPMENT OF ALL METAL FIL-
TERS FOR USE IN THE NUCLEAR INDUS-
TRY. H. RANDHAHN and B. GOTLINSKY
(PALL Deutschland GmbH, Drieich (Germany,
F.R.)). In: the Proceedings of the 20th
DOE/NRC Nuclear Air Cleaning Conference.
Sessions 6--15. M.W. First (ed.). Held in Boston.
MA. August 22-25. 1988. Nuclear Regulatory
Commission, Washington. DC. Office of Nuclear
Regulatory Research ; Harvard University, Bos-
ton. MA. NUREG/CP-0098-Vol.2, May 1989,
pp. 726-748.
This paper summarizes the experiments per-
formed by Pall Corporation Laboratories in Ger-
many for qualification of a filtration syftem for
venting of PWRs. The basis for the parameters
examined were different model calculations for a
possible venting in PWRs. The calculations gave
process specifications for a filter venting system.
Aside from principal demands on mechanical and
thermal strength of the system, efficiency exami-
nations under differing process conditions were
necessary. Here the simulation of these possible
process conditions by (he test parameters used
were essential. The following fluid conditions
were chosen from the model calculations tor ex-
amination of filter performance: dry to wet gas at
temperatures up to 160 degrees C and absolute
pressures of 5.5 bar. Aerosols that are not affected
in size, shape, or other physical properties by
[hose fluid parameters had to be used and under
these conditions, aerosol generation and measur-
ing systems had to be evaluated. The important
size range for this was below 1 micrometer, since
these have been shown to be the hardest to re-
move.

85. RESEARCHERS DEVELOP FOUR NEW
RADIATION CONTROL METHODS. C.J.
WOOD (Electric Power Research, Palo Alto.
CA). Power Engineering Vol. 93. Issue 10. Oc-
tober 1989, pp. 41-44.

Exploratory research into radiation transport
processes which has resulted in four new products
to help utilities reduce radiation exposure in nu-
clear power plants. Chemical decontamination,
elevated pH chemistry, zinc passivation, and co-
balt-free hardfacing alloys can reduce radiation
fields. These four processes are discussed.

86. MONITORING LAUNDRY FOR FLEAS.
T.L. COOPER. E.M. GOLDIN. and R.V. WAR-
NOCK (Southern California Edison. San Onofre
Nuclear Generating Station. P.O. Box 128. San
Clemente, CA). In: the Proceedings of a Sympo-
sium - 21. mid-year topical meeting of the Health
Physics Society, held in Bal Harbour. FL, Decem-
ber 13-17.1987, pp. 97-106.
The San Onofre Unit 3 nuclear plant experienced
fuel cladding failures during its first fuel cycle.
When primary systems were opened for mainte-
nance and refueling, areas on site were contami-
nated with fleas - tiny, highly radioactive fuei
fragments. While highly mobile, these fragments
demonstrated an affinity to attach to some sur-
faces and clothing. This paper discusses the prob-
lems encountered in detecting fleas in the
presence of residual activation and fission product
contamination on laundered protective clothing.
A novel approach to overcome those inherent
problems is presented and a home-built laundry
monitor utilizing off-the-shelf components is de-
scribed.

87. DEVELOPMENT OF A COMPUTER
CODE SYSTEM FOR SELECTING OFF-
SITE PROTECTIVE ACTION IN RADIO-
LOGICAL ACCIDENTS BASED ON THE
MULTIOBJECTIVE OPTIMIZATION
METHOD. T. ISHIGAMI and K. OYAMA.
(Japan Atomic Energy Research Inst., Tokyo (Ja-
pan)). JAERI-M-89-112. September 1989.
This report presents a new method to support
selection of off-site protective action in nuclear
reactor accidents and provides a user's manual of
a computer code system PRASMA, developed
using the method. The PRASMA code system
gives several candidates of protective action
zones of evacuation, sheltering, and no action,
based on the multiobjective optimization method
which requires objective functions and decision
variables. They have assigned population risks of
fatality, injury, and cost, as the objective func-
tions, and distance from a nuclear power plant
characterizing the above three protective action
zones as the decision variables.

88. AN EXPERT SYSTEM FOR THE ANALY-
SIS OF JOBS WITH RADIATION. F A .
TRUJILLANO and M.M. GARCIA (Empresa-
rios Agrupados. Madrid (Spain)). Transactions of
the American Nuclear Society. Vol. 54. Auaust
30, 1987, p. 154.



The SPR expert system being developed for ap-
plication in Spanish nuclear power plants with an
instruction level corresponding to an advanced
prototype, seeks to accomplish the following: the
analysis in real time of data on jobs with radiation
that, because of their volume, would overload a
human specialise the extraction of useful knowl-
edge from each experience for storage and future
use: the incorporation of the knowledge acquired
into working methods and procedures for im-
proved achievement of the as-low-as-reasonably-
achievable concept: and the ability to analyze
foreseeable situations in order to optimize work-
ing procedures in advance.

89. A VISION SYSTEM FOR ROBOTIC IN-
SPECTION AND MANIPULATION. M.M.
TRTVEDI, C. CHEN, and S. MARAPANE (Ten-
nessee University, Knoxville, TN. Department of
Electrical and Computer Engineering).
DOE/NE/37968-11, March 1989.

Advanced robotic systems should be able to per-
form a variety of tasks in complex, unstructured
environments with increased level of autonomy.
Robots provide the physical link between intelli-
gence and action. Structurally, a robot can be
considered as having three modules. These in-
clude. (I) Mechanical assemblies, such as robot
arm. end effectors, and mobility platforms, (2)
Sensors, for sensing the work environment of a
robot, and (3) Perception. Planning and Control
unit, which is utilized for interpreting the sensory
inputs and for planning and controlling the actions
of the robot. Most of the robotic systems currently
employed in (he industry require a highly struc-
tured environment for the robot to operate. This
requirement can be relaxed if the robot is endowed
with an array of external sensors to sense its
environment. The sensor-driven operation is criti-
cal for making robots more versatile and flexible
to use. Advanced robotic systems which are capa-
ble of utilizing sensor modalities such as vision,
range, forceumd touch, workspace can be em-
ployed in a variety of application domains. Of
these, vision is recognized to be a very important
sensory modality. It offers rich sensory data for
accurate and detailed interpretation of the compo-
sition of a robot's work environment. Object rec-
ognition, determination of their locations in the
3-dimensionai workspace, and inspection of their
status, are all important tasks where vision de-
rived information can be effectively utilized.

90. HYDRO NUCLEAR DRY ACTIVE
WASTE VOLUME REDUCTION SYSTEM
AT RIVER BEND STATION. T.P. AN-
THONY and W.J. LATCHFORJD (Gulf States
Utilities Co.. P.O. Box 220. St. Francisville. LA;
Hydro Nuclear Inc., 1256 N Church St.. Moore-
stown. NJ). In: the Proceedings of a Symposium
- 21st mid-year topical meeting of the Health
Physics Society, held in Bal Harbour, FL, Decem-
ber 13-17,1987, pp. 287-298.

The cost for disposing of radioactive waste is
continuing to climb. This, combined with other
factors, is generating increasing interest in vol-
ume reduction systems. In October 1986, Gulf
States Utilities Company installed a self-con-
tained Hydro Nuclear Dry Active Waste Volume
Reduction System at River Bend Station. This
paper discusses procurement justification, opera-
tional characteristics, operational history for the
first eight months of service, cost savings, prob-
lems, and down time.

91. RADIOLOGICAL OPERATING EXPE-
RIENCE. AT FAST FLUX TEST FACILITY
(FFTF). W.L. BUNCH and P.R. PREVO
(Westinghouse Hanford Co., Richland. WA). In:
the Proceedings of a Symposium - Topical Con-
ference on Theory and Practice in Radiation Pro-
tection and Shielding, held in Knoxville. TN. US.
CONF-870405. April 22, 1987. pp. 60-69.

The Fast Flux Test Facility (FFTF) has been in
operation for approximately five years, including
about one thousand days of full power operation
of the Fast Test Reactor. During that time the
collective dose equivalents received by operating
personnel have been about two orders of magni-
tude lower than those typically received at com-
mercial light water reactors. No major
contamination problems have been encountered
in operating and maintaining the plant, and release
of radioactive gas to the environment has been
minimal and well below acceptable limits. All
shields have performed satisfactorily. Experience
to date indicates an apparent radiological supe-
riority of liquid metal reactor systems over current
light water plants.

92. PROGRESS IN THE RELEASE OFTHE
SHIPPINGPORT SITE AND MATERIALS.
K.J. EGER. M.J. GALGOUL. and D.L. GARD-
NER. Transactions of the American Nuclear So-
ciety. Vol. 59. June 4-8. 1989. pp. 66-67.



The decommissioning of the Shippingport atomic
power station involved not only the disassembly
of the nuclear side of the plant, but also the dispo-
sition of the site structures and equipment by
release or by disposal as radwaste. The simple
burial of all of this material would have been
prohibitively expensive. Furthermore, it would
have been unnecessary, since the vast majority of
the material had had little (if any) contact with
radioactivity. To save these costs, as well as to
protect the public, the materials had to be classi-
fied so that the clean materials could be released
from the site (or with the site) fcr unrestricted use.
Two separate programs were developed and im-
plemented during the Shippingport Station De-
commissioning Project (SSDP) to do just this. The
purpose of the material release program was to
verify that any material released from the site had
met the requirements in Regulatory Guide 1.86.
This program included the consideration of prior
survey results and the use of the materials, an
initial survey for release from radiologically con-
trolled areas, and a documented release survey
just prior to the removal of any material from the
site. The US Department of Energy (DOE) criteria
for the release of the site for unrestricted use
required that the total dose to the maximum ex-
posed individual not exceed 1 mSv/yr by the
worst-case scenario, and, in addition, be as low as
reasonably achievable (ALARA). The DOE also
provided a manual for relating the amount of
radioactive material in the soil to this annual dose.

93. PERSONNEL CONTAMINATION PRO-
TECTION TECHNIQUES APPLIED DUR-
ING THE THREE MILE ISLAND UNIT 2
(TMI-2) CLEANUP. J.E. HILDEBRAND.
Transactions of the American Nuclear Society.
Vol. 57. October 30 - November 4, 1988. pp.
48M82.

The severe damage to the Three Mile Island Unit
2 (TMI-2) core and the subsequent discharge of
reactor coolant to the reactor and auxiliary build-
ings resulted in extremely hostile radiological en-
vironments in the TMI-2 plant. High fission
product surface contamination and radiation lev-
els necessitated the implementation of innovative
techniques and methods in performing cleanup
operations, while assuring effective as low as
reasonably achievable (ALARA) practices. The
approach utilized by GPU Nuclear throughout the
cleanup in applying protective clothing require-
ments was to consider the overall health risk to the
worker, including factors such as cardiopulmon-

ary stress, visual and hearing acuity, and heat
stress. In applying protective clothing require-
ments, trade-off considerations had to be made
between preventing skin contaminations and pos-
sibly overprotecang the worker, thus impacting
his ability to perform his intended task at maxi-
mum efficiency and in accordance with ALARA
principles. The paper discusses the following top-
ics: protective clothing-general use, beta protec-
tion, skin contamination, training, personnel
access facility, and heat stress.

94. RADIATION PROTECTION TRAINING
THEN AND NOW. T. MULLEAVY. Transac-
tions of the American Nuclear Society. Vol. 57,
October 30 - November 4,1988. pp. 478-479.
Prior to the accident at Three Mile Island, radio-
logical control training was provided by the
Health Physics Department and the Chemistry
Department The programs that required the input
from the Health Physics Department were the
Operations Training and the General Employee
Training Programs, which were formally organ-
ized and presented radiological controls practices
as part of the course objectives. The operations
training section periodically requested the Health
Physics Department management to provide a
radiological portion to their operator qualification
or operations requalification class. After the acci-
dent in 1979, the General Employee Training
Program administration was taken over by the
Operation Training Department where it under-
went changes with a dedicated effort The Opera-
tions Training Program also underwent a change,
as well as the Radiological Control Technician
Training Program. Each group now has a spe-
cialty program designed for their specific needs.
These programs have been designed using the
Institute of Nuclear Power Operations and regu-
lator guidelines.

95. MOBILE ROBOT FOR POWER PLANT
INSPECTION AND MAINTENANCE. JR.
WHITE. K.A. FARNSTROM. H.W. HARVEY.
R.G. UPTON, and K.L. WALKER. Transactions
of the American Nuclear Society. Vol. 57. Octo-
ber 30 - November 4, 1988, pp. 329-330.
An all-terrain, mobile robot (called SURBOT-T)
has been developed to perform remote visual.
sound, and radiation surveillance within contami-
nated areas of nuclear power plants. The robot can
be equipped with a two-armed, telerobotic ma-
nipulator system to perform remote maintenance
work. The SURBOT-T vehicle has a double-ar-



ticulating track base that is capaole of climbing
45-deg slopes and stairs and over 16-in.-high ob-
stacles. The overall size of SURBOT-T is 28 in.
wide by 38 in. Jong with the from and rear tracks
raised and 52 in. high with the camera lowered.
With the Cracks in a level position, the base pro-
vides a sturdy work platform and can ascend/de-
scend stairs without fear of tipping over. The track
can be pivoted straight down to elevate the base
14 in. and pass through water up to 24 in. deep.
All motors, amplifiers, computer boards, and
other electronic components are contained within
a sealed housing. The color television camera,
spotlight, and directional microphone are
mounted on a pan/tilt, which is attached to an
elevating mechanism that has 3 ft of vertical
travel. An air sampler, radiation detector, and
temperature/humidity probe are mounted on the
vehicle. The slave manipulator arms on the vehi-
cle can be teleoperated using master arms that are
attached to a portable table stand near the control
console. They can also be taught to perform mo-
tions or tasks by computer control, much like
robot arms in the automated manufacturing indus-
try.

96. RM-10A ROBOTIC MANIPULATOR
SYSTEM. J.R. WHITE, J.B. COUGHLAN.
RW. HARVEY, and R.G. UPTON. Transactions
of the American Nuclear Society. Vol. 57, Octo-
ber 30 - November 4,1988, pp. 335-336.
The REMOTE RM-10A is a man-replacement
manipulator system that has been developed spe-
cifically for use in radioactive and other hazard-
ous environments. It can be teleoperated, with
man-in-the-loop. for unstructured tasks or pro-
grammed to perform routine tasks automatically
much like robots in the automated manufacturing
industry. The RM- I0A is a servomanipulator util-
izing a closed-loop, microprocessor-based con-
trol system. The system consists of a slave
assembly, master control station, and intercon-
necting cabling. The slave assembly is the part of
the system that enters the hostile environment. It
is man-like in size and configuration with two
identical arms attached to a torso structure. Each
arm attaches to the torso using two captive screws
and two guide pins. The guide pins position and
stabilize an arm during removal and reinstallation
and also align the two electrical connectors lo-
cated in the arm support plate and torso. These
features allow easy remote replacement of a" arm,
and commonality of the arms allow interchange-
ability. The water-resistant slave assembly is

equipped with gaskets and O-ring seals in the
torso and arm and camera assemblies. In addition,
each slave arm's elbow, wrist, and tong are pro-
tected by replaceable polyurethane boots. An up-
per camera assembly, consisting of a color
television (TV) camera. 6:1 zoom lens, and a
pan/tilt unit, mount to the torso to provide remote
viewing capability.

97. SHIPPINGPORT: OVERALL PROJECT
PROGRESS. F.P. CRIMI. Transactions of the
American Nuclear Society, Vol. 59. June 4-8.
1989. p. 64.
The Shippingport atomic power station (SAPS)
consisted of the nuclear steam supply system and
associated radioactive waste processing systems,
which were owned by the US Department of
Energy (DOE), and the balance of plant, owned
by the Duquesne Light Company. The station is
located at Shippingport. Pennsylvania, on 7 acres
of land leased by DOE from Duquesne Light
Company. The Shippingport Station Decommis-
sioning Project (SSDP) is being performed under
contract to the DOE by the General Electric Com-
pany (GE) and its preselected subcontractor. MK-
Fjrguson Company, as the decommissioning
operations contractor (DOC). This paper de-
scribes the decommissioning work that has been
accomplished since July 1988, and the project's
cost and schedule status. As the First decommis-
sioning of a commercial, full-scale nuclear power
plant, the SSDP is expected to set the standards
for the demolition of future nuclear power plants.

98. PERFORMANCE CRITERIA AND
EVALUATION SYSTEM FOR OCCUPA-
TIONAL RADIATION SAFETY AT DE-
PARTMENT OF ENERGY SITES; VOLUME
1, USER'S GUIDE: VERSION 1.0. N US
Corp.. Aiken. SC. DOE/SR-8003- Vol.1, August
1989.

The Performance Criteria and Evaluation System
(PCES) is a personal-computer-based system of
radiation safety criteria. PCES has numerous ap-
plications for radiation safety personnel at US
Department of Energy sites. The user-friendly
system is structured on a large data base of radia-
tion safety criteria compiled from DOE Orders,
mandatory standards, nonmandatory standards.
and good practice documents that are applicable
to reactor and nonreactor nuclear facilities.
Worklists for reviews, appraisals, and surveil-
lances of contractors can be created and modified



efficiently without the ame it takes to perform an
exhaustive literature search for criteria and with-
out the trouble of copying, cutting, and pasting.
Based on a given set of conditions provided by the
user, PCES will rapidly search for criteria and
print then out in a matrix format

99. PRACTICABLE ASSAY SYSTEM FOR
RADIONUCLIDE QUANTIFICATION OF
DISPOSAL PACKAGES. T. YAGI. T.
KATO, N. HASHIMOTO. H. KURIBAYASHI.
and Y. MORIYA (JGC Corp (JP)). In: the Pro-
ceedings of Waste Management '88, Volume 1 -
Low-Level Waste: held in Tucson, AZ, February
28 - March 3, 1988, pp. 429-136.
The requirements for land disposal of LLW from
nuclear power plants and facilities have necessi-
tated a more complete and accurate analysis of the
radionuclide contents of waste packages. JGC has
developed a new direct assay technique based on
gamma-ray spectroscopy and total gamma-ray
counting, combined with a scaling factor method-
ology for difficuit-to-measure nuclides. The sys-
tem consists of an HpGe detector, a plastic
scintillator, a microcomputer and a waste package
handling system such as a turntable. The radioac-
tivity concentrations of Co-60 and Cs-137. which
are key nuclides for difficult-to-measure nuclides,
are calculated from the activity ratio of Co-60 to
Cs-137 measured by using an HpGe detector, and
total radioactivity is measured by using a plastic
scindilator. The concentrations of difficult-to-
measure nuclides in a waste package are calcu-
lated by combining the radioactivity
concentrations of Co-60 and Cs-137 with the
waste package data and scaling factors. The sys-
tem is simple and enables a complete analysis of
ail nuclides specified prior to shipment and dis-
posal of waste packages, and also ensures that not
only homogeneous solidified waste but also non-
homogeneous DAW (dry active waste) can be
measured within a short time.

100. NOREM WEAR-RESISTANT, IRON-
BASED HARD-FACING ALLOYS - FINAL
REPORT. P. GROBNER, E.K. OHRINER. T.
WADA. and E.P. WHELAN (AMAX Research
and Development Center. Golden, CO). Electric
Power Research Inst.. Palo Alto. CA; AMAX
Research and Development Center. Golden, CO.
EPRI-NP-6466-M. July 1989.

Wear-resistance cobalt-free hardfacing alloys are
needed to replace the cobalt-base alloys used to
hardface nuclear valves in order to reduce the

exposure of maintenance personnel. Some thirty
heats of cast iron-base alloys w^re prepared and
characterized. Selected heats were prepared and
applied as hardfacing overlays on austenitic steel
substrates using bcth GTA and PTA welding
processes. Some of the iron-base alloys exhibited
galling wear resistance as high as that of cobalt-
base standards both in the cast condition and in
the PTA overlays. Hardness, mechanical proper-
ties, and galling wear resistance were determined
on weld overlays and on cast alloys. Dilution and
thermal expansivity were determined for weld
overlays. X-ray diffraction and scanning electron
microscopy were used to determine the alloys'
microstructures. Other commercially available al-
loys were tested for galling wear resistance and
compared to iron-base alloys.

101. IMPROVING RADIATION SURVEY
DATA USING CADD/CAE (COMPUTER-
AIDED DESIGN AND DRAFTING COM-
PUTER-AIDED ENGINEERING). G. L.
PALAU and J £ . TARPINIAN. Transactions of
the American Nuclear Society. Vol. 55. Novem-
ber 15-19. 1987. pp. 571-572.
A new application of computer-aided design and
drafting (CADD) and computer-aided engineer-
ing (CAE) at the Three Mile Island Unit 2 (TMI-2)
cleanup is improving the quality of radiauon sur-
vey data taken in the plant. The use of
CADD/CAE-generated survey maps has in-
creased both the accuracy of survey data and the
capability to perform analyses with these data. In
addition, health physics technician manhours and
radiation exposure can be reduced in situations
where the CADD/CAE-generated drawings are
used for survey mapping.

102. MECHANICAL DECONTAMINATION
TECHNIQUES FOR FLOOR DRAIN SYS-
TEMS. G.L. PALAU and M. SAIGUSA.
Transactions of the American Nuclear Society.
Vol. 55. November 15-19. 1987. pp. 231-232. '
The unprecedented nature of cleanup activities at
Three Mile Island Unit 2 (TMI-2) following the
1979 accident has necessitated the development
of new techniques to deal with radiauon and con-
tamination in the plant. One of these problems
was decontamination of floor drain systems,
which had become highly contaminated with vari-
ous forms of dirt and sludge containing high le ve Is
of fission products and fuel from the damaged
reactor core. The bulk of this contamination is
loosely adherent to the drain pipe walls. How-



ever, significant amounts of con'aminau'on have
become incorporated into pipe wall oxide and
corrosion layers and embedded in microscopic
pits and fissures in the pipe wall material. The
need to remove this contamination was recog-
nized early in the TMI-2 cleanup effort A pro-
gram consisting of development and laboratory
testing of floor drain decontamination techniques
was undertaken early in the cleanup with support
from the Electric Power Research Institute
(EPRI). Based on this initial research, two tech-
niques were judged to show promise for use at
TMI-2: a rotating brush hone system and a high-
pressure water mole nozzle system. Actual use of
these devices to clean floor drains at TM-2 has
yielded mixed decontamination results. The de-
contamination effectiveness that has been ob-
tained is highly dependent on the nature of the
contamination in the drain pipe and the combina-
tion of decontamination techniques used.

103. GUIDELINES FOR EVALUATION OF
CHEMICAL DECONTAMINATION RE-
SULTS. K.L. ATWOOD and R.L. HAYS.
Transactions of the American Nuclear Society.
Vol. 55, November 15-19.1987, p. 228.

The use of chemical solutions for removal of
activated corrosion products from components
and systems is being practiced more frequently as
a technique to comply with the as-low-as-reason-
ably-achievable (ALARA) principle for nuclear
plant maintenance programs. The industry has
been slow in accepting the use of chemical decon-
tamination as a routine maintenance tool. This is
partially related to a reluctance to put chemicals
in plant systems without overwhelming evidence
of safety, but is also related to a lack of under-
standing of the benefits associated with cleaning.
To fully identify and quantify the benefits associ-
ated with chemical decontamination, a consistent
basis for measuring, evaluating, and reporting
results is required. Once comparable data are
available on specific maintenance programs, ef-
fective evaluations can be made of the benefits
associated with performance of decontamination
programs. The purpose of this paper is to evaluate
those parameters that affect decontamination sol-
vents' ability to remove activated corrosion prod-
ucts and relate these factors to evaluation of
cleaning results. The measurement locations and
techniques used to evaluate cleaning results are
also considered and discussed within the frame-
work of a chemical decontamination demonstra-
tion project performed on reactor water cleanup

(RWCU) purap systems at the Tennessee Valley
Authority's (TVA's) Browns Ferry Nuclear Plant
(BFNP).

104. SHEPPINGPORT STATION DECOM-
MISSIONING PROJECT TECHNOLOGY
TRANSFER PROGRAM. M L . MCKER-
NAN and G.A. PERSON. Transactions of me
American Nuclear Society, Vol. 59. June 4-8.
1989, pp. 71-72.

The US Department of Energy (DOE) Shipping-
port Station Decommissioning Project (SSDP)
decontaminated and dismantled the world's first
nuclear-fueled, commercial-size electric power
plant. The SSDP programmatic goal direction for
technology transfer is documentation of project
management and operations experience. The ob-
jective is to provide future nuclear facility decom-
missioning projects with pertinent SSDP
performance data for project assessment, plan-
ning, and operational implementation. This paper
sets out access and availability directions for
SSDP technology acquisition. There are discus-
sions on technology transfer definition, technol-
ogy transfer products including topical and other
project reports, professional-technical society
presentations, other project liaison and media re-
lations, visual documentation and technology
transfer data base, and retrieving SSDP informa-
tion.

105. SHIPPINGPORT STATION DECOM-
MISSIONING PROJECT SITE RELEASE
PROTOCOL. J.W. HANDY. Transactions of
the American Nuclear Society. Vol. 59. June 4-8.
1989. pp. 65-66.
The Richland. Washington, field office of (he VS
Department of Energy (DOE) and its remedial
actions contractor. General Electric Company
(GE) took possession of the Shippingport Station
Decommissioning Project (SSDP) site in Septem-
ber 1984. In February of the following year, DOE
headquarters issued generic, site-independent
guidelines taken from existing radiation protec-
tion standards. Basic generic dose litnits were
English equivalents of 1 mSv/yr (100 mrem/vr)
averaged over the lifetime of any individual mem-
ber of the general public. Hot spot Urn its were
given. Occupied or habitable stmctures were lim-
ited to 5.2 x 10"̂  C/kg»h (20 mR/h). Surface
contamination was limited to that of US Nuclear
Regulatory Commission (NRC) Regulatory
Guide 1.86. Table I. plus average and maximum
contact dose rates of 2 uGy/h(0.2 mrad/h)and JO
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uGy/h (1 mrad/h), respectively. In addition, all
exposures were to be limited to levels that (were)
as low as reasonably achievable (ALARA).
Authorized limits higher than these guidelines
were allowed under given exceptional circum-
stances. GE determined the allowable radionu-
clide concentrations that could remain in soil,
including rubble, and not dose the resident fanner
to more than 1 mSv/yr. Under more conservative
scenarios, however, exposures were controlled
for buried, potentially occupationally occupiable,
concrete substructures, to souvenir items, or to
buried, but potentially exposed, concrete slabs.
The scenario's pathways were incorporated by
GE into a document implementing specific site
release criteria that cannot be exceeded if the site
is to be released unconditionally.

106. POPULATION AND WORKER DOSES
AT DOE SITES AND COMMERCIAL GEN-
ERATING STATIONS. J.G. STEPHAN, L.G.
FAUST, J.M. SELBY, and E.E. HICKEY. Trans-
actions of ihe American Nuclear Society. Vol. 59,
June 4-8, 1989, pp. 46-*7.
Operations of nuclear facilities in the United
States for defense and commercial purposes are
subject to strict, federally mandated monitoring
and reporting requirements to determine radiation
exposure from ongoing activities. Radiation ex-
posures for workers and the off-site population are
reported annually for each site. This paper in-
cludes an overview of doses from the operations
and waste management of US Department of En-
ergy (DOE) sites and population doses reported
for US commercial nuclear generating plant sites,
which are also interim waste-storage facilities for
spent reactor fuel.

107. IMPLICATIONS OF A REDUCTION IN
OCCUPATIONAL RADIATION EXPOSURE
LIMITS. J.I. CEHN. Transactions of the
American Nuclear Society, Vol. 59. June 4-8,
1989, pp. 39^*0.

There are strong indications that the International
Commission on Radiological Protection (ICPR)
will issue revised limits on occupational exposure
to ionizing radiation in 1990. Many countries will
adopt these limits, as they have done in the past.
One country. Great Britain, has already issued an
interim guidance statement recommending a limit
of 1.5 rem/yr. Although the United States is not
bound by ICRP recommendations, it is unlikely
that it would continue with limits that are higher
than other western countries. The impact of a

change in exposure limits on the nuclear industry
is discussed in this paper. Some changes to the
philosophy of radiation protection that would help
accommodate lower limits are suggested. Im-
provements in dose tracking and dose monitoring
are discussed.

108. KEEPING RADIATION EXPOSURES
AT US AND EUROPEAN NUCLEAR
POWER PLANTS AS LOW AS REASON-
ABLY ACHIEVABLE. W.L. BRITZ. Transac-
tions of the American Nuclear Society, Vol. 59.
June 4-8.1989. pp. 38-39.

The purpose of this paper is to compare the past
and most recent cumulative radiation exposures
to radiation workers at US and European nuclear
power plants and discuss the factors that have
resulted in the trends and differences. The United
States has been effectively reducing its radiation
exposures. The management process, however,
must be unproved in order to effectively reduce
the radiation exposures in a cost-effective manner
in (he future.

109. VOICE COMMUNICATION SYSTEMS
COMPATIBLE WITH RESPIRATORY PRO-
TECTION - FINAL REPORT. M.D. DONO-
VAN. J.H. BAILEY, and R.G. AYERS. Electric
Power Research InsL. Palo Alto. CA; Arinc Re-
search Corp., Annapolis, MD. EPR1-NP-6559.
November 1989.

The needs and benefits of improved voice com-
munication systems for nuclear plant mainte-
nance workers in respiratory protection devices
are discussed. The results of a literature survey are
presented, as are results of on-site interviews to
determine voice communication requirements
during maintenance task performance and envi-
ronmental conditions in which communication
equipment is used. General technical require-
ments fora voice communication system compat-
ible with respiratory protection devices are
defined. From the results of a survey of commu-
nication equipment vendors, it is concluded that
radio systems that meet most of these require-
ments are commercially available but are not in
widespread use in the nuclear industry. The expe-
rience of current users of these communication
systems, as determined during interviews at sev-
eral nuclear plants, is discussed. Guidelines for
[he selection, use. and maintenance of voice com-
munication systems are presented.



110. DOSE MANAGEMENT: WEIGHING UP
THE COSTS AND BENEFITS OF REMOTE
MAINTENANCE. C. LEFAURE. J.
LOCHARD. and A. BLAIN (Centre d'Etude sur
I'Evaluation de la Protection dans le Domaine
Nucleaire, 92 - Fontenay-aux-Roses (France);
FRAMATOME. Lyon (France)). Nnclenr Engi-
neering fp((»fnnrif>nai Vol. 34, Issue 419, June
1989. pp. 38-40.
Reducing occupational exposure during mainte-
nance, while at the same time preserving the eco-
nomic viability of nuclear power plants, will be
one of the major challenges to be faced by the
industry over the next decade. Increased use of
robotics is a possibility. The costs and benefits are
examined in this paper, (author).

111. TECHNICAL SAFETY APPRAISAL OF
THE FAST FLUX TEST FACILITY, WEST-
INGHOUSE HANFORD COMPANY.
USDOE Assistant Secretary for Environment,
Safety, and Health. Washington, D.C. DOE/EH-
0101.' October 1989.

This report presents the findings and concerns
from the second Technical Safety Appraisal of the
Fast Flux Test Facility. The appraisal was con-
ducted during site visits of August 7-11 and Au-
gust 21-30, 1989. The first Technical Safety
Appraisal was conducted in February-March
1986. The Fast Flux Test Facility is located on the
US Department of Energy Hanford Site near
Richland. Washington, and is operated by the
Westinghouse Hanford Company. This facility
was designed specifically for irradiation resting of
nuclear reactor fuels and materials for liquid-met-
al-fast-breeder reactors. The term Fast Flux Test
Facility includes the reactor as well as the equip-
ment and structures for heat removal, contain-
ment, core component handling and examination,
instrumentation and control, and for supplying
utilities and services such as emergency power
generation and irradiated fuel storage.

112. SAFETY ASPECTS OF THE US AD-
VANCED LIQUID METAL REACTOR
(LMR) DESIGN. D.R. PEDERSEN, G.L.
GYOREY, J.F. MARCHATERRE, and S. RO-
SEN (Argonne National Laboratory, EL; General
Electric Co.. San Jose. CA) CONF-890841-3,
1989.
The cornerstones of the United States Advanced
Liquid Metal Cooled Reactor (ALMR) program
sponsored by the Department of Energy are: the

plant design program at General Electric based on
the PRISM (Power Reactor Innovative Small
Module) concept, and the Integral Fast Reactor
program (IFR) at Argonne National Laboratory
(ANL). The goal of the US program is to produce
a standard, commercial ALMR. including the as-
sociated fuel cycle. This paper discusses the US
regulatory framework for design of an ALMR.
safety aspects of the IFR program at ANL. the IFR
fuel cycle and actinide recycle, and the ALMR
plant design program at GE.

113. RADIATION EXPOSURE MANAGE-
MENT MAKES SENSE. A.H. FERO (West-
inghouse Electric Corp., Nuclear Technology
Div., Radiation and Systems Analysis). In: the
Proceedings of a Symposium - ANS executive
conference on Dollars and Sense in Good Radia-
tion Protection Management, held in San Diego.
CA. December 9-12. 1984. pp. 1-2.
The experience at Westinghouse has been thai
radiation exposure management does, in fact.
make sense both philosophically and economi-
cally. However, it is economics which truly drives
the innovation process. Almost every significant
change which has the effect of reducing occupa-
tional radiation exposure does so in such a way as
to also reduce the cost of operating and/or main-
taining a nuclear power plant. This paper demon-
strates this idea through a discussion of four
examples: the recent replacement of the steam
generators at the Point Beach Nuclear Power
Plant; control of reactor coolant system chemis-
try, elimination of the RTD bypass loop; and the
development of the Remotely Operated Service
Arm (ROSA).

114. UPGRADING RADIOLOGICAL WORK
PRACTICES THROUGH EMPLOYEE PAR-
TICIPATION. W.L. BECKMAN. Transac-
tions of the American Nuclear Society, Vol. 57.
October 30 - November 4.1988. pp. 62-63.

Following the shutdown of the Midland Plant in
1984. Consumers Power Company found itself
with a need to reorganize its nuclear operations
department. The reorganization took place in No-
vember 1984. At that timem the plant was just
completing an intermittent outage that had begun
in September 1983. Over the previous 2 years, the
plant had expended 1.500 person-rem and gener-
ated 1330 m of radioactive waste. In addition, an
overexposure and a shipping violation in early
1984 had contributed to a deteriorating regulatory
picture for radiological services. In an attempt lo
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understand the problem confronting the plant, the
new organization set up a group of meetings for
each department to identify their barriers to be-
coming a high-performance organization. These
meetings, which became known as barrier meet-
ings, were used to identify barriers to perform-
ance, such as overly restrictive requirements,
excessive paperwork, facility limitations, and im-
proper job assignments. Following the barrier
meetings, corrective actions and individuals re-
sponsible for completing these xtions were iden-
tified. Most recent efforts have been in upgrading
radiological work practices.

115. ACCELERATOR HEALTH PHYSICS AT
DOE LABORATORIES: A CHARACTERI-
ZATION. L. V. COULSON. A.J. ELWYN, and
W.S. FREEMAN (Fermi National Accelerator
Laboratory, P.O. Box 500. Batavia, IL). FN-510.
April 12,1989.
In January 1986. the Department of Energy des-
ignated Fermilab as the Lead Laboratory for Ac-
celerator Health Physics Research (AHP Lead
Lab). The primary purposes of AHP Lead Lab is
to advise DOE of those areas of accelerator health
physics research which should be pursued, and to
help prioritize them. As a first step toward pro-
viding such advice, visits were made to the vari-
ous DOE laboratories which have accelerator
facilities to observe and tour the facilities, discuss
problem areas with accelerator health physicists,
and to solicit opinions for improving health phys-
ics programs. There are sections on the facilities,
which describe the accelerator complex, the char-
acteristics of the radiation fields, the kinds of
instrumentation in use to define and quantify the
fields, and the personnel dosimetry programs cur-
rently in place. Each section contains an introduc-
tion which is a summary for all labs, followed by
specific features germane to each facility. The
descriptions are not meant to be exhaustive or to
even give a complete picture of the total health
physics program. A final section reports on ac-
celerator health physics research activities, and a
preliminary assessment of research needs in this
area.

116. SHIELDING OPTIMIZATION FOR
MEDICAL ELECTRON ACCELERATORS.
B. LORENZ (Staatliches Amt Fer Atomrichemet
Und Strakenschutz). IAEA-SM-285/14, 1986.
While optimization as a general principle is con-
vincing and easily agreed upon, the use of quan-
titative techniques as a tool in decision making or

in designing meets with reluctance. The instance
of shielding optimization for medical electron
accelerators is adduced to demonstrate the pros
and cons of the differential cost benefit analysis.
Due to large parameter variation a definite solu-
tion does not exist On the basis of the most
probable parameter set the optimized average in-
dividual dose for radiation workers is about 1
mSv/a. However, this solution involves subjec-
tive judgement and is, therefore, semi-quantita-
tive. To find out the optimum shielding thickness,
the coincidence of model calculations with meas-
ured data has to be checked. The current practice
based on a design goal of 5 mSv/a is supported by
the differential cost benefit analysis.

117. REP'JCBVG EXPOSURES TO AS LOW
AS PRACTICABLE ATTHE BROOKHAVEN
NATIONAL LABORATORY'S ALTERNAT-
ING GRADIENT SYNCHROTRON (AGS).
RADIATION ADVISORY COMMITTEE
(Brookhaven National Laboratory, AGS. Build-
ing 913. Upton, NY) October 24.1975.
The Radiation Advisory Committee of the Accel-
erator Department at the BNL has reviewed the
AGS facility, programs, operations and proce-
dures in order to identify those areas where both
individual radiation exposures and particularly,
total man-rem levels can be further reduced. The
AGS research facility services high energy phys-
ics experiments by providing primary and secon-
dary particle beams of various descriptions,
energies, and intensities. The major radiation
burden (more than 80%) results from maintenance
and repair of beam equipment which has been
activated by unavoidable beam losses or by sec-
ondaries emerging from primary targets. The re-
port documents considerable department activity
and substantial progress in the area of exposure
control.

118. RADIATION PROTECTION AT HIGH
ENERGY HEAVY ION ACCELERATORS.
H J>. WEISE. In: the Proceedings of the Interna-
tional Congress of the International Radiation
Protection Association. IRPA 7. held in Sydney.
Australia. April 10-17. 1988. pp. 124-127.

The radiological impact in the environment of
high energy accelerators is given by the following
main contributions: prompt radiation consisting
mainly of neutrons which originate from shields:
activated air released from the accelerator build-
ing; and skyshine of neutrons emitted into the air
above the accelerator. Radiation exposure o( the
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public due to activated ground water was found to
be of no concern. Simple relationships have been
derived which allow the calculation of the three
dominant contributions to the radiation impact of
heavy ion accelerators operating in the energy
region between 0.4 and 2 GeV/nucleon.

119. THE DEVELOPMENT PROGRAMME
FOR THE DECOMMISSIONING OF THE
WINDSCALE ADVANCED GAS-COOLED
REACTOR. E.H. PERROTT and J.R. WAKE-
FIELD. In: the Proceedings of The Institution
of Mechanical Engineers Decommissioning of
Major Radioactive Facilities. Institution of Me-
chanical Engineers. 1988, pp. 201-207.
The major items in th3 UKEA Windscale Ad-
vanced Gas-cooled Reactor (WAGR) decommis-
sioning development programme are discussed.
The areas covered include plant radioactivity as-
sessment (both for operator safety and waste mart-
agement), dismantling techniques, remote
manipulation and viewing requirements, and fil-
tration and decontamination techniques.

120. DECONTAMINATION AND DECOM-
MISSIONING OF A FUEL REPROCESSING
PILOT PLANT. W.F. HEINE and D.R.
SPEER. In: the Proceedings of the Institution of
Mechanical Engineers Decommissioning of Ma-
jor Radioactive Facilities. Institution of Mechani-
cal Engineers. 1988, pp. 139-144.
The Strontium Semi works Pilot Fuel Reprocess-
ing Plant at the Hanford Site in Washington State
was decommissioned by a combination of dis-
mantlement and entombment. The facility con-
tained 9600 Ci of Sr-90 and 10 Ci of plutonium.
Process cells were entombed in place. The above-
grade portion of one cell with 1.5 m (5 ft) thick
walls and ceilings was demolished by means of
expanding grout. A contaminated stack was re-
motely sandblasted and felled by explosives. The
entombed structures will be covered with a4.6 m
(15 ft) thick engineered earthen barrier.

121. DECOMMISSIONING PROJECT OF
THE FORMER EUROCHEMIC REPROC-
ESSING PLANT AT DESSEL, BELGIUM.
J. CLAES, L. GEENS. and H. MEYERS. In: the
Proceedings of the Institution of Mechanical En-
gineers International Conference Decommission-
ing of Major Radioactive Facilites. Institution of
Mechanical Engineers. 1988, pp. 77-85.

A general description of the decommissioning
project of the former Eurochemic reprocessing
plant located at the nuclear site of Mol-Dessel.
Belgium, is given. The history of Eurochemic. as
well as the successive decisions taken since the
shutdown in 1974, are outlined. The preliminary
and ongoing detailed studies focus on: the defini-
tion of the facilities to be dismantled and their
degree of dismantling in relation to the present
and future nuclear activities onsite. the inventory
of dismantling materials, the waste management
options, and planning and cost estimates. Up-
dated information is presented on the present
status of the pilot project, i.e. the dismantling of
the former end product storage.

122. DECOMMISSIONING THE WIND-
SCALE ADVANCED GAS-COOLED REAC-
TOR: A DEMONSTRATION PROJECT FOR
U.K. REACTORS. P.J. THOMAS. T. BOOR-
MAN, and Ail. GREGORY. In: the Proceed-
ings of the Institution of Mechanical Engineers.
International Conference. Decommissioning of
Major Radioactive Facilites. Institution of
Mechanical Engineers. 1988, pp. 1-10.
A description is given of the project to decommis-
sion to Stage 3 the Windscale Advanced Gas-
cooled Reactor, which is being carried out by the
UKAEA with the support and paticipation of the
UK Generating Boards. The engineering pro-
gramme and progress to date are detailed.

123. PLANNING AND OPERATIONAL EX-
PERIENCE OF DECOMMISSIONING
TRANSURANIC CONTAMINATED RADIO-
ACTIVE FACILITIES AT ATOMIC WEAP-
ONS ESTABLISMENT ALDERMASTON.
S.A. FLOOK and H. DOWNS. In: the Proceed-
ings of the Institution of Mechanical Engineers.
International Conference. Decommissioning of
Major Radioactive Facilites. Institution of
Mechanical Engineers. 1988. pp. 88-93.

This paper describes recent experience at AWE
Aldermaston of decommissioning redundant ra-
dioactive facilities. So far two major facilities
have been decommissioned, a further one is well
advanced, and one other has been planned in
detail. The paper briefly outlines decommission-
ing policy, strategy and the phased approach to
decommissioning adopted at Aldermaston. The
objective of decommissioing at AWE and the
nature of the problem associated with transuramc
alpha emitting contaminants is given. In order to
undertake this work in a safe and effective man-
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ner, managerial procedures for controlling the
detailed planning and subsequent execution of
decommissioning tasks have been set up. These
are mainly concerned with the use of specialist
decommissioning contractors although the use of
direct labour and an in-house decommissioning
task force is described. The paper also covers the
application of Quality Assurance techniques to
decommissioning and the importance of adequate
site preparation in advance of a contract decom-
missioning operation. Decommissioning costs,
u mescales and manpower requirements are given
in outline with indications of the relative balance
between intramural and extramural resources.The
experience gained from the work carried out is
discussed in some detail, with indications of the
lessons teamed and pointers to the future.

124. DECOMMISSIONING OF MAJOR RA-
DIOACTIVE FACILITIES. J.H. LARGE.
In: the Proceedings of the Institution of Mechani-
cal Engineers. International Conference. Decom-
missioning of Major Radioactive Facilites.
Institution of Mechanical Engineers. 1988. pp.
241-245.

The decision-making process involving the de-
commissioning of the UK graphite moderated,
gas-cooled nuclear power stations is complex.
There are timing, engineering, waste disposal,
cost and lost generation capacity factors to con-
sider and the overall decision of when and how to
proceed with decommissioning which may in-
clude political and public tolerance dimensions.
These factors and dimensions are briefly reviewed
with reference to the aging Magnox power sta-
tions. It is concluded that the UK nuclear industry
has adopted a policy of deferred decommission-
ing, that is. delaying the process of complete
dismantlement of radioactive components and as-
semblies for at least one hundred years following
close down of the plant. In following this option
the nuclear industry has expressed considerable
confidence that: the technology required will be-
come available with passing time, acceptable ra-
dioactive waste disposal methods and facilities
will be available, and the eventual costs of decom-
missioning will not escalate without restraint. If
the UK nuclear industry is to move forward with
a new generation of high temperature, gas-cooled
reactors, then features facilitating decommission-
ing need to be incorporated at the design concept
and detailing stages: although such decommis-
sioning prerequisites may not be compatible with
the total containment and integrated reactor pres-

sure vessel aspects that feature so strongly in the
UK reactor design philosphy.

125. SAMPLING PLAN FOR THE UNCON-
DITIONAL RELEASE OF BUILDING MA-
TERIALS AND SIMILAR LARGE
COMPONENTS ENCOUNTERED IN DE-
COMMISSIONING. D.L. GARDNER and
KJ. EGER. Transactions of the American Nu-
clear Society. Vol. 54, 1987. pp. 48-50.

The most efficient sampling plan for the uncondi-
tional release of building materials and similar
large components encountered in decommission-
ing can be developed without requiring 100%
coverage by measurements on all surfaces. This
plan is being implemented in decommissioning of
the Shippingport Atomic Power Station. The
backbone of the plan is the checking and recheck-
ing of the candidate material so that there is a high
degree of assurance that it is releasable before the
final survey is performed.

126. DECOMMISSIONING PLAN DE-
PLETED URANIUM MANUFACTURING
FACILITY. D.E. BERNHARDT, J.D. PITT-
MAN, and S.V. PREWETT. In: the Proceedings
of Waste Management "87. Held in Tucson. AZ.
March 1-5.1987. pp. 533-538.
Aerojet Ordinance Tennessee, Inc. (Aerojet) is
decommissioning its California depleted uranium
(DU) manufacturing facility. Aerojet has con-
ducted manufacturing and research and develop-
ment activities at the facility since 1977 under a
State of California Source Materials License. The
decontamination is being performed by a contrac-
tor selected for technical competence through
competitive bid. Since the facility will be re-
leased for uncontrolled use. it will be decontami-
nated to levels as low as reasonably achievable
(ALARA). In order to fully apply the principles
of ALARA. and ensure the decontamination is in
full compliance with appropriate guides. Aerojet
has retained a contractor to assist in the decom-
missioning. The contractor has assisted in char-
acterizing the facility and preparing contract bid
documents and technical specifications to obtain
a qualified decontamination contractor. The con-
tractor will monitor the decontamination work
effort to assure the contractor's performance com-
plies with the contract specifications and the de-
contamination plan.The specifications require a
thorough cleaning and decontamination of the
facility, not just sufficient cleaning to meet the
numeric radiation cleanup criteria.
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127. CHEMICAL CLEANING OF DRESDEN
UNIT 1-FINAL REPORT. K.M. DAGES and
L.T. WRIGHT (IT Corporation. Commonwealth
Research Corporation. Knoxville. TN).
DOE/ET/34205-34. May 1986.
This report discusses the status of all of the activi-
ties conducted in preparation for the chemical
cleaning of the Dresden-1 Nuclear Power Plant of
Commonwealth Edison in Illinois. The metallur-
gical testing of a solvent and its ability to remove
radioactivity are reviewed. Included are all engi-
neering details relating to the modifications to the
primary system to be able to perform the chemical
cleaning and to rinse the cleaning solvent out of
the equipment. A facility to store and process
spent cleaning solutions is described in detail.
Construction activities and preoperational activi-
ties are recounted. Licensing activities, quality
assurance, safety, and radiation protection are dis-
cussed. The report includes recommendations for
future actions for restarting the project when ap-
proval is received. All of the efforts discussed in
this final status report led to the conclusion that
the chemical cleaning, as planned, was feasible.
All of the necessary modifications and new equip-
ment are in place and are operational.

128. DECONTAMINATION OFTRU GLOVE
BOXES. J.H. CRAWFORD (E.I. DuPont de
Nemours and Company, Savannah River Labora-
tory. Aiken. SO. DP-1473. March 1978.
Two glove boxes that had been used for work with
transuranic nuclides (TRU) for about 12 years
were decontaminated in a test program to collect
data for developing a decontamination facility for
large equipment highly contaminated with alpha
emitters. A simple chemical technique consisting
of a cycle of water flushes and alkaline perman-
ganate and oxalic acid washes was used for both
boxes. The test showed that glove boxes and
similar equipment that are grossly contaminated
with transuranic nuclides can be decontaminated
to the current DOE nonretrievable disposal guide
of less than 10 nCi TRU/g with a moderate
amount of decontamination solution and man-
power. Decontamination of the first box from an
estimated 1.3 Ci to about 5 mCi (6 nCi/g) required
1.3 gallons of decontamination solution and 0.03
man-hour of work for each square fool of surface
area. The second box was decontaminated from
an estimated 3.4 Ci to about 2.8 mCi (4.2 nCi/g)
using 0.9 gallon of decontamination solution and
0.02 man-hour for each square foot of surface

area. Further reductions in contamination were
achieved by repetitive decontamination cycles,
but the effectiveness of the technique decreased
sharply after the initial cycle.

129. ROBOTIC DECONTAMINATION AT
THESAVANNAH RIVER PLANT. W . N .
RANKIN. R.F. FOGLE. and M.G. LOPER (E.I.
duPont de Nemours and Co.. Aiken. SC) and
W.K. HAYWARD and E.E. WALKER (Bechtel
National, Inc., Oak Ridge. TN). DP-MS-88-107.
1989.

Robotic decontamination techniques have been
developed and used in two applications at the
Savannah River Plant (SRP). Equipment was
first used in a nonradioacuve mockup at the Sa-
vannah River Laboratory (SRL) to demonstrate
robotic techniques and to train personnel prior to
radioactive work. In actual field testing, radiation
levels were reduced to goal levels with minimal
exposure of personnel to radiation. The equip-
ment and strategy used to decontaminate the ra-
diation area are discussed.

130. PRELIMINARY MOLTEN SALT EX-
TRACTION EXPERIMENTS WITH DICE-
SIUM HEXACHLOROPLUTONATE
(CS2P11CI2). J.L. LONG. T.J. HUMISTON,
and A. M. MURRAY (Rockwell International.
Rocky Flats Plant, Golden. CO). RFP-4203.1989.
Dicesium hexachloroplutonate was prepared on a
200-gram scale and used as an oxidant in the
molten salt extraction process to remove ameri-
cium from plutonium metal. Single-pass extrac-
tion efficiencies exceeding 90% were achieved in
molten calcium chloride.

131. SEMI-AUTOMATED MONITORING
OF GLOVEBOX WORK STATIONS FOR
RADIATION HAZARDS. H.C. STALEY.
W.P. UNRUH. L.L. SPROUSE, T.H. KUCK-
ERTZ. W. BAIRD. J.L. MCATEE. and W. A.
TREADAWAY (Los Alamos National Labora-
tory. Los Alamos. NM). LA-UR-88-1300. 1988.
This paper describes a semi-automatic system
used for the collection, analysis, and archiving of
health-physics data from glovebox areas at the
Los Alamos National Laboratory Plutonium
Processing Facility. A mobile, computerized, and
battery-powered instrument acquires three
gamma and one neutron dose-rate measurements
at each glovebox. The user interface to the instru-
ment is via a hand-held, bar-code reader. Data
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collected by the instrument are recorded onto
diskettes and subsequently are analyzed using an
IBM-PC/AT personal computer, which serves as
the archival system.

132. ELECTRODECONTAMEMATION OF
GLOVE-BOX MATERIALS. E.L. CHILDS
and J.R. WINKEL (Rockwell International.
Rocky Flats Plant. Golden. CO). Nuclear Tech-
nology. Vol. 63. November 1983, pp. 271-285.
A basic electrolyte planned for use as an elec-
trodecontamination step in the Advanced Size
Reduction Facility is evaluated. The effects of
process variable on metal dissolution rates are
investigated, and optimum process conditions are
identified. Decontamination to low-level waste
standards is achieved through the removal of 2.4
mg/cm" metal surface. The fastest throughput
rates are achieved with solutions of pH 7, low
temperatures (35 degrees C), and with low-chro-
mium levels in the electrolyte. Electrical efficien-
cies of the process range from 10 to 20 percent.

133. 324 AND 325 BUILDING HOT CELL
CLEANOUT PROGRAM - AIR LOCK
COVER BLOCK REFURBISHMENT.
Y.B. KATAYAMA. R.. L.K. HOLTON, JR.. and

, R.M. GALE (Pacific Northwest Laboratory,
Richland, WA). PNL-6898, May 1989.
The high-density concrete cover blocks shielding
the pipe trench in the hot-cell air lock of the 324
Building Radiochemicai Engineering Cells had
accumulated fixed radioactivity ranging from
1.100 to 22.000 mrad/hr. A corresponding in-
crease in the radiation exposure to personnel en-
tering the air lock, together with ALARA
concerns, led to the removal of the contaminated
concrete surface with hydraulic spaller and the
emplacement of a stainless steel covering over a
layer of grout. The resultant saving in radiation
exposure is estimated to be 7,200 person-rem for
personnel completing burial box runs for the 324
and 325 Building Hot Cell Cleanout Program.
Radiation exposure to all staff members entering
the air lock is now at least 50% lower.

134. 324 AND 325 BUILDING HOT CELL
CLEANOUT PROGRAM - DECONTAMINA-
TION OF C-CELL. Y.B. KATAYAMA and
L.K. HOLTON, JR. (Pacific Northwest Labora-
tory, Richland. WA). PNL-6976. October 1989.

During FY 1989, the decontamination of C-Cell
of Hanford's 324 Building was completed as pan

of the 324 and 325 Building Hot Cell Cleanout
Program sponsored by the DOE Nuclear Energy's
Surplus Facilities Management Program. The de-
contamination effort was completed using a series
of remote and contact decontamination tech-
niques. Initial radiation readings in C-Cell aver-
aged 50 rad/hr and were reduced remotely to less
than 200 mrad/hr using an alkaline foam cleaner
followed by a 5000-psi water flush. Contact de-
contamination was then permissible using ultra
high-pressure water, at 36.000 psi. further reduc-
ing the average radiation level in the cell to less
than 86 mrem/hr. The approach used in decon-
taminating C-Cell resulted in a savings in radia-
tion exposure of 87% and a cost savings of 39%
compared to a hands-on prodedure used in A-Cell,
324 Building in 1987. The radiation dose and [he
costs to achieve a 244-fold reduction in radiation
contamination were 1.65 mrem per ft: and S96 per
ft2 of cell surface area.

135. SIMPLE METHOD FOR ISOLATING A
SOURCE OFTRITIATED WATER VAPOR.
J.H. METCALF (Sandia National Laboratory. Al-
buquerque. NM). SAND-88-2816C. October
1988.
A source of tritiated water vapor existed in G
tunnel at the Nevada Test Site which resulted in
internal, whole-body exposure of personnel work-
ing in this complex. In an effort to apply the
ALARA concept in this situation, it was necessary
to identify the source of the tritium. Attempts
were made to locate the source by taking air
samples on drierite for laboratory analyses, but
this technique was not sensitive enough to pin-
point (he source. A procedure will be described
using the exchange of tritium in water which was
effective in identifying the source of the tritium
and allowing corrective actions to be taken.

136. AIRLINE-TYPE SUPPLIED AIR SUIT 6
MIL. PVC WITH LARGE HOOD. O . D .
BRADLEY and R.J. HENINS (Monsanto Re-
search Corporation, Miamisburg. OH), 1989.
The Mound Plants"s Airline-Type Supplied Air
Suit was submitted through the Department of
Energy. Office of Quality Programs (DOE/OQP)
to the Los Alamos National Laboratory (LAND
Industrial Hygiene Group (HSE-5) Research and
Development Section (RDS) for testing and
evaluation. The data evaluating ihe suit was ob-
tained by the RDS following the outline and
schedules prescribed in ihe specification and test
procedures for airline-type supplied air suiis as
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specified by the Department of Engergy (DOE)
Respirator Advisory Committee (RAC). The
tests and results are described.

137. PREPARING BER U FOR UPRATEVG.
R. BALIKO and W. KRAL (Siem/KWU, Offren-
bach am Mian (FR Germany)). Ntmlp.ir Fnginrer-
ing Intpmntinnnl. Vol. 35. No. 426. January 1990.
pp. 56-57.
The Hahn-Meimer Institute (HMI) is extending
the life of the BER II German research reactor,
which has been in operation since 1973, to in-
crease the number of purposes for which the reac-
tor can be used. As part of its programme to
uprate the BER Q research reactor, it was neces-
sary to dismantle, remove and package the reactor
pool internals and then prepare the interfaces for
installation of the new equipment. The proce-
dures used and the radiation protection techniques
employed are described.

138. REDUCTION OF BETA ACTIVITY
FROM DEPLETED DERBIES, INGOTS
AND CRUCIBLES. G.G. BRIGGS. E.
SCHONEGG. and T.R. KATO (Westinghouse
Materials Company of Ohio. Feed Materials Pro-
duction Center, Cincinnati. OH). NLCO-2021,
September 1984.
The reduction of beta radiation on uranium ingot
and crucible surfaces was demonstrated in the
production casting operation by adding a mixture
of slag liner material (MgFj) and calcium fluoride
to the remelt charge. The beta emitters (Th234
and Pa234) are largely discharged with fluorides
into drums during a remote crucible burnout op-
eration, thereby reducing operator exposure to
beta radiation. A production test showed that very
low beta radiation from uranium flat castings can
be achieved by using derbies recently prepared by
reduction. Plant test with fluoride addition indi-
cate that pickling of derbies may not be necessary
for casting uranium flats from a plasma sprayed
(Z1O2) crucible. Also, ingots produced with fluo-
ride additions had less pipe as compared to stand-
ard production technique.

139. DECOMMISSIONING HANDBOOK.
W.J. MANIONandT.S. LAGUARD1A. (Nuclear
Energy Services, Inc., Danbury. CT).
DOE/EV/10128-1. November 1980.

This document is a compilation of information
perunenet to the decommissioning of surplus nu-
clear facilities. It has been prepared by Nuclear

Energy Services. Inc. for the U.S. Department of
Energy. This handbook is intended to describe all
stages of the decommissioning process including
selection of the end product, estimation of the
radioactive inventory, estimation of occupational
exposures, description of the state-of-the-art in
decontamination, remote cutting of heavy metal
components and structures, segmenting thick re-
inforced concrete stuctures. deposition of wastes,
and estimation of program costs. Presentation of
state-of-the-art technology and data related to de-
commissioning will aid in consistent and efficient
program planning performance. Particular atten-
tion is focused on available technology applicable
to those decommissioning activities that have not
been accomplished before, such as remote seg-
menting and handling of highly activated 1100
MW (e) light water reactor vessel internals and
thick-walled reactor vessels. Mechanical and
torch cutting techniques are described, including
recent developments in 'arc saw' technology.Ap-
plicability of the methods as a function of material
composition, thickness and configuration is dis-
cussed, cutting rates defined, and equipment and
procedures described. Other pertinent factors
covered include in-air and underwater applica-
tions, contamination control, and personnel pro-
tection. Similar information is presented for the
fracturing, segmenting, and rebar cutting of thick
concrete sections and for removal of contami-
nated piping systems. A summary of available
information associated with (he planning and es-
timating of decommissioning program is also pre-
sented. Summarized, in particular, are the
methodologies associated with the calculation
and measurement of activated material inventory,
distribution, and surface dose level, system con-
tamination inventory and distribution, and work
area dose levels. Cost estimating techniques are
also presented and the manner in which to account
for variations in labor costs, as impacting labor-
intensive work activities, is explained.

140. HS&E DESIGN CRITERIA FOR PLU-
TONIUM RECOVERY FACILITIES. K. D.
GRAVLEY and G. L. WEBBER (Rockwell In-
ternational Aerospace Operations. Rocky Rats
Plant. CO), February 1989.
The following design criteria supplements the
HS&E Performance Criteria for Plutonium Re-
covery Facilities 1986. revised February 1989.
The design criteria have been reviewed for current
application by the HS&E staff and axirdinatcd
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with DOE. RFAO and DOE, ALO Environment.
Safety and Health personnel.

141. TASK FORCE RECOMMENDATIONS
FOR TA-55 VAULT IMPROVEMENTS.
C.A. OSTENAK, L.R. AUSTIN, and D.L.
BRANDT (Los Alamos National Laboratory. Los
Alamos. NM). August 1,1985.
The TA-55 Vault Task Force was appointed by
the Los Alamos Materials Science and Technol-
ogy Division Office in late May 1985 to examine
current TA-55 vault operations and recommend
improvements to criticaiity safety, safeguards,
and personnel radiation exposures. To maximize
team participation, brainstorming techniques
were used to generate a comprehensive list of
prospective controls. Then basic utility theory
was applied to evaluate these controls and inte-
grate chose judged as 'best' into four alternative
systems for enhancing TA-55 vault operations.
These four systems fall under two major systems
concepts - automation and full shielding - and,
listed in order of preference, include: the wire-
guided stacker/retriever system and the shielded
roller-drawer, shielded roller-door, and shielded
lazy-Susan system.

142. DEMONSTRATION OF REMOTELY
OPERATED TRU WASTE SIZE REDUC-
TION AND MATERIAL HANDLING EQUIP-
MENT. M.G. LOOPER and D.L. CHARLES-
WORTH (E.I du Pont de Nemours and Company,
Savannah River Laboratory, Aiken, SC). DP-MS-
87-112, 1988.
The Savannah River Laboratory (SRL) is devel-
oping remote size reduction and material handling
equipment to prepare Pu238 and Pu239 contami-
nated waste for permanent disposal at the Waste
Isolation Pilot Plant (WIPP) in New Mexico. The
waste is generated at the Savannah River Plant
(SRP) from normal operation and decommission-
ing activity and is retrievably stored onsite. A
Transuranic Waste Facility for preparing, size-re-
ducing, and packaging this waste for disposal is
scheduled for completion in 1995. A cold test
facility for demonstrating the size reduction and
material handling equipment was built, and test-
ing began in January 1987.

143. CURRENT ABSTRACTS EM RADIOAC-
TIVE WASTE MANAGEMENT. OFFICE
OF SCIENTIFIC AND TECHNICAL INFOR-
MATION (U.S. Department of Energy. Oak

Ridge. TN). DOE/RWM-89/6 throusb
DOE/RWM-90/5. June 1989 through May 1990.
Radioactive Waste Management (RWM) an-
nounces, on a monthly basis, the current world-
wide information available on the critical topics
of spent fuel transport and storage, radioactive
effluents from nuclear facilities, techniques of
processing radioactive wastes, their storage, and
ultimate disposal. Information on remedial ac-
tions and other environmental aspects is also in-
cluded. The publications contain the abstracts of
DOE reports, journal articles, conference papers,
patents, thesies. and monographs added to the
Energy Data Base (EDB) during each month.
Also included are other U.S. information obtained
through acquisition programs or interagency
agreements and international information ob-
tained through the International Energy Agency's
International Nuclear Information System or gov-
emment-to-govemment agreements. This digest
in RWM and other citations to information on
radioactive waste back to 1948 are available for
on-line searching and retrieval on EDB and Nu-
clear Science Abstracts (NSA). Current informa-
tion, added daily to EDB. is available to DOE and
its contractors through the DOE Integrated Tech-
nical Information System.Customized profiles
can be developed to provide current information
to meet each user's needs. The entire Energy and
Nuclear Science Abstracts data bases are avail-
able on commercial on-line retrieval systems.

144. RISKS ASSOCIATED WITH UNRE-
STRICTED USE OF DECONTAMINATED
FACILITIES. D.E. BERNHARDT. V.C.
ROGERS, and S.V. PREWETT (Rogers and As-
sociates Engineering Corp.. Salt Lake City. UT
and GenCorp., Fairlawn, OH), 1989.
Termination of radioactive materials licenses re-
quires decontamination of facilities to criteria for
unrestricted release. Assessments are provided
for potential health risks associated with residual
levels of surface and dispersed radioacti viiy. The
assessments are based on the unrestricted use of
the facility, such as return to lease holder. Exter-
nal radiation esposure. inhalation of resuspended
activity, and ingestion of removable activity are
evaluated. The associated risks are compared lo
non-radiation risks such as commercial and indus-
trial operations, and risks associated with toxic
materials in the environment. For example, the
individual risks of cancer fatalities associated
with residual surface and soil radioactivity, ai'ier
release of a depleted uranium manufacturing fa-

19



cility, are estimated to be about one-tenth per
million per year of occupancy of the facility,
compared to nominal commercial business fatal
accident risks of about 10 per million per year.
Assessments for other radionuclides and non-ra-
diation risks will be given.

145. RESIDUAL RADIOACTIVITY GUIDE-
LINE: A COST-BENEFIT CONSIDERA-
TION. C. YU. J.M. PETERSON, and Y.
YUAN (Argonne National Laboratory, Argonne.
IL). Transactions of the American Nuclear Soci-
ety. Vol.55,1987, pp. 112-114.
The U.S. Department of Energy (DOE) has estab-
lished radiological protection guidelines for
cleanup of residual radioactive material located at
sites administered under the Formerly Utilized
Sites Remedial Action Program and Surplus Fa-
cilities Management Program. The methods and
data, for deriving site-specific guidelines and pro-
cedures for implementing DOE policy for reduc-
ing residual radioactivity to levels that are low as
reasonably achievable, are provided. This paper
examines the relative effects of annual dose lim-
its and cleanup costs on the allowable concentra-
tion of residual radioactivity. Two sites are
analyzed: Site A, a small site (1.4 ha) contami-
nated with uranium (an alpha emitter), and Site B,
a large site (77 ha) contaminated with Csl37 (a
beta-gamma emitter). For this analysis, uranium
is assumed to consist of U238. U234, and U235,
in their naturally occurring activity concentration
ratio.

146. A GUIDE FOR OBTAINING REGULA-
TORY APPROVAL TO DISPOSE OF VERY
LOW LEVEL (DE MEVEVHS) RADWASTE
BY ALTERNATIVE MEANS. J. DAVIS
(General Physics Corporation, Columbia. MD).
Presented to the NRC ACRS Subcommittee on
Waste Management and Reactor Radiological Ef-
fects. January 16, 1986.
The purpose of this study is to establish guidelines
for the preparation of applications for approval to
dispose of very low-level radioactive wastes in a
manner other than by transfer to a 10CFR Part 61
licensed facility. The guidelines may be useful
for incorporation into an NRC Regulatory Guide.
This study is based on information received from
interviews with NRC staff and on previous expe-
rience collected from nuclear utilities and NRC's
Public Document Room. Applications reviewed
and approved by the Office of Nuclear Reactor
Regulations (NRR) were studied and predomi-

nant characteristics identified. This information
was combined with NRC recommendations into
a guide for preparing 10CFR20.302 applications.

147. THE MOUND RADIOACTIVE MATE-
RIAL SOURCE CONTROL PROGRAM.
TECHNICAL MANUAL. J.A. MORLEY
(EG&G Mound Facility. Miamisburg, OH). MD-
10274, 1987.

The purpose of this manual is to provide guidance
for the safe handling of radioactive material
sources in order to ensure minimal exposure to
personnel by ionizing radiation. This manual rec-
ommends the general procedures and those re-
sponsible for the procurement, registration,
handling, labeling, inventory, storage, inspection.
and training, in regard to designated radioactive
material sources.

148. RADIATION PROTECTION RE-
QUIREMENTS FOR THE SAFETY OPERA-
TION OF UNENCLOSED AND PORTABLE
INDUSTRIAL DEVICES THAT PRODUCE
X-RAYS AND GAMMA RAYS. TECHNICAL
MANUAL. J.A. MORLEY (EG&G Mound Fa-
cility, Miamisburg, OH). MD-I0266. 1987.

The purpose of this manual is to recommend some
general requirements for the safe operation of
unenclosed and portable devices that product ion-
izing radiation at Mound Facility in order to
minimize personnel exposure. The manual de-
scribes (he recommended procedures and indi-
viduals responsible for the safe use of unenclosed
and portable devices thai produce x-rays and
gamma rays. Topics included are (he registration
of the devices, use of associated equipment, radia-
tion surveys, operating procedures, personnel do-
simetry, radiography training, and certification
and user control.

149. RADIATION PROTECTION RE-
QUIREMENTS FOR THE SAFE OPERA-
TIONS OF DEVICES THAT PRODUCE
IONIZING RADIATION. TECHNICAL
MANUAL. J.A. MORLEY (EG&G Mound Fa-
cility, Miamisburg, OH). MD-10261. 1987.

This manual recommends some general require-
ments for the safe operation of devices that pro-
duce ionizing radiation at Mound Facility in order
to minimize personnel exposure. The manual de-
scribes the general procedures and individuals
responsible for the procurement and registration
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of radiation producing devices and safety equip-
memt associated with devices, safety surveys for
radiation protection, use of standard operating
procedures, personnel dosimetry, operator train-
ing, and user control.

150. LEAD REMOVAL FROM RADIOAC-
TIVE VESSELS USING A MOBILE ROBOT.
RM. HECKENDORN and R.F. FOGLE (E.I. du
Pont de Nemours and Co., Savannah River Labo-
ratory. Aiken, SC). DP-MS-88-95, December 23,
1988.
The Robotics Development Group at the Savan-
nah River Laboratory (SRL) has developed and
implemented a technique for removing lead con-
terweights from highly radioactive ion exchange
vessels using a large teleoperated mobile robot
and custom design tooling. The ion exchange
vessels or deionizers present both a radiation and
a contamination hazard and, therefore, the lead
cannot be removed manually by plant personnel
using hand tools. Remote handling and manipu-
lation techniques, using a mobile robot and pneu-
matically operated power tools, have been used to
successfully remove lead from ten deionizer ves-
sels.

151. INEL HOT SHOP CONTAMINATION
CONTROL DURING TMI-2 CORE DEBRIS
HANDLING. L.D. CROFT (EG&G, Idaho
Falls. ID) and J.A. YEAZEL (DOE. Idaho Falls.
ID). Transactions of the American Nuclear Soci-
ety. Vol. 55. 1987. pp. 667^568.
The Idaho National Engineering Laboratory
(INEL) houses unique hot cell/hot shop facilities
used for remote handling and processing of highly
contaminated and radioactive nuclear fuels and
materials. These facilities are currently being
used to handle, examine, and temporarily store.
Three Mile Island Unit 2 (TMI-2) core debris.
These processes have created difficult but achiev-
able challenges to control radioactive contamina-
tion spread within these facilities and maintain
improving as-low-as-reasonably-achievable
(ALARA) trends. This paper presents ap-
proaches and resolution to radiation exposure re-
duction and contamination control challenges
incurred as part of the processing of TMI-2 core
debris.

152. DEVELOPMENT OF A REMOTE IN-
SPECTION ROBOT AND C A M E R A POSI-
TIONERS FOR REACTOR TANK
INSPECTION. B.R. BIRMINGHAM. M.A.
KILLIAN, D. J. PAK. and J.K. PARMER (E.I. du
Pont de Nemours & Co., Inc., Savannah River
Laboratory, Aiken, SC). DP-MS-86-114. Decem-
ber 19,1988.
The Equipment Engineering Division of the Sa-
vannah River Laboratory has developed an inte-
grated system of special purpose robots, camera
positioners, non-destructive evaluation (NDE)
data acquisition and analysis instrumentation,
electronic controls, and auxiliary hardware, to
perform remote ultrasonic and eddy current in-
spections inside the Savannah River Plant's nu-
clear reactor tanks. This paper presents the
mechanical development of the remote inspection
robot and camera positioner. The robot utilizes
six degrees-of-freedom to precisely position vari-
ous NDE sensors while scanning the inside wall
of the reactor tank. The 3-axis camera positioners
provide high-resolution views of the inspection
activities.

153. A ROBOTIC SYSTEM FOR PROCESS
SAMPLING. G.M. DYCHES (E.I. du Pont de
Nemours and Company. Savannah River Labora-
tory. Aiken, SC). DP-MS-85-46, October 31.
1985.

A three-axis cartesian geometry robot for process
sampling was developed at the Savannah River
Laboratory (SRL) and implemented in one of the
site radioisotope separations facilities. Use of the
robot reduces personnel radiation exposure and
contamination potential by routinely handling
sample containers under operator control in a
low-level radiation area. This robot represents the
intitial phase of a longer term development pro-
gram to use robotics for further sample automat-
ion. Preliminary design of a second generation
robot with additional capabilities is also de-
scribed.

154. ASEA 60/2 INDUSTRIAL ROBOT COM-
PLETION REPORT: B &. O APPLICATION.
S.J. FRINAK (Westinghouse Materials Company
of Ohio, Miamisburg. OH). July 5. 1988.
The primary objective of this committee was to
determine the feasibility of implementing robot-
ics at the Feed Materials Production Center and to
facilitate reduction of operator exposure lo radia-
tion. This was deemed a development project:



whereas the ASEA 60/2 industrial robot would be
tested in one application and then relocated to
another test operation. Due to the extensive man-
ual handling of cores at the Bardons and Oliver
Cut-off Lathe (B&0) and moderately high radia-
tion exposure levels, the first test application for
the ASEA 60/2 industrial robot was to unload
cores from the exit chute of the B&O. The robot
then loaded cores into a wooden box. Testing was
performed in two phases. Phase I was to load 32
boxes of cores in the same manner as the system
initially existed, i.e. without the robot. This man-
ual portion of the test began March 14,1988 and
ended on April 5, 1988. Phase n was to load 32
boxes of cores utilizing the robot This robot
portion of the test began April 11.1988 and ended
on April 14, 1988. The test produced a 100%
reduction in operator exposure to radiation be-
tween manual loading and robot loading. This
result was significantly more than initially ex-
pected.

155. A COMPENDIUM OF ROBOTIC
EQUIPMENT USED IN HAZARDOUS EN-
VIRONMENTS. F. GELHA US (EPR1. Palo
Alto, CA) and J.A. JONES (Applied Research
Company). EPRI-NP-6697. February 23. 1990.
This catalog presents characteristics, specifica-
tions, and illustrations of robotic devices that are
used in lieu of personnel in hazardous environ-
ments. For each system, this information indi-
cates the general capability for surveillance,
inspection, and manipulative and maintenance
tasks. Data on the manufacturers are provided
including, when available, a point of contact.
Four sections cover remote terrestrial vehicles,
underwater remotely operated vehicles, remotely
operated vehicles suitable for power plant appli-
cations, and remote pipe crawlers. The catalog is
indexed by manufacturer and by device name.

156. MOBILE TELE-OPERATOR FOR RE-
MOVING A CONTAMINATED JUNCTION
BOX. C.R. WARD and W.N. RANKIN (E.I. du
Pont de Nemours & Co.. Savannah River Labora-
tory, Aiken. SO. DP-MS-88-93. 1988.
At the Savannah River Plant a leak of radioactive
liquid in an equipment corridor had contaminated
the inside of a junction box to a level of 200 R/hr
measured at the exterior surface. The box would
have to be removed to allow normal maintenance
and repair of equipment in this section of the
corridor. It was estimated that a total exposure of
8 R would be required to remove the box manu-

ally, even with tools mounted on long poles. The
Robotics group at the Savannah River Laboratory
was asked to develop a method to remotely re-
move this junction box. In June of 1987. the
contaminated junction box was successfully re-
moved. Therefore, the use of the mobile tele-op-
erator for this task reduced the exposure by more
than 7 R.

157. DEMONSTRATION OF A REMOTELY
OPERATED TRU WASTE SIZE-REDUC-
TION AND MATERIAL HANDLING PROC-
ESS. J.A. STEWART. T.F. SCHULER. and
C.R. WARD (E.I. du Pont de Nemours & Co..
Savannah River Laboratory, Aiken, SC). DP-
MS-86-71, 1986.

Noncombustible Pu-238 and Pu-239 waste is gen-
erated, as a result of normal operation and decom-
missioning activity at the Savannah River Plant
and is being retrievably stored at the site. As part
of the long-term plan to process the stored waste
and current waste for permanent disposal, a re-
mote size-reduction and material handling proc-
ess is being tested at Savannah River Laboratory
to provide support for the plant TRU Waste Facil-
ity scheduled to be completed in 1993. The proc-
ess consists of a large, low-speed shredder and
material handling system, a remote worktable. a
bagless transfer system, and a robotically control-
led manipulator, or Telerobot. Initial testing of
the shredder and material handling system and a
cycle test of the bagless transfer system were
completed. User software was evaluated and
modified to support complete menu-driven opera-
lion. Telerobot prototype size-reduction tooling
was designed and successfully tested. Complete
nonradioactive testing of the equipment is sched-
uled to be completed in 1987.

158. ROBOTICS AT SAVANNAH RIVER.
J.S. BYRD (El. du Pont de Nemours & Co..
Savannah River Laboratory. Aiken, SC). DP-MS-
83-113.1983.
A Robotics Technology Group was organized at
the Savannah River Laboratory in August J982.
Many potential applications have been identified
that will improve personnel safety, reduce operat-
ing costs, and increase productivity, using modern
robotics and automation. Several active projects
are under way to procure robots, to develop
unique techniques and systems for the site's proc-
esses, and to install the systems in the actual work
environments. The projects and development
programs are involved in the following general



fabrication processes for reactor fuel assemblies,
4) sampling processes for separation areas, 5)
emergency response in reactor areas. 6) fuel han-
dling in reactor areas, and 7) remote radiation
monitoring systems. A Robotics Development
Laboratory has been set up for experimental and
development work and for demonstration of ro-
botic systems.

159. SHIELDED CELLS TRANSFER AUTO-
MATION. JJ . FISHER (E. I. du Pont de
Nemours & Co., Savannah River Laboratory,
Aiken. SC). DP-MS-83-104.1984.
Nuclear waste from shielded cells is removed,
packaged, and transferred manually, in many nu-
clear facilities. Radiation exposure is absorbed by
operators during these operations and limited only
through procedural controls. Technological ad-
vances in automation using robotics have allowed
a production waste removal operation to be auto-
mated, to reduce radiation exposure. The robotic
system bags waste containers out of glove box and
transfers them to a shielded container. Operators
control the system outside the work area via tele-
vision cameras.

160. POTENTIAL INCIDENTS APPLICA-
BLE TO THE HOT EXPERIMENTAL FA-
CILITY-PROCESS SYSTEM GROUP VL
A.H. DEXTER (E.I. du Pont de Nemours & Co..
Savannah River Laboratory, Aiken. SQ. DPST-
CFRP-80-110, June 1981.
The Savannah River Laboratory (SRL) is per-
forming several preliminary hazard analyses of
the Hot Experimetnal Facility (HEF), which is a
part of the Consolidated Fuel Reprocessing pro-
gram (CFRP) at the Oak Ridge National Labora-
tory. The HEF. as described in the Interim Design
Report (IDR), will be a versatile facility capable
of processing 0.5 metric tons of uranium-pluto-
nium fuel per day while demonstrating advanced
reprocessing of spent fuels from both breeder and
light water reactors. The SRL studies will serve
as one of a number of inputs to the conceptual
design of the HEF and will provide assurance that
safety concerns are incorporated early in the de-
sign effort.

161. POTENTIAL SAFETY-RELATED INCI-
DENTS WITH POSSIBLE APPLICABILITY
TO A NUCLEAR FUEL REPROCESSING
PLANT. W.C. PERKINS, W.S. DURANT.
and A.H. DEXTER (E.I. du Pont de Nemours &

Co.. Savannah River Laboratory. Aiken. SC). DP-
1558, December 1980.
The occurence of certain potential events in nu-
clear fuel reprocessing plants could lead to signifi-
cant consequences involving risk to operating
personnel or to the general public. This document
is a compilation of such potential initiating events
in nuclear fuel reprocessing plants. Possible gen-
eral incidents, and incidents specific to key opera-
tion in fuel reprocessing, are considered including
possible causes, consequences, and safety fea-
tures designed to prevent, detect, or mitigate such
incidents.

162. PRINCIPLES AND PRACTICES FOR
KEEPING OCCUPATIONAL RADIATION
EXPOSURES AT MEDICAL INSTITU-
TIONS AS LOWAS REASONABLYACHIEV-
ABLE. A. BRODSKY (U.S. Nuclear Regula-
tory Commission, Washington, DC). NUREG-
0267-R1, October 1982.
This report is a companion document to Regula-
tory Guide 8.18. 'Information Relevant to Ensur-
ing that Occupational Radiation Exposures at
Medical Institutions Will Be As Low As Reason-
ably Achievable.' Both documents have now
been revised to incorporate many good sugges-
tions received after the orginal documents were
published for comment. This report is a compen-
dium of good practices and helpful information
derived from the experience of the radiological
and health physics profession and is not to be
construed in any way as additional regulatory
requirements of the Nuclear Regulatory Commis-
sion, The information presented, including com-
prehensive checklists of facilities, equipment,
and procedures that should be considered for
working with NRC-licensed materials in all types
of hospital activities, is intended to aid the NRC
licensee in fulfilling the philosphy of maintaining
radiation exposures of employees, patients, visi-
tors, and the public, as low as reasonably achiev-
able (ALARA). Each subsection of this report is
designed to include the major radiation safely
considerations pertaining to ihe respective hospi-
tal function. Thus, the busy health professional
will need to read only a few pages of this docu-
ment at any one time to obtain the information
needed.
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163. RADIATION PROTECTION MANAGE-
MENT PROGRAM AT TMI-2: NOTE
WORTHY PRACTICES AND ACCOM-
PLISHMENTS. D.E. OWEN, D.D. BRADY.
and S i . OWRUTSKY (Pentek. Inc., Coraopolis,
PA). EPRI-NP-5338, August 1987.

A successful dose reduction program must utilize
disparate techniques such as sound technical un-
derstanding of contamination processes, thorough
training in ALARA principles, management and
worker commitment, and adequate tools. GPU
Nuclear Corporation's cleanup program at TMI-2
represents a unique opportunity to test tools and
techniques under real plant conditions not readily
achieved in a laboratory. The dose reduction tools
and techniques described herein have proven
beneficial in the course of the accident cleanup.
Each has potential for operating plant applica-
tions. This overview describes the problem that
each technique was developed to address, how
each tool was implemented, and how the imple-
mentation contributed to dose reduction.

164. RISK-BASED PRIORTTIZATION FOR
HEALTH PHYSICS UPGRADES. J . B .
HUNT, A.R. MEDLEY. J.J. RITTS. C.B.
SMITH, and PR. WASE.KO (Y-12 Plant, Oak
Ridge. TN). Y/PX-1 60, June 19, 1990.
Significant challenges are presented by making
the needed Health Physics and Radiation Protec-
tion Upgrades to bring the 40 year old Y-12 Plant
into compliance in a timely manner with the stin-
gem new requirements of DOE Order 5480.11.
Risk based techniques are used to prioritize the
upgrade projects, in order to maximize benefit and
minimize risk. Due to limited funding and the
extensive upgrades needed, a structured approach
is used to quantify risks aad cost and prioritize the
projects. A weighted risk matrix has been devel-
oped based on risk management theory, practica-
bilities of the current DOE management
philosophy, and a common sense approach to
having a useful tool for work prioritization. The
averted risk methodology is based on defining 19
adverse consequences of undersirable events and
4 ranges of probability of occurrence of the unde-
sirable events. Adverse consequence include:
public health and safety, environmental impacts,
worker health and safety, compliance with federal
laws, DOE orders, and audits, and business or
mission performance. Weights are developed for
each adverse consequence and repesentaiive
probabilities are used for each probability range.

unless specific probabilities are known. Averted
risk is equal to weight times probability. The 19
x 4 matrix of risk values is grouped into: (1)
immediate action, (2) short term action. (3) long
term action, and (4) acceptable risk. A Risk Pri-
oritization Board (RPB) composed of broadly ex-
perienced technical experts is used to establish the
averted risk values. A Resource Priority Board
reviews the RPB results. This prioritization tech-
nique has been successfully used for radiation
protection, OSHA. fire protection, environmental
waste management, and industrial hygiene up-
grade projects.

165. CHARACTERISTICS OF INTERNAL
AND EXTERNAL EXPOSURES TO WORK-
ERS BY JOB IN THE JAPAN ATOMIC EN-
ERGY RESEARCH INSTITUTE. J
AKAISHI (Japan Atomic Energy Research Inst..
Tokai, IbaraJa (Japan)). In: Radiation Protection
Practice. IRPA 7, International Radiation Protec-
tion Association, Washington, D.C.; Australian
Radiation Protection Society (AUS); the Proceed-
ings of a Symposium-7, held in Sydney. Australia
April 10-17. 1988, pp. 1444-1447.
It is useful to investigate the characteristics of
exposure to radiation workers by job category for
the reassessment of the appropriateness and effec-
tiveness of the monitoring methods and radiation
protection practice. As a first step, the annual
collective dose to workers in JAER1 has been
analysed by job category and type of exposure for
the years 1969-1986.

166. ANALYSIS OF OCCUPATIONAL RA-
DIATION EXPOSURE IN THE REPROC-
ESSING PLANT OF PNC, TOKAI. A. MAK-
INO (Power Reactor and Nuclear Fuel Develop-
ment Corp., Tokai, Ibaraki (Japan)). In:
Radiation Protection Practice, IRPA 7, Interna-
tional Radiation Protection Association. Wash-
ington. D.C.; Australian Radiation Protection
Society (AUS): Proceedings of a Symposium-7.
held in Sydney, Australia. April 10-17. 1988. pp.
1264-1267.
The reprocessing plant of PNC in Tokai-mura
(Tokai-plant) began the operation in 1980. how-
ever, the operation was suspended in 1983, be-
cause of the failure of acid recovery evaporator
and the pinholes that appeared at dissolvers.
While repairing the dissolvers with remote weld-
ing method, and the acid recovery evaporator with
direct maintenance by workers under high radia-
tion exposure in cell. PNC decided to install the
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third dissol ver to ensure the stable operation of the
plant. After the installation work of the third
dissolver performed in 1984. the plant operation
was started again in 1985. The cumulative
amount of spent fuel reprocessed reached 347 tons
as of May 1987. The averaged number of radia-
tion workers engaged in operation and mainte-
nance work is around 2,000 persons/year and the
averaged annual collective dose is around 0.8
man-SV. In this paper, the authors give an em-
pirical formula for the annual individual dose
distribution of Tokai-plant, which was acquired
through the analysis of past annual individual
dose distributions.

167. BIOLOGICAL CHARACTERIZATION
OF RADIATION EXPOSURE AND DOSE
ESTIMATES FOR INHALED URANIUM
MILLING EFFLUENTS. A.F. EIDSON (In-
halation Toxicology Research Institute.. Lovelace
Biomedical and Environmental Research Insti-
tute, Albuquerque. NM). NUREG/CR-5489.
LMF-124. June 1990.
The problems addressed are the protection of ura-
nium mill workers from occupational exposure to
uranium through routine bioassay programs and
the assessment of accidental worker exposures.
Comparisons of chemical properties and the bio-
logical behavior of refined uranium ore (yellow-
cake) are made to identify important properties
that influence uranium distribution patterns
among organs. These studies will facilitate calcu-
lations of organ doses for specific exposures and
associated health risk estimates and will identify
bioassay procedures to improve evaluations of
human exposures. Samples of airborne uranium
from operating mills and deposition models were
used to predict appreciable deposition rates in the
upper respiratory tract of workers, if respiratory
protection were not used. Laboratory analyses of
commercial yeilowcake, and inhalation studies in
rats, showed that inhalation of yeilowcake aero-
sols might be considered to be inhalation of vari-
able mixtures of ammonium diuranate and U238.
Studies of yeilowcake clearance from rats after
wound contamination showed that uranium be-
havior in vivo could not be quantitatively related
to chemical composition. A biokinetic model of
retention and excretion of yeilowcake inhaled by
Beagle dogs was developed. Comparison of the
results with available data from human exposures
showed that organ burdens in an exposed worker
can be estimated from urinary bioassay results and
in vivo counting, if the chemical composition, or

soluble fraction, of the inhaled yellowcake is
known.

168. THE NUCLEAR WEAPONS COM-
PLEX: MANAGEMENT FOR HEALTH,
SAFETY, AND THE ENVIRONMENT.
NATIONAL RESOURCE COUNCIL. National
Academy Press. Washington, D.C., 1989.
Congress directed the Secretary of Energy to re-
quest that the National Research Council report
its conclusions and recommendations concerning
health, safety, and environmental issues, arising
throughout the nuclear weapons complex and
steps that would enhance the safety of operations
at the facilites. This report fulfills the Secretary's
request It was prepared by a committee, ap-
pointed for the purpose by the National Research
Council, whose members brought to their task
expertise across a spectrum of pertinent disci-
plines in health, safety, and environmental mat-
ters. In conducting its study, which began in
August 1988 and extended throught September
1989, the committee reviewed extensive docu-
mentation provided by the Department and its
contractors and engaged in briefings and discus-
sions with a variety of others who are knowledge-
able about the complex, including personnel from
the U.S. Environmental Protection Agency and
state agencies. The committee also made site
visits to several of the facilities, including the
Hanford Nuclear Reservation in Washington, the
Y-12 Plant in Oak Ridge. Tennessee, the Rocky
Flats Plant in Colorado, Los Alamos National
Laboratory in New Mexico, the Lawrence Liver-
more National Laboratory in California, the Idaho
National Engineering Laboratory in Idaho Falls,
the Savannah River Site in South Carolina, and
the Pantex Plant in Texas. This report, which was
requested of the National Research Council by
DOE at the direction oi Congress, sets out an
assessment of various management, environ-
mental, health, and safely issues relating to ihe
operation of the complex.

169. A TECHNICAL REVIEW AND ASSESS-
MENT OF THE BEIR V REPORT. DOE
TECHNICAL REVIEW COMMITTEE (U.S.
Department of Energy, Environment, Safety, and
Health. Washington. D.C.). DOE/EH-0"l49T.
March 1990.
In December 1989. the National Research Coun-
cil of the National Academy of Sciences publish-
ed the fifth in its series of reports from ihe
Committee on the Bioioaical Effects of Ionizing
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Radiation (BEIR). The report was titled 'Health
Effects of Exposure to Low Levels of Ionizing
Radiation - BEIR V", hereafter referred to as
BEIR V. Immediately upon release of the BEIR
V report the Secretary of Energy directed the
Assistant Secretary. Environment, Safety and
Health (EH) to perform a review of the BEER V
report and its potential implications to the Depart-
ment of Energy's (DOE) nuclear operation and
radiation worker population. As part of this re-
view, DOE staff organized and commissioned an
external Technical Review Committee (TRC),
consisting of authorities in the radiation health
sciences, to review the BEIR V report and com-
ment on its potential regulatory implications. The
report contains 1) a technical summary of the
BEIR V study findings. 2) risk estimates and
conclusions for genetic effects, cancer induction
and in utero effects. 3) a technical analysis of
BEIR V risk estimates, assumptions and conclu-
sions. 4) the potential regulatory implications of
the BEIR V report, and 5) the TRC recommenda-
tions to DOE.

170. FINAL REPORT TO THE SECRETARY
OF ENERGY: IMPLICATIONS OF THE
BEIR V REPORT TO THE DEPARTMENT
OF ENERGY. A.A. WEADOCK (U.S. De-
partment of Energy, Environment, Safety, and
Health,Washington. DC). DOE/EH-OI58T, Au-
gust, 1990.

On December 19,1989, the National Academy of
Science/National Research Council released the
fifth report from its Committee on the Biological
Effects of Ionizing Radiation {BEIR V report).
The BEIR V report identified an increased risk of
cancer resulting from exposure to x-ray and
gamma radiation. In response to a request by the
Secretary of Energy, the Office of Health (EH-40.
formerly the Office of Safety Policy and Stand-
ards) performed a review of the implications of
the BEIR V report to the U.S. Department of
Energy (DOE). An external Technical Review
Committee (TRC), consisting of recognized
authorities in the radiation sciences, was organ-
ized and directed to perform a scientific assess-
ment of BEIR V. A DOE Internal Review
Committee (IRC), consisting of Headquarters
Program Office and Operations Office representa-
tives, was organized to perform an internal review
of BEIR V and identify potential BEIR V impacts.
This final report identifies the scope and findings
of that review and includes the results of a survey
that was performed to estimate potential costs and

engineering impacts that would be associated
with the potential reduction in occupational dose
limits. Based on its analysis of the TRC report
and DOE current exposure data, the IRC pro-
vided six specific recommendations to the Secre-
tary of Energy for consideration. These
recommendations and their bases are described in
the report.

171. STUDY OF ANTICIPATED IMPACT ON
DOE PROGRAMS FROM PROPOSED RE-
DUCTIONS TO THE EXTERNAL OCCUPA-
TIONAL RADIATION EXPOSURE LEVHT.
EJ. VALLARIO (U.S. Department of Energy.
Assistant Secretary for Environment. Division of
Operational & Environmental Safety. Washing-
ton. DC). DOE/EV-0045, February 1981.
The U.S. Department of Energy (DOE) has con-
ducted a study of the impact of reducing the
occupational radiation exposure limit from 5
rem/yr to 2.5. 1.0 and 0.5 rem/yr. respectively.
(Many years of radiation exposure experience in
all phases of nuclear energy applications have
been surveyed to evaluate the impact of reducing
the present DOE limit of 5 rem/yr.) Several con-
clusions have been drawn from this stud/.

172. HANDBOOK FOR THE DEPARTMENT
OF ENERGY LABORATORY ACCREDITA-
TION PROGRAM FOR PERSONNEL DO-
SIMETRY SYSTEMS. (U.S. Department of
Energy. Environment. Safety, and Health. Wash-
ington. D.C.). DOE/EH-0026. December 1986.

This handbook describes the procedures for ob-
taining accreditation. In general, to obtain ac-
creditation, contractors must meet the test criteria
in the U.S. Department of Energy (DOE) stand-
ard, pass an onsite assessment of the documenta-
tion, quality assurance and technical adequacy
associated with personnel dosimetry systems. A
performance testing laboratory determines the
ability to meet the test criteria. Members of a
team of experts in personnel dosimetry conduct
onsite assessments. The standard is consistent
with the current capabilities of dosimetry systems.
However, it will be upgraded as improved do-
simetry capabilities become available. This par-
ticularly applies to beta-particle and neutron
dosimetry.
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173. DEPARTMENT OF ENERGY STAND-
ARD FOR THE PERFORMANCE TESTING
OF PERSONNEL DOSIMETRY SYSTEMS.
(U.S. Department of Energy, Assistant Secretary
for Environment. Safety, and Health. Washing-
ton. D.C.). DOE/EH-0027, December 1986.
This standard defines a set of reference perform-
ance tests to help establish a uniform approach to
personnel dosimetry. The purpose of the standard
is to describe minimum levels of acceptable per-
formance and tc provide procedures for the per-
formance testing of personnel dosimetry systems.
The standard applies only to personnel dosimetry
systems used for determining whole-body dose
equivalent for the permanent record. The stand-
ard is applicable for dosimetry performed for
health protection under controlled and uncon-
trolled conditions (accident dosimetry). Tests for
accident dosimetry are approximately represented
by the high-dose categories. The performance
testing includes categories for the determination
of dose equivalent (or absorbed dose) due to ion-
izing radiation only.

174. QUALITY ASSURANCE MANUAL FOR
THE DEPARTMENT OF ENERGY LABO-
RATORY ACCREDITATION PROGRAM
FOR PERSONNEL DOSIMETRY SYSTEMS.
(Radiological and Environmental Sciences Labo-
ratory, Idaho Operations Office. U.S. Department
of Energy, Idaho Falls. ID). DOE/ID-I2105.
February 1987.
The overall purpose of this document is to estab-
lish a uniform approach to quality assurance (QA)
associated with processing personnel radiation
dosimeters at U.S. Department of Energy (DOE)
contractor facilities. This will ensure that uni-
form, high-quality personnel dosimetry practices
are followed by the participating testing laborato-
ries. The document presents guidelines for (a)
calibrating and maintaining measurement and test
equipment (M&TE), (b) calibrating radiation
fields, and (c) subsequently irradiating and han-
dling personnel dosimeters in laboratories in-
volved in the DOE dosimetry systems testing
program. Radiation energies for which the test
procedures apply are: Photons: Approximately 15
ke V to 2 MeV; Beta: Particles above 0.3 Me V and
Neutrons: Approximately 1 keV to 2 MeV. The
guidelines in this document are based on specifi-
cations give in the DOE Standard. This standard
conforms to recommendations made to the DOE
in PNL-4515 entitled Guidelines for the Calibra-
tion of Personnel Dosimeters, and in the Ameri-

can National Standard ANSI N 13.11-1983 enti-
tled Criteria for Testing Personnel Dosimetry Per-
formance.

175. RECOMMENDED PROCEDURES FOR
PERFORMANCE TESTING OFRADIOBIO-
ASSAY LABORATORIES-VOLUME 1:
QUALITY ASSURANCE. H.W. FENRICK
and J.A. MACLELLAN (Pacific Northwest
Laboratory, Richland, WA). PNL-6067. Novem-
ber 1988.

Draft American National Standards Institute
(ANSI) Standard N13.3O (Performance Criteria
for Radiobioassay) was developed in response to
a concern expressed by the U.S. Department of
Energy and the U.S. Nuclear Regulatory Com-
mission to help ensure that bioassay laboratories
provide accurate and consistent results. The draft
standard specifies the criteria for defining the
procedures necessary to establish a bioassay per-
formance-testing laboratory and program. The
testing laboratory will conduct tests to evaluate
the performance of service laboratories. Pacific
Northwest Laboratory helped define responsibili-
ties and develop procedures as part of an effort to
evaluate the draft ANSI N 13.30 performance
criteria for quality assurance at bioassay laborato-
ries. This report recommends elements of quality
assurance and quality control responsibiliues tor
the bioassay performance-testing laboratory pro-
gram, including the qualification and perform-
ance of personnel and the calibration.
certification, and performance of equipment. The
data base and recommended records system for
documenting radiobioassay performance at the
service laboratories are also presented.

176. HEALTH PHYSICS MANUAL OF
GOOD PRACTICES FOR THE PROMPT
DETECTION OF PLUTONIUM IN THE
WORKPLACE, i. MISHIMA (Pacific Nonh-
west Laboratories. Richland. WA). PNL-6612.
July 1988.
This manual provides guidance to U.S. Depart-
ment of Energy (DOE) facilities on the prompt
detection of airborne plutonium in the workplace.
Information is first given to aid in detection sys-
tems that will function effectively in various
workplaces. Steps in designing a system are cov-
ered, its general requirements, the plotting of
workplace sources of plutonium, and methods of
determining workplace airflow patterns. Guid-
ance is provided on the proper numbers and loca-
tions of probe sites, the orientation of probes for
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representative sampling, and the mixture of sta-
tionary and portable probes. Recommendations
for delivery in sampling systems include exami-
nation of particle loss and self-absorption prob-
lems, methods of eliminating air leakage in the
system, and optimization of decontamination ca-
pabilities. System flow rate, requirements in a
collection medium, burial loss and pressure drop,
and prudent frequency of renewing the collection
medium are among air sampling considerations
covered. After a discussion of controlling air flow
and of vacuum sources and system backups, the
checkpoints to ensure system reliability are listed.
The manual then discusses instrument specifica-
tions that provide correct airborne plutonium con-
centrations and reliably activate alarms. Focusing
on the interrelationship of all components, essen-
tial factors in instrument reliabtity are addressed:
the regulatory lower limit of detection and per-
formance specification of detectors and filter,
maintenance and calibration requirements, and
features of commonly used plutonium air-sam-
pling instruments. Finally, the manual advises on
establishing a documentation prognun to archive
and evaluate the performance of plutonium air-
sampling program.

177. HEALTH PHYSICS MANUAL OF
GOOD PRACTICES FOR URANIUM FA-
CILITIES. B.L. RICH (Idaho National Engi-
neering Laboratory, Idaho Falls, ID). EGG-2530.
June 1988.

The 'Health Physics Manual of Good Practices for
Uranium Facilities' should prove to be extremely
useful in providing information on design and
implementation of radiation protection programs
consistent with current standards and siate-of-the-
art technology. It is expected that this manual will
serve as a guide in the evaluation of needed up-
grade programs for older facilities as well as in the
development of radiation protection programs for
newer facilities. The working group responsible
for the development of this document was com-
prised of technical experts with extensive applied
health physics experience. It was peer reviewed
by U.S. Department of Energy (DOE) and DOE
contractor personnel as well as expert in other
sectors of the nuclear industry.

178. TECHNICAL GUIDELINES FOR
MAINTAINING OCCUPATIONAL EXPO-
SURES AS LOW AS PRACTICABLE
PHASE I-SUMMARY OF CURRENT PRAC-
TICES. R.L. GILCHRIST. J.M. SELBY. and
H.L. WEDLICK (Pacific Northwest Laboratory,
Richland. WA). PNL-2663. August 1978.
Reducing radiation exposures to as low as practi-
cable is a principle that was first introduced in
1949. However, the recent controversy over the
low-level effects of radiation has led the U.S.
Department of Energy (DOE) to review its pro-
grams. One such review was conducted by the
Pacific Northwest Laboratory to survey the imple-
mentation of the ALAP principle in the DOE
laboratories. This report contains the results of
that survey, performed in 18 major DOE installa-
tions. The DOE contractors were asked questions
concerning the following eight major areas: man-
agement, operational health physics, design, do-
si me try, instrumentation, training,
risk/cost-benefit, and impact of the ALAP phi-
losophy. The survey revealed several potential
areas of concern, which are described in this re-
port These areas will be addressed in the forth-
coming manual. A Guide to Reducing Radiation
Exposures As Low As Practicable (ALAP).

179. TECHNICAL SAFETY APPRAISAL
REFERENCE MANUAL-VOLUME 1. R.I.
STAROSTECKI (U.S. Department of Energy,
Environment. Safety, and Health, Washington,
D.C.). DOE/EH-0090-Vl.May 1989.
The U.S. Department of Energy (DOE) Technical
Safety Appraisal (TSA) program is conducted to
provide DOE with information concerning the
implementation of safety programs at DOE facili-
ties that can be used by all parties to effect im-
provements and achieve excellence in
performance. This manual provides the perform-
ance objectives and criteria that form the basis of
the DOE TSA program, as well as the procedures
that will guide the conduct of the appraisals. The
performance objectives and criteria for TSAs
(Appendix A) are modeled on the "deviations
from excellence' approach used by Institute tor
Nuclear Power Operations (INPO) in its nuclear
power plant evaluations. It can. therefore, serve
as a focus for dialogue within DOE on how best
to achieve continual improvement of safety at
DOE facilities in a manner that is consistent with
DOE"s energy and national security mission.
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180. TECHNICAL SAFETY APPRAISAL
REFERENCE MANUAL-VOLUME 2. R.J.
STAROSTECKI (U.S. Department of Energy,
Environment. Safety, and Health, Washington,
D.C.). DOE/EH-0090-V2. May 1989.
This volume and its appendices describe the basic
structure and overall procedures used by U.S.
Department of Energy (DOE) Environment
Health and Safety Managers to assess technical
safety appraisal (TSA) findings and arrive at a
systematic assessment, from a management per-
spective, of the safety performance of DOE facili-
ties. The methodology described herein can also
be used for other ES&H evaluation activities such
as functional technical safety appraisals and
evaluations to support award fee determination
activities. This assessment is an integrated effort
to collect and analyze available management in-
sights, performance indicators, TSA findings and
other information as appropriate on a facility basis
in a structured manner, in order to identify facility
strengths and weaknesses. This assessment and
evaluation process is used by DOE management
to synthesize its observations of and insights into
a facility's performance and to identify the pri-
mary reasons for the appearance of common
themes or symptons. As such. DOE needs to
recognize and understand the reasons for a facil-
ity's strengths, as well as weaknesses. This proc-
ess is intended to be sufficiently diagnostic to
provide a rationale for allocating DOE-ES&H
resources and to provide meaningful feedback to
facility managers through appropriate field office
management.

181. TECHNICAL SAFETY APPRAISAL OF
THE ADVANCED TEST REACTOR - EG&G
IDAHO, INC. H.C. FIELD (U.S. Department of
Energy, Environment, Safety, and Health. Wash-
ington. D.C.). DOE/EH-0067, April 1988.

This report presents the results of one in a series
of Technical Safety Appraisals being conducted
of the Department of Energy's nuclear operations
by the Assistant Secretary for Environment.
Safety, and Health's Office of Nuclear Safety.
Technical Safety Appraisals are one of the initia-
tives to enhance the Department's environment,
safety, and health programs announced by Secre-
tary of Energy John S. Herrington on September
18, 1985. This Technical Safety Appraisal of the
Advanced Test Reactor at the Idaho National En-
gineering Laboratory Site in Southeastern Idaho
was conducted during the time period of October
12 through November 6. 1987.

182. TECHNICAL SAFETY APPRAISAL OF
THE OMEGA WEST REACTOR LOS
ALAMOS NATIONAL LABORATORY.
H.C. FIELD (U.S. Department of Energy, Envi-
ronment, Safety, and Health Washington, D.C.).
DOE/EH-0093, July 1989.
This report presents the results of the Technical
Safety Appraisal (TSA) of the Omega West Re-
actor (OWR) at Los Alamos National Laboratory
(LANL), conducted by the U.S. Department of
Energy (DOE) Office of the Assistant Secretary
for Environment. Safety, and Health. Office of
Safety Appraisals, during May 1 to May 26,1989.
TSAs are one of the initiatives announced by the
Secretary of Energy on September 18. 1985. to
enhance the DOE's Environment, Safety and
Health Program.

183. HEALTH PHYSICS REVIEW (WITH
TRANSMITTAL MEMORANDUM) OF SA-
VANNAH RIVER PLANT. K.P. FERLIC
(U.S. Department of Energy, Environment,
Safety, and Health, Washington D.C.). DOE/EH-
0085. September 1988.
This special Savannah River Plant Health Physics
Review (HPR) was commissioned by the Deputy
Assistant Secretary for Safety, Health and Quality
Assurance (DAS/SHQA) to assess the adequacy
of health physics (HP) technical support and ef-
fectiveness of the HP program at the Savannah
River Plant (SRP). This HPR was also a baseline
effort to evaluate these areas of health physics
prior to the scheduled transition between operat-
ing contractors on April 1, 1989. The baseline
information will be used to determine subsequent
implementation of DOE Order 5480.11. Radia-
tion Protection for Occupational Workers. The
purpose of this report is to identify program
strength and weaknesses, and to promote the im-
plementation of DOE state-of-the-art health phys-
ics practices as reflected in industry standards and
the newly revised DOE Order 5480.11.

184. TECHNICAL SAFETY APPRAISAL OF
THE TRITIUM SYSTEMS TEST ASSEM-
BLY. B.P. BROWN (U.S. Department of En-
ergy, Environment, Safety, and Health. Washing-
ton, D.C.). DOE/EH-0074, April 1989.
This report presents the results of a Technical
Safety Appraisal (TSA) of the Tritium Systems
Test Assembly (TSTA) facility at the Los Alamos
National Laboratory site conducted by an ap-
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Test Assembly (TSTA) facility at the Los Alamos
National Laboratory site conducted by an ap-
praisal team assembled by the U.S. Department of
Energy's (DOE) Office of Safety Appraisals.
This TS A addresses all operations associated with
TSTA facility. The appraisal team observed both
operational, non-operational, and subsequent
maintenance activities at TSTA during the course
of the appraisal. The appraisal was conducted
during onsite visits July 11-15 and July 25-August
5. 1988.

185. PROGRAM APPRAISAL OF RADIO-
LOGICAL PROTECTION AT THE MARTIN
MARIETTA ENERGY SYSTEMS OAK
RIDGE COMPLEX. K.P. FERLIC (U.S. De-
partment of Energy, Environment, Safety, and
Health, Washington D.C.). DOE/EH-0098. Sep-
tember 1989.
This report presents the results of a special Radio-
logical Protection Program Appraisal (RPPA)
which was commissioned by the Deputy Assistant
Secretary for Safety, Health, and Quality Assur-
ance (DAS/SHQA) to assess the technical aspects
of the radiation protection and safety program for
the Oak Ridge complex. The three sites ap-
praised, viz, the Oak Ridge National Laboratory
(ORNL). the Y-12 Plant, and the Oak Ridge Gase-
ous Diffusion Plant (ORGDP) are operated by
Martin Marietta Energy Systems, Inc. (MMES).
The appraisal was conducted July 11-14, 1989,
and July 24-August 4,1989, and a draft copy of
the report was provided to the Oak Ridge Opera-
tions Office and MMES at the close-out briefing
on August 4, 1989.

186. MEASUREMENT AND RECORDING
OF DOSES FROM EXTERNAL GAMMA
AND BETA RADIATION AT THE CHALK
RIVER NATIONAL LABORATORIES. A.R
JONES and R.M. HOLFORD. In: the Work-
shop/Symposium on: Radiation Protection: Past
and Future. Editors: D.J. Termarsch and D.K.
Myers. AECL-9959, June 1989. pp. 121-126.
The CRNL dosimetry system using LiF thermolu-
minescent dosimeters (TLD) has evolved over a
period of 20 years. Il comprises dosimeters, read-
ing equipment, and procedures, which are de-
scribed in their present form. Developments in
progress, and envisaged, are also discussed. The
paper also show how the doses are recorded.

187. A SUMMARY OF PROGRESS OF THE
WORKING GROUP ON ALARA OF THE
ADVISORY COMMITTEES ON RADIA-
TION PROTECTION & NUCLEAR SAFETY
TO THE ATOMIC ENERGY CONTROL
BOARD. R. WILSON. In: the Work-
shop/Symposium on: Radiation Protection: Past
and Future. Editors: D.J. Termarsch and D.K.
Myers. AECL-9959. June 1989. pp. 153-160.
The Atomic Energy Control Board requested its
Advisory Committees on Nuclear Safety and Ra-
diation Protection to provide advice on a proposed
regulation requiring licensees to comply with 'As
Low As Reasonably Achievable'. The advisory
committees established a joint working group to
prepare an advisory report. This paper is a report
of the progress of the working group.

188. RADON IN THE URANIUM MINE EN-
VIRONMENT: EXPOSURE ESTIMATION
AND RISK PREDICTION. D.B. CHAM-
BERS and L.M. LOWE. In: the Workshop/Sym-
posium on: Radiation Protection: Past and Future.
Editors: D.J. Termarsch and D.K. Myers. AECL-
9959. June 1989, pp. 239-248.
Epidemiological studies of underground miners
who have been exposed to elevated levels of radon
daughters form the principal basis for assessing
the risk of radon daughter exposure. The reliabil-
ity of exposure estimates for these miners is of
prime importance, as actual measurements of ra-
don daughter concentrations are infrequent or in-
deed missing totally during early years of mining.
This paper reviews various sources of uncertainty
in exposure estimation which include temporal
and spatial variability of radon sources, changing
mining methods and ventilation conditions, and
uncertainties concerning the miners" work his-
tory. This paper also briefly describes two statis-
tical approaches based on Bayesian methods,
which allow the examination of the effect of un-
certainty on the risk estimation process. These
methods are illustrated by application to data
taken from the literature. Based on these analy-
ses, we conclude the most likely ranges for abso-
lute and relative risk coefficients are from less
than5toabout 15caseper 106 person year WLM*
and from less than 0.5 to about 1.5% per WLM.
respectively.

189. DOCUMENTATION AND TRACKING
TOOLS FOR ALARA. T.L. ALDRIDGE.
G.F. BOOTHE. and R.L. BROWN (Wesung-



house Hanford Company. Richland. VA). WHC-
SA-0811-A. June 1990.
The goal and objective of the Westinghouse Han-
ford ALARA Program is to minimize human and
environmental exposures to radiation and hazard-
ous substances and conditions, commensurate
with sound economics and operating practices.
To document and track the activities supporting
this goal, ALARA tools have been developed.
These tools are being integrated throughout West-
inghouse Hanford by the ALARA Program Of-
fice. The Westinghouse Hanford ALARA
Program Office has a variety of tools used to
ensure compliance with DOE requirements and to
effectively implement and monitor good prac-
tices. The following are a list of ALARA tools:
(1) Annual goals to DOE, (2) Training programs.
(3) Awareness program. (4) Health Physics Tech-
nician (HPT) rotational program, (5) Performance
indicators, (6) ALARA Checklist, (7) ALARA
Management Worksheet (AMW), and (8) Cost
Benefit Analysis Worksheet (CBAW).

190. STRIPPABLE COATINGS PROVIDE
LEAK-TIGHT INTEGRITY AND HOT PAR-
TICLE MITIGATION. H.L. LOMASNEY
(ISOTRON Corporation. New Orleans, LA). Nu-
clear Plant Journal, September-October 1989, pp.
78-80.
Leakage of primary water through a nuclear
plant's stainless steel refueling cavity is of con-
cern, not only because of contamination control,
but also due to the potential for deterioration of
the concrete and reinforcing bar behind the liner
plate. In the case of GPLTs Oyster Creek Plant, it
was essential to find some means for restoring
leak-tight integrity. Weld repairs were judged
unacceptable due to potential for increasing crack
propogation. The utility staff examined several
alternatives including the use of a disposable
membrane. This disposable strippable coating
was ultimately selected as the most practical so-
lution inasmuch as it could provide the required
seal, and at the same time would decontaminate
the cavity surfaces at the end of the refueling
cycle, eliminating the need for high pressure water
blasting.

191. SOURCEBOOK FOR CHEMICAL DE-
CONTAMINATION OF NUCLEAR POWER
PLANTS. C.J. WOOD and C. N. SPALARIS.
(Electric Power Research Institute, Palo Alto,
CA). EPRI-NP-6433, August 1989.

The sourcebook provides an overview of chemi-
cal decontamination technology, with detailed
discussions of associated technical issues, cost-
benefit analysis, planning, and future develop-
ments. Chemical decontamination is highly
cost-effective for BWR recirculation systems:
each rem saved costs less than S1000. PWR chan-
nel head decontaminations are more expensive, at
about S5000 per rem saved. Substantial progress
has been made toward understanding corrosion
effects. The iow-oxidation-state metal ion
(LOMI) process appears inocuous and is gener-
ally acceptable for full-system BWR decontami-
nation. Process restrictions to minimize corrosion
with other reagents have been defined, and ample
data are available for utilities to select processes
for specific applications. Recontamination has
not proved to be a major problem with dilute
chemical decontamination systems. Utilities can
minimize recontamination by maintaining 5ppb
zinc in BWR reactor water or a 7.4 pH in PWR
primary coolant. Waste management is a major
cost element associated with decontamination.
Using lower resin loadings with LOMI will help
utilities avoid solidification problems. New tech-
niques under development should substantially
reduce waste volumes. Improved decontamina-
tion planning has substantially reduced critical
path delays and significantly increased decon-
tamination effectiveness. An EPRI methodology
for cost-benefit analysis can help determine when
to perform decontamination.

192. RADIATION-RELATED IMPACTS FOR
NUCLEAR PLANT PHYSICAL MODIFICA-
TIONS. F. SCIACCA. R. KNUDSON. G.
SIMION. G. BACA (Science and Engineering
Associates Inc., Albuquerque. NM) and H. BEH-
LING. K. BEHLING. W. BRITZ. S. COHEN (S.
Cohen and Associates. Inc., McLean. VA).
NUREG/CR-5236. SEA 87-253-08-A: 1, October
1989.
The radiation fields in nuclear power plants pre-
sent significant obstacles to accomplishing re-
pairs and modifications to many systems and
components in these plants. The U.S. Nuclear
Regulatory Commission's (NRC) generic cost
estimating methodology attempts to account for
radiation-related impacts by assigning values to
the radiation labor productivity factor. This radia-
tion labor productivity factor is then used as a
multiplier on the greenfield or new nuclear plant
construction labor to adjust for the actual operat-
ing plant conditions. The value assigned to the
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productivity factor is based on the work-site ra-
diation levels. The relationship among ALARA
practices, work-place radiation levels, and radia-
tion-related cost impacts previously had not been
adequately characterized or verified. The as-
sumptions made concerning the use and applica-
tion of radiation-reduction measures such as
system decontamination and/or the use of tempo-
rary shielding can significantly impact estimates
of both labor requirements and radiation exposure
associated with a particular activity. Overall
guidance was needed for analysts as to typical
ALARA practices at nuclear power plants and the
effects of these practices in reducing work-site
dose rates and overall labor requirements.This
effort was undertaken to better characterize the
physical modification cost and radiological expo-
sure impacts related to the radiation environment
of the work place.

193. RADIATION SAFETY REVIEW GUIDE
FOR SAFETY ANALYSIS REPORTS AND
SAFETY ANALYSIS DOCUMENTS • VOL-
UME 1: RADIATION SAFETY REVIEW
GUIDE. P.O. MATTHEWS (NUS Corpora-
tion. Gaithersburg, MD). DOE/SR-8005-VI, Au-
gust 1989.
The purpose of this guide (Volumes I and II) is to
provide guidance for the U.S. Department of En-
ergy Savannah River Operations Office (DOE-
SR) Radiation Safety staffs review of Safety
Analysis Reports (SARs) and Safety Analysis
Documents (SADs) and to assign responsibilities
for the conduct of such reviews. This guide is
applicable to the review of facility SARs and
SADs to determine thier completeness and ade-
quacy relative to occupational Radiation Safety
Program features. It shall apply to the review of
SARs and SADs which are prepared for new
facilities or which are updated for existing facili-
ties. The facilities requiring SAR/SAD prepara-
tion are identified in SR Order 5481. IB.

194. RADIATION SAFETY REVIEW GUIDE
FOR SAFETY ANALYSIS REPORTS AND
SAFETY ANALYSIS DOCUMENTS - VOL-
UME II, RADIATION SAFETY REVIEW
REFERENCE CRITERIA. P.O. MAT-
THEWS (NUS Corporation. Gaithersburg, MD).
DOE/SR-8005- VII. August 1989.

Volume II provides a detailed compilation of ba-
sic design and operational radiation safety and as
low as reasonably achievable (ALARA) consid-
erations established for both U.S. Department of
Energy and commercial nuclear facilities. This
material is organized like Attachment A in vol-
ume I and serves as a supporting reference docu-
ment for Safety Analysis Report (SAR) and
Safety Analysis Document (SAD) review. It
should be noted that the material provided here is
at a level of detail which is not normally expected
to be provided in the SAR and SAD. This ciriteria
may also be useful for other reviews such as
facility design documents and radiation protec-
tion plans and procedures.

195. RADIATION EXPOSURE REDUC-
TION: CONTROLLING THE SOURCE.
C.J. WOOD and H. OCKEN (Electric Power Re-
search Institute. Palo Alto. CA). At: the Power
Reactor Session, Health Physics Society Conven-
tion held on June 27.1990 in Anaheim. CA.
Occupational radiation exposures at U.S. nuclear
power plants have decreased every year for the
past six years and are currently less than 50% of
the peak in the early eighties. However, individ-
ual exposure limits are being tightened because of
the higher risk estimates (e.g., BEIR V), and there
is an increasing need to reduce radiation fields to
avoid and adverse impact on operations mainte-
nance costs. This paper addresses recent devel-
opments in technology to control the activation,
transport, and deposition, of the cobalt isotopes
responsible for out-of-core fields in BWRs and
PWRs. Four technical areas will be considered:
elimination of cobalt-containing materials, im-
proved water chemistry to minimize transport and
activauon of cobalt, preconditioning of replace-
ment components to minimize recontamination.
and chemical decontamination to reduce fields
prior to maintenance work. Recent developments
in the U.S. and abroad are discussed.
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