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The Halden Project:

Fuels and the human factor

R. Caruso

T he OECD Halden Reactor Project located in

Halden, Norway, is an internationally funded and
staffed undertaking devoted to nuclear research and
development. It is operated under the auspices of the
OECD Nuclear Energy Agency and is sponsored financial-
ly by Norway, Denmark, Finland, the Federal Republic of
Germany, Italy, Japan, Sweden, the United Kingdom and
the United States, as well as private associated parties.
The Netherlands has agreed to participate for the first
30 years until 1988. Other countries and the European
Commission have also participated in the past. The project
employs a total staff of about 140 persons, including
60 university graduates on loan from their participating
countries. The Members recently agreed to extend the
Project for an additional three years, from January 1988 to
December 1990.

The Halden Boiling Water Reactor, in its nearly
30 years of operation, has evolved from its initial goal of
demonstrating the boiling heavy water reactor concept,
and through a series of innovative updates, has become
an extremely versatile test reactor. Over 280 experiments
have been run in the reactor, covering nuclear fuels,
thermal hydraulics, and process control development.
Because of its spacious core design, the project has been
able to test fuel elements that are representative of actual
commercial and test reactor fuel from the major fuel
suppliers.

A computerized data handling capability, which was
developed to accommodate the large amounts of fuel test
data, has been the stepping stone for a second major
project research function, namely, computerized reactor
process control development. This area now represents
about one-third of the total research programme and
emphasizes the analysis of human factors and computer-
based control and monitoring of the operational aspects of
nuclear power plants. The project has available to it a
full-scale pressurized water reactor (PWR) simulator
which has been adapted specificially for research use, an
experimental control room with training facilities, and
highly flexible work stations.

The fuel experimental and analytical activities,
under the project programme for 1988-1990, will evaluate
the basic mechanisms of fuel behaviour related to design,

Mr. Ralph Caruso is a Member of NEA’s Nuclear Safety
Division.
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operation and safety considerations. The performance
characteristics of fuel which has seen extended service
under conditions similar to those in commercial nuclear
power plants will receive particular attention through
investigations of fuel rod lifetime performance as well as
through better understanding of the separate effects
involved. This will include evaluation of the effect of the
material containing the fuel on the fuel temperature, the
rate at which fission gas is released from the fuel under
constant temperature conditions, and the corrosion and
integrity of the material containing the fuel. To carry out this
programme, the reactor will be operated with about
110 assemblies of which up to 45 will be instrumented test
assemblies. The development and demonstration of
reactor instrumentation systems and the use of the reactor
for testing and demonstration of operator aids for power
reactor use will also have a high priority.

The computerized man-machine communication
work emphasizes the study of the interaction between the
operators and the equipment in the control of nuclear
power plants. This includes the development of systems
for early fault detection, diagnosis and operator guidance,
and will aim at utilizing the latest advances in computers,
expert systems, plant simulators, and man-machine
interfaces. The man-machine interaction research will
concentrate on the changing role of the operator in
increasingly computerized control rooms, validation and
assessment of new operator aids, and the development of
techniques for operator training, particularly as it relates to
management of abnormal plant activities. Computer-
based systems being developed to assist operators
include early detection and diagnosis of faults, compute-
rized procedure systems, the verification and validation of
highly reliable software, and other advisory systems. The
issue of man-machine interaction has recently received
significant attention, because of the large factor human
error has played in reactor accidents like those at Three
Mile Island and Chernobyl. This research is expected to
provide significant benefit in understanding human errors,
and in designing systems to minimize them.

Finally, it is a major aim of the new programme to
integrate the project activities with related work carried out
by organisations in Member countries. This is of particular
importance in coordinating the design of critical ex-
periments, exchanging research information, and integrat-
ing the use of the participants’ research facilities. It will
result in an efficient transfer of the results from the
programme to the project participants and better applica-
tion of them in commercial nuclear power plants. B
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Examination of damaged fuel under
NEA LOFT and TMI-2 projects

G.D. McPherson

T he NEA currently has two cooperative programmes

to examine damaged nuclear reactor fuel. In
cooperation with the United States, the NEA created an
international project in 1982 concerned with research on
improving the understanding and predictability of transient
behaviour (a sharp variation in the specified function of a
reactor system or component) and on enhancing the
reliability, availability, economics and safety of pressurized
water reactors (PWRs). This project is being conducted by
EG&G Idaho, Inc. in the LOFT (Loss-of-Fluid Test) integral
test facility at the Idaho National Engineering Laboratory*.

The LOFT facility is a 50-MW(t) PWR system
originally designed to perform experiments related to the
postulated Loss-of-Coolant Accident (LOCA) in a PWR,;
however it is also particularly well suited for experiments
and acquisition of data on operational transients and
multiple failure events that may occur in a commercial
PWR. The first six experiments were directed at thermal
hydraulic or system response questions, and the last two
experiments addressed fission product release from the
fuel and the subsequent transport of those fission products
from the primary coolant system in a severe core damage
scenario.

The last and most severe test, FP-2, was a severe
accident simulation with significant fuel damage, melting
and fission product release. During the experiment,
temperatures exceeded 2 100 K (3 320 °F) for at least
4-1/2 minutes, sufficient to release both high and low-
volatile fission products. Analysis of the test data is
continuing, but as all measurement objectives were met,
the final analysis is expected to produce very useful results
for the member organizations.

Following the successful completion of the FP-2
test, the Project Management Board agreed that a detailed
post irradiation examination of the damaged FP-2 test fuel
should be undertaken. They realized that the benefits of

Until Oct. 1987, Dr. G. Donald McPherson was Manager of the
OECD LOFT Programme, the Department of Energy’s TMI-2
Accident Program and Chairman of the NEA’s Joint Task
Group on TMI-2. He is now Assistant to the Director of
Nuclear Reactor Regulation of the U.S. Nuclear Regulatory
Commission.

*

Countries participating in the LOFT Project include:
Austria, Finland, Federal Republic of Germany, ltaly,
Japan, Spain, Sweden, Switzerland, United Kingdom and
United States. For more details on the OECD LOFT project see
the article in NEA Newsletter Fall, 1985.
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the project could be greatly enhanced if the extent of
damage that occurred could be better defined and
uncertainties on peak fuel temperature, extent of oxidation
and melt relocation could be resolved. The Extended
Analysis Program, which was initiated in July 1986, will
end in September 1989 with the issuance of a final report
encompassing the complete results of this test.

The fuel will first be radiographed using a neutron
beam from a specialized reactor. On the basis of the
radiographs, the bundle will be sliced at many locations to
expose different sections of damaged fuel and control rod
materials. These sections will be polished and examined
chemically and physically to determine the composition of
the debris, the fission product retention, degree of clad
oxidation and fuel liquifaction, and other information
significant to the understanding of such incidents.

Each of the OECD LOFT Project member organiza-
tions is using the results of all the tests to assess their
computer codes and to improve their understanding of
reactor transients and severe accidents. Lessons learned
from these exercises will be used to benefit the OECD
countries through better risk assessments, improved
accident management strategies and updated regulations
and siting requirements.

The NEA programme on TMI-2

The NEA's programme on TMI-2 is concerned with
the analysis of samples from the Three Mile Island Unit 2
nuclear power plant, which suffered a core-melt in
April 1979. A Joint Task Group (JTG) oversees and
participates in this programme in cooperation with the
U.S. Department of Energy.

In the first task of the programme, seven JTG
participants* will analyse samples from the TMI-2 reactor
vessel. Most of the samples requested have been obtained
from the ten core bores drilled through the consolidated
portion of the core in July 1986. The core bores produced
three types of materials: remnants of fuel rods remaining in
their original geometry, prior-molten material frozen

* Canada, France, the Federal Republic of Germany, Sweden,
Switzerland, the United Kingdom and the CEC.

17



Credit: EG&G Idaho, U.S.

NEA Update

Damaged fuel assemblies from the Three Mile Island reactor are being studied by NEA Member countries.

around undissolved fuel fragments, and rock-sized pieces
of completely prior-molten material. Participants will also
examine samples of loose debris obtained from above the
prior-molten layer and from the bottom of the pressure
vessel.

Examination protocols have been established by
each of the participating organisations. The examinations
will include metallography, scanning electron microscopy,
microprobe analyses, standard elemental chemical analy-
ses, gamma spectrometry, fissile/fertile materials
measurements, and radiochemical analyses for fission
products not detectable by simple gamma spectrometry.
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No firm schedule for completion of the sample
examinations has been established, but it is expected that
participating organisations will complete their work on the
first shipment prior to June 1988, and that a second
shipment may then be arranged.

The second task of the Joint Task Group is to carry
out an analytical programme which includes multinational
participation in a standard exercise to evaluate the various
severe accident calculational codes. This task is well
underway, and results from the analysis of the first half of
the accident are expected early next year, when analyses
of the second half will begin.®
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Radiological requirements for shallow
land burial of radioactive waste

S hallow land burial is a generic term used to
describe the burial of low-level solid radioactive
waste at or near the surface of the ground, at depths
generally less than 20 metres in specially-designed facili-
ties. The concept of disposal by shallow land burial is only
valid for radioactive waste which can decay relatively
rapidly with time, in such a way that, after a limited period
of isolation in engineered structures accompanied by
institutional control and surveillance measures, a shallow
land burial site can be left unattended without unaccept-
able radiological risks to man or the environment. In
practice, shallow land burial techniques are used for
short-lived waste of various origins such as the bulk of
nuclear reactor wastes essentially contaminated by fast-
decaying activation and fission products.

However, the presence of long-lived radionuclides
in low-level, short-lived waste cannot always be avoided.

The question then is to decide to what extent low
concentrations of such radionuclides can be tolerated
without requiring an isolation period extending beyond
about 300 years, which is the period commonly considered
as the maximum for institutional control measures [1]. The
applicability of the shallow land burial concept is therefore
linked to the limitation of long-lived radionuclides in wastes
at concentrations at which they are of no real concern from
a radiological standpoint.

In order to assist national authorities in their
discussion of the restrictions to be imposed on the shallow
burial of radioactive waste, the Nuclear Energy Agency
convened an Expert Group in 1984 to develop radiological
guidance in this field, taking into account the Long-Term
Radiation Protection Objectives for Waste Disposal pub-
lished by NEA, also in 1984 [2]. The results and conclu-
sions of the Expert Group have just been published [3].

A drawing of a shallow land burial facility shows the arrangement of radioactive waste canisters.
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In developing a methodology to derive radiological
criteria for the acceptance of wastes containing long-lived
radionuclides, the Expert Group considered that the
establishment of total radioactivity levels for a burial facility
is usually dependent on the ways in which radionuclides
might possibly migrate from the facility into the human
environment. In this respect ground water seepage
scenarios are often the controlling factor, and as they are
highly site specific, it is not possible to provide numerical
guidance in terms of total activity for any given burial site.

On the other hand, the likelihood of human intrusion
into the burial site after the period of institutional control
has elapsed, is considered as a relatively generic issue;
i.e., human intrusion scenarios are, in principle, applicable
to all burial sites. The Expert Group was therefore able to
propose generic reference levels in terms of radionuclide
concentrations in wastes intended for shallow land burial,
expressed in bequerels per gram (Bq g~ '). These refer-
ence levels are consistent with dose and risk limits
recommended by the International Commission on
Radiological Protection (ICRP)[4]. The Expert Group,
however, emphasized the fact that the derivation of such
levels could not be based entirely on risk, since the
probabilities of intrusion and disruptive events are also
judged to be somewhat dependent on site-specific con-
siderations.

The main guidance from the Expert Group on
generic reference level values may be summarised as
follows:

e The suggested range of average generic reference
levels for alpha-emitting radionuclides (excluding
radium) is 10-108Bq g~ ', for wastes placed within the
Normal Residential Intrusion Zone (NRIZ). The NRIZ will
typically be a few metres from the surface, depending on
the types of construction used for residences and the
types of foods which may be grown for family consump-
tion.
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e For wastes below the NRIZ and above 20 metres, the
suggested range of average generic reference levels for
this same group of radionuclides is 10°~10*Bq g~

e The suggested range for concentrations of long-lived,
gamma-emitting radionuclides is 10-10°Bq g .

It is clearly stated in the NEA report that generic
studies such as those carried out by the Expert Group are
not sufficient for the selection of a disposal site or for the
design, construction and use of any given disposal facility.
Rather, a site-specific safety analysis would need to be
performed, to give consideration to other possible
radionuclide release scenarios and to develop site-specific
waste acceptance criteria. The study provides guidance on
approaches and considerations needed to establish such
criteria. The study also illustrates some of the limitations to
applying long-term radiation protection objectives to waste
disposal practices. ®
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New publications from the NEA

Nuclear Power Plant Life Extension
(Proceedings of an NEA Symposium)

The useful lifetime of a nuclear power plant has frequently
been taken to be about 30 years. However, for some
existing plants, a longer lifetime could be attained by
refurbishing critical components to maintain safety and
reliability standards. These proceedings review the tech-
nical feasibility and economic viability of nuclear power
plant life extension as an alternative to its early decommis-
sioning and replacement.

ISBN 92-64-02967-2
Price: £ 16.00 US$ 34.00 FF 160.00 DM 69.00

The Radiological Impact of the
Chernobyl Accident in OECD Countries

This report by an NEA Group of experts provides an
assessment of radiation doses received by the population
of OECD European countries that have been affected by
the dissemination of radioactive material released as a
result of the Chernobyl accident, together with a critical
review of countermeasures applied. One of the main
lessons learned is the need for improved preparedness to
cope effectively with a nuclear emergency having trans-
national consequences.

(to be issued shortly)

Implications of Nuclear Safety
Requirements for the Protection of
Workers in Nuclear Facilities

The grading of requirements to ensure the safety of
nuclear installations has resulted in an increase in the
general level of exposure of workers to radiation. This
report analyses the factors involved in this issue and
examines the possibility of developing a conceptual
approach to an optimized balance between the different
requirements of nuclear safety and radiation protection.

Free on request.
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Shallow Land Disposal of Radioactive
Waste — Reference Levels for the
Acceptance of Long-Lived
Radionuclides

The application of basic radiation protection concepts and
objectives to the disposal of radioactives wastes requires
the development of specific reference levels or criteria for
the radiological acceptance of each type of waste in each
disposal option. This report suggests a methodology for
the establishment of acceptance criteria for the disposal of
low-level radioactive waste containing long-lived radionuc-
lides in shallow land burial facilities.

Free on request

Uncertainty Analysis for Performance
Assessments of Radioactive Waste
Disposal Systems

(Proceedings of an NEA Workshop)

Uncertainty analysis techniques provide both quantitative
and qualitative information or predictions made of the
long-term performance of radioactive waste disposal
systems, using computer models, thereby indicating the
level of confidence in the results. These proceedings
present the findings of a workshop organised by the NEA
to develop a better understanding of the available methods
for carrying out uncertainty analyses and to formulate
general recommendations on their use, based on experi-
ence to date.

(to be issued shortly)

The International HYDROCOIN Project
— Background and Results

The HYDROCOIN Project (Hydrologic code intercompar-
ison) is concerned with the assessment of groundwater
movements at potential nuclear waste disposal sites with
the help of mathematical models and computer codes.
This report summarises the background and objectives of
the Project and presents the results of the work performed
up to the middle of 1987.

Free on request.
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