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PREFACE

Introduction

Many organizations, in several countries, are planning or implementing new or
upgraded research reactor projects, but there has been no organized forum devoted
entirely to discussion and exchange of information in this field. Over the past year or so,
informal discussions resulted in widespread agreement that such a forum would serve a
useful purpose. Accordingly, a proposal to form a group was submitted to the leading
organizations known to be involved in projects to build or upgrade reactor facilities.
Essentially all agreed to join in the formation of the International Group on Research
Reactors (IGORR) and nominated a senior staff member to serve on its international
organizing committee.

This committee organized the first meeting of IGORR, to be hosted by the Advanced
Neutron Source Project of Oak Ridge National Laboratory. Meeting dates and a specific
agenda were prepared in consultation with the wider research reactor community.
Speakers were asked to provide manuscripts so that Proceedings could be made available
to attendees and other interested parties.

The first IGORR meeting took place on February 28-March 2, 1990. It was very
successful and well attended; some 52 scientists and engineers from 25 organizations in 10
countries participated in 2 1/2 days of open and informative presentations and discussions.
Two workshop sessions offered opportunities for more detailed interaction among
participants and resulted in identification of common R&D needs, sources of data, and
planned new facilities.

The organizing committee and other attendees, in a summary session, decided that
IGORR had served a useful purpose and should continue. Additional committee members
were nominated, and a chairman was selected. A broad agreement was reached that the
next meeting should be held in the Fall of 1991, and an offer by Bernard Farnoux of

Saclay to serve as host was gratefully accepted.




IGORR is a specialized group, seeking to cooperate, to share knowledge, and
to complement several broader, existing organizations. Our first meeting was an enjoyable
success, with much information shared between colleagues from all over the world, as
evidenced by these Proceedings. I believe that everyone who attended is looking forward

to the second meeting, and I hope you will be able to join us there.

C. D. West
Chairman
International Group on Research Reactors
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The Project of the New Research Reactor FRM-II at Munich

K. Béning

Fakultdt fiir Physik E21, Technische Universit&t Miinchen,
8046 Garching, FRG Germany

ABSTRACT

A new national research reactor is planned in Germany which shall
replace the existing FRM reactor at Garching. The new FRM-II will
be optimized primarily with respect to beam tube applications but
it will also allow the irradiation of samples etc.. Because of the
“compact core reactor concept®, which provides for a particularly
small H,O cooled reactor core in the center of a large D,0 mode-
rator tank, high values of the thermal neutron flux can be
obtained at only 20 MW power. This paper also discusses some of
the features of the technical concepts of the new reactor.

INTRODUCTION

The existing research reactor FRM of the Technical University of
Munich at Garching - a conventional swimming pool reactor of 4 MW
power - has become more than 30 years old now. Plans to modernize
it or - finally - to completely replace it with a new one have
been made for years. As a result of this design effort the so
called "compact core reactor concept” has been developed which
will be discussed in the next section of this paper. The new
research reactor FRM-II is considered to become the main national
neutron source of the coming decades. It is being designed as a
high performance but nevertheless relatively small reactor - as
may also be deduced by realizing the distinction between a natio-
nal and an international project imn Europe.

The scientific case has been often discussed in Germany during the
last couple of years and strong support has always been obtained
from the German scientific community and refereeing institutions.
Recently further progress has also been achieved on the political
level with respect to the funding of the project. At present we
are working on the conceptual design and on the safety report of
the facility.
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COMPACT CORE REACTOR CONCEPT

The new neutron source shall be optimized primarily with respect
to beam tube applications. That is, high flux levels and pure
spectra of thermal neutrons have to be provided in a large useable
volume outside of the core. All this has to be achieved at a rela-
tively small value of the reactor power which has been established
to be 20 MW. So our design studies have led to the concept of a
particularly small reactor core cooled by light water and situated
in the center of a large heavy water moderator tank /1,2/.

This "compact core” consists of a single, cylindrical fuel element
with 113 fuel plates which have the shape of involutes. The inner
and outer diameters of the two aluminum core tubes ("side plates*)
are 118 and 243 mm, respectively, and the active height of the
fuel plates is 700 mm. The light water of the primary cooling
circuit flows at a velocity of 17.5 m/s downwards through the
cooling channels - which are 2.2 mm wide - between the plates. The
full excess reactivity of the core will be controlled by a single
hafnium absorber cylinder (with an aluminum filler) which moves
upwards in the inner core tube during the cycle and which is
followed by a beryllium inner moderator. A long, vertical core
channel tube separates the core and its H,0 cooling circuit from
the surrounding moderator tank which contains heavy water and
which has dimensions of 2500 mm both in diameter and height.

In addition to all the experimental installations five safety
shutdown rods are provided for in the D,0 tank which are, however,
fully withdrawn during normal reactor operation. The D,0 tank with.
the core and all the equipment is placed in the center of the
reactor pool containing light water.

The design value of the reactor cycle length is 45 - 50 days. In
order to obtain the necessary excess reactivity with such a small
core, high enriched uranium (93%) will be used in combination with
the new high density U3Si,-Al dispersion fuel. With an active
volume of only 17.6 liter the average power density in the compact
core is 1.15 MW/liter. The power density profile in the core will
be flattened radially by choosing an uranium density in the fuel
of 3.0 g/cm3 within a radius of 105.6 mm and of only 1.5 g/cm3
outside of it. Axially the same goal will be achieved by instal-
ling a ring of boron burnable poison in the outer core tube just
underneath of the edge of the fuel plates. In this way the maximum
value of the heat flux density from the plates into the water can
be kept below about 500 W/cmz.




For the unperturbed case, i.e. for the moderator tank containing
D,0 only and nothing else, neutron transport calculations have
yielded a maximum of the thermal neutron flux of about 8 x 1014
cm~25~1 in the D,0 at 20 MW power. The corresponding ratio of flux
outside of the core to power ("rendement") is higher than at any
other reactor /1,2/. The experimental installations to be realized
in the moderator tank include, first of all, 11 big horizontal
beam tubes. They all have directions tangential to the core in
order to suppress background radiation, and some of them will be
connected with a cold or a hot neutron source. However, although
first priority will be clearly given to the beam tube applica-
tions, the new FRM-II will generally be a multipurpose reactor.
That is, it will also provide for a variety of vertical channels
for the irradiation of samples and also for a secondary fission
target ("converter") to produce high energy neutrons for medical
and computer tomography applications.

FEATURES OF THE PLANT DESIGN

A schematic vertical cut through the reactor pool with part of the
equipment is shown in Fig. 1 /3/. The compact core (#l1) is placed
in the core channel tube which leads through the center of the D,;0
moderator tank (#12). The central control rod with its hafnium
absorber (#2) and its beryllium follower underneath is shown in
its shutdown position. It can be moved upwards by the drive mecha-
nism (#4) but can also be released quickly by an electromagnetic
clutch (#3) in order to operate as an additional, independent
shutdown system. The main shutdown system consists of 5 safety
rods (#5) which are fully withdrawn during normal reactor ope-
ration but can be quickly inserted by spring or pneumatic forces
if required.

The pumps of the primary cooling circuit are equipped with fly-
wheels. The corresponding two primary pipes (#8) as well as the
three pipes of the emergency cooling circuit (#10) are connected
with check valves against reverse flow. They all end in a collec-
tor (#7) which leads to the header of the core channel tube (#6),
both of. them being designed in a way that rupture can be excluded.
The pressure of the primary circuit at this position is about 9
bar and the flow rate about 320 kg/s. A few hours after shutdown
all pumps can be switched off and the core will be cooled by
natural convection since the two corresponding flaps (#11) open
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automatically and since the primary circuit is always connected
with the pool through the sieve #9. - Finally, as an example of
the experimental installations one of the 11 horizontal beam tubes
(#13) and a vertical cold source (#14) are also shown in Fig. 1
/3,4/.

Some additional features of the present design status of the
overall cooling concept become evident from Fig. 2 /3,4/. On the
top of the figure the reactor pool with the compact core and the
D,0 tank can be recognized on the right hand side, and the storage
pool on the left. The pumps and heat exchangers of the primary
core cooling circuit A are located in leak-tight chambers. Each of
the two redundant primary systems would be sufficient to cool the
core at full power. The closed secondary cooling circuit B serves
as a further barrier against the release of fission products and
allows the connection of the other cooling circuits through the
heat exchangers #1 - #4. The ternary circuit C contains a number
of air cooling aggregates which represent the nominal heat sink.

The power generated in the D,0 moderator tank is transferred from
the D,0 cooling and purification circuit E through heat exchanger
#3 into loop B. Similarly, the heat production originating from
experimental installations as, e.g., the cold neutron source is
discharged through the circuit F and heat exchanger #4. Finally,
the pool water cooling and purification circuit G (not fully shown
in Fig. 2) is connected with the heat exchangers #1 and #2.

The emergency core cooling system D is independent of the other
systems and again consists of primary, secondary and ternary
loops. The three battery-driven primary emergency pumps D - each
of them being again sufficient to cool the core (after shutdown) -
can feed pool water through the core and - by means of the sieve
at the lower end of the core channel tube (Fig. 1) - back to the
pool. In this way the thermal capacity of the whole reactor and
storage pool water can be made use of as a further heat sink. Re-
cooling of the pool water would be necessary only after a few days
and can be performed by the secondary circuit D. The core decay
heat would finally be transferred to a close-by river using water
from existing wells. - The safety concept of the new FRM-II will
be explained in more detail in ref. /4/.

A more realistic vertical cut through the reactor and storage
pools has been published in ref. /5/. The reactor building of the
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new FRM-II will have a quadratic cross section of about 40 m side
length on the ground floor level where nearly the full area can be
used for the beam tube experiments. This "experimental hall" will
be completely separated from the "reactor hall" which extends
above the pool water level and where fuel handling and irradiation
experiments can be performed. On this level the cross section of
the building will be an octogon. A vertical cut through the
reactor building has also been presented in ref. /5/.

Finally, a view of the whole research reactor facility, according
to the present design status, is shown in Fig. 3. The new FRM-II
reactor building is to be seen on the left. It is connected with a
low “neutron guide hall“ where beam tube experiments with cold
neutrons can be performed. This experimental area even extends
into the egg-shaped building of the existing reactor FRM. This old
FRM has been the first nuclear reactor in Germany and will be shut
down and decommissioned shortly before the new FRM-II goes into
operation.
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MITR-III
Orto K. Harling and David D. Lanning

Nuclear Reactor Laboratory and Department of Nuclear Engineering
Massachusetts Institute of Technology
Cambridge, Massachusetts USA

ABSTRACT

This paper outlines the successful MIT research project which is currently based on
a compact core 5 MW neutron source. In anticipation of the license expiration for the
current MITR-II in 1996, studies have been initiated to define the user needs and the reactor
design which could meet these needs. An overview of current activities relating to a new or
upgraded reactor, MITR-III, are presented in this paper.

I. INTRODUCTION

The MIT Research Reactor has been, is and is expected to continue to be a valuable
research tool at the Institute. The initial MITR-I, and now the upgraded MITR-II, has
served the research, teaching, and service needs of students and staff from various MIT
departments and laboratories as well as users from other universities, teaching hospitals,
and industries for thirty-two years. Some appreciation of the value of this facility can be
gleaned from the following statistics. A total of 180 doctoral, 271 masters', and 78
bachelors' theses have been completed using the MITR. A total of 800 papers in reviewed
technical journals, 231 major technical reports and a total of ~2000 written publications of
all types have been based upon work done with this reactor. No less than 90 major
technical highlights, i.e. major achievements such as in-pile loops to simulate LWRs or
highly accurate measurements of limits on the neutron's charge, have resulted from
research at this reactor.

In 1958 the first MITR was made operable;[1] in 1975 the significantly upgraded
MITR-II achieved full power;[2] and in 1989 planning for MITR-III was initiated. This
paper provides some of the background on the MIT research reactor project, including a
description of current facilities. The desired characteristics for an upgraded reactor and
various considerations related to MITR-III are outlined in this paper.

II. BACKGROUND OF THE MIT RESEARCH REACTOR

The MIT Research Reactor Project was conceived in the first part of the decade of
the 1950's. It was during this period that the "atoms for peace” initiative was enunciated
by the US Government and the Atomic Energy Act of 1954 facilitated peaceful uses of the
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atom. Universities responded to this initiative by the creation of academic departments
which specialized in nuclear engineering and by the design and construction of university
research reactors (URRs). The construction of URRs was encouraged by the US
Govemment,‘ in particular, by the Atomic Energy Commission and the National Science
Foundation.

At MIT, the Institute's president, Dr. James R. Killian was a leader in the effort to
establish a department of Nuclear Engineering and to build a first-class research reactor.
The organization of an academic department of Nuclear Engineering was put into the able
hands of Manson Benedict, who after receiving a doctorate in Chemical Engineering from
MIT, had distinguished himself through his contributions to the Manhattan Project.
Professor Benedict recruited Dr. Theos J. Thompson from the Los Alamos Laboratory to
take charge of the design and construction of the MIT Research Reactor. Dr. Thompson
had an excellent background for this task since he had been involved with the design of the
Omega West Research Reactor at Los Alamos.

The detailed design and construction of the MITR-I required about three years.
This is a short time compared to the time it currently takes to complete projects of
comparable complexity. In 1958, when MITR-I went critical, it was the fourth URR to go
into operation in the USA and it was the largest or most ambitious of the initially
constructed URRs. MITR-] had similarities to the Argonne National Laboratory's CP35
tank type reactor. It was designed to be capable of 5 MW thermal and to be heavy water
cooled and moderated. A graphite reflector was used. Fuel elements were MTR type plate
elements using a fuel meat which had fully enriched U-235.

The MITR-I was provided with a wide range of experimental facilities, including
the following major facilities:

Eleven horizontal beam ports, 4 to 12 in. in diameter, radial to the core

Two horizontal thru ports, 4 and 6 in. in diameter, tangential to the core

Six pneumatic tubes for rapid transport of small samples

Four thimbles in the reflector, 3-1/2 in. i.d. for longer term thermal neutron
irradiations

Fission neutron irradiation facility

Thermal column, hohlraum and blanket neutronics facility
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Medical irradiation room with a large vertical beam below the core
In-pile irradiation positions based on removal of fuel elements

Many research projects including neutron scattering, blanket neutronic studies,
medical irradiations, capture gamma-ray studies, organic reactor coolant stability, nuclear
chemistry, neutron activation analysis, etc., were successfully carried out thanks to the
availability of MITR-1.

From the beginning of the MIT reactor project, it had been recognized that the
research reactor would require eventual rebuilding and upgrading. This farsighted
approach included provision for funding a reactor upgrade. After several years of
planning, which involved a number of graduate student thesis projects, the decision to
rebuild the MITR was made in the early 1970's. To direct the major renovation, David D.
Lanning was brought to MIT from the Hanford Laboratories. Professor Lanning, a Ph.D.
graduate from the MIT Nuclear Engineering Department, already had considerable
experience with the MITR-I while he was Superintendent of Operations.

Major design goals for the upgraded reactor included:
Improved thermal flux intensity and quality at the horizontal beam ports.
Enhanced safety, especially with regard to potential loss of core cooling.

Improved operational characteristics, including fuel life, reliability of components
and control systems. ‘

The upgraded MITR-II, see Fig. 1, features a completely redesigned core and

reflector. The compact hexagonal core, 15 inches wide by 2 ft. high, operates at 5§ MW
with a power density of ~ 0.1 MW/liter. Core cooling is with H,O while the reflector tank,

which wraps around the lower part of the core tank, uses D;O. To remove the SMW of
heat from the much compacted core without major changes to the heat removal systems, the
aluminum fuel plates were grooved, resulting in a doubling of the heat transfer coefficient.
Uranium loading in the fuel elements was substantially increased and each of the elements
in the 27-element core has ~ 500 gms of U-235. Fuel elements can be rotated to three
different radial positions and are constructed so that they can be flipped upside down to
optimize fuel burnup. Burnups of ~ 45 percent are achieved, resulting in an average fuel
element life of approximately four and one-half years or 900 full power days.
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Another feature of the MITR-II core is the available option of poisoning the upper
half of the core. This still permits operation at a full 5 MW and provides significantly
increased flux, e.g. 30-50 percent increases of the beam tube flux.

Beam tubes in MITR-II are tangential to the bottom of the core and view a well
moderated thermal flux where it peaks in the DO reflector. The tangential arrangement,

the compact core, and the good moderation provided major improvements in beam tube
thermal neutron flux intensity, and decreases in undesired backgrounds from fast neutrons

and gamma rays..

A summary of important performance changes achieved by upgrading MITR-I to
the MITR-II design (both reactors at 5 MW) is given below.

Neutron Flux

1. Increased thermal flux at horizontal beam ports, a factor of 3X for the total thermal flux
and a factor of 9X at 3 A, ¢y, = 1014 n/cm2-sec.

2. Fast neutron and gamma ray contamination of the thermal beams was greatly reduced.

3. In-core fast neutron flux was increased to more than 1014 n/cm2-sec, E; > 0.1 MeV.

4. The medical beam contamination by fast neutrons and gamma rays was significantly
decreased.

Safety Improvements

1. No loss of coolant due to pipe rupture; pipes enter core tank near top of tank.
2. Natural convection demonstrated.

3. Seismic safety enhanced.

4. Light water primary system, resulting ‘in reduced tritium problems.

5

. Heavy water reflector, provided backup scram, and an extra tank wall to defend against
loss of core cooling.

6. Remote shutdown and cooling capability.
ional Improvemen
1. Control rod magnets moved away from core radiation.

2. Elimination of tritium contamination on in-core components and experiments.
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3. Access to core and in-core facilities through pool.
4. Fuel assemblies with improved heat transfer and long burnup lifetime.
. MITR-III

ner; i ions, I n

The following considerations or issues must be understood and dealt with in

planning for the MITR-III. We have begun to deal with these but are nowhere near a final
resolution of some of these issues.
1. MITR-II's license expires July 1996.

2. What type of reactor is best suited to MIT's and the other users' needs? For example,
should it be a general purpose neutron source, such as the MITR-I and MITR-II, or
should there be strong emphasis on developing specific nuclear technology, e.g., gas
cooled reactor design, or specific scientific applications such as neutron scattering.

3. Optons include: a new reactor, an upgrade, relicensing, decommissioning,
4. Location of MITR-III
5. User base
6. Funding for MITR-III: a) construction, b) operation.
Desired Reactor Characteristics
Our current list of desired reactor characteristics is based upon discussions with a
variety of reactor users. A distilled list of user requirements modified by the review of the

authors in order to assure reasonable compatibility and to give consideration to the current
and projected levels of utilization is presented below:

1. In-core Jrradiation Experiments

Current and projected needs for in-core irradiation space for radiation damage
studies and in-pile test loops is significant. Therefore, a somewhat larger core, with space
in and above the core to accommodate three or four complex rigs or loops is desired. A
fast flux somewhat higher than 1014 n/cm2-sec E > 0.1 MeV and larger in-core test holes,
~ 3 in. in diameter compared to the current maximum of 2 in. diameter per fuel element,
are desirable.
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2. Medical Irradiation Beams

Increased epithermal flux for treatment of deep-seated tumors by neutron capture
therapy is desired. Alternate sites for medical beams, e.g. from the side of the reactor,
should be considered. Fluxes of 3-10 x 109 n/cm2-sec 1 eV < E < 20 keV are reasonable

goals.

3. Neutron Scattering

Tangential beam tubes, with beam-tube source flux of at least ¢, = 1 x 1014
n/cm2-sec. are desirable. Provision for a rethermalizer at liquid helium temperature to
produce a cold neutron source should be considered. Even though these spectrometer
beams are not as intense as national laboratory beams, there is a broad research program

that can be carried out in solid state physics, chemistry and material science, see, e.g.
"New Materials," Science, Vol. 247, 9 Feb 1990.

4. Neutron Activation Analysis
All current short and long term thermal neutron irradiation facilities should be

maintained. A thermal flux of greater than 5 x 1013 n/cm2-sec is desired for at least one
facility. Low flux gradients and cooling for sensitive samples is important.

Thermal neutron irradiation facilities for larger sample volumes, e.g. > 6 in.
diameter samples at flux levels of 5 x 1013 - 10 x 1013 nfcm2-sec, are needed. Cooling

using reactor or moderator water is desirable.
R Desien Considerati 1 Goal
~The general dcs1gn goal for MITR-III can be stated, IQ im pm e the facil m sygh that

More specific goals include:

1. Improving certain experimental capabilities, see above.
2. Improving the safety and operation.

3. High availability, 2 80%.

4. Licensability.
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5. Plant personnel exposures < 10% of 10CFR20 limits.
6. No sheltering or evacuation plans for general public.

7. Investment protection, risk of exceeding design conditions not to exceed
1 x 10-5 events/year.

8. Yearly operating costs less than $1 million.

Some design restrictions:

1. Urban siting on the current site.

2. Power level less than 10 MW.

3. Use of LEU fuel.

4. Use of the existing reactor block and containment building.
5

. Use of existing heat removal capabilities; or limits on pipes, pumps, heat
exchangers or flow rates for increased heat transfer.

6. Restrictions on power or power density for safety considerations such as
natural circulation cooling after shutdown.

7. License limit considerations such as existing containment design limits.

The full listing of the design requirements will be developed by the use of an
integrated design approach. This approach includes a functional analysis and the use of
probablistic risk assessments (PRA) for the assessment of design options.

f -1

In 1989 a preliminary study of MITR-III options was initiated using student
resources and some faculty and professional staff. After examining a wide variety of
options including the entire range from a new reactor on a new site to decommissioning and
elimination of a research reactor at MIT, the tentative conclusion was reached to:

Upgrade the current research reactor and maintain the general philosophy of a
general purpose neutron source which has served the users' needs well in the past.

To move this concept toward realization, a detailed design study effort, requiring
several man years of effort, must be carried out. Currently, due to resource limitations we
are only able to mount a modest study effort which cannot meet the requirements for the
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development of a detailed design and cost estimates. We intend to make strong efforts to
obtain the resources needed for the design of MITR-III and for its realization in the period
when the current MITR-II license expires.

IV. SUMMARY

This paper provides some background on the successful MIT Research Reactor
Project which was initiated in the early 1950's. We have also outlined the considerations
involved and the options available for an MIT reactor after the current license expires in
1996. These considerations include the projected user needs and reactor design aspects
including core design, safety and licensability.

In the present climate of a dwindling number of university research reactors, we
believe that every effort should be made to keep the MITR facility operating in order to
continue the teaching and research that will be required for the future in the nuclear sciences
and in nuclear technology.

V. ACKNOWLEDGEMENTS

The authors wish to acknowledge the assistance of L. Clark, Jr., and J. A. Bernard
in preparation of this paper.
V1. REFERENCES

[1] Thompson, T.J., "The MIT Research Reactor," Proceedings of the Second Con-
ference on Peaceful Uses of Atomic Energy, 417 (1958).

[2] L. Clark, Jr., and D. D. Lanning,"Research Reactor Redesign and Upgrade," Pro-

ceedings of the Symposium on "Use and Development of Low and Medium Flux
Research Reactors,” Supplement to Vol. 44, Atomkernenergy-Kerntechnik, 118

(1984).



THE ADVANCED NEUTRON SOURCE
(ANS) PROJECT

C. D. West



27

THE ADVANCED NEUTRON
SOURCE (ANS) PROJECT

C. D. West'
Oak Ridge National Laboratory
Oak Ridge, Tennessee, USA

ABSTRACT

The Advanced Neutron Source (ANS) is a new user experimental facility for neutron
research planned at Oak Ridge. The centerpiece of the facility will be a steady-state
source of neutrons from a reactor of unprecedented flux. In addition, extensive and
comprehensive equipment and facilities for neutron research will be included. The
scientific fields to be served include neutron scattering with cold, thermal, and hot neutrons
(the most important scientific justification for the project); engineering materials
irradiation; isotope production (including transuranium isotopes); materials analysis; and
nuclear science.

I. MISSION, PERFORMANCE GOALS, AND OVERALL REQUIREMENTS

The Seitz-Eastman Committee, in a 1984 National Academy Study,” was most
influential in defining the scientific justification for an advanced steady neutron source and
in specifying the broad performance capabilities required. The committee debated the
performance capabilities of present research reactor technology and selected an achievable,
but challenging, performance goal to meet the scientific needs of the user community. The
Seitz-Eastman report was studied, and its findings endorsed, by the U.S. Department of
Energy’s (DOE’s) own Energy Research Advisory Board (ERAB)./”

Subsequently, workshops”¥ and the National Steering Committee for an Advanced
Neutron Source (NSCANS) defined the performance requirements in greater detail and
also in quantitative terms. NSCANS continues to guide the ANS Project and to review

the project team’s work to ensure that user requirements are being met. The DOE

*

Based on work performed at Oak Ridge National Laboratory, operated for the U.S.
Department of Energy under contract DE-AC05-840R21400 with the Martin Marietta
Energy Systems, Inc.
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orders, and other appropriate codes and regulations, further define design requirements

(see Tables 1 and 2).

II. TECHNOLOGY AND BASIC DESIGN FEATURES FOR THE ANS REACTOR

The user requirements, particularly the need for a large, accessible volume of very
high thermal neutron flux, determine the main features (high power and small size) of the
reactor core design. To minimize technical risk, the project has adopted the involute,
aluminum-clad cermet fuel plates and the annular core arrangement, common in existing
high-performance beam reactors [e.g., High Flux Isotope Reactor (HFIR) and the Institut
Laue-Langevin (ILL) reactor at Grenoble]. A new geometrical arrangement using fuel
elements of different diameters separated axially, offers many safety and performance
advantages and forms the basis for the final preconceptual core design (see Figs. 1 and
2).

The basic concept is conventional: a heavy-water-cooled and reflected reactor. The
large reflector tank places ~ 1.5 m of heavy water around the core and provides space
for two cold sources, beam tubes and guides, rabbits, and isotope production targets (Fig.
3).

The coolant flows upward through the core, leading to a quicker, and more
predictable, transition from forced-to-natural convection and also to a reduced probability
of core flow blockage, because foreign objects or debris falling onto the core would be
swept up and caught by the primary coolant screen when the flow is started.

There are two independent scram systems; one that is also used for control, is inside
the central hole of the annular fuel elements and within the primary coolant circuit. The
other scram system is outside the pressure boundary (Fig. 4). Either system alone can
safely shut down the reactor, even if one rod were stuck.

III. FACILITIES |

The reactor is housed in a large containment dome, with floor space for beam tube

experiments. The experimenters are physically separated from the operating areas. A

large guide hall provides space for cold neutron beam experiments, and office space is
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Table 1
Quantitative Expression of Performance Goals

Neutron beams

Peak thermal flux in reflector 5-10x 10¥
mZs’!
Thermal/fast flux ratio >80

Materials irradiation®
Fast flux, m?s >1.4 x 10¥

Fast/thermal flux ratio >0.5

Transuranium production®

»2Cf Production rate, glyear 15
®Es Production rate, u/year 40
a

To match or exceed the éapabih’ties of the irradiation
positions in the HFIR flux trap.

b .

To match or exceed production capabilities at HFIR.
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Table 2

Overall Requirements

Appropriate codes and regulations User Needs
10CFR50, Appendix A (Design Criteria) Neutron flux and spectrum
Pressure boundary integrity Access for experiments

Two diverse scram systems
Decay heat removal

ASME Section III, Class 1

DOE 6430.1a, Safety Policy
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Fig. 1. Scale comparison of three involute plate, annular fuel element, research
reactor cores.
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provided to accommodate facility staff and the ~1000 users expected each year (Figs. 5
and 6).

IV. SAFETY GOALS AND RESISTANCE OF THE ANS PRECONCEPTUAL DESIGN
TO ACCIDENTS

The ANS design goal for core damage probability is 10°/year, the same as that
proposed in the DOE’s draft safety objectives policy for the much larger production
reactors. For the same core damage probability, personal risks from the ANS will
naturally be lower than from the New Production Reactor (NPR), because the ANS fission
product inventory (source term) is very much lower. For comparison, the HFIR and the
Advanced Test Reactor (ATR) each have a core damage probability of ~10%/year.

Work began on probabilistic risk assessment (PRA) for the project very early, and the
results have already led to design changes. By implementing an integrated safety, research
and development (R&D), and design program from the beginning of the project, many
safety issues were addressed during preconceptual design to minimize later, and more
expensive, design changes or retrofits (e.g., Table 3). Continued attention to the areas
identified in Table 3 for further work is expected to bring the 10° risk goal within reach.

V. R&D ISSUES RAISED BY THE DIFFERENCES BETWEEN THE ANS DESIGN
AND HFIR

The ANS user requirements could not be met by a facility like the HFIR. However,
many of the differences between ANS and HFIR (e.g., more beams and experimental
stations, a higher heat removal capacity, and more effective scattering instruments) raise
no new safety issues. The higher power density does mean that several operating
parameters - including coolant velocity, fission rate in the fuel, and heat flux - are outside
HFIR operating experience (Table 4). The tests and analyses necessary to verify that the
new operating conditions can be safely achieved are either already under way or
appropriately sched‘uled. Independent reviewers have endorsed the design approach,
basing their judgement on available data and on the project team’s plans to gather the
necessary additional data. .

Some of the planned research and tests are listed in Table 5. Results from this R&D
program will be shared with the community.
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Table 3

HFIR AND ANS CORE DAMAGE PROBABILIT 1IES FOR DOMINANT ACCIDENT SEQUENCES

CORE DAMAGE PROBABILITY NOTES,
INITIATING EVENT (PER YEAR) REASONS FOR EXPECTED
CATEGORY HFIR! ANS? DIFFERENCES

FLOW BLOCKAGE 9.0x10° 7.2x10* ADVANTAGE OF ANS

REFUELING MACHINE AND UPFLOW
LARGE PIPE BREAK  3.3x10° <3.0E-7 ANS USES FRACTURE MECHANICS-
(COMPLETE SEVER- BASED LEAK BEFORE BREAK
ANCE >51 mm PIPE) APPROACH IN THE DESIGN STAGE
SCRAM SCENARIOS 2.3x10° <107 ANS DOES NOT HAVE AUTOMATIC’
(PRIMARILY MANUAL DEPRESSURIZATION OR CUTOFF OF
SCRAM FOR NORMAL SECONDARY COOLANT FLOW AFTER
SHUTDOWN) SCRAM
FUEL MANUFAC 2.1x10° ASSUMED SAME ANS GOAL OF 10° TOTAL CORE

TURING DEFECT

LOSS OF INSTRUMENT 1.7x10*
AIR

SMALL PIPE BREAKS  1.6x10°

(SEVERANCE OF <51

mm PIPE)

PRESSURIZER PUMP  7.3x10%

FAILURES

TOTAL 2.1x10* (92.5%
OF TOTAL
HFIR RISK)

<107

ASSUMED SAME, IN
ABSENCE OF FURTHER
DESIGN WORK

2.2x107

4.5x10°
(SHOULD BE ~90% OF
TOTAL ANS RISK)

DAMAGE PROBABILITY WILL
REQUIRE ADVANCED FUEL INSPECTION
TECHNOLOGY

ANS DOES NOT REQUIRE AUTOMATIC
DEPRESSURIZATION®

ANS GOAL OF 10* TOTAL CORE
DAMAGE PROBABILITY WILL REQUIRE
SOME IMPROVEMENT BY DESIGN

'HFIR results based on Oct. 17, 1988 Update to the HFIR PRA.

2ANS results provided by Brookhaven National Laboratory (Fullwood and Shier) in the July 1989 ORNL/BNL PRA review
meeting. The ANS results are very much subject to change since they are based, in part, upon preconceptual design
information that will be modified and defined in great detail as the design effort progresses.

3ANS does not need the reactor vessel NDT-avoidance fixes (automatic depressurization of the primary and automatic

post scram cutoff of the sccondary coolant).

‘HFIR has recently changed the failure mode of the automatic depressurization valves from fail-open to fail-closed, giving

lower probability than listed here.
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Table 4

ANS Reactor - Specifications and Comparison with HFIR

Quantity & unit ANS ANS notes HFIR’
Fission power level, MW(f) 350 100
Power transferred to primary 332 - Heat convected 97

coolant, MW(c) away from
fuel piates
Average power density, 49 19
MW(c)/L
Max. pawer deasity, MW(c)/L 83 Estimated, fuel 44
grading not
yet optimized
Core life, d 4 20
Core active voiume, L 674 Fueled volume 50.6
Fuel form Usi, U,0,
Fuel matrix Al Al
Vol % of fuel in meat, % 15 1251807
Fuel loading, kg U™ 149 9.4
Fuel cladding 6061 Al 6061 Al
Fuel piate thickness, mm 127 127
Clad thickness, mm 0254 0254
Coolant channel gap, mm 127 127
Coolant (and reflector) D,0(D0) HO(Be)
Inlet pressure, MPa 3.7 4.1
Inlet temperature, °C 49 49
Heated length, mm 474 508
Coolant velocity in core, 274 May be reduced 16
m/s after detailed
analysis
Core pressure drop, MPa 1.6 0.7
Outlet pressure, MPa 21 34
Bulk coolant outlet temp., 81 73
°C
Average heat flux, MW(c)/m? 63 24
Max. heat flux, MW(c)/m? 10.7 Estimated; fuel 5.6
grading not
yet optimized
Max. fuel centerline temp., 400 Design groundrule 327
c
Peak thermal flux in >8 Unperturbed 1.5
reflector, 10° mist
"At 100 M.

"Im-: elemant/cutar element.



Area

Table 5. Some Planned Research and Tests

Tests

Dates to begin (tentative)

Fuel plate stability

Thermal hydraulics

Fuel performance

Oxide formation

Cold source

Epoxy plate tests (single plate)

Aluminum plate tests (single
plate)

Epoxy plate tests (multiplate)

Aluminum plate tests (multiplate)

Thermal stress tests

Full core test

Plate vibration tests

T.H. limits narrow channels with
coolant velocity

Fuel tests by accelerator
irradiations
In-pile sample tests at HFIR

Fabrication tests of two-dimensional
grading

Test fabricate fuel plates to
conceptual core design

Miniplate tests in HFIR

Out-of-pile tests with high coolant
velocity and heat flux
In-pile test at HFIR

Liquid nitrogen simulations
Liquid H, or D, tests

Feb. 1990
Oct. 1990

Nov. 1990
Jan. 1992
May 1993
June 1993
Sept. 1993

Sept. 1990

underway at ANL
awaiting HFIR full
power operation
underway at B&W
Sept. 1990
Jan. 1991
underway at ORNL
Jan. 1992

July 1990
Jan. 1993
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VI. SUMMARY

The ANS Project has completed the preconceptual design phase. An evolutionary
process has led to a new reference core design with greatly enhanced thermal-hydraulic
margins and improved performance parameters in many areas. The reactor systems design
has also evolved in response to input from the integrated safety analysis program and from
HFIR studies and reviews. R&D is under way or planned in those areas important to

safety, design, and performance improvement.
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The High Flux Reactor Petten, Present status and prospects
J. Ahlf

Institute for Advanced Materials
Joint Research Centre, Petten, The Netherlands

ABSTRACT

The High Flux Reactor (HFR) in Petten, The Netherlands, is a light water cooled and moderated multi-
purpose research reactor of the closed-tank in pool type. It is operated with highly enriched Uranium fuel
at a power of 45 MW. The reactor is owned by the European Communities and operated under contract
by the Dutch ECN. The HFR programme is funded by The Netherlands and Germany, a smaller share
comes from the specific programmes of the Joint Research Centre (JRC) and from third party contract

work.

Since its first criticality in 1961 the reactor has been continuously upgraded by implementing developments
in fuel element technology and increasing the power from 20 MW to the present 45 MW. In 1984 the reactor
vessel was replaced by a new one with an improved accessibility for experiments. In the following years also
other ageing equipment has been replaced (primary heat exchangers, pool heat exchanger, beryllium reflector
clements, nuclear and process instrumentation, uninterruptable power supply). Control room upgrading is
under preparation. A new safety analysis is near to completion and will form the basis for a renewed license.

The reactor is used for nuclear energy related research (structural materials and fuel irradiations for LWR's,
HTR'’s and FBR's, fusion materials irradiations). The beam tubes are used for nuclear physics as well as solid
state and materials sciences. Radioisotope production at large scale, processing of gemstones and silicon with
neutrons, neutron radiography and activation analysis are actively pursued. A clinical facility for boron
neutron capture therapy is being designed at one of the large cross section beam tubes.

It is foreseen to operate the reactor at least for a further decade. The exploitation pattern may undergo
some changes depending on the requirements of the supporting countries aand the JRC programmes.
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1. INTRODUCTION

The High Flux Reactor (HFR) in Petten, The Netherlands, is a multi-purpose research reactor operated
with highly enriched uranium as a fuel at a power of 45 MW.

The HFR is property of the European Communities. It is operated under contract by the "Netherlands
Energy Research Foundation (ECN)". The programme is managed by the "HFR Division" of the "Institute
for Advanced Materials", one of the nine institutes of the "Joint Research Centre (JRC)" of the European
Communities. The HFR programme is executed in four year periods. The present programme period covers
the years 1988 to 1991. The running programme is funded by a "Supplementary Programme” shared by the
Netherlands and the Federal Republic of Germany, and by "Specific Programmes" of the JRC. In addition
a target is set for third-party contract carnings. The programme resources are outlined in Table 1.

The programme objectives are defined by Dutch or German institutions under the supplementary
programme, by JRC institutes for the specific programmes and by interested institutes or companies from
inside and outside the European Communities under third-party contract research.

The irradiation capacity of the HFR is utilized to a high degree. The largest share is still related to materials
technology for fission reactors (structural materials and fuel irradiations for LWR's, HTR’s and FBR’s) and
future fusion machines. The beam tubes are used for nuclear physics, but with a larger share for solid state
physics and materials sciences. Radioisotope production, processing of gemstones and doping of silicon with
neutrons, neutron radiography and activation analysis are actively pursued and offered to commercial
customers. Design of a clinical facility for boron neutron capture therapy and related research is in progress.
The facility will be installed at one of the large cross section beam tubes.

2. CHARACTERISTICS OF THE HFR

The HFR has been designed according to the principles of the Oak Ridge Research Reactor (ORR). It is
a classical multi-purpose research reactor. Its nuclear and thermal characteristics are compiled in Table 2.
The reactor core is housed in a closed tank, which together with the circulation pumps and the heat
exchangers forms the primary circuit. Light water is used as a coolant and moderator. The reactor tank is
submerged into a deep water filled pool with thick concrete walls. The pool is lined with an aluminum liner.
Presently the HFR is operated at 45 MW using highly enriched uranium as fuel. The core lattice is a 9 x 9
array containing 33 fuel assemblies, 6 control members, 19 experiment positions and 23 beryllium reflector
elements. The row at the east side of the core lattice, normally loaded with 9 beryllium reflector elements,
is arranged outside the core box of the reactor vessel.

The fuel assemblies contain 23 fuel plates with an active length of 600 mm. The uranium is about 93 %
enriched in U-235. The fresh fuel uranium content per assembly is presently increased from 420 g to 450
g U-235. The two side- plates of each fuel assembly contain together 1000 mg B-10 in fresh condition. The
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control elements consist of a cadmium section on top of a fuel section. The fuel section contains 19 fuel
plates with a total fresh mass of 290 g U-235. Their drive mechanism is situated below the reactor vessel.

The new reactor vessel installed in 1984 has advanced characteristics with respect to accessibility for
experimental equipment as compared to the original ORR-design. The vessel is shown in Fig. 1. It is an
aluminium construction consisting of a lower cylindrical part embedded in the concrete floor of the pool
and an upper part arranged in the reactor pool. Those parts are iﬂanged and bolted together at the pool
bottom level. The upper or pool part of the vessel is an all-welded construction and has apart from the
support structure a rectangular cross section, which provides an easier access to the pool side facilities than
the circular cross section of the older design. Direct vertical experiment access to the reactor core positions
is through the holes of the central reactor top lid, which also supports the experimental tubes.

Adjacent to the reactor pool there are two smaller pools for storage and handling purposes. On top of one
of these two pools a hot cell for the dismantling of irradiated capsules is placed. A simplified sketch of the
installation is given in Fig. 2.

The arrangement of the irradiation possibilities at the HFR is shown in Fig. 3. There are 9 in-core positions
in the fuel region of the core and 10 boundary and reflector positions. The 12 positions in the large pool side
facility are highly valuable, mainly for transient tests and fuel rods, whereas the new small, low fluence rate
peol side facility suffers from interference with some of the beam tubes. From the 12 horizontal beam tubes,
two, namely HB11 and HB12, have been installed together with the new vessel, replacing the old thermal
column. They have a very large cross section and advantageous characteristic for future use for boron neutron
capture therapy. The vertical beam tubes and a pneumatic rabbit system are mentioned for completeness.

A detailed description of the operational characteristics of the reactor and the experimental facilities is
given in Ref. [1].

3. MAJOR UPGRADING AND MODERNIZATION ACTIVITIES

Design of the HFR commenced in 1958 and first criticality was reached in November 1961. The major
milestones of HFR's history are summarized in Table 3. Power increases and performance improvements
with respect to the provision of more and higher flux density in-core positions was rendered possible mainly
by fuel technology development which was characterized by increasing the mass of U-235 in the assembly
from 120 g in 1961 to 450 g in 1990, and by the introduction of B-10 as a burnable poison.

In the mid seventies it was realized that embrittlement of the vessel material would become a licensing
problem in the future. So it was decided to install a new vessel. The vessel replacement was carefully planned
and prepared until action of removing the old vessel and replacing it by a new one took place in a shut-
down period not longer than 15 months [2]. As mentioned above the new design incorporated major
improvements with respect to experimental utilization. In addition provisions were made for an optional
further power increase to 60 MW.
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After the vessel replacement the process of upgrading and replacement of ageing equipment was accelerated,
always under the consideration to keep the option open on further increase of operating power to 60 MW,

The old primary heat exchangers, being designed for 20 MW operation, gave some problems during summer
conditions in heat removal capacity at 45 MW and made further power increase impossible. In addition the
necessary increased flow at the secondary side, beyond design conditions, for a considerable period of time,
led to degradation and increased vibrations at the penetrations of the baffle plates for the numerous pipes.
As the available limited space in the bunkers did not allow to introduce tube/shell heat exchangers of the
enlarged capacity, a new plate type heat exchanger with titanium plate was chosen. The number of
maintenance and cleaning actions could be reduced considerably as a result of daily application of the built-
in backflash option. '

Also the pool heat exchanger was replaced to care for larger heat removal capacity. An additional reason
for this replacement by a plate type was the need to be able to clean the primary side of the exchanger.
This became mecessary to avoid the growth of algae in the exchanger, which deteriorate heat removal

capacity.

The original beryllium reflector elements are still in use with all indications of their extended use and
handling damage after nearly 30 years of utilization. Embrittlement and dimensional changes caused by the
high received neutron fluence as well as indications of reactivity loss after  reactor shutdown due to the
ingrowth of He-3 and Li-6 became a matter of concern. New elements were ordered with updated technical
specifications, and after their recent delivery they will be inserted into the core in the near future.

In order to promote diversification and redundancy for the flux protection system, an extra set of three
nuclear safety channels of different design will be introduced, which in the case of overpower will directly
act on the magnet circuits of the control rods in the sub-pile room. The location will be completely outside
the reactor control room to decrease the risk of common mode failures in case of fire.

Increased failure rates, and unavailability of spare parts led to the replacement of the major part of the
nuclear channels. Also the uninterruptable power supply was replaced to avoid increasingly costly repairs
of outdated equipment, and also to introduce redundancy and to relocate for diversity in cabﬁng routes in
search for additional fire protection measures and prevention of common mode failures. A complete
upgrading of the control room is now under preparation. Outdated components have to be replaced, and the
new design will incorporate modern ergonomic principles.

On request of the Dutch licensing authorities a complete reappraisal of the safety analysis is in progress
which will replace the old HFR hazard report written more than 30 years ago. This safety analysis will be
the basis for a renewal of the present HFR operating license. In parallel the set-up of a comprehensive
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quality assurance system is in progress which comprises a systematization and documentation of all the
existing practices and procedures for reactor operation proper and all the activities connected to the
exploitation of the reactor.

4. EXPLOITATION OF THE HFR PETTEN

The current programme of the HFR addresses a broad scope of applications of neutrons to science and
technology which are briefly addressed in the following section [3].

LWR fue! rod behaviour is investigated under steady state and transient conditions. Both BWR and PWR
operating conditions can be simulated. For transient scenarios in a wide range of power ramp rates, the
pool side facility provides particularly favourable possibilities.

HTGR structural and reflector graphite is irradiated with emphasis on the behaviour under specified load
conditions in the temperature range between 300 and 1200 C. HTGR fuel irradiations address mainly the
fission product release behaviour in a wide temperature domain (600°C to 1500<C).

The HFR Petten is also participating in international R&D programmes on LMFBR fuel. Mixed oxide fuel
as well as advanced concepts - carbide and nitride fuel - are tested under start-up and in-situ operational
transients. FBR structural materials are irradiated to high fluences in order to assess mechanical properties,
including creep and fatigue under irradiation.

Materials research for fusion has increased largely in recent years. The present tests in the HFR are
embraced by the European Fusion Technology Programme. They mainly concern creep, fatigue and crack
growth in austenitic stainless steel together with research on vanadium alloys and on structural ceramics as
well as testing of ceramic and liquid metal candidaie blanket breeder material with on-line tritium release

measurements.

Present utilization of the horizontal beam tubes is shown in Fig. 4. The programme comprises crystal and
magnetic structures, ordering in liquid and amorphous alloys, spin density distributions, phonons, spinwaves
and residual stress measurements by diffraction and inelastic scattering of neutrons, further the study of
inhomogeneities in technical materials by means of small angle neutron scattering, for which purpose a new
facility has been brought into operation in 1989. One of the beam tubes is in permanent use for neutron
radiography, methodology development as well as applications, mainly in the space and aircraft industry. At
the large cross section beam tube 11 a filtered beam facility for boron neutron capture therapy with
epithermal neutrons is being designed. This facility will be the principal research tool for BNCT research
in Europe.
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In view of decreasing irradiation capacity and in view of increasing demand for radioisotopes for medical -
and industrial purposes the radioisotope production services at the HFR are being upgraded presently. In
the field of activation analysis the HFR offers several facilities over a wide range of irradiation times and
sample volumes. Facilities for silicon doping and gemstone colouring are also in operation.

Efficient utilization of a research reactor is only possible, when it is embedded into the infrastructure of a
large nuclear research centre. In this respect the close and fruitful co-operation between JRC and ECN is
noteworthy. The HFR programme makes ample use of neutron metrology and reactor physics services and
also of the well equipped ECN hot laboratories.

5. SUMMARY AND CONCLUSIONS

The High Flux Reactor Petten is operated as a multi-purpose research reactor and serves as a principal
tool for a wide variety of applications. The programme is mainly sponsored by The Netherlands and Germany
and by the European Communities, but the reactor is also offered to institutions and companies from Europe
and abroad.

Being continuously upgraded and modernized since its first criticality in 1961, the reactor can be regarded
as a modern and up-to-date research tool even after nearly 30 years of operation. Experience has developed
and equipment is available for addressing the full scope of materials testing for nuclear energy deployment
as well as for efficient utilization of the beam tubes for fundamental and applied research.
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Table 1:

PROGRAMME RESOURCES 1988 - 1991

Supplementary Programme

a) exploitation of the reactor
- Federal Republic of Germany
- The Netherlands

b) preparation of experiments
- Federal Republic of Germany
- The Netherlands

JRC specific programmes

Third party contract earnings

Total

325 MECU
325 MECU

65 MECU

pm.*

7.0 MECU

5.0 MECU

8.5 MECU
+pm.*

* work to be carried out directly by the Netherlands,

valued by the Commission at 6.5 MECU




Table 2 : Summary of nuclear and thermal properties of the HFR

Reactor power

Specific power (averaged over fuel positions)
Number of fuel assemblies

Number of control members

Number of in-core irradiation positions

Number of reflector irradiation positions

Number of horizontal beam tubes

Number of pool side facility positions

Fuel charge of fresh fuel assemblies

fresh fuel loading of the fissile

control members followers : 290 g

Boron charge in side plates of fresh fuel assemblies
Total fuel charge '

Volume of core

Average thermal flux density in inner fuel position
Maximum thermal flux density in inner fuel position
Maximum fast flux density in in-core exp. position
Maximum fast fluence rate in pool side facility I .
Maximum fast fluence rate in pool side facility IT
Maximum thermal fluence rate in in-core exp. pos.
Maximum thermal fluence rate in pool side facility 1

Maximum thermal fluence rate in pool side facility o

Radiation heating graphite : in-core positions
reflector positions
pool side facility

Flow rate of primary coolant through core

Coolant speed in fuel assembly
Coolant speed in filler clement
Inlet temperature of coolant

45 MW
310 MW/m®

§RE®©° oy

g 35U

1000 mg 10

11 kg 5y

02 m® A

10x10"® m%

1.6 x 10"®m3s™

2.8 x 10'8m 3" }

3.8 x 10"7m%s"! } equivalent fission fluence rate
1.6 x10"%m%" } '
15x10"%m%’!

27 x10"%m 3!

32x10"m3s"!

6to12W/g }

2to 6 W/g } maxima in axial direction
<3 W/g }

114 ma/s

(4100 m3/h)

Tm/s

02to 7Tm/s

318 K (45°C)
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Table 2 (continued)

Outlet temperature of coolant 328 K (55°C)
Temperature difference across the reactor core 10K
Average heat flux density in mid position 1.00 MW/m?

(100 W/cm?)
Maximum heat flux density in mid position 1.60 MW /cm?

(160 W/cm?)
Absolute pressure above reactor core 340 kN/m? (3.4 bar)
Pressure difference over the reactor core 110 kN/m? (1.1 bar)

® PSF 22 and PSF 27 only

Table 3 : HFR Petten, History

1958 - 1961 Design and construction
1961 First criticality of HFR (November 9)

Maximum power 20 MW
1962 Transfer from RCN to EURATOM (October 31)
1966 Power increase to 30 MW (May 8)
1970 Power increase to 45 MW (February 20)
Mid 1972 Introduction of burnable poison
1974 - 1977 Feasibility study for replacement of reactor vessel
1978 Decision to replace reactor vessel
1980 - 1981 Design of new reactor vessel .
Nov.’83 - Feb.'85 Period of shut-down for reactor vessel replacement
Jan. 1985 First criticality after vessel replacement
1987 Replacement of primary heat exchangers
1988/1989 Replacement of beryllium reflector elements

1989 Replacement of pool heat exchangers
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Fig. 2. Isometric drawing of the reactor building
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The High Flux Beam Reactor Instrument Upgrade
John Axe

Brookhaven National Laboratory
Upton, New York USA

ABSTRACT

A brief overview is given of the current status of the High Flux Beam
Reactor, including the ongoing safety review, and of plans for the upgrade of the
instruments on the experimental level.

I. INTRODUCTION

Brookhaven's High Flux Beam Reactor (HFBR) is one of the major world
centers for neutron scattering investigations in solid state and nuclear physics,
chemistry and biology. The first reactor designed expressly for neutron beam
research, the HFBR began operation in 1965 at 40 MW thermal power. It has
operated since 1982 at 60 MW, providing a maximum thermal flux of 1 x 1013
n/cmZsec. It uses 9.8 kilogram of 93% enriched U-235 fuel configured in a compact
core consisting of 28 curved plate elements. Heavy water serves as both coolant and
moderator and the core is undermoderated to produce the peak thermal flux outside
the core region with a minimum contamination by fast neutrons. The HFBR has a
24-day fuel cycle during which one half of the fuel elements are expended. It
typically operates 10 cycles annually.

The HFBR is the only research reactor in the U.S. with a liquid hydrogen
moderator, and it supports a major program of sub-thermal neutron investigations.
Its nine ports serve 15 experimental facilities. Most of these facilities are operated by
Participating Research Teams (PRT's) consisting of Brookhaven scientists and
regular users of the HFBR from other government laboratories, industrial research
laboratories and universities. A 25% fraction of the PRT instrument time is set
aside for general users (non-PRT members), who obtain beam time through a peer
reviewed proposal system.

The HFBR has been shut down since March 1989 for an extended safety
review. The shutdown was initiated as the result of a BNL study of the
consequences of a hypothetical major loss of coolant accident (LOCA). The
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conservative conclusions of this study could not rule out the possibility of some
minor (1%) fuel damage at 60 MW operation accompanied by unacceptably high
potential radiation exposures for small numbers of reactor personnel. Because no
fuel damage was anticipated at 40MW operation, BNL proposed continuing at this
reduced power level pending further study of possible problems attending 60 MW
operation. DOE rejected this plan. In the months following shutdown several
committees have examined and initiated studies of all vital aspects of HFBR
operation. These studies have centered principally upon the thermal-hydraulic
problems associated with LOCA's, containment vessel embrittlement and
management and training of the reactor staff. The investigative phase of these
investigations has wound-down and no problems have been identified which
would preclude resumption of operation at 40 MW. The present schedule calls for
40 MW operation of the HFBR by August 1990. Although improved analytical
calculations no longer suggest the likelihood of fuel damage at 60 MW operation, it
appears that some physical modelling will be desirable before higher power
operation is resumed.

II. PRESENT AND FUTURE ROLE OF THE HFBR

During its last full year of operation the HFBR had the largest neutron
scattering program (263 users) of any U.S. neutron facility. The instruments
available at the HFBR have been developed to cover a wide range of scientific
studies. Major programs currently exist in protein crystallography and small angle
scattering studies including biological assemblies (proteins, viruses and membranes)
as well as metallurgical precipitates, micelles, polymer structures, etc. Single crystal
structure determinations emphasize precise location of light atoms in carbohydrates
and organometallic compounds, and on magnetically ordered structures. Inelastic
neutron scattering studies are carried out on thermal excitations of solids and
liquids using polarized and unpolarized neutrons. Recent studies have, for
example, helped elucidate the structural and magnetic properties of high
temperature superconductors. Nuclear physics center on neutron capture reactions
and short-lived fission fragment studies using an on-line mass separator. Seven
vertical thimbles provide a variety of neutron energies for sample irradiations, and
also supports a major positron physics facility through the production of Cu-64
positron sources. Two new instrument (recently completed neutron reflectometer
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and a high resolution powder diffractometer still under construction) further
increase the scope of the program.

Over the years there has been a steady increase in the number of scientists
using the HFBR and it is fast approaching the limit of its research capacity.
Moreover, in spite of the instrument building activities noted above, many of the
existing instruments are 25 years old and are becoming increasingly outmoded.

Especially in view of the cost and complexity associated with building and
licensing new reactors, well maintained high performance reactors such as the
HFBR must be considered as renewable national resources. As has been noted in
several high level reviews, the HFBR, with little modification is capable of
supporting a considerably larger and broader-based research program than exists at
the present time. The HFBR Upgrade, together with the Advanced Neutron Source,
a next generation reactor presently under development, provide a coordinated plan
for meeting our national needs for research reactors well into the next century.

The complement of new and refurbished instruments, many of which take
advantage of the unique hydrogen cold neutron moderator at the HFBR, are
summarized in Figure I, and will be built with very minor interruption of the
ongoing HFBR programs. The improved performance of these instruments
increase the scope of experiments susceptible to investigation, reduce the time
necessary to perform a given experiment and thereby will consequently permit a
substantial growth in the number of users that can be accommodated in the HFBR
Program. Much necessary development and testing of instrumentation concepts
relevant to the success of the ANS project will be performed. Moreover, wherever
practical, these activities will be carried out in collaboration with the ANS staff
and/or other appropriate neutron scientists in the US. Many of the new
instruments could be transferred to the ANS in the future, should this prove
desirable. Finally, the Upgrade will permit'the HFBR to continue to accommodate
the growing neutron scattering community until the ANS is in operation.

The reactor pressure vessel, beam tubes and core support structure are made
of aluminum alloy that maintains its properties particulariy well in high radiation
fields. Recent metallurgical studies of samples taken from the highest flux regions
indicate that radiation damage effects have not, as yet, become severe. On this basis
it is expected that full power operation could continue for more than another decade
before replacement of any in-pile components are necessary. And, should such
replacement become necessary we have begun an engineering study for removal of
the beam tubes by remote cutting, and replacement using a flanged seal. From a
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structural point of view, all indications are that the HFBR can support a world-class
neutron scattering program well into the next century.

III. BRIEF PHYSICAL DESCRIPTION OF THE UPGRADE PROJECT

The HFBR Upgrade proposal is a $22M, four-year plan to build five new
neutron scattering instruments at the HFBR and to rebuild six others to current
standards. It was developed in response to several high level studies which called
attention to the strong neutron instrumentation initiatives in Western Europe and
to the aging and saturation of U.S. facilities. A major DOE review of all aspects of
design, cost and management was satisfactorily performed in 1988, and the project
now awaits funding.

It is proposed to make the following modifications to the reactor's external
beam configuration: (i) Two additional thermal neutron beams would be brought
out of the reactor. (ii) Existing beams would be enlarged wherever possible and
modern focusing techniques applied to take fullest advantage of the flux available.
(iii) Instrument shielding would be increased to keep the room background at its
current low level. (iv) Neutron guides would be installed so that new instruments
operating with sub-thermal neutrons could be placed well back from the reactor
shield face where there is more floor space available and the background is lower.

Five new instruments for condensed matter and biological research would be
added--one on a new thermal beam and other four on the neutron guides--and six
existing instruments used for condensed matter research would be reconfigured to
operate with bigger beams. Additionally, an existing neutron reflection
spectrometer would be relocated on a neutron guide tube. The positron facility will
be rebuilt to state-of-the art standards and minor changes and additions would also
be made to operational equipment to support the expanded program.

Instruments Employing Thermal Neutrons. To increase the number of
spectrometers operating with thermal neutrons (and improve performance of
existing spectrometers) it is proposed that the present H-7 and H-8 single-beam plugs
be replaced with double-beam plugs designed to bring out beams of the maximum
practical size. Two new instruments would be installed on the satellite beams.

~Instruments Using Sub-thermal Neutrons from the HFBR's Liquid-Hydrogen
Moderator. For optimum performance of all spectrometers using sub-thermal
neutrons it is proposed that the existing H9 beam plug and moderator assembly be
replaced with one designed to provide three beams of the maximum practical size
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and that new shielding be fabricated to accommodate the bigger beams.
Additionally, three guides would be installed to conduct neutrons to four new
spectrometers within the experimental hall but removed from the reactor shield
face.

Instrument Upgrading. Most of the two and three-axis crystal spectrometers
presently in use at the HFBR to investigate the structures and excitations of solids
(both magnetic and non-magnetic) and liquids were designed and built in the mid-
1960's when the reactor first became operational. They are in need of substantial
modification to bring their performance up to current standards. New beam plugs
will be installed to increase the vertical beam height (so that vertical focusing of the
beams can be employed to fullest advantage) and the existing shielding will be
replaced with new, thicker shielding to keep the room background at its present low
level. There are six instruments which fall in this category.

A plan view of the physical layout of the instruments on the HFBR floor is
shown in Figure II. All of the instruments will be accommodated in the existing
reactor containment structure.

In spite of our current frustrations associated with the protracted shutdown,
as the HFBR nears its 25th anniversary in October of this year, we are convinced that
the HFBR not only has a distinguished history, but has an equally important role to
play in the future of U.S. neutron scattering.
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Glienicker Str. 100, D-1000 Berlin 39 (FRG)

ABSTRACT

The paper gives a brief information on the physical improvements
and the technical data of the Berlin Research Reactor BER II,
which was upgraded from 1985 until 1990. The licensing procedure
is described and the regulations applied.

General

The Hahn-Meitner-Institut is one of 13 national research centers
in the Federal Republic of Germany. Basic research in close
cooperation with the universities of Berlin is the main task

of the institute. Thus, the Berlin Research Reactor BER II is

an important facility in this program. The upgraded BER II will
be a medium-flux neutron source (with a usable reflector flux

of about 1014 n/cm2sec) for standard applications, such as
neutron scattering, material research and activation analysis.
The BER II is a swimming pool reactor and was operated at a power
of 5 MW from December 1973 until it was shut down in August 1985
for a general physical and technical improvement and upgrading.

The physical aim of the BER II upgrade is to increase the usable
thermal neutron beam flux by a factor of 10 and the cold neutron
flux by a factor of 130. This is the results of the following:

- The power of the reactor is increased from 5 to 10 MW
- The fission density is increased by a smaller core. The core

grid has 7 x 6 = 42 MTR fuel element positions. The smallest
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core is the so-called compact core, which uses only 4 rows of
positions. The two rows of positions closest to the beam tubes
R2 and R3 are filled with beryllium (see fig. 1).

- The reflection efficiency is increased by a beryllium reflec-
tor. The beryllium reflector, which is 30 cm thick, surrounds
the core and produces a well pronounced flux peak about 5 cm
from the core edge. To this flux maximum 10 beam tubes are
adapted (a horizontal and vertical cut through the reactor is
seen in fig. 1 and fig. 2). The flux gain of beam tubes ending
in a beryllium reflector instead in a light water reflector is
due to the well pronounced flux peak and due to the lower flux
depression factor.

- The cold neutron flux density is increased by a cold source of
hypercritical hydrogen at about 25 K. The cold source is in-
stalled in the conical beam tube (see fig. 1) and is feeding
(via 7 neutron guides) a new neutron guide hall of approximately
1200 m2.

The reactor and the cold source are ready for nuclear operation,

but the Hahn-Meitner-Institut is still waiting on the operation
license, which is expected in May 1990.

Materials of in-pool structures

The in-pool structures, which are in the neutron radiation field,
are of the aluminum alloy AlMg3 (core structures, beam tubes,
primary cooling ciruit pipes, pool liner, inlet and outlet

pipes of the purification circuits). Other in-pool parts are of
stainless steel (inlet and outlet pipes of the hot water layer),
the heat exchanger, the primary pumps, the pipes of the secondary
cooling circuit).
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Data
Standard core Compact core

- Reactor power [MW] : 10
- Thermal neutron flux [n/cmlsec] 1014 1,5 x 1014

(unperturbed in Be)
- length of typical cycle ([days] 60 33
- Fuel Uranium-Aluminum
- U-235 enrichment [%] 89 - 93
- Type of fuel element MTR

(Material Test Reactor)

- Weight of U-235 per plate [g] 7,83
- Active length [cm] 60
- Inner plate thickness [cm]) 0,127
- Outer plate thickness [cm] 0,15
- Number of fuel elements 30 18

(23 plates)
- Number of control elements and 6

absorbers (17 fuel plates)

- Type of absorber fork
(In, Ag, Cd)

- Max. absorber speed [cm/sec] 0,05

- Total absorber efficiency (%] -18,2 -22,6

-~ Reflector : Beryllium
(rectangular, 30 cm thick)

~ Coolant Hy0

- Total flow [m3/h) - 1050

- Reflectorflow [%&] 18

- Number of primary pumps : 3




74

Experimental Facilities:

- Vertical facilities in core 2
(1 MTR position each)

- Vertical facilities in Be 3

- Horizontal beam tubes - 10

- Fast rabbit 1
(beam tube T1)

- Cold Source 1

(conical beam tube)
- Neutron guides 7

Accident Analysis

The maximum credible accident is a flow blockage in a fuel ele-
ment (which may occur because of mechanical failures of fuel
plates or because of particals in the cooling water). The plate
melting is detected by the gamma dose rate due to fission pro-
duction activity of the primary cooling water and the limits of
the time derivative of the neutron flux density of the power in-
strumentation due to the void effect. The reactor will be shut
down and the confinement of the reactor hall will be closed. The
melting will never exceed one MTR fuel element and the resulting
doses in the neighborhood of the HMI would be small against the
limits set by the German regulations for accidents in power
reactors [1].

The loss of primary coolant water (pool-water) is prevented by a
double barrier system at all pool wall penetrations (double arma-
tures in pipes or double walls in beam tubes for example). This
and the following failures lead to a reactor shut down and are
not connected with an activity release:

~ The failure of one of the three primary coolant pumps (detected
by pressure drop in the primary cooling circuit and by the
change of the rotating speed).
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- The failure of the secondary coolant systems (detected by an
increase of the water temperature in the primary coolant system).

- Reactor power excursions due to a complete withdrawal of all
control rods during the start-up procedure (detected by the
period limit and the neutron flux density limit of the medium
power instrumentation and the neutron flux density limit in the
power instrumentation).

- The reactor power excursion due to a complete withdrawal of all
control rods during power operation (detected by the limits of
the absolute and differential neutron flux density of the power

instrumentation).

Licensing procedure

In the Federal Republic of Germany, the regional state governments
are responsible for the licensing procedures of nuclear reactors.
Appropriate licensing authority in Berlin was at first the
"Senator filir Wirtschaft und Verkehr", later called the "Senator
fir Wirtschaft und Arbeit" (meaning "administration for economy
and labor"). Since June 1989 the licensing authority has been
shifted to the "Senatsverwaltung flir Stadtentwicklung und Umwelt-
schutz" (meaning "administration for city development and environ-
mental protection"). In 1979, the HMI proposed at first the
license of the BER II improvement connected with a power increase
to 10 MW. Until 1982 the safety report of the upgraded research
reactor BER II was submitted to an expert, the "Gesellschaft fir
Reaktorsicherheit"'(Cologne). During this time, the safety report
was rewritten twice to make it equal to the German regulations of
safety reports of nuclear power plants [2]. The last two editions
of the safety report were written by the Interatom GmbH, Bensberg,
the later builder of the BER II upgrade.
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In autumn 1982 the safety report was presented to the public and
in October 1983 the public hearing was held within 4 days.

Due to public objections and a demand of the authority, the HMI
was obliged to present a study on consequences of destructive

interactions from outside the reactor.

The result of this study was that only events such as a crash of
a fast flying military aircraft on the reactor has the potential
to destroy the concrete wall of the reactor pool in a way that
the core falls dry. The occurrence probability of such an event
is 2 x 10-7 per year. The dose (integrated over 50 years, but
with limited ingestion [3]) in the neighborhood of the HMI is
about 50 rem. The calculations are in correspondence with the

assessment of accident risks in German power plants [4].

Core melting accidents without the loss of the pool water but
with loss of the integrity of the reactor building lead to a ra-
diation dose which is a factor of more than 100 below this value.
Sport planes and helicopters may have the potential for such a
damage. The occurrence probability of these types of events is

2 x 10-7 per year as well.

Because of the low occurrence probability of these hypothetical
accidents and the relatively small consequences of it, the licen-
sing authority decided that the small research reactor BER II has
not to be protected by an outer concret shell against aircraft
crashes. The construction permission for the BER II upgrade was
issued in August 1985. The cold source was explicitely excluded
of this licence, it was shifted into a consecutive procedure.

Against the construction license was sued at law. The legal pro-
cedures are still continuing. By preliminary decisions of the
court the continuance of the construction was guaranteed. But the
construction of the interface structures of the reactor to the
cold source (the plug carrying the cold source and the conical
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beam tube in fig. 1) was suspended until the HMI had also pre-
sented the safety analysis of the cold source to the public and
had held a public hearing about it. This was done between March
and June 1987. In late autumn 1988 the licensing authority issued
the construction permission for the cold source. Also against
this license the plaintiffs sued at law. Meanwhile, the upgraded
research reactor and the cold source are ready for the nuclear
operétion. Experts for the erection of the reactor and the cold
source were the "Technischer Uberwachungsverein Berlin e.V."
(meaning Technical Surveillance Association Berlin) and the
"Technischer Uberwachungsverein Norddeutschland e.V., Hamburg".
The experts ensured the quality control of materials and execu-
tions and ascertained the equality of the constructions with the
rules of German nuclear safety regulations. The final experts
report is disposed and we hope to get the operation license in
May 1990.

Regulations

The German licensing authorities require backfitting according to
current regulations for science and technology for technical
approvement. A large number of guidelines and regulations con-
cerning design, construction and operation of nuclear power
plants have to be followed. The most important of these regula-
tions are given below. Thus, planning permissions had to cover:

- The double energy supply system with double Diesel emergency
power station and double D.C. supply for safety relevant
systems [5, 6, 7, 8, 9, 10]

- Lifting equipments {11, 12]

- The fire protection [(13]. An automatic sprinkler system is
installed in the reactor building.

- Activity control [14]
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- Instrumentation and reactor protection (15, 16, 17, 18, 19,

20,

22]. The transdusers and actuators of the control

system are ot double redundancy, the measuring circuits of the

safety system are of diversity (two different measuring methods

of each variable) and of triple redundancy.

- Design against lightning effects [23]

- Communication devices [24]

- Radiological protection [25, 26]

- Requirements for the operating manual [27]

- Requirements for the testing manual [28]
- Quality assurance [29, 30, 31, 32)
- Work protection [33, 34]

- Requirements for the documentation [35, 36]

- The safeguard system [37]
- Disaster control (38, 39, 40, 41]
- Spent tuel disposal [42]

References

(1]

(2]

[3)

Bekanntmachung des Bundesministers des Inneren

(meaning Federal Minister of the Interior)

"Leitlinien zur Beurteilung der Auslegung von Kernkraft-
werken mit Druckwasserreaktoren gegen Storfédlle im Sinne
des § 28, Abs. 3 der Strahlenschutzverordnung -Stérfall
Leitlinien-" vom 18.10.1983, Beilage zum Bundesanzeiger
Nr. 245 vom 31.12.1983

Merkpostenautstellung mit Gliederung fiir den Standard-
sicherheitsbericht filir Kernkraftwerke mit Druckwasser-
reaktor oder Siedewasserreaktor. Bekanntmachung des
Bundesministers des Inneren vom 26.07.1976 (GMBl, 1976,
S. 418)

Radiologische Auswirkungen von EVA auf den Forschungs-
reaktor BER I1I. Gesellschaft fiir Umweltiiberwachung mbH,
GUW-84.1983.03, Juni 1984, im Auftrage des HMI-Berlin




(4]

[5-10]
[11-12]
(13}
[14]
[15-22]
(23]
[24]
[25-26]
[27]
[28]
[29-32]
(33-34]
[35]

[36]

(371
[38]

79

Unfall-Folgenrechnung und Risikoergebnisse. Deutsche
Risikostudie Kernkraftwerke, Fachband 8, Gesellschaft

fir Reaktorsicherheit, Verlag TUV-Rheinland.
(5] - [34]:

Sicherheitstechnische Regeln des Kerntechnischen Aus-
schusses, Carl Heymanns Verlag..

English version is available from:

Kerntechnischer Ausschus8

Geschédftsstelle Germany

P.O. Box 101650

D-K6ln 1 (FRG)

KTA-No. 3702.1, 3702.2, 3703, 3704, 3705, 3403

KTA-No. 3902, 3903

KTA-No. 2101.1

KTA-No. 3601

KTA-No. 3904, 3501, 3502, 3503, 3504, 3505, 3506, 3507
KTA-No. 2206

KTA-No. 3901

KTA-No. 1501, 1507

KTA-No. 1201

KTA-No. 1202

KTA-No. 1401, 1408.1, 1408.2, 1408.3

KTA-No. 1301.1, 1301.2

Richtlinie des Bundesministers des Inneren "Grundsidtze
zur Dokumentation technischer Unterlagen durch Antrag-
steller/Genehmigungsinhaber bei Errichtung, Betrieb und
Stillegung von Kernkraftwerken" vom 04.12.1981
(GMB1-1981, S. 542)

Richtlinie des Bundesministers des Inneren
"Anforderungen an die Dokumentation bei Kernkraftwerken®
vom 05.08.1982 (GMBl. 1982, S. 546)

Bundesminister des Inneren "SicherungsmaB8nahmenkatalog"
Bekanntmachung des Bundesministers des Inneren
"Rahmenempfehlung fiir den Katastrophenschutz in der
Umgebung kerntechnischer Anlagen®" vom 17.10.1977
(GMBl1. 1989, s. 94)



80

[39] Bekanntmachung des Bundesministers des Inneren
"Empfehlung zur Planung von NotfallschutzmaB8nahmen durch
Betreiber von Kernkraftwerken" vom 27.12.1976 .

(GMB1. 1977, S. 48)

[40] Bekanntmachung des Bundesministers des Inneren
"Anderung der Empfehlungen zur Planung von Notfallschutz-
ma Snahmen durch Betreiber von Kernkraftwerken" vom
18.10.1977 (GMB1l. 1977, S. 664)

[41] "Richtlinie fiir die Emissions- und Immissionsiiberwachung
kerntechnischer Anlagen" vom 16.10.1979 (GMBl. 1979,
S. 668)

[421] Bekanntmachung des Bundesministers des Inneren

"Grundsdtze zur Entsorgungsvorsorge fiir Kernkraftwerke"
vom 19.03.1980, Bundesanzeiger No. 58 vom 22.03.1980




seven neutron guldes

. - -] '. . .
...v.% D .09 ) Zine plug, carrying could source
KR g -0 A D1 and pgutron guides
0 +Q e s e
. 0 3 * Py 2z,
shieliding S TN {0'-%'.':‘,"0 4| 06 Z 3> '5"
Y - O.aot'. ° 0 0f okl
$¥Es <> Ro' w0 ' 10 1% -0 YU
-7 D P ), ¢ (=] De f,0. . .
* «*lO° 2 R o da, . * f ¢ <
. o * 0N N\ e oo"'. -1 ° Oqovo +%
rotating shuttérs ) *"0%:0.0 o-oo 00 » X SRR Y) . A v
h /s :oo'-°°¢°'°' X °.8 .'° R8s . ..' -?. o G'QO.- /°-.p g
conlcal beam tube 0' > ;' R AL 0;‘ 2045505 RN % » 3 %a g L berylllum-reflector
: g 3 AW A e O Py o % 0 D . .
00,560 0 0% S 0,5 O 7R 2% _
oo."e".. O ‘.ooo‘:o.: 2O aw ) A} 29 o.go-o core
0 4 . i
spent AN TE ) » 4 - \9.07 -0
fuel storage '.°.°,° 20 o ."L, R LT T
) .Q‘ S e ‘. f* ‘f . 1 10,
20790 4 ) . ™
— ...00 > — o ] + e—— + ened :D o ?
ey 3 ’ J
. .‘.-.;:'o. [A AN 24 [ v reEx R
-secondary -,anj.'a.- g oD 3 -1 W . ". 0.5 ..‘ /4 t?'-’
cooling clrcult ‘:au.',...fo N 1 < b34 .Qoo _.'qbooo:; %’: TS5y .:.oo-u D& =
KA 208020550000 s Bl SN 2292 0.8e P TFN | S
o O%rgfrt0-- 2510005041791 0. 0\OQ%; 2,20 05 1¢00- - beam tubes
e w 0ime 00’0 ° 00 «Je 0 0,0.057°,
-\,\ -yA 0o Q Q0 () *olll-a.oW\e=00 . Z007e, by
Al o.° Q 1 ;’.. ‘0-0-.. e’ O‘.. o, 9:00'0"" O
Ool\ Qo d. ",’.0,-00 Pt 000. ., -D.o. 2000 Miee s 000-‘,- )
o’.'q. 20.09 "'Ogo'o,o .ﬂno ;. o) :O“'
/035 14020201300, O 2T SN2 pool
/ o1 o B

primary 3xil 1262
caoling cleult

heat exchenger

“Fmg.t BER Il - horizontal cut

I8



. movable bridge

82

primary cooling circuit

-
2
]
2
-
:
I §
3 o g
£ " o .
E 4 ] a
2 a
] .
. *, .oooo
oo hg -2
B m _“o
'-‘ ofe ’ o of o . -
£ STieeoy edes oy
o RTINS : 2057 oS
2 = 0000' Qoo") .Oma P -o. o cct.o
ORI T I S T A S PR | A
st 0 O e D20 “0jat0* . Qoo -~ eg®-.0
230Q O 0.0 0 0 10b OO0 e seot. “o /> e RPN
. . 4 .
m. / ..°° .0.. : [
. o 0°
o° 4 IKJ cOJ‘OQ
= = .-0 | (] o © oO
i m 9 e Q .
- . £ Q oe QO
Ol o--
. - - .
“ R [ aOOOa-uMo
- - o v——- - L 0@
B s bHMOQ «
i o 0o 5ot 2 p19..0,
”1 _ -m—ﬂQ-aO.MQQQa..G.O ..Q. PY~ -Q

BER Il 'Vertical'—‘cu_t

1310,09 750

uOnooﬁt ML AR . .Qo-l lOO.—AQQ. oo 110 lo
P Y= T +32°0 %0 %0/0 .o.o....?o. 0° s.n.v...m Q' L.
= 0: %0123£00.000,70070:3705.0 TLY =+ xS
ot 90 "0 D.00.0%0 0" do'o’ o Thllo -
.S .o'

i 5
e o o

primary pumps
h‘oot oichauaor .
drainage.
natural convection fiaps

Fig.2




THE BR2 MATERIALS TESTING REACTOR
PAST, ONGOING AND UNDER-STUDY UPGRADINGS

J. M. Baugnet, Ch. DeRaedt, P. Gubel
and E. Koonen




85

The BR2 Materials Testing Reactor
Past, ongoing and under-study upgradings

J.M. Bougnet, Ch. De Raedt, P. Gubel, E. Koonen

Centre d’Etude de !'Energie Nucléaire
Studiecentrum voor Kernenergie
C.E.N./S.C.K.

B-2400 MOL., Belgium

ABSTRACT

The BR2 reactor (Mol, Belgium) is a high-flux materials testing reactor.
The fuel is 93% ’'°*U enriched uranium. The nominal power ranges from 60
to 100 MW. The main features of the design are the following :

- maximum neutron flux
« thermal : 1.2 x 10'* n/cm® s
+ fast (E > 0.1 MeV) : 8.4 x 10'* n/cm® s;

- great flexibility of utilization : the core configuration and operation mode
can be adapted to the experimental loading;

- neutron spectrum tailoring;

- availability of five 200 mm diameter channels besides the standard chan-
nels (84 mm diameter);

- access to the top and bottom covers of the reactor authorizing the irra-
diation of loops.

The reactor is used to study the behaviour of fuel elements and structural
materials intended for future nuclear power stations of several types (fis-
sion and fusion). Irradiations are carried out in connection with per-
formance tests up to very high burn-up or neutron fluence as well as for
safety experiments, power cycling experiments, and generally speaking,
tests under off-normal conditions. Irradiations for nuclear transmutation
(production of high specific activity radio-isotopes and transplutonium
elements), - neutron-radiography, use of beam tubes for physics studies,
and gamma irradiations are also carried out. The BR2 is used in support
of Belgian programs, at the request of utilities, industry and universities
and in the framework of international agreements.

The paper reviews the past and ongoing upgrading and enhancement of
reactor capabilities as well as those under study or consideration, namely
with regard to

- reactor equipment,

- fuel elements,

- irradiation facilities,

- reactor operation conditions,

- long-term strategy.
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I. INTRODUCTION

The BR2 reactor at Mol (Belgium) went critical for the first time on June
29, 1961; it was put into service with an experimental loading in January
1963. On December 31, 1978 the reactor was shut down to replace the
beryllium matrix. Routine operation of the reactor was resumed in July

1980.

Many upgradings and enhancements of reactor capabilities have been car-

ried out; other ones are going on or are under study.

The BR2 reactor is part of a techno-scientific experimentation and pro-
duction compliex which comprises also general and peripheral support faci-
lities, designed to optimize its utilization. A complete irradiation service

can be provided, from design study to post-irradiation examination.
{{. BRIEF DESCRIPTION AND SPECIAL FEATURES OF BR2

The BR2 reactor is a high-flux materials testing reactor of the thermal

(11

heterogeneous type The fuel is 93% *’°*U enriched uranium sand-
wiched between aluminium plates. The moderator consists of beryllium and
light water, the water being pressurized (1.25 MPa) and acting olso as
coolant. The pressure vessel is of aluminium, and is placed in a pool of

demineralized water.
The BR2 has the following main features :

- The experimental channels are skew, the bundle presenting the form of a
hyperboloid of revolution (Fig. 1). This original configuration gives
easy access to the core, allowing the loading of complex instrumented
devices, and it results in a compact core, source of very high neutron

fluxes.

- The access to the top and bottom covers of the reactor authorizes irra-
diation of devices measuring up to 11 meters long, some of them being

able to contain fuel rods up to 4 meters.
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- Besides the standard channels (84 mm diameter), five large diameter (200
mm) irradiation channels are available, with the possibility of loading
large experimental irradiation devices such as sodium, gas or water

loops.

- Although BR2 is a thermal reactor, it is possible to achieve neutron
spectra very similar to those obtained in other reactor types, e.g. fast

reactors and fusion reactors (neutron spectrum tailoring).

- A remarkable flexibility of utilization : the core configuration and the
operation mode of the reactor are adapted to the experimental require-

ments. Fig. 2 shows a typical core configuration.

I111. OPERATION CHARACTERISTICS

The main operational characteristics are summarized in Table 1.

The reactor operation is carried out on the basis of an operating cycle.
The present nominal cycle length is 4 weeks and consists of 2 weeks shut-
down for loading and unloading and normal maintenance work, followed by
14 days of operation. Each year, two shut-down periods are extended for
survey tests and special maintenance work. In addition, special irradiation
campaigns are organized in order to carry out particular experiments such
as safety tests. The total number of days of operation per year is pre-

sently 180.

The present maximum nominal heat flux at the surface of the reactor fuel
elements is 470 W/em?*, 500 W/cm® having been reached during special cam-
paigns (programme MOL 7C) and 600 W/cm® being the maximum admissible
heat flux (probable onset of nucleate boiling). The 470 W/cm® heat flux
was tested under the circumstances of pressure loss incidents, 600 W/cm®

having been tested for the nominal cooling flow rate.

The nominal full-power level depends on the core configuration used; at
present with the configurations 10 or 12, it ranges from 60 to 80 MW, the
maximum reached being 106 MW. The ultimate cooling capacity, initially
foreseen for 50 MW, has been increased in 1971 to 125 MW.
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IV. NUCLEAR CHARACTERISTICS

For a BR2 core operating at a hot spot heat flux of 470 W/cm?, the maxi-

mum available neutron fluxes are :

- in the axis of the central channel H1 with a Be plug -

- thermal : 1 x 10'* n/cm*® s

- in a fuel element channel
- total : 1.4 x 10'® n/cm® s
- fast (E > 0.1 MeV) : 7 x 10'* n/ecm® s
- fast (E > 1.0 MeV) : 3.5 x 10'* n/cm® s.

Typical neutron spectra in a reflector position and in a fuel element posi-

tion are shown in Fig. 3.

It is possible to irradiate in BR2 fissile and structural materials intended
for reactors of several types (fission and fusion) in such a way that irra-

diation effects correspond to those expected in these reactors.

V. REACTOR UTILIZATION

V.1. ilities Availab
At BR2, about 100 irradiation positions are available. It is possible to
irradiate :

- in the pressure vessel
+ core - within the standard fuel elements (diameter of the experi-
mental cavity : 17.4 mm to 51.6 mm)
- in a driver fuel element or in a special plug (in the large
200 mm diameter channels)
- reflector - in beryllium or aluminium plugs (diometer of the experi-
mental cavity : up to 200 mm)
- in the hydraulic rabbit

- in the self-service thimbles.
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- outside the pressure vessel
- in the beam-tubes (radial or tangential)

+ in the reactor pool.

Fig. 4 shows examples of irradiation devices loaded in a beryllium plug or
a standard fuel element containing 6 plates; by reducing the number of
concentric fuel plates, it is possible to increase the useful diameter of the
experimental cavity. Fig. 5 gives an example of a loop surrounded by a

driver fuel element and loaded in a 200 mm diameter channel.

In addition to the irradiation itself, the BR2 Operating Group can provide
a complete high flux irradiation service from the planning stage up to the

interpretation of the final results :

- assistance in the design of experimental devices

- determination of the neutronic characteristics of the irradiation by means
of 1-D and 2-D neutron transport or diffusion calculation codes, gamma

heating calculations being also performed when required

- design and fabrication of irradiation equipment :
+ high performance loops,
instrumentation copsules for fissile and non-fissile materials irradiations
at high temperatures and high power ratings,
+ retractable ond reloodable devices,
- test on pre-irradiated fuel pins,
- power cycling devices,

+ capsules for the production of isotopes and transplutonium elements.

- testing and commissioning of irradiation equipment

- dosimetric analysis :
+ determination of optimum irradiation conditions with experimental
mock-ups in the BRO2 reactor, the zero-power nuclear model of BR2,
or in BRZ2 operating at low power,

- thermal and fast neutron detector measurements.
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- post-irradiation examination and analysis :
» dismantling of equipment
- metallurgical and physical tests in hot cells,

- chemical operations and analysis.

V.2. Ilrradiations Carried out

Purpose of the irradiations [1, 2]

- research activities
- study of the behaviour of fuel elements and structural materials in-
tended for the reactors of future nuciear power stations (sodium or
gas cooled fast reactors, high temperature gas cooled reactors, light
water reactors, fusion reactors)
- basic physical research within the beam-tubes (nuclear physics and

solid stote physics)

- in-pile safety experiments (particularly related to fuel pin cooling and

transient overpower)

- production activities
- production of high specific activity radiocisotopes
+ silicon doping

- colouration of gems (diamond, topaz)

- peripheral activities
- neutron-radiography in the reactor pool
- gamma irradiations within spent fuel elements (5 x 10’ rad/h or 140
W/kg).
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Vi. PARTICULAR UPGRADINGS AND ENHANCEMENTS OF REACTOR CAPA-
BILITIES

VI 1. clor ipment

VI.1.1. Mgjo ipme lac

The unloading and replacement of the first beryllium matrix of the BR2

reactor took place in 1979-1980.

F'sl:\]e main steps of the replacement operation are described in reference
At unloading time the maximum fast fluence in the hottest channel had
reached about 8 x 10°* n/ecm® (E > 1 MeV). Dimensional stability and swel-
ling of the beryllium matrix have been investigated. The swelling, mainly
due to the formation of gas atoms, was found a nearly linear function of
the fast fluence up to a value of = 6.4 x 10** n/cm® (E > 1 MeV) at the
temperature of = 50°C normally existing in the matrix. For higher values
of the fast fluence, several observations showed an accelerated increase of
the swelling. Consequently the maximum allowed fast fluence for the se-
cond beryllium matrix has been limited to 6.4 x 10** n/cm® (E > 1 MeV).
A surveillance programme of the second BR2 beryllium matrix has been set
up; it mainly concerns direct observations and measurements on the be-
ryllium matrix itself. Dimensional measurements allow comparison of the
relative swelling in axial and radial directions with the dilatation coef-
ficients obtained for the first matrix. Visual inspections are performed on
the inner surfaces of the reactor channels in order to record the begin-
ning and the evolution of cracks and to measure the total length of cracks
in function of the fast fiuence. Irradiations and measurements are also
performed on test samples coming from the heats which served for the manu-

facturing of the second matrix.

in 1971, the nine original heat exchangers of the reactor primary cooling
circuit, of the classical straight tube pattern, were replaced by three

units, of a helical tube pattern.
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In January 1972, it was found that one tube of the new exchangers was
perforated, by vibration of the unsupported straight lead-in section
against a weld. After removal of the faulty tube, extensive and systematic
vibration measurements were carried out, and it was found that, in two of
the heat exchangers, several tubes experienced excessive vibration. As
an initial corrective measure, the manufacturer installed aluminium strips
around the lead-in tube bundies, to reduce the vibration of the enter
tubes. Subsequently, a woven stainless steel mat, 5 cm thick, was wrap-
ped around the bundles to break up the impinging jet of primary water
which enters at right angles to the tube bundle. These modifications were

carried out on all three exchangers.

Also in 1971, the original wooden cooling tower packing was reploced by
plastic material. This modification of the towers and the replacement of
the heot exchangers have led to a nominal cooling capacity of the system
exceeding 120 MW,

Vi.1.2. Nuclear [nstrumentation

From the beginning of the reactor life, a great effort has been devoted to
the maintenance and the improvement of

- the reactor control equipment

- the control commands and mechanisms of the safety and regulating rods

- the instrumentation of the experiments and irradiation devices

- the radiation monitoring system.

Many mechanical improvements have been made in order to increase the
reliability : balling screw for the regulating rod, improved scram mecha-
nism, position sensors, ...

The first generation nuclear instrumentation of BR2 was installed in 1960.
All the electronics was then driven by tubes. Therefore, the reactor con-
trol electronics has been nearly completely renewed. About 80 racks com-
pletely transistorized are now controlling the power of the reactor. More
chambers have been installed around the reactor with a view of redun-

dancy.
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The radiation monitoring system comprises more than 80 ionization cham-
bers, many GM, Nal crystals, Geli and spectrometers. It also includes

radiation monitoring of the experiments.

Three new racks improving the performance and the safety of the reactor
control (neutron measurement by linear chambers) are now ready to be
installed. The replacement of the very last racks still working with tubes
is under study. So the reactor control will be completely transistorized by

the end of 1991.

A new phase will begin with the digitalizing of many signals. During 1990
the position of some chambers controlling the reactor will be fully digi-
talized using absolute position encoders. The next step will be the digi-

talizing of the position of the control rods.

Another project concerns the monitoring of fission products in primary
water by on line spectroscopy.
During 1990, fission counters and completely renewed ionization chambers

will be installed around the reactor in order to increase sensitivity re-

sulting in an enforced safety of the reactor.

The safety of the reactor and the reliability of its instrumentation have
been considerably improved during the last 30 years. In 1989, only one

unscheduled shut-down (scram) occurred due to an electronic failure. The

goal is to keep all the nuclear instrumentation as up-to-date as possible

and to keep it ready for the future.
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VI.1.3. Maintenance and upgrading

A great effort is devoted every year to the maintenance and upgrading of
the installations in order to maintain an optimal availability and safety
during the working of the reactor.

The accent is now put on the regular maintenance, automatization, reno-
vation, modernization of the equipments during the scheduled reactor shut-

-downs.

The main items which were recently covered, or are still in progress, con-

cern ¢

- the complete overhaul of the three emergency power generators and their

associated equipments;

- the complete overhaul of all the main electric motors of the primary and
secondary cooling circuits; also the complete overhaul of the main elec-

tric motors of all the reactor auxiliary circuits;

- the renewal of the high-voltage switching equipments for the main se-

condary pumps;

- the renewal of tens of low voltage electric breakers for auxiliary equip-

ments;

- the replacement of the main ventilation pipings between the process and

ventilaotion buildings;

- the complete refurbishment of the cooling towers of the main secondary

cooling circuit;

- the upgrading and duplication of the control commands for the reactor

building ventilation valves.
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The following items are now planned or under study for the near future

(1990-1991)

the inspection of the main electric transformers;
- the replacement of the heat exchangers of the reactor and storage pools;
- the internaol examination of the main primary heat exchangers;

- the extension of the spent fuel storage capacity to cover the reactor

working period until end of 1995;

- the erection of a new shipping and decontamination area for transport

containers.

VI.2. Euel Element

Since 1971, the majority of fresh fuel elements loaded have been of the
Cermet type. The standard six tube elements used contain either 330 g
**3U (50 mg/cm®) together with 2.8 g natural boron (in the form of B,C)
and 1.4 g natural samarium (in the form of Sm,0,) as burnable poisons,
or 400 g ***U (60 mg/cm*) and 3.8 g boron and 1.4 g samarium, compared

with 244 g ***U for the alloy elements previously used, without poison.

The generalized use of these Cermet elements has led to an increase in the
reactor cycle length, a reduction in the variation in irradiation conditions
during the cycle caused by the control rod movement, the possibility of
overcoming increasing reactivity absorption effects of the rigs and a re-
duction in fuel costs by decreasing the number of fresh elements used

each cycle and by increasing the mean burn-up (Fig. 6).
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The fuel is presently 93% **°*U enriched uranium. The uranium density in
the meat of the 400 g *'*U standard six tube elements is 1.3 g/cm’ cor-

responding to an uranium concentration of 37 wt %.

Since 1978, C.E.N./S.C.K. follows carefully the RERTR activities (Re-
duced Enrichment Research and Test Reactor program) and has offered its
collaboration. But, under the present circumstances (the BR2 experi-
mental program, state-of-the-art LEU fuel technology), BR2 has to con-

tinue to use highly enriched uranium (90-93% *’°U). [4]

Increase of the uranium density from the present value of 1.3 to
1.7 g/cm®, allowing a load of 500 g *'°U per standard fuel element, is

under consideration to improve the fuel cycle economics.

VI.3. irradigtion Facilities

In the challenging field of irradiation testing and neutron-based production
activities, thorough experience has been gained from the start of the BR2
(1]

reactor Particular features of this are the following :

- a wide range of irradiation devices for LWRs, LMFBRs, HTRs, GCFRs
and fusion reactors and for radioisotope and transplutonium elements

production;

- long established use of BR2 for safety experiments (Mol 7C, PAHR) and
power transients (VIC loop, TRIBULATION program);

- irradiation campaigns on pre-irradiated fuel pins (without length limits)

or on fuel pins with fuel cladding defects;

- remote assembly of bundles of irradiated fuel pins and remote sodium

filling of in-pile sections;

- hondling of circuits contaminated by fission products or tritium.
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Recent developments -

- in-pile fatigue tests on fusion reactor first wall candidate materials,

FAFUMA 3 experiment (Fig. 7);

- the PRF device for the irradiation of highly ‘enriched uranium targets,

with loading and unloading capability during reactor operation (Fig. 8);

- modification of the beryllium plug loaded into the central channel H1 in
order to increase the number of irradiation positions (from 3 to 6) with
very high thermal neutron fluxes and to allow the loading of a BR2 stan-

dard fuel element in the centre (Fig. 9).

evelopment

- the high pressure water loop CALLISTO (Capability of Light water fuel
testing In Steady state and Transient Operation) for the irradiation of 3
x 9 fuel rods with a broad range of experimental conditions representa-
tive of PWR reactors (Fig. 10);

- the SIDONIE device for silicon doping, ingot diameter up to 535"
(Fig. 11).

Und i tion -

- the SOLISTE loop (Sodium Loop for Incidental and Safety Transients
Experiments) for the epithermal irradiation of high burn-up fuel pins
pre-irradiated in fast reactors such as PHENIX with simulation of
different kinds of transient incidents such as a control rod withdrawal
incident (CRW) (Fig. 12);

- PAHR (Post Accident Heat Removal) type experiments in support of LWR

safety analysis studies;

- to provide, on the occasion of the next beryllium matrix replacement, an
experimental cavity with a diometer up to 400 mm in the central region of

the reactor (Fig. 13).
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V1.4, Reactor Opergtion Conditions

From January 1963 till December 1989, 78 different core configurations
have been used. This large number of variants utilized is due to con-
tinued attempts to use the flexibility of loading to the best advantage of
the greatly varying experimental charge, while still maintaining the maxi-

mum oper‘ating cycle length and keeping fuel consumption to the minimum.

The nominal full power level was regularly adapted to the experimental
loading demands : 34 MW in 1963, 60 to 80 MW at present.

The highest power ever reached by BR2 (and by a research reactor in
Europe) is 106 MW; this power level was attained during a special campaign
in order to meet the irradiation conditions required for a particular expe-
riment of the MOL 7C safety program (study of local blockage of the so-
dium flow in a fuel bundle of 30 LMFBR fuel pins).

At each routine start-up, it is customary to operate for short periods at
1%, 40% aond 80% of nominal full power, in order to carry out various
checks, mainly on the irradiation conditions for the experiments, to de-
termine the optimum power level and to find the best control rod align-
ment, having regard to flux perturbations and imbalance. In addition,
during each cycle, the reactor power is modified, if necessary, to give the
optimum irradiation conditions for the experimental load as a whole, while

still respecting safety limits.
r or consid

- .the loading of a standard 6 tube element in the central position of the
new beryllium plug loaded in the H1 channel in order to compensate for
the loss of reactivity caused by the radioisotope production baskets
loaded in the other positions and to cope with the 'He poisoning of the

beryllium matrix during the shut-down periods;

- the increase of the maximum hot spot specific power from the present
470 W/cm® level to 550 or 600 W/cm® if requested by particular safety

experiments on high burn-up fuel pins.
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VIil. LONG-TERM STRATEGY

A major milestone in the presumable future of the BR2 reactor will be some-
where around 1995, when the present beryllium matrix has reached its
maximum allowed fast fluence.

Beyond this point, one can think of different scenarios ranging from a
simple replacement of the matrix up to major modifications of the reactor.
The event-tree given in Fig. 14 can give some guidance to the decision-
making process.

It clearly appears that decisions will have to be made quite in advance, if
operations are to be conducted successfully. The choice of a scenario to

be followed will be mode at latest by the end of 1991.
VIiii. CONCLUSION

The BR2 reactor was first put into service with an experimental loading in
1963. Since then it has contributed greatly to the development of many
large nuclear and non-nuclear projects within the European Community ond
other countries such as the U.S.A. and Japan. This successful result has
been obtained thanks to the continuous process set up for the upgrading

and enhancement of the reactor capabilities.

As far as the future is concerned, efforts will be continued in order to
maintain an optimal availability and safe operation of the reactor and to
adapt the irradiation capacity and the operating conditions of BR2 so as to
accommodate the future expected experimental loading. In addition, consi-
deration is given to the long term strategy after 1995, time at which the

present beryllium matrix has to be replaced.
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TABLE 1 : BR2 MAIN DATA

Beginning of utilization

Maximum heat flux
e nominal
e admissible

Nominal power
Maximum neutron flux (for 600 W/cm?)
e thermal
o fast (E > 0.1 MeV)
Irradiation positions
Fuel enrichment
Fissile charge at start of cycle
Cycle of 4 weeks
presently

Total operation days per year
e presently
e possible

1963

470 W/ cm?
600 W/cm?

60 to 100 MW

2 x 10 n/cm? s
4 x 100* n/fcm? s

1.
8.
up to 100

90 - 93 % ***U
9 to 13 kg ***U

2 weeks shut-down
14 days operation

180
200 to 250
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Fig.1

General view of the BR2 reactor.
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P. Breant
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ABSTRACT

This report provides a description of the Orphée reactor, together with a rapid assessment
of its experimental and research capabilities. The plans for enhancing the reactor’s experi-
mental capabilities are also presented.

1. REACTOR GENERAL DESIGN PRINCIPLES

Orphée is a swimming pool-type reactor cooled with light water and moderated with heavy
water. It was designed and built between 1975 and 1979. Initial criticality was achieved in
December 1980 after a one-year testing period to verify proper operation of the reactor’s
functional and safety systems.

Low-power testing was carried out from December 1980 to July 1981, followed by high-
power testing from July 1981 to September 1981. It was thus possible to verify neutron
characteristics, core thermal performances, available neutron fluxes and their distribution,
power distributions, efficiency of the control rods, reactivity effect, and efficiency of
radiological protection features.
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The following main criteria were used for design of the reactor :

a) Continuous, independent verification of the effectiveness of three protective barriers :

- the fuel cladding (first barrier),
- the reactor primary system and swimming pool (second barrier),
- the reactor building and its ventilation system associated with its isolation valves (third

barrier).

b) Redundancy of assessment and monitoring facilities for the main reactor protection
parameters with total separation of instrumentation channels.

c) Design, construction and testing of systems in accordance with a quality assurance plan
employing qualified teams, facilities, suppliers and codes.

d) Definition of a design basis accident (worst-cas hypothetical accident) and assessment of
the maximum allowable consequences for the environment. All reactor protection facili-
ties are designed to effectively maintain these consequences within the prescribed limits.

e) Capability to control the reactor in case of an accident from an emergency control panel
that can ensure safe reactor shutdown, i.e. :

- insertion of the control rods and verification of their position,

- core cooling with reinjection of makeup water, if necessary, to prevent core dewatering,

- reactor containment with, if necessary, planned, controlled depressurization of the
containment.

II. DESCRIPTION
I1.1 Reactor block (core and moderator)

As shown in Figurel, the core is relatively compact. It consists of 168 identical fuel plates
contained in two types of fuel assemblies : standard (24-plate) assemblies and control (18-
plate) assemblies. Each fuel assembly has a square section of 82.4 mm per side.

The fuel is placed around a central beryllium element designed to optimize power distribu-
tion in the fuel.
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The core, which has a life of 100 equivalent full-power days, is completely discharged at the end
of one operating cycle and replaced by a new one. For this reason, space is provided along the
centerline of the beryllium element to contain an antimony-beryllium neutron source required for

reactor control during the core loading phase.

The four control assemblies are placed in the corners of a Zircaloy 2 core tank. The four standard

assemblies are placed at the center in relation to the four sides of the tank.

In order to improve axial power distribution, the side plates of the fuel assemblies contain a partial
load of boron. During two-thirds of the operating cycle, the control rods thus move only about
+ 5 mm from their assigned position (Figure 2), which provides a highly constant neutron flux

distribution in the moderator.

The moderator is enclosed in a stainless steel tank about 2 m in diameter and 2 m high. It
contains about 6 t of heavy water that is usually between 99.7 and 99.9% pure. Tritium content

is maintained between 2 and 4 Ci/l with an exceptional maximum of 6 Ci/l.

The reactor block is located at about mid-height of a 15 m deep swimming pool designed to always

contain water. The pool is divided into three areas of about the same height.
From top to bottom (see Figures 3 and 4), these areas are:

- a 4.5 m deep basin that can be drained to a tank when the reactor is shut down,
- the core, reflector and channels area, which is 5.5 m high. This area is closed off by a
double-shell tank assembly with the inner tank made of stainless steel. In the event of
a design basis accident (135 Mjoule), part of the mechanical energy would be absorbed
by deformation of the inner tank. This deformation would not cause the tank to rupture,
as demonstrated by qualification tests performed on a model.
- a decay tank, which receives water circulated to cool the core and enables disintegration
of the nitrogen 16 contained in the main reactor system water.
Adjacent to the main swimming pool is a transfer canal (or service pool) where all routine service
operations are performed on the fresh and irradiated fuel, as well as on all the activated products

from the reactor. No hot cell is provided for the Orphée reactor.
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I1.2 Core performance characteristics

When equipped as described above, the reactor core is highly undermoderated. It has the
following characteristics :

- MTR-type fuel with 93 % U-235 enrichment,
- UAl alloy with 34 % enrichment,
- total U-235 fuel weight : 5.9 kg,
- U-235 per plate : 0.035 kg,
- fuel core working dimensions : 0.25 x 0.25x 0.9 m

or a volume of 56 dm3,
- heat exchange area : 20.68 m?,
- core mean specific power : 0.25 MW/],
- mean heat flux : 71 W/cm?,
- maximum heat flux : 172 W/cm?,
- maximum hot channel heat flux : 206 W /cm?,
- maximum temperature at surface of fuel plates : 123.5°C,
- available undisturbed thermal neutron flux in the moderator

at core maximum level : 3 x 1014 n/cm?/s,
- working thermal neutron flux : 2.5 x 101 n/cm?/s,
- maximum gamma flux : 6 W/g,
- gamma flux in integrated vertical devices :

hot and cold sources < 2 W/g,
- core cooling capacity : 835 m3/h light water,
- water flow through fuel plates : 7.5 m/s,
- maximum coolant temperatures : 35°C inlet, 49°C outlet,
- hot channel factor : approx. 1.40,
- flow capacity redistribution margin

(all uncertainties cumulated) : 2.12,
- moderator circulation capacity : 35 m3/h,
- moderator circulation flow in heavy water tank : < 0.1 m/s,
- total reactor power : 14 MW
. distributed in: core 12.4 MW

pool 0.8 MW
reflector 0.8 MW
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I1.3 Horizontal and vertical devices

Vertical devices

The reactor includes two types of vertical devices : two liquid hydrogen cold sources and
one hot source. These devices are considered in the reactor safety analysis.

Four channels are used for activation analysis.

Six channels enable irradiation of various materials : radioisotopes, silicon for neutron
irradiation doping.

Associated experimental rigs

These devices include nine channels, eight with two beams and one with four beams. They
thus provide a total of 20 beams (eight cold beams, eight thermal beams and four hot
beams).

Six cold beams are associated with neutron guides.

The reactor can accomodate 25 spectrometers.

One neutron guide provides capability for use of a neutron radiography facility.
I1.4 Other systems

A detailed description is not given for the primary system, swimming pool system and
heavy water system. These systems are all of conventional design and include : pumps, heat
exchangers, purification systems, storage vessels, instrumentation and controls.

All or part of these systems are generally considered important to reactor safety. They are
built to meet precise quality criteria.

The following sections provide a more complete description of the following :

- containment and ventilation system,
- cold sources,

- hot source,

- reactor prbtection system.
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I1.4.1 Containment and ventilation system

The reactor building is made of strongly reinforced 0.60 m thick concrete. It rests on a thick
foundation raft and is capped by a dome of decreasing thickness form the periphery
(0.60 m) to the center (0.30 m) (Figure 5).

The foundation raft is provided with a leaktight multilayer bituminous coating up to the
ground level. Leaktightness integrity is verified by means of sumps that penetrate the
containment either at the upper level of the multilayer coating or at the lower level of the

swimming pool linings.

The straight part of the building is lined over part of its height by a leak recovery vessel.
This double-shell vessel is built to cover the fraction of the reactor building circumference
that is penetrated by fluid pipes or electric cable ducts.

The containment penetrations have double walls. Their leaktightness can be tested indivi-
dually. ’

The leak recovery vessel is designed to recover any leakage from the penetrations. It is
placed under negative pressure in the event of an accident causing an overpressure inside
the containment.

The ventilation systems includes the following four subsystems (Figure 6) :

- an air supply subsystem equipped with three fans, one for standby duty, capable of provi-
ding suitably humidified and conditioned air. The air supply capacity is 38,000 m3/ h for a
total containment capacity of approximately 20,000 m3 or two renewals an hour,

- a non-active air exhaust subsystem with a capacity of 20,000 m3/h. Air is removed through
high-efficiency absolute particulate filters with an efficiency of a least 1000 for dust
particles of 15-micron diameter and iodine filters with an efficiency of at least 100 for
methyl iodide. The premises are maintained under an negative pressure of 1 cm of water
relative to the outside.

- an active air exhaust subsystem for the "technical rooms", which are subject to
atmospheric contamination hazards. This subsystem has a capacity of 18,000 m3/h and is
equipped with the same filtration system as above. The rooms are maintained under a
negative pressure of 1 cm of water relative to the above premises (or 2 cm relative to the
outside).

- an accident ventilation subsystem with a capacity of 200 to 800 m3/h.
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By regulating valves, following objective examination of the conditions for outside
discharge, the accident ventilation subsystem enables :

- depressurization of the reactor containment after an accident that would have placed it
under overpressure, to a level such that direct leakage through the reactor building
concrete is negligible, .

- pumping into the leak recovery vessel to "treat" leakage through the containment penetra-
tions.

All accident ventilation discharges are also filtered through absolute and iodine filters.

The reactor containment is periodically and systematically tested for leaktightness integrity.
The maximum leakage allowed by safety authorities is restricted to 1 % of containment
capacity per hour.

I1.4.2 Cold sources (Figure 7)

The reactor includes two could sources, each contained in tubes that pass directly into the
heavy water reflector. Located at about 30 cm from the core centerline, the cold sources
remain in the area of maximum thermal neutron flux, but where gamma heating is
moderate (< 1 W/g on average).

The vertical arrangement of the source enables separation into two distinct areas the
design constraints useful for operation of the source proper and the constraints that
provide the researcher an experimental device suited to his needs. Utilization and opera-
tion of the source are thus completely independent.

The two sources are supplied with liquid hydrogen via two independent systems, each of
which is cooled with a hydrogen-helium heat exchanger. All of these components are
completely immersed in the reactor swimming pool, which ensures active safety in case of
an accidental loss of leaktightness integrity.

The two He-H, heat exchangers are supplied with cold helium by a common cryogenerator
for the two sources through a cold box. The cold box can cross over the systems of each of
the two sources.
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Cold helium is obtained by reducing pressure of the gas through two fluid-bearing gas tur-
bines. The gas is previously compressed to standard temperature at 15 bar using two
double-acting piston compressors.

The effective power output obtained for each cold source is 700 watts.

Source No. 1 (SF1) supplies cold neutrons to four neutron guides. Source No. 2 (SF2)
supplies cold neutrons to two neutron guides and to a facility located in the reactor hall for
use of two 3-axis spectrometers.

Figure 8 shows a graph of the cold neutron gain for various wavelengths.
11.4.3 Hot source (Figure 9)

The reactor block also includes a hot source which is considered in the overall safety analy-

sis. This source is placed in the most heavily loaded area of the reflector tank, i.e. where
flux is highest (around 1.5 to 2.5 W/g) and where the available thermal neutron flux is also

close to maximum.

The hot source consists of a graphite block approximately 150 mm in diameter and 250 mm
high. This block is surrounded by highly effective thermal barriers formed mainly by solid
shields and graphite felt ; it is placed inside a double Zircaloy 2 housing. The space
between the two housings provides a gas blanket with an atmosphere that can be helium,
nitrogen or a mixture of these two gases. The internal housing that contains the graphite
block can also be filled by either of these two gases, or placed under a vacuum. The latter
operating mode is normally used with a nitrogen gas blanket.

The temperature reached in the graphite under these conditions when the reactor is at
nominal power is approximately 1450 K.

The next table shows the numbered values of the hot neutrons gain for this device.

Wavelength A 1.1 0.7 0.5

Multiplication factor 0.8 25 5
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The hot source supplies hot neutrons to two channels (four beams). The neutrons are used
directly on spectrometers installed in the reactor building.

I1.4.4 Reactor protection system

The reactor is protected by a group of redundant facilities and measures that are verified
and analyzed by three independent protection channels, which enable 2/3 majority voting
for all parameters vital to reactor safety. These parameters mainly cover the following
functions :

- neutron verifications

. maximum and minimum counting at high and low power for each instrumentaiton range,
. positive or negative doubling time,

- maximum coolant temperature at the core inlet,

- maximum temperature difference at core inlet-outlet,

- coolant flow,

- maximum gamma activity initiating reactor containment,

- loss of electric power supply,

- maximum pressure of cold sources (hydrogen and isolating vacuum),

- maximum pressure of hot source (internal compartment and gas blanket),
- fuel clad burst (activity and flow),

- maximum shift in control rod positions,

- negative pressure of the reactor building,

- accelerometer on the reactor building (seismic monitoring).

These parameters are all associated with a loop-type logic circuit that initiates a reactor
scram command in the event of a continuity break. This command is sent to the reactor
through two fully independent reactor scram channels. It can be initiated manually from
several locations, particularly via two independent channels connected to an emergency
control panel located about 400 m from the reactor in a direction different from that of the
prevailing winds on the Saclay site.

The reactor protection system has been considered in a safety study. Using the failure rates
of its components, and overall availability was determined and used to establish the
frequency of systematic testing of the system. The unsafe failure rates were compatible with
the recommendation of IEC standard 231 A (less than 10 over three months).
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III. OPERATION

The reactor is operated by the French Atomic Energy Commission (CEA) with a group of 54
operators, 24 of whom are on continuous duty in six teams of four operators. Each surveillance
team includes a shaft supervisor, a mechanic, an electronics technician and an electrical technician.
All continuous duty operators are individually certified to operate the reactor through constant

monitoring of their technical knowledge.
The reactor operates an average of 250 equivalent full power days a year or 2.5 cycles.

The main operating activities are conducted with an organization to meet the standards established
by French law, which stipulates that the reactor operator must define the list of activities for which

quality must be monitored.

These activities include:

- periodic tests to comply with precise operating rules for 45 systems. These tests are usually
performed by the reactor operating teams or by specialized service teams. Their results are
controlled by the operating team managers for technical conformance and by the local quality
assurance officer for compliance with procedures.

- maintenance activities for all operating equipment. These activities are also performed in

accordance with precise written procedures.

All operating documents are systematically recorded.
IV. UTILIZATION

The French Atomic Energy Commission (CEA) and the National Center for Scientific Research
(CNRS) have established a joint laboratory, the Léon Brillouin Laboratory (LLB), for utilization
of the Orphée reactor neutron beams. The LLB has a board of directors and a scientific board.
Proposed experiments are reviewed every year during specialized working meetings (round tables),
which assemble the reactor users and the equipment managers. The reactor users mainly come
from the French community, but extensive collaboration has developed at the European level:

- the Federal Republic of Germany has built and manages two spectrometers (one triple-axis

thermal neutron unit and one four-circle unit).

- Belgium has installed a time-of-flight spectrometer at the end of a neutron guide,
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- Hungary has designed and built a high-resolution spin echo spectrometer in collaboration with
LLB teams,

- Austria has built and manages a triple-axis spectrometer installed on a neutron guide.

A total of 25 spectrometers are not installed around the Orphee reactor (Figure 11), 11 in the
reactor hall and 14 in the neutron guide hall. These units are listed in Table 1. Orphee is
equipped with six cold neutron guides (beam cross section of 15 x 2.5 cm?), which penetrate the
reactor containment and are arranged in an experiment hall 50 meters long and 30 meters wide.
In this hall they are extended by secondary neutron guides (two at present), thus increasing the

possibilities for use of wide-spectral distribution beams.
In conclusion, it should be recalled that Orphee is provided with:

- four pneumatic channels connected to the Pierre Sue laboratory, which is specialized in activation
analysis. Several hundred irradiation operations are conducted in this laboratory every year.

- a neutron radiography facility placed at the end of a neutron guide on beam G4. This facility
is used for industrial applications, particularly in the aircraft sector. It is also employed for
certain types of non-destructive examinations, notably for ensuring uniformity of the fuel plates
and burnable poison plates,

- several vertical devices capable of irradiating large quantities of monocrystalline silicon for

phosphorus doping, as well as supplying radioisotopes for industry and medicine.

V. FUTURE PLANS

Orphee will have been in service for 10 years at the end of 1990, which is not very long for a
reactor. For the neutron sources, these 10 years have enabled precise determination of the exact
capabilities of the reactor and asses;sment of its few shortcomings. For its utilization, the
experimental equipment is now almost fully exploited. The quality of this equipment makes Orphee
an ideal complement for the potential of the high flux reactor of the Laue Langevin Institute in
Grenoble.

Since nearly all experimental capabilities are being exploited and requests are being received from
the European Community, a study is being conducted to enhance the quality and increase the
number of usable neutron beams. Three projects are being contemplated for implementation within

the next five years:
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- improvement of the existing beams. Transmission capabilities of the present cold neutron
guides can be enhanced by replacing the most curved neutron guides with straight ones
and by changing the reflecting material. The use of Ni58 or supermirrors is under
consideration.

- the creation of new cold neutron beams. This project has already been carried out with
installation of the two secondary neutron guides. A third secondary neutron guide is being
designed and will be installed in 1991. This enhancement of cold neutron capability also
involves the startup of an annular cold source. A prototype will be tested this year under
actual service conditions. Such a source would increase the number of channels capable
of being supplied with cold neutrons.

- installation of a new neutron guide using the containment penetration provided during
construction. This guide, which has a large cross section (about 12 x 12 cm2), will pass
through the reactor hall and into a new neutron guide hall. The beam will then be
separated into three secondary neutron guides. This equipment will increase the LLB’s
experimental capabilities by about 30 % (see Figure 12).

These projects will not exhaust the development potential of the Orphée reactor. The
second spare containment penetration could subsequently be used to provide new
capabilities, which have not yet reached the design stage.
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Construction of the Upgraded JRR-3
Shojiro MATSUURA, Eiji SHIRAI and Nobuaki ONISHI

Japan Atomic Energy Research Institute,
Tokai-mura, Ibaraki-ken,
Japan

ABSTRACT

The construction of the upgraded Japan Research Reactor No.3 (JRR-3)
has almost completed. The old reactor was removed from the reactor room,
and the new reactor is reconstructed at the place where the old core was.
The upgraded reactor 1is a pool type, 20MW(th), light water moderated and
cooled, beryllium and heavy water reflected. Fuels are 20% low enriched
UAlx-Al(LEU) plate type as part of the international Reduced Enrichment for
Research and Test Reactors (RERTR) program. Maximum thermal and fast flux

14 n/cm%s. The upgraded JRR-3 has several

are expected to be more than 2 x 10
beam experimental holes and irradiation facilities for multipurpose

utilization, including a cold neutron source facility.

1. INTRODUCTION

The old JRR-3 was the first domestically constructed reactor in Japan.
It had been operated for 21 years and was shut down in 1983 for upgrading.
Only the reactor building, the spent fuel storage room and the f:resh fuel
storage facility are reused, but every other facility and building are newly

constructed. So we can say this upgraded reactor is essentially new onel).

2. REMOVAL OF OLD REACTOR

The main body of the old reactor consisting of a core tank, graphite
reflector, thermal shield tank and biological shield, was removed by the
one-piece-removal methodZ). The body was about 2200ton in total weight. It
was separated from the reactor -room floor by means of continuous core
boring, and transferred to the large scale waste storage room. This body
will be kept under close observation for a long time. This method has an
advantage that the spread of the radioactive waste is avoided. As this is a

established technique in the construction industry field, it was carried out
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in safety. This is - the first time for this method to try in the nuclear
field.

3. REACTOR FACILITIES

The upgraded JRR-3 1is a pool type reactor and the thermal power is
20MW. The depth of the pool 1is about 8m and the cylindrical core is
submerged in 1light water. The diameter of the core is 0.6m and the height
is about 0.75m. Its specific power is rated at 156 kW/1. The fuel is MTR
type (UAlx-Al dispersion fuel) with an enrichment of 20wt%. There are two
types of fuel elements, a standard fuel element and a follower fuel element.
They have 300g 235U and 190g 235

control rod is made of hafnium and connected to a follower fuel element.

U, respectively. The neutron absorbing

The heavy water tank, as a reflector, is a double cylindrical type
aluminum vessel. Its outer diameter is about 2m and height is about 1.6m.
Irradiation thimbles, horizontal beam tubes and a cold neutron source are
installed in this tank.

The operation cycle length will be 5 weeks, 4 weeks for a 20MW
operation and 1 week for a shutdown work. Nine cycles are scheduled in a

year and the operating efficiency will be about 70%.

4. EXPERIMENTAL FACILITIES

Nine horizontal beam tubes (1G6-6G,7R,8T,9C) are arranged tangentially
to the reactor core. Six tubes {1G-6G) are ready for the neutron scattering
facilities in the reactor hall. 7R is for the neutron radiography facility.

There is one cold neutron source (CNS) on 9C. It is a vertical thermo-
siphon type and the moderator is liquid hydrogen at about 21K. The gain of
this CNS is estimated to be more than 5 for neutrons of SmeV (wavelength is
af). |

Two thermal and three cold neutron guide tubes are installed in the
beam hall which is 30m width and 50m length. Their neutron mirrors are
natural nickel sputtered borosilicate glass. The longest guide tube is
about 60m and the total length is about 230m.

5. SOME FEATURES ON DESIGN
The design of the upgraded JRR-3 has much contrivance. Some of them
are as follows. 1) Maximum thermal and fast flux is rather high with low
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enriched fuels. 2) Horizontal beam tubes are arranged tangentially to the
reactor core center. 3) The cooling system and the 1GN decay tank is
designed very compactly to be stored in the old building. 4) The emergency
exhaust system will ventilate the reactor room through a charcoal filter in
accident conditions. 5) Two siphon break valves are installed independently
on the primary cooling pipe to prevent the loss of coolant (pool water).

6. CONCLUDING REMARKS

The installation of the upgraded JRR-3 has finished and it will be
critical in March, 1990. After the half year characteristic test, full
power operation will start in October.

This upgraded JRR-3 will meet the expectations of scientists and
engineers by its increasing experimental ability.

REFERENCES

[1] N.Onishi et al., Proc. Int. Symp. on the Utilization of Multipurpose
Research Reactors and Related International Co-operation, (IAEA,Vienna,
1988) p.79, IAEA-SM-300/2.

[2] N.Onishi et al., Proc. Int. decommissioning Symp., (Pittsburg, 1987)
V1-95, CONF-871018-Vol.1l.



History of JRR-3

Year Major Events Year Major Events
1959 | Beginning of JRR-3 conslruction 76 -
60 n
'Gl Reactor completion '78:- Integrated power 300,000 MWII achieved
62 Reactor critical '79"31 .
63 80
64 Rated power 10,000 KW achicved 'sl['
'65‘ Beginning of RI production ' ’82._ The twenticth anniversary since the renctor
66 Reginning of common use “ | eritieat
67 | Beginning of homemade fuel use '83 Close of comnion use
'68 '84 Finish of safely review for new JRRR-3
'69 Medical irradiation for a brain turmor 'g5 | Beginning of the construction work for
70 new .IRR-:!
"1 Sample irradiation of nuclear fuel in LHTL '86
72 Beginning of shift to UO: fuel core '87 | Construction
"3 '88
"4 Integrated power 200,000 M\WH achicved '89
75 Completion of shift to U0, fuel core '90 Completion of new JRR-3

Tolal operation time : 47,137 hrs 39 min

Total integrated power : 419,073.5 MVl

0s1




Isometric View of Reactor Pool
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Major Specifications of the New JRR-3

Reactor Type

Low Enriched Uranium,
Light Water Cooled and Moderated,
Swimming Pool Type.

Rated Power

20 MWV

Size of Core

Approx. 60cm dia. and 75¢m high
(with Beryllium Reflector).

Fuel

UAlx-Al Dispersed, MTR Plate Type
202% Enriched Fuel.
26 Standard Fuel Elements and

6 Follower Fuel Elements.

Control Rod

6 Control Rods, Box Type
Absorber, followed with Follower

Fuel Element.

Reactor Pool

Swimming ool Type
4.5m dia.

8.5m deep

Experimental

Facilities

9 Horizontal Beam Tubes,
17 Vertical Irradiation Holes, and

1 Cold Neutron Source

IST
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Vertical Irradiation Holes:

HR, PN, PN3, SI, DR, RG, VT-1, BR, SH
Horizontal Beam Tubes:
1G~6G, 7R, 8T, 5C

Arrangement of Experimental Holes

Summary
Name No Application Feature
Hydrauiic rabbit . sy The rabbit is convered and cooled by water. This facility
irradiation facility 2 Gmfr?l irradiation B} is used to irradiate the relatively heavy and high heat
(HR) Rtadnommpe production generating samples.
Pneumatic rabbit - General irradiation The rabbit is conveyved and cooied by N: gas. This
irradiation facility 2 L, , facility is used to irradiate the light and low heat
(PN) M'Q‘“‘”‘ production generating samples.
Activation analysis Activation analysis of The radiation mcasurerient is started immediately after
irradiation facility 1 the shert life radio the irradiation. This facility is used to analyze the short
(PN3) nuclides life radio nuclides.
Uniform irradiation Material irradiation The samplc is rotated and moved up and down during
facility 1 . . . the irradiation. This facility is used to irradiate the
(S1) Silicon irradiation sample uniformiy.
Rotating irradiation ’ The sample is rotated during the irradiation. This
facility 1 Large material irradiation facility is used to irradiate the sample uniformly in the
{DR) radial direction.
Capsule irradiation Exposure test This facility is used to irradiate for lung period or
(acility 10 . . control the le temperature in resp to the
(RG. BR. VT.1. SH) Radioisatope production irradiation condition.
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Standard Fuel Eiement

Side Plate

Handle

Fuel Plate

Summary of Fuel Specification

.- < Item'® - " |Standard Fuel Element|Follower™ Fuel  Element
Size of Fuel 76 X76 X1150mm 64 X 64 X880mm

U-225 Enrichment  |20% 20%

U-235 Contents 300g 190g

Size of Fuel Plate 1.52'X 71" X 770'mm 1.52'X 60~ X 770*'mm
Fuel Plate Number |20/Element 16/Element

Fuel Meat Material

Dispersed UAlx-Al

Cladding Material

Aluminium Alloy

Maximum Burn-up

50% (on the zverage)
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JRR—3 Neutron Guide Tubes
CHARACTERISTIC | BEAN CURVATURE LENGTH NEUTRON
WAVELENGTH CROSS-SECTION FLUX °°

( A) ( cmn ) (m) (m) (em-2s-1)
Tl 2 2 X 20 3337 60 2. 1x10°®
T2 2 2 X 20 3337 59 2. 1x10°8
Cl 4 2 X 12 834 31 3.1x10°8
C2 4 2 X 12 834 51 2.8x108
C3 6 2 X 12 371 31 2.3x10%8
*):calculated results for perfect guides
total length = 232 m

NEUTRON KIRROR
GUIDE TUBE UNIT

FABLICATION ERROR
INSTALLATION ERROR

INPERFECTION SPACIAL ALIGNMENT :
IMPERFECTION ANGULAR ALIGNMENT :

NATURAL NICKEL COATED BOROSILICATE GLASS

85cm length

OF UNIT : 0.005 om (average)

(average)

0.008 mm
5.3x10°¢ rad




STATUS OF THE UNIVERSITY OF MISSOURI-COLUMBIA
RESEARCH REACTOR UPGRADE

J. C. McKibben, C. B. Edwards, Jr.,
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Status of the University of Missouri-Columbia
Research Reactor Upgrade
J. Charles McKibben
Chester B. Edwards Jr.
Walter A. Meyer Jr.

MU Research Reactor
Columbia, Missouri USA

Dr. Soon Sam Kim
Idaho Nuclear Engineering Laboratory
Idaho Falls, Idaho USA

ABSTRACT

The University of Missouri-Columbia (MU) Research Reactor Facility staff is in the process of
upgrading the operational and research capabilities of the reactor and associated facilities. The
upgrades include an extended life aluminide fuel element, a power increase, improved
instrumentation and control equipment, a cold neutron source, a building addition, and improved
research instrumentation and equipment. These upgrades will greatly enhance the capabilities of
the facility and the research programs. This paper discusses the parts of the upgrade and current
status of implementation.

I. INTRODUCTION

The MU Research Reactor (MURR), the highest steady state power university research reactor, is
enhancing the research, education, and service capabilities of the facility through a five part
upgrade. The existing reactor is a 10 MW, pressurized loop type, already operating at a greater
than 90 percent availability to support demand from researchers and industry. The upgrade is
focused to meet the increasing demand for more neutrons and higher specific activity
radioisotopes, especially for the biomedical community, cold neutrons, and expanded laboratory
and office space. This kind of upgrade is especially important at a university research reactor to
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help meet the need for increased education and training in the nuclear sciences in the USA. The
upgrade includes an extended life fuel element, power increase, instrument and control and
electrical system upgrade, cold neutron source (CNS), building addition, and modernization of

research instrumentation and equipment.

MURR has been working on this upgrade since 1983, when work started on the fuel element
conceptual design and power upgrade feasibility study. The fuel design and safety analyses were
performed by the MURR staff. They are also working on the power upgrade safety analyses with
support from the MU Nuclear Engineering Program faculty and students. Stone and Webster
Engineering Corporation was architect/engineer for the conceptual design, completed in 1987, of
the fluid system modifications for power increase, instrumentation and control, and electrical
package and the building addition. Stone and Webster acted as MU's agent in determining the
CNS options. In March 1989, Sverdrup Corporation was selected architect/engineer for the detail
design of the building addition with the design to be completed after a new MURR Director is
hired.

II. DISCUSSION
Extended Life Fuel Element

MURR based the new fuel element design on the extended life aluminide fuel (ELAF)(1) with the
goal of reducing the fuel cycle cost and providing a core capable of operating at a higher power
level. The ELAF is aluminide fuel with UAI, the primary constituent in the UAlx powder with 50
volume percent UAlx powder in the fuel meat. This gives a loading density of 3 gm/cm3 of high
enriched uranium (HEU). The advantage of the ELAF is the coupling of the high uranium loading
with the ability to maintain good fuel plate integrity in high burnup conditions. Test plates were
run in the Advanced Test Reactor (ATR) in Idaho with peak burnups of 3.0 x 1021 fissions/cm3.(2)

The uranium loading per unit volume is varied to flatten the radial power density, with a total
element loading of 1.244 kg of U-235. Boron carbide is used in some of the inner and outer plates
as a burnable poison. The combination of heavy uranium loading, high burmnup limit, and flattened
power density provide the characteristics needed to more than double the megawatt days (MWD) of
energy obtained per element to 300 MWD.G
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Since submitting the fuel license amendment in September 1986, MURR has answered three sets
of questions concerning the requested license amendment to cover the ELAF fuel. The last set
(submitted February 1989) was strictly concerning reactivity transient analysis and some
clarification of wording in previous submittals. The Nuclear Regulatory Commission (NRC)
asked four more question in November 1989 requesting MURR modify the requested license
amendment to better fit the analysis completed for the first three NRC question sets. Response to
these latest questions will be completed in March 1990, and the NRC's approval for use of ELAF
may be given shortly thereafter. If the DOE university fuel budget can support the startup cost for
fabrication of a new fuel design, the MURR ELAF fuel element will be used starting in 1990.

Power Increase

The goal of the power upgrade is to operate the reactor at the maximum safe technical limit as is
often done in European reactors. With its flattened power distribution, the new fuel element design
provides the greatest increase in the safe technical limits. The physical dimensions are identical to
the current fuel element, requiring no change in the geometry of the reactor core.

The only modifications planned for operating at a higher power are the slight increases in operating
pressure and primary coolant flow rate, and installation of new heat removal equipment. The
upgrade power level has been targeted at 30 MW. The safety analyses performed have shown no
problem operating at 30 MW.(5-9) However, the loss of coolant accident results are very sensitive
to changes in power level around 30 MW.(10) To show confidence in the RELAP5/M0D2 analysis
for a low pressure/low temperature fuel plate type research reactor, MU's NE department and
MURR submitted a proposal to DOE for a benchmark experiment. This was funded in November
1988 and the work is in progress.(11)

Reactor In i ]

The reactor instrumentation and control (I&C) system was reviewed to determine necessary
modifications and recommendations for equipment replacement and improvements. An evaluation
was performed both for reliability/availability improvements and for reactor upgrade requirements.

During FY89, the first phase of 1&C/electrical upgrade began. A small building addition adjoined
to the facility houses the new 275 KW Cummins diesel emergency generator. It includes an empty
bay sized for the future installation of a 2500 KW electrical substation required for the power
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upgrade, CNS, and expansion of facilities. The electrical upgrade also included the installation of
a Solidstate Controls Inc. (SCI) uninterruptable power supply (UPS) to handle the reactor 1&C
system. The emergency generator was put in service in August 1989, the UPS in November
1989. Upgrade of two 1&C subsystems was started during Spring 1989--the area radiation
monitoring system (ARMS) and the exhaust stack radiation monitor. The installation of an
Eberline analog ARMS will be completed in March 1990 and of a Nuclear Measurements
Corporation (NMC) stack monitor in May 1990. MURR is planning to complete the next task in
the I&C upgrade during 1990 by replacing the nuclear instrumentation systems (replace six 1960
model channels with three 1990 model channels).

Id N n

To meet the rapidly increasing demand for long wavelength neutrons, the MURR upgrade includes
adding a cold neutron source (CNS) facility. The CNS will be in the reflector near the core, and
this section of the reflector will be modified to enhance the CNS effectiveness. With the reactor
operating at 30 MW, the thermal flux around the CNS would be approximately 3 x 1014
neutrons/cm? sec with gamma heating of 3.6 watts/gram. A small part of the analyses have been
completed to evaluate what combination of reflector materials (beryllium, D,O, bismuth, etc.) and
which CNS design will give the optimal combination of long wavelength neutron beam intensity,
capital and operating costs, and minimum impact on other users of the reactor.(12) With 30 MW
reactor power, a lower core position, and a CNS, the intensity of 8 A (8 x 10-10m) wavelength
neutrons could increase by a factor of 80.

The MURR staff also evaluated CNS designs from three suppliers of this equipment,
Technicatome, Interatom, and AECL. As part of this evaluation, Stone and Webster assisted MU
in obtaining conceptual design information and cost data from the three vendors. The design
information requested was for a total package including cryogenic and control systems that would
be applicable to installation and operation of a CNS at MURR's beamport "E" position. The
information was to be based on previous experience, and to include the design parameters and
estimate of the expected capability and performance characteristics.

Facilities Expansion

The MURR upgrade includes a 44,000 sq ft (4087 m2) building addition, the conceptual design of
which was completed in January 1987. The addition centers around a cold neutron guide hall that
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allows a 60 m flight path for experiments using the CNS. Several electronics laboratories will be
relocated in the new addition, freeing up their current location (laboratories with fume hoods) for
expanding the radioisotope applications research. The building will also contain a 1600 sq ft (148
m2) counting room, a clean room, culture room and sample preparation laboratory for neutron
activation analysis (NAA).

The State of Missouri appropriated $250,000 for planning of the new addition. Sverdrup
Corporation was selected to work on the detail design of this facility in March 1989, but the design
will be worked after the new MURR Director is hired. With the July 1989 administrative shift of
MURR to the MU campus from the University of Missouri System level, the 1987 conceptual
design will be restudied to see if it provides for the best coupling of the combined strengths of
MURR and the research strengths of other MU departments.

III. CONCLUSIONS

MURR has designed a fuel element that will cut the fuel cycle cost at least in half and provide a
flatter power distribution allowing for a power increase up to 30 MW. A power increase to 30
MW will provide a peak thermal flux of 1.8 x 1015 neutrons/cm?2 sec in the flux trap and a beam
port flux of 3.5 x 1014 neutrons/cm?2 sec.

The cold neutron source coupled with other improvements will provide an increase up to a factor of
80in 8 A wavelength neutrons, which are needed for the fastest growing area of neutron scattering
research. The laboratory space available to radioisotope applications for finding ways to cure
cancer will at least double. The NAA group will have a major increase in facilities to aid in their
trace element research in areas such as nutrition studies, epidemiology studies, archaeometry
studies, etc. The 44,000 sq ft (4087 m2) building addition will provide a guide hall and new
research facilities to meet the demand for increased utilization of the reactor. Estimated to cost
$23,000,000 in FY88 dollars, the total project will take four to five years to complete.(13-14)
Missouri Governor Ashcroft has pledged the State will provide one-third of the project cost when
the matching two-thirds are obtained. The upgrade will expand the world-class capabilities of the
best research reactor located on a university campus, and will enable the USA to educate and train
the researchers needed by national laboratories and the proposed Advanced Neutron Source.
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The Reactor and Cold Neutron Facility at NIST
H.J. Prask and J.M. Rowe
Reactor Radiation Division
National Institute of Standards and Technology
Gaithersburg, MD 20899

ABSTRACT

The National Institute of Standards and Technology Reactor (NBSR)
is a 20 MW research reactor located at the Gaithersburg, MD site, and
has been in operation since 1969. In the reactor hall there are 26
experimental facilities which are used for materials science, chemical
analysis, nondestructive evaluation, neutron standards work, and
irradiations. The reactor had built into it from the beginning a
provision for a large volume cold neutron moderator. Utilizing this
capability, the Department of Commerce and NIST have begun a project to
develop a major national facility for cold neutron research, the CNRF.
This $30M project will, when fully completed, provide fifteen new
experimental stations with capabilities currently unavailable 1in this
country. It will be operated as a National User Facility, open to all
qualified researchers on the basis of scientific merit. One-third of
the experimental stations will be provided by sources outside of NIST.

The NBSR
The reactor is D,0 cooled and moderated; the core is comprised of
thirty, enriched-uranium fuel elements of a unique, split-core design,
in which beam tubes "look" at a 17 cm gap between fuel-element halves.
The reactor operates 24-hours a day on monthly cycles, followed by
approximately a week of shutdown for refueling and maintenance.
Specifications and reactor capabilities are listed in Table 1.
The experimental facilities in the reactor hall are allocated
among the following activities:
eneutron scattering and diffraction; neutron radiography;
etrace analysis and depth profiling; nondestructive evaluation;
eneutron standards development; fundamental neutron physics;
elong-term irradiations and isotope production.
A plan view of the reactor hall is shown in Figure 1. The NBSR
utilizes the flux available in a very efficient manner through the
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incorporation of relatively short core-to-instrument distances and
large-diameter beam tubes. As a reference, the flux on the sample at
the BT-4 and BT-9 spectrometers is 107 n/cm2-s, measured at 14 meV
incident energy, with 40’ collimation before and after the
monochromator. Programs and instrumentation of the thermal beams have

[1]

been described recently.

The CNRF

Ground breaking for this laboratory took place in November 1987;
jt was dedicated by Secretary of Commerce C. William Verity in January
1989. The guide hall (30 m wide by 61 m long) and associated office
and laboratory space has more than tripled the area available for
neutron beam research, much of which is reserved for guest researchers.

This new national user facility utilizes the cold neutron source
indicated in Figure 2. This source is a block of D,0 ice (with 8% H,0
added) cooled to 30-40 K by recirculating helium gas. The gas is
circulated by a compressor through a refrigerator capable of removing 1
kw of heat at 25 K. The ice block is 36 cm in diameter by 22 cm long,
with an 18 cm diameter by 10 cm long reentrant hole to increase the
cold neutron flux. Integrated cold neutron flux (A>3.95A) is expected
to be 1.8x108 n/cm2-s at the entrance to the guide hall. The increase
in neutron flux with the present cold source has been measured to be a
factor of five, source full to empty, in the 4-8A range.[z] An advanced
1iquid hydrogen source is now being designed for future installation.

The cold source will be viewed by eight neutron guide tubes (NG O-
7), one of which ends inside the reactor hall. The neutron guides
consist of a thin coating (1000 A) of Ni deposited on optically flat
glass, of 15x6 cm? cross-section. The initial three guides will be
coated with NiS8 to increase the useable solid angle by 30% over normal
nickel. There 1is also a provision for installing supermirror guide
elements on subsequent guides to further enhance available flux. The
guides are completely evacuated to reduce neutron losses due to air
scattering and go through holes in the reactor confinement building
wall, with shutters provided at the wall to allow work on the beam
lines in the guide hall while the reactor is operating.




175

On completion in 1993, the CNRF will include up to 15 new cold
neutron instruments, the categories of which are listed in Table 2. 1In
Figure 3 1is shown the planned layout for the main floor of the new
construction, and the first three guides to be instrumented. Also
indicated is the neutron depth-profiling instrument which will be on
NG-0, the new beam-line in the reactor hall. Installation is staged to
minimize reactor down-time. Some features of particular interest are
described below for the initial instruments.

Two 30m SANS instruments are under construction: the first to be
installed (1990) will be an NIST/Exxon/U. of Minn. instrument on NG-7;
the second, on NG-3, will be one of two instruments in the NSF/NIST
Center for High Resolution Neutron Scattering (CHRNS). The
NIST/Exxon/U. of Minn. SANS instrument will be the first to use a
doubly curved mirror as a focal element in a 1long flight path to
provide angular resolution and beam intensities which compare favorably
with any SANS instrument in the world. In addition, each instrument
will have provision for two large-area position-sensitive detectors to
extend the angular range to cover both the small and intermediate angle
regions. An optional feature for these instruments will be the ability
to utilize a polarized neutron beam to study materials with magnetic
constituents.

A neutron reflectometer to probe surfaces and interfaces in a wide
variety of materials will be installed in early 1991. The low
background and high intensity of cold neutrons in the new guide hall
will permit the measurements of reflectivities down to levels of
=5 x 10'7. The proposed instrument will have the capability to
produce polarized neutrons to study magnetic and superconducting
materials. The sample geometry will be horizontal to facilitate the
study of liquid samples. There will also be provisions to do grazing-
angle surface neutron diffraction experiments, the feasibility of which
was recently demonstrated at NIST.

Two experimental stations for chemical analysis are planned. A
neutron depth profiling (NDP) instrument  is being designed to take
advantage of the factor of twenty or more increase in signal intensity
expected over the existing thermal neutron beam facility. The new
instrument will include several new features.
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Neutron capture prompt-gamma-ray activation analysis has been
developed at NIST and elsewhere as a reliable, often uniquely
sensitive, method of elemental analysis with wide application in
materials science, geochemistry, and environmental monitoring. Through
a combination of greater neutron intensity, lower gamma-ray background,
and advanced detectors and coincidence-counting instrumentation, the
new instrument on NG-7 will provide 100 times more sensitivity for this
method than at any thermal neutron instrument in the world.

Two of the stations will be devoted to fundamental neutron
physics, including neutron interferometry. A variety of interferometer
geometries will be investigated for several different experiments. The
anticipated experimental investigations will include long baseline
neutron interferometry with separated crystals, delayed choice
experiments and, possibly, a neutron Michelson-Morley experiment. The
other experimental station will provide an intense cold neutron beam
for basic investigations in nuclear and particle physics. Anticipated
experiments on this beam include studies involving neutron decay,
nucleon-nucleon weak interactions and tests of basic symmetry
principles.

Not shown in Figure 3 1is the new cold neutron triple-axis
spectrometer to be installed on NG-5. It is expected to be operational
early in 1991.

Development of NG-1, 2, 3 and 4 will proceed as quickly as
possible and will include the NSF/NIST 30m SANS and the NSF/NIST spin-
polarized inelastic neutron scattering spectrometer (SPINS). The
latter will be a triple-axis type instrument, but with high resolution
and high intensity achieved through the use of supermirror polarizers
and an energy-dependent flipper. .Other instruments are listed in Table
3, among which will be a conceptually-new, very high-resolution
multichopper time-of-flight spectrometer and a state-of-the-art back-
reflection spectrometer.

The National-User Facility

Administratively, this facility is located within NIST’s Materials
Science and Engineering Laboratory, which is comprised of the Polymers,
Ceramics, Metallurgy, Fracture and Deformation Divisions, and the
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Center for Nondestructive Evaluation, as well as the Reactor Radiation
Division. As indicated 1in Figure 3, office and laboratory space for
users of the facility is provided in an addition to an existing
office/lab wing of the reactor building. This space provides 36
additional offices for users and staff, and 12 laboratories for sample
preparation and equipment maintenance. " ’

CNRF facilities are divided into two classes: CNRF instruments and
Participating Research Team (PRT) instruments. For CNRF instruments,
2/3 of available time will be scheduled by the Program Advisory
Committee (PAC) and 1/3 reserved for NIST use (out of which proprietary
research is allocated). For PRT instruments, 1/4 of available time
will be scheduled by the PAC and 3/4 reserved for PRT members. As
mentioned above, two of the instruments at the CNRF are being funded by
the NSF as a Center for High Resolution Neutron Scattering (CHRNS). The
NSF-funded portion of CHRNS will be scheduled entirely by the PAC,
aside from some time for dinstrument improvement, "breakthrough"
experiments, and a small allotment of time for instrument-responsible
scientists. Other PRT members include Exxon Research and Engineering,
Eastman Kodak, AT&T Bell Labs, Sandia Labs, and the University of
Minnesota.

Full cost recovery will be required for all proprietary research,
whether performed on a CNRF instrument or by a PRT member during PRT-
reserved time. No fees will be charged for non-proprietary research.
Unless formally described as proprietary research, all research is
required to be published in the open literature or made accessible in
the public domain.
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Table 1. NBSR Specifications

Power
Peak Thermal Neutron Flux
Peak Fast Neutron Flux
Core:
Radius
Height
Loading
Life
Moderator/Coolant
Fuel Elements:
Type
~ Enrichment
Shielding:
Thermal
Biological
Neutron Ports
Beam tubes:
Radial
Radial
Radial (truncated)
Tangential
Vertical
Cryogenic Facility

Thermal Column
Vertical Thimbles:
In-core
In-core

In reflector

20 MW
4x1014 n/cm?-sec
1014 n/cm2-sec

55 cm
74 cm
6 kg U235
30-35 weeks
5x104 L D,0

Split MTR curved plate
93% in U235

5 cm lead and 20 cm iron
1.8 m magnetite concrete

4 with 15 cm diam.
3 with 13 cm diam.
2 with 13 cm diam.
2 with 10 cm diam.
1 with 10 cm diam.
8 15x6 cm? guides viewing
cold source
137x132x94 cm? graphite

6 with 9 cm diam.
4 with 6 cm diam.
7 with 9 cm diam.

Rabbit tubes (2.5cm IDx7.5cm long):

Near-core
Thermal column

3 at (3-10)x1013 n/cm2-s
1 at 3x10!! n/cm?-s
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Table 2. CNRF Instrumentation

Materials Structure
«SANS
«Reflectometer
eGrazing-Incidence Diffractometer

Materials Dynamics
eTriple-Axis Spectrometer
eSpin-Polarized Inelastic Neutron
Spectrometer (SPINS)
eTime-of-Flight Spectrometer
eBack-Reflection Spectrometer
eSpin-Echo Spectrometer

Chemical Analysis
eDepth-Profiling Facility
ePrompt-Gamma Facility

Neutron Physics
eNeutron Interferometer
eFundamental Physics Station




180

NIST REACTOR
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Fig. 1. The floor plan of the NIST Reactor hall.
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Fig. 3. The floor plan of the CNRF with instrumentation indicated for the
initial three guides.
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UPGRADE OF MATERIALS IRRADIATION
FACILITIES IN HFIR*

K. R. Thoms B. H. Montgomery
C. D. West

Oak Ridge National Laboratory
Oak Ridge, Tennessee USA

ABSTRACT

Modifications have been made to the High Flux Isotope Reactor (HFIR) which
permit the operation of instrumented irradiation capsules in the target region, and more
and larger capsules in the removable beryllium region. As many as two instrumented
target capsules can now be accommodated and positions for up to eight 46-mm-diam
instrumented capsules are now available in the removable beryllium region. One
instrumented target capsule has already been irradiated and new capsules have been

prepared for irradiation in the removable beryllium region.
1. INTRODUCTION

The High Flux Isotope Reactor (HFIR) is a pressurized, light-water-cooled,
beryllium-reflected, 85-MW reactor. The HFIR was designed for the production of
isotopes, particularly transuranium isotopes. This production requires high thermal and
epithermal fluxes; indeed, the HFIR target region (the cylindrical space inside the two
concentric annular fuel elements) has the highest steady-state thermal neutron flux in the
world. The relatively high reactor power and power density leads to a high fast neutron

flux near the core, so that the HFIR is also used for materials irradiation experiments.

*Research sponsored by the Office of Transportation Systems, U.S. Department of Energy,
under contract DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc.

The submitted manuscript has been authored‘ by a contractor of the U.S. Government
under contract DE-ACO05-840R21400. Accordingly, the U.S. Government retains a
nonexclusive, royalty-free license to publish or reproduce the published form of this
contribution, or allow others to do so, for U.S. Government purposes.
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While the HFIR had outstanding neutronics characteristics for materials irradiations,
some relatively minor aspects of its original mechanical design severely limited its
usefulness for that purpose. In 1984, an ad hoc committee was established at the Oak
Ridge National Laboratory (ORNL) to ".. consider and recommend changes and
improvements to the Laboratory’s facilities for materials irradiation testing." The
committee’s report!!! included recommendations for certain modifications to the HFIR that
would significantly enhance the number and value of materials irradiation experiments
that could be accommodated by the reactor.

The basic improvements that were needed to provide better materials irradiation
facilities at the HFIR were in two areas. The highest flux positions in the target region
could not be instrumented, and the removable beryllium (RB) positions were few and
much smaller than those of general purpose reactors. These deficiencies have been
remedied through the HFIR Irradiation Facilities Improvement (HIFI) Project which has
provided two instrumented target region facilities and larger and additional RB irradiation

positions with straight-line access penetrations through the pressure vessel.
2. DESCRIPTION OF FACILITIES

A general arrangement of the new materials irradiation facilities with typical
instrumented target and RB capsules in place is shown in Fig. 1. The characteristics of
these facilities are presented in Table 1.

Providing instrumented target facilities required newly designed and fabricated
components from the bottom to the top of the reactor “"stack." These components
included a fuel grid, target holder, target tower, target hole plug, quick-access hatch, rabbit
facility U-bend, and several in-pool tools for removing and replacing components. The
target tower extends upward from the target region to a quick-access hatch and target hole
plug in the pressure vessel lid. The tower houses three guide tubes - one for the hydraulic
rabbit facility and the other two for the instrumented target facilities.

With these components modified, at least two small target capsules of 16-mm-diam

may be instrumented. The guide tubes in the target tower are large enough such that by
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Fig. 1. The High Flux Isotope Reactor (HFIR).
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Table 1. Characteristics of primary HFIR

materials irradiation facilities

Irradiation
position
Characteristics RB  Target
Fast neutron flux, E > 0.1 MeV (10" 6 12
m’s") |
Thermal neutron flux (10 m3™) 13 24
Maximum displacements per atom per 8 25
calendar year, stainless steel
Gamma heating (W/g SS) 14 47
Typical capsule diameter (mm) 46 16*
Typical capsule length (mm) 500 500
Number of available positions g >20
Minimum specimen temperature (°C) 60 60
Instrumentation Yes Yes*
Typical fuel cycle length (days) 25 25

*By occupying up to seven positions, 25-mm-diam can

be accommodated.

*Plus four smaller positions, approximately 12-mm

diam.

A total of 37 target positions exist. The number avail-
able depends on the number being used for transuranium

isotope production.

“Two target positions can accommodate instrumented

capsules.
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occupying up to seven target positions, capsules of up to 25-mm-diam can be accom-
modated (Fig. 2).

The new RB facilities required a modified design for the reflector, replacing the
four 37-mm-diam positions with eight holes, each with a 48-mm diam. This change
increased the total experimental volume available within the removable beryllium by a
factor of greater than 3. These new positions are referred to as the RB Star (RB*)
facilities.

In addition, several components above the beryllium and the core were modified
to provide straight-line access to all eight of the RB* positions. The straight-line access
permits rotation and vertical relocation of irradiation capsules during the course of an
experiment and facilitates experiment interchangeability.

Recording and control equipment is in place to operate two singly-contained capsules
and two doubly-contained capsules, with space readily available to expand the equipment

for the operation of a total of eight fully instrumented capsules.
3. TYPICAL EXPERIMENTS

Significant funding for the necessary modifications was provided by the Magnetic
Fusion Energy (MFE) program. The first instrumented target capsule was the target
temperature test (TTT) capsule. It was a part of the US/Japan fusion materials program
and was irradiated to determine more accurately the probable temperature in the
uninstrumented target capsules previously irradiated as part of that program. Two
thermocouple array tubes (TCATs), each having seven thermocouple junctions, were used
to measure the centerline temperature of mock specimens. The experiment performed
well, and revealed (Fig. 3) that the gamma heating decreases much more rapidly at the
ends of the capsule than had previously been thought. A general configuration of the TTT
capsule is shown in Fig. 4.

The larger reflector positions permit spectral tailored experiments, similar to those
previously performed in the Oak Ridge Research Reactor (ORR), to be performed in the
HFIR where fluence can be achieved in about half the time. Indeed, MFE specimens

irradiated in ORR spectral tailored capsules have been retrieved and are being
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Fig. 2. Instrumented target positions illustrating capability of
accommodating 25-mm capsules.
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reencapsulated for continued irradiation in HFIR RB* positions. Toward this end, series
of experiments have been designed to irradiate up to 250 mechanical property specimens
each at temperatures of 60, 200, 330, and 400°C.” Around each of these experiments
will be a 4.2-mm thick Hafnium sleeve which will reduce the thermal neutron flux by about
85%, thus permitting the specimens to receive the same helium production-to-
displacements per atom (He/dpa) ratio as is expected in the first wall of a MFE device.
Horizontal and vertical cross sections through the 330°C capsule are shown in Fig. 5.
New RB* capsules have also been assembled for the High Temperature Gas-Cooled
Reactor (HTGR) program. These will irradiate coated particle fuel compacts in a graphite
fuel body. A horizontal cross section through a typical HTGR fuel capsule is shown in

Fig. 6.
4. SUMMARY

These new HFIR facilities provide the materials irradiation community with very
powerful tools with which to carry on its work. The HFIR should now be considered a
world-class materials testing reactor; in the case of the instrumented target capsules, it
surpasses any reactor for the magnitude of neutron flux available in instrumented

irradiation experiments.
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Backfitting of the FRG-reactors

W. Krull
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D-2054 Geesthacht

Germany

1 The FRG-research reactors

The GKSS-research centre is operating two research reactors of the swimming
pool type fueled with MTR-type type elements. The research reactors FRG-1
and FRG-2 having power levels of 5 MW and 15 MW are in operation since 31 a
(FRG-1) and 27 a (FRG-2). They are comparable old like others, too. The
reactors are operated at present at approximalety 180 d (FRG-1) and between
210 4 and 250 d (FRG-2) per year. Both reactors are located in the same

reactor hall in a connecting pool system (fig. 1).

2 Backfitting reasons

Backfitting measures are needed for our and other research reactors to

ensure a high level of safety and availability.
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Generally reasons for backfitting in our case have been:

1. operating experience;

main modifications related to e.g. power increase, changes in utili-
zation or lack of spare parts;

changes in safety philosophy;

updated risk analyses, recent research results and political

impacts;

. necessary repairs.

3 Summary of the main backfitting activities within the last ten years

Midth of the seventeeth there were plans to increase the power of the FRG-2

from 15 MW to 21 MW. This was the reason for the following activities e.g.:

1.

comparison of the existing design with today demands (criterias,

guidelines, standards etc.).

probability approach for events from outside like aeroplane crashes

and earthquakes.

It should be mentioned, that the FRG-reactors are located in an area
where aeroplanes flights are restricted as this location is close to
the boarder of the German Democratic Republic and that this location

is an extreme quiet region for earthquakes, too.

Therefore: the risk coming from events from outside is acceptable

for the operation of FRG-1 and FRG-2.
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3. The main accidents had to be rediscussed like startup from low and

full power, loss of coolant flow, loss of heat sink, loss of coolant

and fuel plate melting.

4. We were forced to install a new reactor protection system following

today demands on redundancy (2 out of 3), diversity etc. from the

relevant power reactor standard. Fig. 2 gives a general overview of

the design of the reactor protection system. The design principle

can be seen in the table. It should be known that there are compara-

tors between each channel of the redundant analog signals.

probable accident

diverse chain 1

diverse chain 2

startup from low
power

startup chambers (1 out of 2)
safety chambers (2 out of 3)

linear chambers
(2 out of 3)

startup from high
power

safety chambers (2 out of 3)
Ni¢-chambers (2 out of 3)
primary temperature (2 out
of 3)

linear chambers
(2 out of 3)

fuel plate melting

Nié-chambers (2 out of 3)

y-chambers on ceiling
of reactor hall
(2 out of 3)

loss of primary
coolant flow

primary flow rate (2 out
of 3)

pressure primary
circuit (2 out of 3
in max. and min.)

loss of coolant

water height in pool (2 out
of 3)

water height in
basement (2 out of 3)
y-chambers on ceiling
(2 out of 3)

loss of secondary
coolant flow

primary coolant temperature
(2 out of 3)

slow time response
therefore only
standard actions

experiments (FRG-2)

2 out of 3

2 out of 3
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5. In the reactor hall a new crane has been installed (fig. 3). Before
designing and installing the new crane a risk estimation has to be
made giving the demands on the design coming up from power reactor

standards. The crane load has been increased at that time, too.

6. An operation manual and inspection manual has to be written in the
meantime not only for the research reactors FRG-1 and FRG-2. We have
such manuals now for the cold neutron source and for the hot cells.
A lot of work and a lot of paper but if these manuals are on hand

they are very useful.

4 Backfitting activities within the last two years

Especially within the last two years larger backfitting and modernization
activities have been made to enable reactor operation for the following ten

and more years.,

4,1 Installation of a cold neutron source

A cold neutron source has been installed to increase the flux of cold (5 A)
neutrons by a factor of 14. The source is in operation since June 1989. A

report will be given next week at the workshop in Los Alamos.

4.2 Enrichment reduction to LEU fuel for FRG-1

The FRG-1 is being converted from 93 % enriched U with UAly fuel to 20 %
enriched U with U,ySi, fuel. We have the license and the fuel elements on
hand. This has been reported already, too, at an earlier meeting and

present results will be presented this year at the RERTR meeting.

4,3 Measures for fire protection

The gap between an old building and new standards on fire protection has to

be closed
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. all three stairways have to be separated from the floors

the fire resistance for some walls and doors has to be increased
not used cables from cable channels must be removed

. smoke flaps and smoke ventilators have to be installed

cable penetrations must be fire protected

O W

. a fire detection monitoring system in all technical rooms and a fire

alarm control panel was installed (fig. 4).

4.4 Installation of a double tubing for parts of the primary piping of the
FRG-1

The piping, valves, pumps etc. of the FRG-1 are located in the cellar below
the FRG-1 reactor pool. Between ceiling and the first valve there was noth-
ing to stop leaking water. For this reason between the ceiling and the
first automatic operated valve a double tube has been installed for the

water inlet and water outlet pipings.

In fig. 5 the double tubing and an auxiliary construction can be seen. This
auxiliary construction is necessary to fix the double tubing in place in
case of a leak in the first piping. Then the double tubing has to withstand
the pressure of 10 m water above. In the space between the tubes 3 water
detectors (heated thermocouples) have been installed giving an alarm in 2

out of 3 mode.

4,5 Repair of both cooling towers

The internals of both cooling towers consisted of wooden materials for the
distribution and spraying of the cooling water. The following actions were

taken

1. In the FRG-1 cooling tower all wooden internals have been replaced

by polystyrol and the coolant capacity has been slightly increased

2. In the FRG-2 cooling tower the water distribution system has been

renewved totally.
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4.6 Modernization of the ventilation system

01d flaps were partially removed and hose flaps were installed. Within the
exhaust air channels the conventional filtering system has been replaced
totally. Now all inspections can be made leaving the filters in place and

the main flaps can be operated automatically.

4.7 Measures apainst water leakages

As I know that water leakage is a problem for some other older research

reactors, too, I will describe these repairs in more details.

Two kind of damages were known before starting the repair action: Water
leakage from the ceiling in the cellar below the reactor pools and some
defect tiles (fig. 6) at the walls of the FRG-1 pool.

The licensing authorities demand to present a repair program for the pool

and for avoiding water leakage into the cellar in the future,

To understand the considerations and the proposed repair program a brief
design description of the biological shield must be taken from fig. 7.It is

clear that there were rised the following questions:

quality of the internal part of the 60 cm concrete (p = 2.3 g/cm?)
. quality and y-resistance of the epoxy resin layer

. status of the steel liner (5 mm!)

P VE R S

. status of the thiokol waterproofing between steel liner and Al beam

tubes.
Steps of the repair program were the following:

1. The reactor bridge of FRG-1 including core and grid plate was moved

to an other pool.

2. Radioactive components like the inpile parts of the beam tubes, etc.

were removed by three divers. A maximum whole body dose of 0,9 mSv
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was achieved by the divers. It should be mentioned that at the front
part of the beam tubes the dose level was between 100 and 600 mSv/h

around 8 weeks after shutdown.

After removing parts of the tiles, of the epoxy resin and the inter-

nal concrete the situation looks like it can be seen in the fig. 8.

This shall demonstrate that after removing all radiocactive compo-
nents we were able to stay there. At most places the dose level was

below 10 pSv/h after shielding the flanges of the beam tubes.

. Inspection of the internal concrete was done by the consultants of

the licensing authority. This includes optical inspection, compres-
sion measurements on selected samples and hardness measurements. The
result of all these inspections were that the concrete is in good

condition.

The steel liner has been inspected at two different positions:
In both cases the liner was found to be in an excellent condition
(fig. 9).

The polyurethan has been injected with high pressure to tighten the
thiokol seal between steel liner and Al beam tubes. For this purpose
holes have been drilled through the concrete near to the thiokol. In

these holes polyurethane was pressed. There are 20 of such penetra-
tions of the liner and concrete and per penetration as a minimum 2

holes must be drilled to get a high confidency in this work.

. After repairing the concrete, sealing the concrete with - at this

time - unsaturated polyester (as this polyester is better y-resi-
stant than epoxy resin), 'the tiles have been placed and the pool

cleaned up.

The next fig. 10 shows the repaired pool:

- the beam tubes in place
- a Be block reflector installed

- and the inpile part of the cold neutron source.
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Now I am coming to an absolutely different kind of damage and repair: In a
separate part of the cellar (3 x 12.5 m?) which is below pool 3 and 4 there
were a few small cracks within the concrete of the ceiling. This looks not

dangerous but it may become a severe problem.

Removing these damaged parts in a small region and to a depth of ca. 2 cm
we checked the pH of the concrete which gives good information about the
quality of the concrete. With a great surprise to the involved parties a
carbonization depth of ca. 12 cm was found. This carbonized conrete must be
removed totally and new concrete has to be placed there as otherwise the

whole structure may loose its stability.

Finally on these repairs: All repair actions were fully accepted by the
licensing authorities and their consultants and til today the status of the

repaired parts is excellent and no water leakage into the cellar was seen

again. You may believe, we are happy about this.

5 Ongoing and planned backfitting activities

5.1 Replacement of instrumentation etc.

As it could be seen that there will be within the next future increasing
difficulties for maintaining and repairing the process control system and
for getting new spare parts it was decided to renew the instrumentation,
the process control system and the alarm system. The order was placed end
of 1988. Fig. 11 shows the principal design of the instrumentation and
monitoring system. The system is being implemented. We are hoping to go

into operation again in March 1990.

5.2 Renewal of the emergency power supply

At present we have since approximately 25 years in operation a flying wheel
diesel generator and a diesel generator for the emergency power supply (1

out of 2). The capacity of these generators is large so that they are not
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only used for the needs of an emergency power supply. Probable faults can

be caused by other reasons.

Considering this situation the decision was made to build a new station for
(1 out of 2) diesel generators to be used only for the emergency power
supply for our two reactors. The principal design work is being finished
and we are going to ask for inquiries from competent suppliers. The princi-

pal design can be taken from fig. 12.

5.3 Lightning protection

The standard conventional lightning protection is present and inspected
annually by consultants. Due to research results taking into account dama-
ges in modern electronics (IC) arising from induced voltages and currents a
by far more increased lightning protection is necessary. A report is being

made by consultants we hired ourselfes.

6 Resumee

The GKSS research centre intends to operate their research reactors safe to
prevent undue risks from the public and the operational staff. Therefore

many actions have been made

- to follow present safety philosophies
- to replace old equipment to have an installation which is near the
state of the art

- to learn from operation experience got in our and other facilities.

These efforts will continue to allow safe operation of our research reac-

tors over their whole operational life.
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University Research Reactors in the United States;
Their Role and Value - From the 1988
Study by the National Research Council

Otto K. Harling

Nuclear Reactor Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts USA

ABSTRACT

This paper provides a brief overview of the 1988 National Research Council study
of the role and value of university research reactors in the US.

I. INTRODUCTION

There are currently 35 operating university research reactors (URR's) on 33 sites in
24 states. Figure 1 shows the distribution of URR's by power level and Figure 2 shows
their location in the USA. Concern about these facilities has been widespread in the URR
user community, in university administrations, in government, and often among the public,
especially individuals residing relatively close to these research facilities. The concern
about the cost (including safety) and the value of URR's has been heightened by the
increasing number of URR shutdowns. The number of these facilities has diminished by a
significant fraction during the last several decades.

A result of heightened concern in the federal government was the USDOE's 1985
questionnaire to URR operators. This was designed to assess URR productivity. As a
result it was clearly shown that URR's were continuing to make major contributions to
education and research despite their inadequate and diminishing funding base. To obtain an
unbiased picture of URR costs and value by a blue ribbon national committee, the USDOE

in 1986 requested the National Research Council to evaluate the contributions of university-
based research reactors to research and education in nuclear science and engineering.

Consideration was to be given to:
a) Increasing costs at universities

b) Decreasing enrollments and research in nuclear science and engineering
programs
¢) Antcipated increases in URR regulations

d) Concerns about reactor safety and security
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I. THE NATIONAL RESEARCH COUNCIL STUDY

The National Research Council (NRC) accepted the DOE-sponsored study and
decided to divide their efforts into the following tasks:

1.

Review and evaluate existing university research reactors to determine their
role in meeting the needs to education, training, research, and service in
relevant fields of science and engineering.

Evaluate the specific mandates and interests represented by academic,
government, and industry organizations with respect to university research

reactors.

Review and evaluate the use and support of similar reactors elsewhere, in

Western Europe, for example.
Review security and safeguard issues involving university research reactors.

Evaluate the role of university administrations and other entities in support of

URR programs.
Evaluate the role of the federal government in support of URR programs.

Provide recommendations and/or options for federal and other support of
university research reactors.

An interdisciplinary group of experts, with strong representation from outside the

university reactor community, was appointed to conduct the study. The members of the
NRC committee are listed below:

David A. Shirley (Chairman), Director, Lawrence Berkeley Laboratory, Berkeley,

California

Robert M. Brugger, University of Missouri, Columbia, Missouri

Geoffrey L. Greene, National Bureau of Standards, Gaithersburg, Maryland

John S. Laughlin, Memorial Sloan-Kettering Cancer Center, New York, New York

Mihran J. Ohanian, University of Florida, Gainsville, Florida

John Poston, Texas A&M University, College Station, Texas
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Clifford G. Shull, Massachusetts Institute of Technology, Cambridge,

Massachusetts

Bemard 1. Spinrad, Iowa State University, Amés, Towa

Anthony L. Turkevich, University of Chicago, Chicago, Illinois

Edwin L. Zebroski, Electric Power Research Institute, Palo Alto, California

During the study the NRC committee reviewed the following areas and reached the

following conclusions:

1.

The spectrum of research at university reactors:

Neutron activation analysis — extremely wide range of applications, bulk
of US work is done at URR's.

Neutron scattering — a large fraction of neutron scattering experts were
trained at URR's.

Neutron radiography — a wide range of uses, including industrial.

Medical diagnostics and therapy — the bulk of the USA's innovative
research in this area is done at URR's.

Radiation effects in materials — radiation damage studies prepare students
for work in the national facilities.

Nuclear engineering and reactor physics — a major contribution to the
national programs through research, covers a wide range.

Research reactors in education and training:

URR's of all sizes are an important part of the educational process in a
broad multi-disciplinary sense. URR's are useful in teaching nuclear
science at all levels, from high school through graduate school.

URR's often prdvide a unifying theme for nuclear engineering programs
in presenting reactor behavior in a realistic way, and in being a primary
research tool.
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» Those universities which have nuclear engineering programs and a broad
educational program in applications of the nuclear sciences will be best
equipped for this purpose if they have a URR on campus.

3. Research reactor services for other users (outreach):

» URR's play a vital role as a service facility in the nuclear sciences —
related disciplines. Service is provided to other universities, industry,
government laboratories and departments. Service is a significant
component of the reactor utilization at several URR's.

Typical services include:
— radioisotope production and application
— neutron activation analysis
— neutron radiography
— neutron gauging
— neutron scattering
— gamma-ray scattering
— standardization assays
— radiation shielding testing
— radiation damage testing in structural materials
— personnel training
— radiation chemistry
- safety analysis

4. Research reactors in other countries, especially Europe:

o There is a strong perception that western Europe occupies a position of
leadership in reactor based science. This is strikingly evident in neutron
beam tube research.

* The Europeans support a strong network of reactors which include the
major national facilities and the university class research reactors.
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Many techniques now used at the national facilities originated at the
URR's.

University reactors in Europe receive base support for operation and a
base in-house research program. Typically, several million dollars per
year for a reactor of several MW.

The user base is considerably larger at the European URR's compared to
the large US URR's.

Success of the European URR's is possible because of a national
community-wide effort that encourages efforts at reactors of all sizes and
encourages cooperation between them.

Whether US URR's as a national resource are adequately employed is
germane to the planning of our national program in the neutron sciences,
including the advanced neutron source. URR's are also particularly
germane to the question, whether there will be an adequate community of
younger scientists and engineers to use the advanced neutron source and
other national facilities. ’

Safety and safeguards of URR's:

Safety hazards:

— damage to the fuel core and consequent spread of radioactivity in or
beyond the reactor containment building

— spread of small amounts of radioactivity or medical isotopes from
experimental programs

- spread of radioactive coolant in the event of leakage

- injury to personnel from weapons, fire, and explosive devices

Safeguards hazard:

— theft and diversion of nuclear material

— intrusion and theft of materials or equipment other than nuclear
materials

— intrusion, sabotage, and vandalism
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» Conclusion of NRC study (related to safety):
— the safety records of URR's are excellent
— the safety hazards are small relative to large power reactors

— the effective functioning and continued operation of the present
URR's are more affected by disproportionate public and institutional
perceptions of risk than be actual physical or nuclear hazards.

Institutional and federal support of URR's:

e Based on its deliberation, the NRC committee believes that a national
program of support for URR's is justified by their educational, research,
and service value to the nation.

« There is no consistent, dependable pattern of support for URR's at either
the local or national level.

» Total need of URR's is estimated at ~ $ 35M annually for a healthy
program with high utilization.

III. CONCLUSIONS OF THE STUDY

URR's merit a base of federal support because of national benefits that accrue
from a healthy URR program.

URR's merit support from state and local governments and industry because
they train workers and provide services of direct benefit.

If URR's are to play a vital role in research and in the education of scientists
and engineers, they need immediate funds to:

—  bring current operations up to a level adequate to maintain vital programs

—  purchase instrumentation and equipment needed to modernize reactor
operations, research, and teaching programs

—  the federal government should consider committing up to $20 million per
annum to assist in funding URR operations and upgrades.
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IV. PRINCIPAL RECOMMENDATIONS OF THE STUDY COMMITTEE

The federal government, in partnership with the universities and the national

laboratories, should develop and implement a national research reactor strategy,
the elements of which should include:

development of university and national laboratory centers of excellence in
specific areas of the neutron sciences and reactor technology for world-
class research as well as for education

anticipation that as some university reactors are upgraded and a user's
network is created (see below), others are likely to close

mechanisms to assure that such closures do not go so far as to damage the
national interest related to research and educational capabilities in the
nuclear sciences and engineering

development and support of a reactor network to provide enhanced
utilization and productivity of U.S. research reactors involving
researchers from universities with and without on-campus reactors, and
from the national laboratories

To implement the above strategy:

a single federal agency should be designated to administer programs in
support of the national research reactor programs

the federal government should create a standing advisory structure to
advise on a continuing basis on all aspects of this program

In pursuit of this strategy, the federal government should:

adopt the goals of meeting U.S. research reactor needs, and regaining a
position competitive with Europe and Japan in the neutron-based sciences

study, in detail, the approaches of other advanced countries to operating
research reactor networks such as that of linking the major facility at
Grenoble with smaller reactor research centers in Europe

establish and support such a network, adapted to U.S. needs
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—  make up to $20 million available annually (as a preliminary estimate to be
modified as improved data becomes available) to universities through the
designated federal agency, specifically for operational support and facility
upgrades of university research and educational reactors

—  create a peer review mechanism to assist the designated agency in making
grants to universities

» The Nuclear Regulatory Commission should examine its current approach to the
licensing and regulation of university research reactors in terms of the following
issues:

—  the small nuclear materials inventories and low power densities of
university research reactors, which result in risk factors related to safety
and safeguards are considerably lower than commercial power reactors

—  avoiding unnecessary exposure of small university reactor operators to
costly hearing and litigation procedures as a condition for licensing

upgrades and improvements

* Finally, the Nuclear Regulatory Commission should consider grants of
technical and financial assistance to help university reactor operators to comply
with upgraded safety and safeguard requirements, including and continuing
beyond the current program of assisting with the conversion to low-enriched
fuels.

V. REFERENCES
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"University Research Reactors in the United States — their Role and Value," National
Academy Press, Washington, D.C., 1988.
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Organization of the ITER Project
Sharing of Information
and Procurements

MOTIVATION FOR INTERNATIONAL COOPERATION
IN FUSION ENERGY DEVELOPMENT

¢ Fusion has the potential for a safe, environmentally
attractive and practically inexhaustible source of
energy, worldwide

e Very large and expensive experimental facilities are
needed to prove the technical feasibility of magnetic
confinement fusion

¢ Four large worldwide programs of about equal size

have similar goals and objectives for constructing
an experimental reactor as the focal point for the
development program

— European Community

— Japan

— U.S.S.R.

— U.S.A.

e Cooperation among the four countries to build a
single experimental reactor would reduce the cost
for each country and provide an international pool of
scientific and engineering resources
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COUNTRIES PARTICIPATING IN
INTERNATIONAL AGREEMENTS
WITH THE U.S.A. IN
FUSION ENERGY DEVELOPMENT

Countries and Organizations

Australia

Canada

European Community
IEA

Soviet Union

Peoples Republic of China
Israel

Spain

Japan

J NN O ON-
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LARGE COIL TASK

The goal of the Large Coil Task (LCT) was

to demonstrate reliable operation of large
superconducting coils, to gain experimental data,
and to prove the design principles and fabrication
techniques proposed for the magnets in a tokamak
experimental power reactor.

The LCT is an example of effective multinational
collaboration in an advanced technology project
involving large-scale hardware produced in several
countries and operated as a tightly integrated
system.

Participants of LCT were the United States, Japan,
Switzerland, EURATOM, including six industrial
organizations.

ORNL designed and constructed the test facility
and was responsible for overall integration and
coordination of the entire test effort.

The LCT successfully accomplished its intended
purpose (September 1987) and the world-wide
participants in fusion research are reaping benefits
from the multinational effort.
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ITER

The International Thermonuclear Experimental Reactor

Background

¢ 1985 — Government leaders in summit meetings call
for cooperation in fusion energy development

e 1988 — Four government organizations: the
European Community, Japan, Soviet Union, and
United States begin Conceptual Design Activity
(CDA) under auspices of IAEA

e 1990 — CDA to be completed in December 1990,
will produce a conceptual design including:

— Cost and schedule estimates
— Site requirements

— Validating R&D plan

— Plan for operation
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ITER ORGANIZATION
FOR CONCEPTUAL DESIGN ACTIVITY

e Technical site for design effort at Garching, West
Germany

— Small staff of 8-10 are in permanent
residence

— Primary technical work is performed at
home countries

— Working sessions of 2—-6 months duration
with 40 or more individuals on site

— Design issues are resolved by consensus

— Supporting R&D at home sites
$10 M /year, each country

e ITER Council (IC)

— Responsible to IAEA for overall
direction of activities

e ITER Management Committee (IMC)
— Responsible for execution of activities

— Manages work at Garching

e ITER Scientific and Technical Advisory Committee
(ISTAC)

— Consists of eminent scientists and
engineers

— Advises the IC
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SCHEDULE FOR ITER
CONCEPTUAL DESIGN ACTIVITIES
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ITER OBJECTIVES

e ITER is expected to fully confirm the scientific
feasibility and to address the technological feasibility
of fusion power. Consequently, the machine must
be designed for controlled ignition and extended
burn of deuterium-tritium plasma. It must also
demonstrate and. perform integrated testing of
components required to utilize fusion power for
practical purposes.
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ITER OPERATING PARAMETERS
(PHYSICS PHASE)

Major radius, R (m) 5.8
Minor radius, a (m) 2.25
Toroidal field on axis, B (T) 5.0
Current, I, (MA) 25
Fusion power, Pg, (MW) 1000

Neutron wall load (MW /m?) 1.0
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CONCEPTUAL PROJECT SCHEDULE AND COST
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Project Years

Cost Estimate — $4.9 B (January 1989)
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FUTURE PLANS

Engineering Design Activity (EDA)

— Working Party on Ways and Means
established

Key issues identified for EDA

— Treatment of intellectual property
(information and know-how)

— Approach to task-sharing

Evolutionary solutions based on development of
further detail and experience appear to be required
rather than determining solutions adopted at the
outsdet due to complexity of issues

Issues require innovative approaches for both design
and construction
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BASIC PRINCIPLES RELATED TO TASK SHARING

e Two distinctly different approaches possible —
centralized and decentralized

e A hybrid approach is most likely

e A strong central team is required with primary
responsibility for overall design integration and the
facility

e A desirable procurement system is one that does
not require transfer of funds across the parties’
boundaries

¢ Standards are required to assure equity among the
parties
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QUESTIONS RELATED TO TASK SHARING

¢ What is the responsibility of the central team vs the
home team

— Design
— R&D
— Procurement

— Installation

e Do home teams assume full or partial responsibility
for systems

e At what level can private industry be involved

e How to divide tasks among home teams

e How is equity obtained

e When is the best time to divide

¢ Who will decide on all of the above

e How to ensure compatibility with domestic needs
e How to handle significant changes or new tasks

¢ How to take into account the different areas of
concentration among the four parties

¢ How do “other” countries become involved

¢ Relationship of internal divisions to other parties
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HANDLING OF INTELLECTUAL PROPERTY

¢ Basic principles

e Ownership

¢ Transfer of intellectual property

¢ Protection of proprietary information
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BASIC PRINCIPLES IN HANDLING OF
INTELLECTUAL PROPERTY

Approach based on recognition of mutual benefit,
need for equality, respect for international and
domestic arrangements and legislation

Technical success is top priority to ensure broad
and prompt exchange of information while ensuring
intellectual property rights of parties

Intellectual property includes data, results
and methods in the form of drawings, models,
calculations, reports, equations, instructions,
inventions, etc.

Each party will receive regular reports on the
project status
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OWNERSHIP OF INTELLECTUAL PROPERTY

e Property and copyrights of reports created by
central team is owned equally by the four parties

e Each party will determine ownership between its
national groups based on domestic requirements

e Inventions by central team members will be the
responsibility of the director

¢ Inventions by home teams will be owned by the
party and shared openly with other parties

¢ Inventions by home team members will be the
responsibility of home team leaders who will report
to the director

¢ In questions of ownership, the director with
concurrence of home team leaders will recommend
ownership to the Council
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TRANSFER OF INTELLECTUAL PROPERTY

¢ Inventions by home team members will be licensed
for use at no charge to other parties

o Pre-existing property will be licensed for ITER
purposes to other parties over a finite time

e Protected or sensitive, pre-existing information
that a party wants to contribute could be used
confidentially under agreed-upon rules

¢ Inventions by the central team will be transferred to
“third persons” after approval by all parties
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PROTECTION OF PROPRIETARY INFORMATION

¢ Information and know-how will not appear in
reports produced by the central team

e Information used will be handled by parties in
accordance with laws, rules, and administrative
practices throughout a time period mutually agreed
upon
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Plans for Various User Needs

John Hayter (ANS, Chairman) presented an overview of neutron scattering and other beam
research techniques, from the viewpoint of their impact on reactor design. The major
change in emphasis in recent years has been the need for specialized sources of cold,
very cold and ultracold neutrons, in addition to the more conventional thermal neutron
beams. Research reactors now handle experiments on an incredibly wide range of subjects,
from the most fundamental elementary particle physics through materials science and
engineering to chemistry and biology. This leads to very specialized requirements, not
only in the reactors, but in the surrounding infrastructure, such as the provision of
sample-handling laboratories for, e.g., biochemical materials. Some beam instruments,

such as those used for studies of neutron optics, now have such extraordinary

sensitivity that stringent anti-noise and anti-vibration requirements are imposed on

certain experimental positions at reactor facilities.

In almost all areas of activity, conventional methods are expanding into new areas of
application. In the case of materials irradiation, testing of materials for fission and
fusion reactors continues apace, but considerable production irradiation also takes

place, for example to dope silicon with phosphorus for the semiconductor industry, or to
generate color centers in synthetic gemstones. Activation analysis is becoming an even
more important tool than in the past, as more emphasis is placed on finding traces of
pollutants in the environment. Another analytical tool, depth profiling, is also finding
widespread use, particularly by the semiconductor industry.

Radioisotope production, both low-Z and transuranic, remains a necessity, providing
sources for industrial radiography and cancer therapy, and as tracers in medical
research. The need for explosives detection at airports has increased the need for
californium, and this need may increase further if epithermal sources based on 252Cf
prove useful for neutron capture therapy. Special sources are also being requested.
These are often of a very "hot", short-lived isotope, for example for positron
production or for Mossbauer spectroscopy, and require special facilities in place.

Nuclear physics research has made steadily increasing use of reactors in the past two
decades. Studies of neutron-rich nuclides by fission product spectroscopy requires local
hot cell handling of small (mg) quantities of fissionable materials. Thermal neutron
beams without background-creating material in the reflector ("through” tubes) are
required for precision y-spectroscopy, with other types of access needed for
p-spectroscopy. Finally, in-pile loops of various types are always needed for testing,
and for R&D on new ideas. These are often related to a primary function of research
reactors, namely education and training.
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Medium flux reactors (¢ < 10! m2s1) are able to perform many of the tasks discussed
above, and they are irreplaceable as training centers. Almost all new ideas have been
conceived and taken through R&D at medium flux reactors, for well-understood reasons:
time on high flux reactors is so scarce, relative to the number of users requesting it,
that there is rarely the opportunity to undertake preliminary development projects at
reactors such as HFBR, HFIR or ILL.

One of the most immediate needs for high flux reactor centers is thus a healthy
community of medium flux reactors. The fundamental role of high flux sources is to push
the state-of-the-art, especially in neutron scattering, which will always be

signal-limited on any currently conceivable neutron source. Most of the new methods
which have been initially developed at small reactors have led to improved resolving
power, for which the cost is always a need for higher flux. As a result, the practical
implementation of such new techniques as backscattering, contrast-matched SANS, or
neutron spin echo, has required the highest flux possible. There is thus an essential
symbiosis between medium and high flux reactor centers.

Otto Harling (MIT) continued the session with an number of comments on in-pile loops,
irradiation techniques and medical therapeutic uses of neutrons, especially in the
epithermal range. MITR is an example of the type of facility which can be designed for
the latter purpose, and details will be found in his article elsewhere in these
proceedings. Some other aspects of medical isotope use were discussed by Charles
McKibben (MURR), and Ken Thoms (HFIR) spoke on materials irradiations for users
from the nuclear industry. Finally, Bernard Farnoux (Saclay) and Hank Prask (NIST)
offered commentaries on practical aspects of running user facilities, and the extent

to which industries could be interested in joint instrumentation projects through the
Participating Research Team (PRT) concept; many of these ideas will be found in the
articles by these authors.
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Report on the Workshop Session II:
R & D Needs of IGORR Members

K. BoOning

On the first day of this meeting a variety of reports has been
given on projects covering the range from major upgrades of
existing research reactors or experimental installations up to
totally new research reactor facilities. From these project
descriptions it was clear that a strong need of all these groups
for R & D (research and development) work had to be anticipated.
So the purpose of the present workshop was - on the one hand - to
identify those fields in which the results of R & D work would be
required by IGORR member groups.

On the other hand - there is an appreciable amount of R & D work

either being planned for the near future or being performed right
now (or having just been completed) by IGORR member groups. These
groups would - quite generally - be happy to share their results

with other groups interested. So the purpose of this workshop was
also to identify those fields in which R & D work actually is or

will be (or has been) performed by IGORR members.

It seems obvious that the problem so far is one of communication,
i.e. of bringing together those IGORR member groups which have
common R & D interests. So it has been attempted during the work-
shop to establish a matrix in which the various fields of R & D
activities could be compiled together with the various IGORR
groups being either performing such R & D work or only interested
in its results. It was hoped that in this way correlations would
show up which could allow groups of common interests to come into
contact with each other, to exchange information and perhaps to
avoid duplicating efforts.

Having this in mind, overviews were first given on the workshop of
the R & D work planned or required for the two projects aiming at
totally new research reactors. Here R & D work is particularly
important in the case of the Advanced Neutron Source ANS, a big
and challenging project requiring new technology in many areas,
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whereas this demand is not so strong in the case of the new
Research Reactor Munich FRM-II, a much smaller project relying
essentially on established technology. Although these reports
concentrated more on experimental R & D work, since this is
usually most budget- and time-consuming, it was generally
understood that non-experimental work (e.g. evaluation of data,
check of correlations, etc.) is of comparable importance and
should not be excluded from our considerations here.

After these two presentations a matrix has been set up as argued
above, in which the various fields of R & D work were listed on
the vertical and the IGORR member groups interested in this work
on the horizontal axis. The symbol "+" has been introduced for
that R & D work which a given group was not only interested in but
determined to perform actively by itself, and the symbol "o" in
those cases where a given group was only interested in being
informed about the results of such work but did not intend to
perform it by itself. Having established this matrix a lively
discussion set in among the participants of the workshop which led
to the matrix growing significantly in size. The final form of the
matrix, in which the various IGORR member groups are listed in the
order of their contribution to the discussion, is shown at the end
of this paper.

A few comments should be given with respect to this table. First,
it was generally regretted that the representatives of the High
Flux Reactor at Grenoble (ILL) had to cancel their participation
in the IGORR Meeting shortly since important contributions to the
subject could be expected from this center. Further, it goes
without saying that the matrix only represents a very rough,
summarizing description of the actual situation since space does
not allow to include any details here.

Nevertheless, some more specific comments shall be given with
respect to the following topics of the matrix:

To 3.: It was felt that for small, undermoderated reactor cores
which are surrounded by a high-quality moderator the distinction
between the short lifetime of prompt neutrons remaining within
the core and the long life of prompt neutrons diffusing back
from the moderator into the core should be taken into consi-
deration more explicitely.

To 6.: Includes the behaviour under irradiation of highly enriched
silicide (ANS, FRM-II) and aluminide (MURRI) fuel.
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To 7.: Refers mainly to boron poison in the form of either a
cermet or an aluminum alloy.

To 8.: Interest seems to concentrate on Al 6061 (ANS, BNL) and
zircaloy (ORPHEE, MAPLE) both representing well established
research reactor materials. The available data include those of
irradiated hafnium absorbers (MAPLE).- ’

To 9.: Neutron transmission tests on irradiated guides.
To 10.: The data from Riso refer to Al 5052 cold source material.

Further, it was pointed out from the Canadian side (MAPLE) that -
as far as commercial interests are being involved - one would have
to distingquish between free and proprietory R & D results.

How shall we proceed for the future to make the best out of this
evaluation? It would certainly not be a proper approach to
distribute all available material on R & D results unspecifically
among the IGORR members. It is rather being suggested here that
those IGORR members having common R & D interests - according to
the matrix - try to get into contact with each other. It has
further been suggested during the workshop that an IGORR News-
letter should be established which should appear in regular time
intervals; this newsletter should contain a "R & D section” in
which the titles and abstracts of reports on recent R & D work
could be published so that interested IGORR members could directly
contact the authors to ask for copies.




258

R & D work
being
planned (+)
or results H cl o w
needed (0): | & ol | » Oz 3
wn =| & d 0 W + [ =N a. =
. P-4 |l O = | = [N o o < i
toplcs: \ < u| = (s 0] al M a m © = =
1. Thermal-hydraulic tests +| of +{ o +
and correlations
2. Corrosion tests and
analytical models +| of o (o]
3. Multidimensional kinetic
analysis for small cores o| © +
4. Fuel plates fabrication +1 +
5. Fuel plates stability +| +| o
6. Fuel irradiation +| of + +
7. Burnable poison irrad. +| +
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REPORT ON IGORR ORGANIZING COMMITTEE MEETING

On the final day of the First IGORR Meeting, the original Organizing Committee
held an open meeting to discuss the purpose and structure of IGORR, possible plans and
schedules for the next meeting, and plans for interim activities.

The members present decided that IGORR is indeed an organization with a useful
role and should continue. A charter was agreed upon and is printed at the beginning of
the Proceedings. The Group plans to concentrate on new reactors or planned upgrades,
a field that did not previously have any specialist international forum, although IGORR
will continue to seek interaction with other organizations representing research reactor
operators and users, including university reactors, the JAEA, and the European research
reactor community. Future IGORR meetings will emphasize new designs, new equipment,
safety, and new data (such as materials data) of primary interest to members.

To further the sharing of knowledge among members, B. Farnoux volunteered to
produce an IGORR newsletter. The newsletter will include announcements of proposed
upgrades or new projects and will list recent publications of research and other results of
importance to the community.

The group proposed to hold the next meeting in Fall 1991, perhaps in conjunction
with a meeting on irradiation effects scheduled at that time. B. Farnoux volunteered to
host the meeting at Saclay.

Two new members were added to the organizing committee - Monsieur
C. Desandre (Technicatome) and Professor H. Nishihari (Kyoto University). Colin D.
West was elected Chairman.

John Axe kindly offered to publish a short summary of the meeting in Neutron
News.
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