Proceedings of the Experts Meeting on

EXPERIMENTAL NEEDS
IN CRITICALITY SAFETY

Albuquerque, New Mexico, USA
25-26 September 1995

@3)
(-</
NUCLEAR ENERGY AGENCY
ORGANISATION FOR ECONOMIC CO-PERATION AND DEVELOPMENT



ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

Pursuant to Article 1 of the Convention signed in Paris on 14th December 1960, and which came into force on
30th September 1961, the Organisation for Economic Co-operation and Development (OECD) shall promote policies
designed:

— to achieve the highest sustainable economic growth and employment and arising standard of living in
Member countries, while maintaining financial stability, and thus to contribute to the development of
the world economy;

- to contribute to sound economic expansion in Member as well as non-member countries in the process
of economic development; and

- to contribute to the expansion of world trade on a multilateral, non-discriminatory basis in accordance
with international obligations.

The original Member countries of the OECD are Austria, Belgium, Canada, Denmark, France, Germany,
Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey,
the United Kingdom and the United States. The following countries became Members subsequently through accession
at the dates indicated hereafter; Japan (28th April 1964), Finland (28th January 1969), Australia (7th June 1971), New
Zealand (29th May 1973), Mexico (18th May 1994), the Czech Republic (21st December 1995), Hungary (7th May
1996), Poland (22nd November 1996) and the Republic of Korea (12th December 1996). The Commission of the
European Communities takes part in the work of the OECD (Article 13 of the OECD Convention).

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the name of OEEC
European Nuclear Energy Agency. It received its present designation on 20th April 1972, when Japan became its first
non-European full Member. NEA membership today consists of all OECD Member countries, except New Zealand and
Poland. The Commission of the European Communities takes part in the work of the Agency.

The primary objective of the NEA is to promote co-operation among the governments of its participating
countries in furthering the development of nuclear power as a safe, environmentally acceptable and economic energy
source.

Thisisachieved by:

— encouraging harmonization of national regulatory policies and practices, with particular reference to
the safety of nuclear installations, protection of man against ionising radiation and preservation of the
environment, radioactive waste management, and nuclear third party liability and insurance;

— assessing the contribution of nuclear power to the overall energy supply by keeping under review the
technical and economic aspects of nuclear power growth and forecasting demand and supply for the
different phases of the nuclear fuel cycle;

— developing exchanges of scientific and technical information particularly through participation in
common Sservices;

—  setting up international research and development programmes and joint undertakings.

In these and related tasks, the NEA works in close collaboration with the International Atomic Energy Agency
in Vienna, with which it has concluded a Co-operation Agreement, as well as with other international organisationsin
the nuclear field.

©OECD 1999

Permission to reproduce a portion of this work for non-commercial purposes or classroom use should be obtained

through the Centre francgais d’exploitation du droit de copie (CCF), 20, rue des Grands-Augustins, 75006 Paris, France,
Tel. (33-1) 44 07 47 70, Fax (33-1) 46 34 67 19, for every country except the United States. In the United States
permission should be obtained through the Copyright Clearance Center, Customer Service, (508)750-8400, 222
Rosewood Drive, Danvers, MA 01923, USA, or CCC Online: http://www.copyright.com/. All other applications for
permission to reproduce or translate all or part of this book should be made to OECD Publications, 2, rue André-Pascal,
75775 Paris Cedex 16, France.



SESSION | :

TABLE OF CONTENTS

CRITICALITY SAFETY FACILITIESDESCRIPTION....cutiiitrtetererereeseresesieseesessesesesessnsens 5
United Sates and Canada...........ccovvererererieneeeeeesese e 7
R. Paternoster — Oral Presentation

Criticality Facilities at the Los Alamos National Laboratories ..........cocvcveeervveeenne. 9
B -0 7= [ SRR 11
Y. Miyoshi, T. Suzaki, S. Shiroya, N. Ohtani

Review of Criticality Experiment Facilitiesin Japan ........c.cccocevevecvevecceese e, 13
BUNOPE. . e r e e n e neenenrs 23
F. Barbry

The Criticality Safety Laboratory of Valduc — France: Potentiality,

Facilities and Experimental POSSIDIIILIES ...........vuviiiiiiiiiiiiiicsses e

A. Santamarina
The French Experimental Facilities in Criticality Physics: Ongoing

aNd FULUIE PrOGraMIMES .....coiiiiiiiiiiiiiiiii et e et e e e e e e e e e e e s s eeeeeas

N.P. Voloshin — Oral Presentation
Overview of Criticality Safety Facilitiesin Russia: Programme
Of WOrk and FULUIE NEEAS .......cceeeeeiiice ettt 47

B. Ryazanov, V. Sviridov
Technical Capabilities and Nearest Future Programme of
Critical Facility of IPPE Nuclear Safety DiVISION ........cccccevviieve v 53

M. Nikolaev, A. Tsiboulia
Some Needs in Validation of Critical Safety Being Satisfied Using
Preserved Experimental INStallations...........cocviviiiienieneneeees s 59

Y. Glouchkov, A. Gagarinski, N. Ponomarev-Stepnov
A Short Review of Critical Experiments Performed at the Kurchatov Ingtitute ........ 63



SESSION |1

SESSION |11

SESSION IV:

APPENDIX A.

APPENDIX B.

APPENDIX C.

EXPERIMENTAL NEEDS COVERED BY CURRENT PROGRAMMES......cccccoveeineresnenns 73

P. Cousinou, G. Poullot — Oral Presentation

Criticality Safety Programme of CEA: 1995-2000, and Future Needs...........c..cc....... 75
H. McFarlane, R.W. Scaefer, S.E. Aumeier

Applicability of ZPR Critical Experiment Datato Criticality Safety ..........cccccoeeenene 79
G. Harms

Criticality Facilities and Programmes at Sandia National Laboratories..................... 87
Y. Naito

Criticality Safety Research Programmes in Japan ..........coccoeveeeeieneneneneneseseeeeens 95
H. Okuno, Y. Naito

Experimental Needsin Criticality Safety Surveyed in Japan ...........ccocoeveneieeieeene. 99
REVIEW OF DATA FROM EXPERIMENTS.....ccitiiiirtistesiesseseeeeessessessessessessessesssseesenses 105
Available INterNatioNally .........cccveiriiiie e 107
J.B. Briggs, V.F. Dean, L. Scott

The International Criticality Safety Benchmark Evaluation Project (ICSBEP) ......... 109
(o o gT= r=1 Y DL | - F SRR 117
Z. Szatmary, |. Vidovszky

VVER Reactor PhySiCS EXPEIMENES.......ccoocieiiiicece ettt st 119
Y. Miyoshi, K. Nakajima, M. Itagaki, Y. Naito

Critical Experiment Programmes for Fuel Solution with STACY and TRACY ........ 125
EXPERIMENTAL NEEDSNOT COVERED BY CURRENT PROGRAMMES........ccceeuruene 133

R.T. Perry, M. Houts, H. Casey, A.V. Golubev, S.V. Vorontsov, A.P. Vasilyev
Criticality Experiments. Research, Collaboration and BUSINESS ..........cccceevvveeenenne. 135

D. Rutherford
Forecast of Criticality Experiments and Experimental Programmes Needed to

Support Nuclear Operations in the United States of America: 1994-1999.................. 141
The Need for International Co-operation in Providing Nuclear Criticality

Experiments, by G.E. WhIt€SIAES.........ccecveiiieece et 153
List Of PartiCiPantS .......ccveieiiecese ettt et st n e s re e e 155
PrOGIaMIME ... e e n e s nesne e nnis 163



SESSION |

CRITICALITY SAFETY
FACILITIESDESCRIPTION






United States and Canada






CRITICALITY FACILITIESAT THELOSALAMOSNATIONAL LABORATORIES

Richard Pater noster
Los Alamos National Laboratory
P.O. Box 1663
Group N15-6, MS-J562
Los Alamos, NM 87544, USA






Japan






REVIEW OF CRITICALITY EXPERIMENT FACILITIESIN JAPAN

Y oshinori Miyoshi, Takenori Suzaki
Japan Atomic Energy Research Institute, Japan

Seiji Shiroya
Kyoto University, Japan

Nobuo Ohtani
Power Reactor and Nuclear Fuel Development Corporation, Japan

Abstract

Construction of two types of criticality experiment facilities, Static Experiment Criticality Facility
(STACY), and Transient Experiment Critical Facility (TRACY), has been completed at the Nuclear
Fuel Cycle Engineering Research Facility (NUCEF) of JAERI Toka Establishment. STACY and
TRACY were created in order to facilitate nuclear criticality safety research related to the
reprocessing of light water reactor spent fuels. They handle low-enriched uranyl-nitrate solution fuel
or plutonium-nitrate solution fuel, and thus are considered to be solution-type criticality facilities.

The JAERI Tank-type Critical Assembly (TCA) performs various reactor physics experiments on
LWR fue rod systems. The TCA aso conducts criticality safety experiments related to fuel storage
and transportation systems, and further involves itself with regard to the development of subcriticality
measurement techniques.

In the Kyoto University Critical Assembly (KUCA), many fundamental criticality safety experiments
have been performed using A-core and B-core with solid moderators such as polyethylene and
graphite. Other experiments have also been performed using C-core and light water moderators.

The Power Reactor and Nuclear Fuel Development Corporation’s (PNC) Deuterium Critical
Assembly (DCA) has been conducting reactor physics experiments on ATR until just recently.
The DCA facility was modified to perform subcriticality measurements; the goal of this modification
is to contribute to the criticality safety management of nuclear fuel cycle facilities.

A more detailed description of the function and activities of each of the above-mentioned facilities
follows in this paper
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I ntroduction

Japan Atomic Energy Research Institute (JAERI) began conducting criticality safety studies
around 1980, doing so with specific objectives in mind. Included among these objectives were
developing calculation methods, acquiring experimental data, and preparing standards needed for
criticality controls of out-of-reactor facilities, specifically in the down-stream of the nuclear fuel
cycle.

Construction of two types of criticality experiment facilities, Static Experiment Criticality
Facility (STACY), and Transient Experiment Critical Facility (TRACY), has been completed at the
Nuclear Fuel Cycle Engineering Research Facility (NUCEF) of JAERI Tokai Establishment. STACY
and TRACY were created in order to facilitate nuclear criticality safety research related to the
reprocessing of light water reactor spent fuels. They handle low-enriched uranyl-nitrate solution fuel
or plutonium-nitrate solution fuel, and thus are considered to be solution-type criticality facilities.

The JAERI Tank-type Critical Assembly (TCA) performs various reactor physics experiments on
LWR fuel rod systems. The TCA aso conducts criticality safety experiments related to fuel storage
and transportation systems, and further involves itself with regard to the development of subcriticality
measurement techniques.

In the Kyoto University Critical Assembly (KUCA), many fundamental criticality safety
experiments have been performed using A-core and B-core with solid moderators such as
polyethylene and graphite. Other experiments have aso been performed using C-core and light water
moderators.

The Power Reactor and Nuclear Fuel Development Corporation’s (PNC) Deuterium Critical
Assembly (DCA) has been conducting reactor physics experiments on ATR until just recently.
The DCA facility was modified to perform subcriticality measurements; the goal of this modification
is to contribute to the criticality safety management of nuclear fuel cycle facilities.

A more detailed description of the function and activities of each of the above-mentioned
facilities follows in this paper. For a brief summary, refer to Table 1.

STACY

STACY is designed to conduct critical experiments performed with a low-enriched nitrate
solution, a plutonium solution and a mixture of the two [A1,A2,A3]. The main purpose of this facility
is to obtain fundamental critical data for verification of the criticality safety calculation code and the
nuclear data library, and also to evaluate the safety margin of the criticality safety design. Another
function STACY fulfils is the accumulation of systematic data of kinetic parameters, including
prompt neutron life time, delayed neutron fraction and reactivity coefficient of temperature which
dominates the transient phenomena in the abnormal condition.

Experimental techniques for subcriticality measurement are also being investigated at STACY.
This is being accomplished through the use of either a single- or multiple-unit core system containing
fuel solution.

Uranyl-nitrate solutions of 10 wt.% and 6 wt.% enrichment are used and maximum uranium
concentration amounts to 500 gU/l. Plutonium concentration is limited to 300 gPu/l. Many core
configurations are being tested, including isolated cylindrical and slab type tanks, two-unit interacting
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tanks (which will be accomplished by changing the tank dimension) and fuel concentration. Tests are
not conducted exclusively with a homogeneous core of fuel solution; a series of experiments is also
being performed on a heterogeneous core containing an array of low enriched oxide fuel rods
immersed in the fuel solution. In addition to altering fuel conditions such as concentration, acidity and
temperature, many types of reflectors and soluble poisons are used to measure the reactivity effects of
these materials. STACY achieved initial criticality on February 23, 1995, and the first series
of experiments was initiated with a 10 wt.% enrichment uranyl nitrate solution and a cylindrical tank
of 60 cm in diameter [A4].

TRACY

TRACY is designed to perform transient experiments above super criticality in order to
investigate the physical and chemical characteristics of criticality accidents. Experiments simulate
criticality accidents with regard to the low-enriched uranyl-nitrate solution handled in reprocessing
plants. The main purpose is verification of the ability to contain radioactive materials and to confirm
the total energy release in the reprocessing plant. In the transient experiments, the feedback
mechanism of reactivity and total amount of energy release are investigated by changing parameters
such as solution concentration, reactivity addition rate, inserted reactivity and initial neutron density.

A cylindrical tank of 50 cm in diameter is used with and without reflector. A uranyl-nitrate solution of

10 wt.% enrichment is initially used and maximum concentration is 500 gU/l. TRACY’s operation
consists of static operation and transient operation. The static operation is similar to that of STACY,
while the maximum power is 10 kW. In the transient operation, one of three operation modes
(i.e. pulse operation by rapid withdrawal of the transient rod, ramp operation by slow withdrawal of
the transient rod, and ramp operation with a slow feed of fuel solution to the core tank) is chosen. The
maximum reactivity and total fission per operation is three dollars antiof fissions, respectively

[A5]. TRACY is scheduled to attain the initial criticality by the end of 1995 and to commence the
transient operation by early 1996 in order to obtain licensing from the Science and Technology
Agency (STA) of Japan.

TCA

Experimental studies using the Tank-type Critical Assembly (TCA) have played an important
role not only in providing measured data but also for reactor physical understandings of criticality
parameters. This machine can be used as a very effective means to mock up several materials and
configurations encountered in nuclear facilities with various neutronic conditions. The following are
the principal areas of criticality safety studies currently utilising the TCA.

Development of subcriticality determination method

Knowledge of a degree of subcriticality is a fundamental aspect of criticality safety control.
This kind of knowledge — if obtained in a timely manner during the operation of nuclear facilities —

absorbers.

For the purpose of comparing the capability of subcriticality determination, several subcritical
experiments have been examined, such as exponential [BI,B2], pulsed neutron source [BI,B2], neutron
noise [B3,B4] and neutron source multiplication [B5] experiments. From the conclusions of these
experiments, it should be noted that in order to obtain the widely us@dlke of relatively higher
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subcritical states, theoretical corrections through some neutron balance calculations are aways
required. This means that detailed information regarding the physical properties of the nuclear system
must be given in advance, restricting the effective area of subcritical measurement to a narrow range.
In an attempt to surmount this problem, a new method based on neutron multiplication was recently
proposed, in which intensities of higher energy prompt gammarrays associated with neutron emissions
from a neutron source and its induced fission are correlated to observe a degree of subcriticality
defined by using the real neutron multiplication [B6].

Basic studies on several criticality parameters

As a means of contributing to the advancement of criticality control methods utilising neutron
absorbers, reactivity effects of fixed absorbers and soluble poisons were measured in systematic
experiments. It is of some interest that the effect of uniformly distributed small absorber rods [B7]
istreated as a decrease in the infinite neutron multiplication factor or the material buckling, while that
of localised large absorber plates [B8] is regarded as a decrease in the non-leakage probability of
neutrons or an increase in the geometric buckling in the direction crossing the absorber plate. The
latter observation was made not only with regard to the measurements of the neutron isolation effects
of water [B9], concrete [B10] or borated stainless steel [Bl1] layers between coupled cores and of
several materialsinside an annular core [B12], but also in the experiments of steel [B13] and concrete
[B10] reflectors. As for the effects of soluble poisons, experiments concerning the temperature
following consideration of the case of homogeneous cores [B15]. It was discovered that Gd has an
effect of shifting the coefficient towards positive, whereas B (I/v-absorber) has no significant effect
on either core.

Another important domain of the TCA experiments concerns abnormal conditions in criticality
safety control. The reactivity effects of non-uniform fuel distribution [B16] and deformation of core
configuration (sloshing effect in earthquakes) [B17,B18] are typical examples. The latter experiment
gave rise from the need to determine the geometric buckling Bg? of general core configurations. For
this purpose, Bg? values of some regular polygons were measured [BI9], and theoretical studies
concerning the core deformation were developed [B20,B21,B22].

In these TCA experiments, reactivity (in most cases) is measured from the change in buckling
[B8]. The necessary condition for this measurement — that the buckling coefficient of reactivity be
almost unchanged between the two states, before and after the perturbation — has been confirmed
experimentally [B23] and theoretically [B24]. These experiments have also resulted in the production
of benchmark data for the verification of calculation codes and the nuclear data library.

One example is the measurement of conversion ratios in various neutron spectra
[B25,B826,B27,B28], which pointed to the possibility of over-estimation of e capture
cross-section, especially within the resonance range. Furthermore, in an effort to develop calculation
methods usable for rapid prediction of criticality safety conditions, the boundary element method
(BEM) has been applied to solve the neutron diffusion equation [B29,B30]. This method will likely
become a useful tool not only in facilitating prediction of experimental conditions but also in the
monitoring of on-site subcriticality in nuclear facilities.

17



KUCA

The Kyoto University Critical Assembly (KUCA) is a multi-core-type critical assembly
established in 1974 as afacility conceived for the joint use and study by researchers from all Japanese
universities. Among the three cores of KUCA, solid moderators such as polyethylene or graphite are
used in the A- and B-cores, whereas light-water is used as the moderator in the C-core. A Cockcroft-
Walton-type accelerator is also installed on the premises.

Asarule, the KUCA is operated from 9:30 to 17:00, from Tuesday to Friday every week. In the
fiscal year 1994, total operating time was 114 days (871 hours), and 149 researchers (including
students) participated in various forms of experimentation.

With regard to reactor physics experiments, several studies on nuclear criticality safety have been
carried out with KUCA. Using the A-core in connection with the Cockcroft-Walton-type accel erator,
the large subcriticality was measured by the pulsed neutron method [C1,C2,C3,C5]. Using the C-core,
the criticality of the coupled-core was systematically studied as a function of the core separation
distance [C3,C4,C6,C7]. In the C-core, the Feynman-a method was successfully applied to the
measurement of large subcriticality [C8], the area ratio method was developed for the subcriticality
measurement in a coupled-core system [C10], and the source multiplication method was examined for
application to the subcriticality measurement [C12]. Using the B-core, the reactivity effect of a
non-uniformly distributed fuel system was systematically examined [C9,C13,C18], the fuel bunching
effect was measured in a tight-pitch lattice core [C11], and the effective delayed neutron fraction was
measured by the covariance method [C19]. The development of a subcriticality monitor is being
pursued through the use of the Feynman-a method in the B-core [C14-17,C20].

DCA

DCA (Deutrium Criticality Assembly) was constructed in 1969 as part of experimental facilities
for the research and development programme of the Advanced Thermal Reactor (ATR).

Diameter of core tank (10 mm thick AL) is about 3 m and height is 3.5 m. Fuel and other core
set-ups are arranged between lower and upper Al grid plates, and are suspended as a whole by the
upper grid plate and tightened by the lower grid plate in the tank. Operation or control of DCA is
mainly accomplished by changing the heavy water level.

Recently, the subcriticality measurement has been performed by employing DCA to develop a
subcriticality monitoring system which contributes to the criticality safety design for nuclear fuel
cycle facilities. In order to carry out this experiment, the DCA facility required some modification.
To this end, the subcriticality test region was equipped with fuel pins and moderator at the central part
of the DCA core. Since the area outside of the test region is used as the driver region of a reactivity
through the utilisation of ATR type fuels, only the independent test region cannot achieve the critical.

The subcriticality measurements due to the reactor noise method such as the Feynman-a method,
the Mihalczo method and so on, will be performed by using this modified DCA facility.
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THE CRITICALITY SAFETY LABORATORY OF VALDUC (FRANCE):
POTENTIALITY, FACILITIESAND EXPERIMENTAL POSSIBILITIES

FrancisBarbry
Institut de Protection et de Slreté Nucléaire
Centre d’'Etudes de Valduc, France

Abstract

In order to control the criticality risk in laboratories or plants where nuclear material in sufficient
guantities are present, qualified calculation codes are needed, both for the design of these facilities
and for safety assessment purposes. Therefore, reference experiments (also called “benchmarks”) are
required, particularly since the nuclear industry is seeking to improve the economy of these facilities,
while reducing the constraints linked to the criticality hazard. The consideration of new elements in
criticality calculations, such as, for example, the presence of fission products, requires experimental
gualification.

The Criticality Safety Laboratory of Valduc is the answer to the IPSN’s mission of safety assessment
in the field of criticality risk control. Its considerable potentiality with respect not only to its skills and
expertise, but also to its facilities and related equipment, enables it to perform representative
criticality experiments of high quality.
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Technical potential: Criticality facilities, available nuclear materials and related equipment
The Criticality Laboratory of Valduc (Fig. 1) was built in the sixties.

Today, it chiefly accommodates three criticality facilities, called “B Apparatus,” Silene, and
Maracas, which are supported by related equipment that is essential for the preparation,
characterisation, reprocessing, and management of the nuclear materials required for the execution of
experiments. A criticality laboratory must, therefore, have a fairly “heavy” minimum technical
infrastructure at its disposal, whatever the desired number of experiments to be performed. We shall
see that the same holds true for requirements in human potential. The respect of regulations also
results in constraints and demands both technical and human.

Figure 1. General view of the Valduc Criticality Laboratory
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Criticality facilities
The “B Apparatus”(Fig. 2)

This is a sub-critical facility that enables the reproduction of a great diversity of criticality
configurations representative in particular of the storage, transport, and reprocessing of fissile
materials in the form of rods or fissile solutions, with or without the presence of a moderator or a
neutron poison (boron, gadolinium, fission products, etc.).

The fuel elements of reactor “type” (clad sintered uranium oxide rods, and clad U-Pu oxide rods)
can be separated by shielding, immersed in a solution, surrounded by reflectors, or placed in a
moderating medium. The subcritical approach is performed by progressively introducing water or a
solution via the bottom of the experimentation tanks.
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Figure 2. General view of the “B Apparatus” critical facility
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A Pu processing laboratory enables purifying the solution in resin columns and concentrating the
solutions with evaporators.
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The facility has performed more than 3000 experiments since its construction. It is now
undergoing extensive renovation work that will be completed at the beginning of 1997, in order to
meet the needs of future experimental criticality programmes as defined by French specialists.

The “Maracas” Machine(Fig. 3)

Maracas is a subcritical facility of “split-table” type (a system for bringing two elements
progressively closer to each other), able to contain up to six tonnes of nuclear material on two tables,
one of which is stationary, while the other is mobile. This facility was used from 1982 to 1986 to meet
the requirements of a criticality programme implementing over five tonnes efpd®@der with
variable moderation ratios.

This type of facility is perfectly suited to the performance of criticality experiments focused on
mediums of “powder” or “metal” types.

Maracas is shut down at present.

The Slene pulsed reactor (Fig. 4)

The Silene experimental reactor was constructed to study criticality accidents and their
radiological consequences.

Silene operates with a liquid fuel (939U enriched uranium nitrate) that is introduced into an
annular tank located in a large concrete test room. The solution is introduced up to supercritical level
in the presence of an absorber rod. Divergence is achieved by ejection of the rod. The reactor is shut
down by draining the solution into a storage tank.
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Figure 3. Maracas “split-table”
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An uranium processing laboratory enables extracting fission products from the uranium solutions
on banks of mixer-settlers and concentrating the solutions in an evaporator.

The kinetics of the power excursions that can be reproduced vary from a few minutes to a

millisecond. In a “pulse” type operation, the authorised reactivity step is $3 whereas in
“reactivity ramp” operation, up to $7 can be inserted.

Available nuclear materials
At present, the potential of the Valduc Criticality Laboratory in fissile materials is as follows:

+ Approximately 50 kg of plutonium in the form of plutonium nitrate solution (78%u and
20.6%*°Pu);
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e 27 kg of uranium in the form of enriched urany! nitrate (93% %*°U);
1300 LWR-type rods containing enriched UO, (4.75% **°U);
2500 “High Burn-up” fuel rods, containing Y®uQ, mixed oxide (1.1% Pu and 1.5793U).

Other materials can of course be brought to the laboratory according to need for specific
experiments, but the range of available fuels is proof of the laboratory’s existing possibilities.

Related equipment

In order to perform high quality criticality experiments that can serve as benchmarks, and to be
able to meet requirements with respect to regulations and the management of nuclear materials, it
must be possible to:

» Prepare nuclear materials under requisite experimental conditions;

» Characterise these materials (concentration, acidity, isotopic analyses, etc.) using appropriate
physico-chemical methods;

» Reprocess them in chemical engineering facilities to purify them of either fission products,
neutron poisons, or the americium that is formed; and

« Manage them from the physical monitoring point of view, as well as from that of the effluents
and wastes generated during their various treatments.

The building that accommodates the IPSN criticality facilities therefore comprises two types of
equipment:

« The conventional equipment of any basic nuclear facility, that is to say:

— A ventilation system with inlet and outlet filters;

- A remote monitoring network that manages the information from sensors designed for
non-nuclear conventional safety purposes (fire detectors, flooding, etc.);

— A radiological protection surveillance system connected to area monitoring devices
(irradiation, contamination, etc.);

— Nuclear material storage;

— A scientific computer calculation network.

» Specific equipment related to both the experimentation and materials:

— Physico-chemical analysis laboratories for the uranium and plutonium;
— Nuclear radiation measurement laboratorged3( y);

— Reprocessing laboratories for the uranium and plutonium solutions;

— Facilities for waste and effluent management;

— An electronics and nuclear instrumentation laboratory.

29



Human potential: Expertise and specialisation

Expertise and specialisation must be suited to the specificities and demands of the activities
described above. Therefore, the Criticality Laboratory has at its disposal personnel skilled in a wide
range of fields:

e Physicg/Neutronics:

— Interpretation of experiments,

- Modelling;

— Design of technical devices;

— Use and development of specific techniques related to criticality;
— Measurement of nuclear radiation (a, 3, V).

* Chemistry:
— Operation of chemical engineering facilities;
— Physico-chemical analyses for nuclear material characterisation;
- Operation and management of waste and effluent processing facilities.

+ Electronics:

— Design of instrumentation and control systems for criticality facilities,
— Implementation of nuclear instrumentation.

* Nuclear facility operation:

— The control and operation of nuclear facilities necessitates specific personnel training
(reactor operators, €tc.).

In more general fields, other skills are needed in order to meet regulations or safety requirements,
as for example:

The protection of nuclear materials;
Quality assurance;

Protection;

Nuclear Safety;

Administration and management.

Assets and potentiality of the Valduc Criticality Laboratory

The above description of the technical and human potential of the IPSN/Vaduc Criticality
Laboratory demonstrates that the facility can rely not only on its technical assets, but also on the
expertise of its personnel to meet both present and future experimentation needs in the criticality
domain. The “B Apparatus” enables the reproduction of highly varied criticality configurations
involving fuel rods, solutions, reflectors, neutron poisons, shielding, etc., and, on site, there is a
practically complete range of nuclear materials available for performing experiments at short notice.
The Maracas split table could be reused if a need for experiments implementing fuels in the form of
powders were to be expressed.
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The Silene reactor provides the means of acquiring basic knowledge of the consequences of an
accidental criticality excursion. Thanks to this facility, important studies are being carried out in the
fields of radio-biology, dosimetry, intervention and the testing of criticality accident detectors. Even if
al precautions are taken in nuclear facilities for protection against the risk of criticality, the
possibility of such an accident can never be completely ruled out, and it is therefore important to have
access to data bases that enable evaluating the consequences of an accidental situation and developing
astrategy for procedures in the event of an accident.

Finaly, it should be noted that the Vaduc laboratory benefits from over thirty years of
know-how and expertise acquired in the domain of criticality expansion.
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THE FRENCH EXPERIMENTAL FACILITIESIN CRITICALITY PHYSICS:
ONGOING AND FUTURE PROGRAMMES

A. Santamarina
Commissariat a I'Energie Atomique - Cadarache, France

Abstract

The Nuclear Reactor Directorate (DRN) of the French Atomic Energy Commission (CEA) operates
two zero-power reactors. The first of these is the EOLE reactor, and the other is the MINERVE
reactor located at Cadarache. These experimental facilities are mainly devoted to reactor physics [1,2]
of Light-water Reactors (LWR) [3], Advanced Pressurised-water Reactors (APWR) [4] and
High-conversion Reactors (HCR) [5]. However, for fifteen years, CEA has performed specific
experiments dedicated to criticality safety in the EOLE and MINERVE reactors. The goal of these
critical experiments has been to supply neutronics basic information on fuel cycle plants in order to

enlarge mock-up experiments carried out in the Valduc facilities [6] of the Nuclear Safety Institute
IPSN.
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The experimental facilities

MINERVE is an experimental pool reactor. The core comprises a peripheral enriched UAI driver
zone and a square central cavity the dimensions of which may be varied in order to accommodate
either aLWR or a FBR test lattice in a watertight cylinder. The MELODIE PWR block is made up of
800 UO, rods in a 1.26-cm square pitch. A vertical oscillator is used to measure with an automatic
rotative control rod, the sample in-lattice worth; irradiated and fresh samples of fissile and fertile
material, or absorber material are investigated. The samples are oscillated in the central cell between
the midplane and the upper reflector. In order to measure resonance Doppler broadening, a high
frequency furnace may heat, if necessary, the sample during a half-period [7,8].

EOLE is a very versatile facility for lattice studies; either a coupled core with an MTR or LWR
driver zone or a large homogeneous core may be built and contained in the aluminium alloy tank of
the reactor. Criticality is obtained by poisoning the moderator. A truly unique aspect of EOLE is that
it is equipped with two separate water circuits: one for the test zone, the other for the driver core. It is
possible to introduce soluble poison (boron, gadolinium). A typical device featured in the central
cavity is the CREOLE test rig [9]. This is used to measure the temperature coefficient of UO, or
UO,/PuO; lattices under PWR operating conditions up to 300°C and 120 bars [10].

These two facilities enable us to perform various measurement types: 3-D flux distributions,
power maps, buckling by spectrometry on fuel pins and foils (Mn By, ®U). Reactivity worths
(burnable poisons, control rod materials, moderator temperature effects, etc.) are generally deduced
from equivalent moderator poisoning and checked through the doubling time technique or
determination of the new critical size.

Unfortunately, critical experiments do not allow to meet the capture cross-section accuracy
required for major nuclides, and furthermore, to qualify the fuel depletion calculation. Therefore, we
used characterisation of spent fuels from Framatome PWRs [11].

After cooling, assemblies are transported in a leak cask to CEA-Saclay centre. In the LECI
laboratory, samples are cut in radiation shielding cells and put in small individual containers. These
containers are shipped to “clean” cells at COMIR-Cadarache where samples are decontaminated and
dissolved in a hot acid solution. Solution containers are then sent to specific CEA facilities for
chemical analyses.

We used chemical analysis and micro-probe measurements of PWR spent fuel to check burnup
calculations and to improve cross-sections through sensitivity analysis. Investigated assemblies
irradiated during 1, 2, 3, 4 or 5 reactor cycles enabled us to scan a wide range of burnup
(up to 65 000 MWd/t); from highly depleted pellets, the accuracy of minor actinide cross-sections
(*'Np, ®°Pu, ®Pu, **Am, *?Am, **Am, #**Cm, **Cm) achieved through the interpretation [12] is
better than that reached through differential measurements. The accuracy requirements were met for
fuel inventory and actinide safety-criticality calculations.

Achieved experimental programmes

At various fuel cycle steps (assembly manufacturing, nuclear plant, reprocessing plant), assembly
storage is needed for fresh and spent fuels. The CRISTO experiments in the EOLE reactor were
conceived in order to qualify the calculation schemes of these storage lattices and to validate
criticality calculations in accidental configurations. This experiment provides the multiplication factor
of subcritical lattices for which a traditional critical experiment is not feasible.

34



The first experiment, CRISTO I, carried out in 1977-1978, used a wide pitch (water gap = 8 and
10 cm) and a grey absorber (2 and 4 mm stainless steel) [13].

The aim of the CRISTO Il experiment performed in 1980-1981 [14] was the study of high density
storages: water gap es,o = 4.5 ¢cm and 6.5 cm. The experiment alows the comparison of the
anti-reactivity introduced by various kinds of neutron absorber plates (stainless steel, borated steel,
cadmium...). Moreover the experiment provides the k., curve, and consequently the saturation point,
as afunction of the increase in the absorber efficiency (from 0 to 20 mg/cm? of B).

The storage area is simulated by a section containing four bundles of 14x14 UO, pins, loaded in
a square cavity as graphed in Figure 1. The fuel characteristics are similar to those of a 17x17 PWR
with 3 % **U-enriched UO, rods. The cavity is surrounded by a MTR driver core which enables the
reactor criticality; progressively larger loading of enriched U-Al plates allows us to investigate
absorbers which are increasingly strong in the test zone: stainless steel, borated steel plates doped at
2.5, 5 and 10 mg/cny in *°B, B,C and cadmium.

Figurel. CRISTO Il experiment
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The core calculations were checked against the following measurements:

» Radial and axial fission distributions in both test zone and driver core (y-scanning and fission
chamber measurements),

e Thermal flux measurements inside the water gap (Mn detectors),
» Spectral indices (depleted and enriched U detectors).

The measured multiplication factor k> is obtained from an equivalence with a regular lattice
(same UO, rods, but the pitch lattice is 1.58 cm), which is loaded in the whole cavity and poisoned
with boric acid until the criticality of the reactor is reached. k" of this “equivalent” regular lattice is
inferred from radial and axial buckling measurements.

The k, calculation experiment comparison plotted on Figure 2 is particularly satisfactory.
The grey absorber (2 cm SS plate) and the reference storage configuration without absorber plates are
not accurately calculated. Thanks to the thermal flux measurements (Mn foils) throughout the water
gap, it was pointed out that the discrepancy originates from a 10% underestimation of the strong
thermal flux level between the assemblies.

Figure 2. Calculation-experiment comparison of Kk, storage (4.5-cm water gap)
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CRISTO Il experiments [15] are related to a criticality dissolver risk in a reprocessing plant.
The soluble gadolinium reactivity worth was investigated with respect to the boron worth. CRISTO I11
experiments permit the verification of the calculation schemes of UO, rods fuelled in close-packed
lattices with a poisoned (gadolinium, boron) moderator. The first CRISTO Il experiment was
performed in 1980 and corresponds to a tight fuel array (O fuel = 9.4 mm, square pin pitch
0 = 9.6 mm). The second campaign, achieved in 1982, isa 0 11.5-mm pin pitch experiment.

Three kinds of measurements were performed:

» Fission rate distributions, in both the test zone and the surrounding LWR driver core, by
gamma spectrometry and fission chamber measurements. The aim of these axial and radial
measurements is to check the 3-D core calculations;

« Buckling measurements and spectral indices (**U, **U and ®°Pu miniature fission chamber)
in the test zone. These experiments allow us to deduce the nuclear properties of these
unmoderated lattices: materia buckling, infinite multiplication factor K.,

* Research of the equivalent poisoning in boron and gadolinium up to 2g/l Gd for the same
driver core loading. These critical measurements yield the equivalence boron/gadolinium in
infinite lattice. The experimental results are compared with APOLLO calculationsin Figure 3.
The relative efficiency of the soluble gadolinium (roughly twice the soluble boron) increases
with the moderation ratio because gadolinium is a more thermal absorber than boron.

Figure 3. Reactivity worth equivalence between soluble gadolinium and boron
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The on-going experimental programme: Burnup credit qualification
The programme of CEA-Cadarache involves two kinds of experiment:

* Measurements of heavy nuclide and fission product concentrations versus burnup in PWR
spent fuel rods,

* Measurements of burnup credit nuclide and spent fuel reactivity worth in the PWR test zone
of the MINERVE reactor (see Table 1).

The qualification of spent fuel inventory calculations

A large experimental programme based on spent fuel chemical analysis has been carried out
since 1993. Uranium, plutonium, americium and curium have been analysed in PWR samples.
Furthermore, fission product chemical elements (Sm, Rh, Nd, Cs, Mo, Eu, Gd, Ag, Ru) have been
measured relative to uranium, as well as their isotopic composition. The chemical analysis programme
for UO, assemblies is summarised below:

FRENCH PWR FUEL ASSEMBLY IRRADIATION
BUGEY 3 17x17 3.1% 1.5 cycleand 3 cycles
GRAVELINES 3 17x17 4.5% 2 cyclesand 5 cycles

The reactivity worth measurements for burnup credit in PWR fuel cycle

The goa of the current reactivity worth measurements by the oscillation technique in the
MINERVE reactor is the qualification of the calculational tools and data used to predict the poisoning
worth of the selected ‘BUC’ nuclides from PWR spent@Is.

We manufactured three kinds of PWR-type oscillation samples:

1. Separated FP isotopes in UO, pellets (natural uranium). The characteristic of these fission
products samples are summarised in Table 1. The mass of each fission product isotope by
sample was optimised in order to obtain a similar reactivity worth corresponding to the
maximum accuracy in MINERVE worth measurements.

2. Smulant samples containing a natural element in a ALO; matrix: Ag, Ru, Rh, Mo and Cs
samples. The measured reactivity worth of the Ag, Ru and Mo elements is mainly due to the
burnup credit nuclides®Ag, ***Ru and®Mo respectively. The sample content in both types
of fission product simulant samples was obtained from chemical or mass spectrometer
analysis on pellets from the same batch.

3. Irradiated samples built with UQ, fuel rod cuts from various French PWRs. These fuel cuts
are performed in the rods located at the centre of th&7l@ssemblies (asymptotic spectrum)
(see Table 2).
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Tablel. The Minervereactor with the PWR test zone configuration

SAMPLE UO,+X,0; ADDITIVE X MASS X (ppm)
UF 0
Sm Sm-nat 460
%Sm 199gm 69.3
2Sm 152gm 10750
'Sm 147gm 18500
Nd Nd-nat 69900
°Nd “Nd 10700
°Nd Nd 59500
°Gd e eh! 121
*Eu 188y 9000
Rh 132K 5350
SAMPLE NON-SINTERED UQO, ADDITIVE X MASSADDITIVE (Q)
uc 0
Cs%1.6 Cs,CO; 0.62
Cs%10 Cs,CO; 3.77
*Mo M0gsO5 5.66
°Tc KTcO, 4.32
Table2
PWR IRRADIATION CYCLES | ASSEMBLY-ROD-HEIGHT (mm) BURNUP (GWd/t)
BUGEY 3 1.5CYCLE FGC53-G11-1960 20
2 CYCLES FGC53-K 7-1960 25.5
3 CYCLES FGC53-K 11-1960 38
FESSENHEIM 2 2 CYCLES FEB34-K 11-2020 30
2 CYCLES FEB34-K 11-1500 31
4 CYCLES FEC57-H11-3000 49
4 CYCLES FEC57-H11-1960 495
5 CYCLES FEC57-G10-3000 59
5 CYCLES FEC57-G10-1969 60
GRAVELINES3 2 CYCLES FFOBE2BV-K 08-1960 27
5 CYCLES FFO6E3BV-J07-1860 62

The contents of these irradiated samples are obtained from dissolution and chemical analyses on
a2-cmrod cut near the rod piece used for the oscillation sample.

These spent fuel samples aim to calibrate the overall Actinide + FP burnup credit versus
irradiation. The variety of the irradiated samples used supply the total BUC worth in the 20-60 GWd/t
burnup range.
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Furthermore, Gravelines fuels are representative of the current high **U enrichment e = 4.5%,
and high burnup BU = 60 GWd/t corresponding to PWR fuel management with 1/4 core loading.

These three types of samples — separated isotope, simulant samples and irradiated samples — have
an identical geometry and can be viewed as 100 mm long sections of PWR pins, contained in thin
watertight zircaloy sleevesghk=103.5 mm.

The samples were oscillated in the centre of the PWR block implemented at the MINERVE
reactor. This configuration, called the R1-L)@ presented in Table 1. This R1-bUJéxperiment was
carried out in three successive experimental campaigns: the separated FP samples in 1993, the spent
fuel samples in 1994 and the natural FP inQdlmatrix in 1995. The slowing-down density at
thermal cut-off, which is representative of the spectrum hardness, amounts to q = 0.65 in the R1-UO
lattice.

In order to study the full range of spectra spanning the potential reactivity peak in dissolver
media, three complementary experiments were planned:

* R2-UQO, configuration in MINERVE, with a softer spectrum corresponding to the optimum
moderation ratio (q = 0.8), to be performed at the end of 1995;

« DIMPLE configuration with a pure thermal spectrum@Dor HO central zone);

* DIMPLE core with highly enriched 7% UQods. Worth measurement at the centre of this
lattice enhances the FP resonance capture contribution. This DIMPLE spectrum corresponds
to dissolver media poisoned with soluble gadolinium. DIMPLE experiments were performed
during 1993 and 1994 in the framework of the CERES collaborative programme between
AEA and CEA.

The MINERVE reactivity worth measurements were computed with the criticality calculation
package CRIBLE [16] based on the APOLLO-1 code and its CEA-86 library (JEF-1 file for fission
product data).

ISOTOPE CRIBLE (CEAS86) EXP. UNCERT. (10)

Sm T4% +1.8%
°Sm -82% +20%
2Sm 5.1% +3.0%
'Sm 9.4 % +50%

Nd -1.0% +3.0%

*Nd -10.2% +3.0%

Nd 71% +10.0%

°Gd -0.3% +2.0%

°Eu 0.0 +20%

The future programme: Burnup credit in MOX fuel and BWRs

A large programme has been carried out by the CEA since 1991 in view of supporting the
application of reactivity burnup credit in the PWR spent fuel cycle.

A similar programme will be initiated in 1996 to investigate burnup credit in MOX assemblies
burnt in French PWRs.
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Chemical analyses, involving FPs, will be carried out in various pins from MOX assemblies
irradiated in the Saint-Laurent B1 plant. In the same 17x17 assembly, fuel cuts from the three
enrichment zones will be analysed.

An oscillation experiment will be performed. A fresh MOX lattice will be implemented at the
centre of the MINERVE reactor. We manufactured irradiated MOX samples at increasing burnups
from SLB1 assemblies. The oscillation of this MOX spent fuel in the MINERVE MOX lattice will
provide the reactivity loss with respect to fuel burnup. Furthermore, fresh MOX samples and
calibration samples (UQO,, borated UO,) will be oscillated. In order to check the reactivity worth of
each burnup credit FP nuclide, we will measure the specific samples doped with one FP.

An experimental programme devoted to BWR fuel will be started up in 1996. In order to check
BWR fuel inventory, 15 cuts from three various pins of a BWR 9x9 assembly will be characterised in
1996-1997. Chemica analyses will be performed, including minor actinides and the burnup credit
fission products. Oscillation samples from rod cuts at various heights will be manufactured. These
BWR fuel samplesirradiated at BU = 42 GWd/t will be oscillated in the MINERVE reactor in 1997.

This extensive experimental programme on burnup credit in BWR and MOX fuels is
strengthened by the CERES Il collaborative programme [17] between AEA, CEA and Sandia
National Laboratory (Figure 4).

Figure4. The CERESIII programme

Irradiated Fuel Samples Unirradiated Samples
CAGR (UK) MOX (BNFL) BWR (USA) PWR (USA) MOX (French) MOX (French) FP Simulants
| i | I | | i |
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v
»/MONKS5W
Perturbation
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v
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burnup verification methods

41



Quialification needs and experiment proposal
Calculations of the future French fuel cycle are facing three challenges:
1. Highly enriched LWR assemblies with high burnup;

2. Extensive use of plutonium. The plutonium from the La Hague reprocessing plant is currently
recycled in 16 PWRs. The Pu recycling is also considered in specific reactors: the RMA
reactor (over-moderated PWR with 100% MOX fuel) and the CAPRA reactor (Fast Breeder
Reactor, with high enrichment ep, = 45% in order to burn the plutonium). Furthermore, MOX
fuel reprocessing is envisaged; the corresponding degraded plutonium should be used in
RMA or CAPRA reactors.

3. Np, Am, Cm separation in the reprocessing plants, and MinAc transmutation in specific
assemblies. Am and Cm use raises severe criticality constraints because the critical mass of
#2Am and ***Cm is hydrogenated media corresponds to some grams.

In order to improve the reliability of criticality calculations of Pu and MinAc recycling, we
propose to perform actinide reactivity worth measurements in the Minerve reactor. Specific
oscillation samples could be made with separated isotopes such as ?°U, *?Pu, #'Np, **Am, **Cm,
245

Cm, ...

Conclusion

The EOLE and MINERVE reactors are powerful tools for the investigation of the physics of
criticality-safety. Fundamental experiments have been performed which have supplied basic data,
particularly the capture cross-sections of gadolinium and fission products. The on-going programme is
dedicated to burnup credit in PWR fuel, and will be carried on with burnup credit in MOX and BWR
fuel until 1997. In order to check actinide nuclear data, a new experiment is proposed in the
MINERVE reactor. The reactivity worth of each heavy isotope will be accurately measured by an
oscillation technique. This experimental information would be particularly relevant for high burnups,
Pu recycling and the separation, storage and transmutation of actinides.
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OVERVIEW OF CRITICALITY SAFETY FACILITIESIN RUSSIA:
PROGRAMME OF WORK AND FUTURE NEEDS
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VNIITF, Chelyabinsk-70

A. Zakharov, M. Kuvshinov, |. Smirnov
VNIIEF, Arzamas-16

Abstract

This report briefly presents the results of experiments relevant to Nuclear Criticality Safety (NCS)
that were carried out in three Russian institutes under the auspices of MINATOM. Activities of other
organisations within the CIS are also discussed. Proposals for increased international co-operation are
made which designate the OECD/NEA Working Group as an active participant. The suggested

initiatives mainly concern NCS investigations with regard to current treatment conditions of fissile
materias (FM).
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I ntroduction

NCS research began in the scientific organisations of the former USSR during the 1940s (RBC-I,
VNIIEF) and the 1950s (JINN, Dubna, IPPE, VNIITF). These investigations were concentrated in two
areas. nuclear weapons development and nuclear power engineering. The sphere of NCS interest
gradually developed, and at present relates mostly to problems involving the treatment of low- and
intermediate-enriched wastes, and also with power and weapons grade plutonium.

The amount of circulating fissile materials (FM) has markedly increased in recent years, partly as
a result of nuclear disarmament in the USA and Russia. Containers composed of new materials —
which had not been previously investigated — began to be commonly used for the transport and
storage of irradiated and non-irradiated FM. As a result, it has become necessary to study the
behaviour of large systems of neutronically connected FM assemblies, and the influence of reflector
materials on large systems of heterogeneous FM assemblies, such as packed wastes or reactor fuel.

FM systems are assembled in which fission chains on intermediate energy neutrons take place,
such as dioxides of low- and intermediate-enriched uranium, dioxid€¥af or>*U, and systems
with large amounts of neutron absorbers in thermal, 1/v or resonance energy ranges.

All of the above-mentioned circumstances lend to the conclusion that the intensification of NCS
experiments and calculations would be extremely beneficial.

General information on NCS experiments undertaken

General data concerning NCS experiments, presently performed in three Russian institutes
(IPPE, VNIIEF, VNIITF), are presented in Table 1.

Table 1. Performed NCS experiments (general infor mation)

VNIIEF [1] VNIITF [2]
Existing facilities FKBN-2M FKBN-M (including ROMB-
model)
Configuration of critical Spherical assemblies Spherical assemblies,
assemblies cylindrical assemblies built
of disks and rings
Fissile materials 22U, 28U, #°Pu (metals and | U, **Pu (metals, highly
imitator of water solution of | enriched)
22 salt)
Reflector and moderator | **U, Be, BeO, Fe, Al, W, Pb,| *®U, Be, BeO, Fe, Al, W, Ph,
materials Ni, Cu, Mo, Ti, C, Zr,B, Ni, Nb, Mo, Ti, Cd, (CH),,
B,C, Cd, (CH),, H.0, H,O, concrete
concrete
Number of experiments | About 1000 About 350
Number of benchmark-typeAbout 200 About 250
experiments




IPPE has the greatest potential to perform experiments requiring large amounts of FM solutions.
IPPE has performed — and continues to perform — numerous experiments arranging FM solutions in
various configurations: individual vessels of cylindrical, spherical, conical and rectangular forms,
the sets of the vessels in regular lattices and in other arbitrary combinations (including those often
found in power reactors and other facilities).

VNIIEF has a wide range of sets of hemispheric details that permit investigation of metallic FM
spherical assemblié“smiéuﬁdfuéé_g_r_é'eif,“bij_t_'béﬁé_h_r_h'é{fk:tj}bé"ékbé_r'i'r'ﬁénts can be performed in various
cylindrical configurations.

While speaking of Russian organisations, the Russian scientific centre known as the Kurchatov
Institute (RBC-I) should be mentioned. This facility could greatly advance the investigations
concerning NCS problems, especially with regard to the use of uranium assemblies (metal). The
activities of RBC-I, however, are not covered in this report.

The study of NCS with regard to fast nuclear reactors is undertaken in the scientific laboratories
of Beloyarskaya NPP (Eketherinburgh).

Other scientific organisations that develop and exploit NPP have too few prospects of performing
NCS experiments, and thus are not mentioned here.

As for the activities of other states belonging to the CIS, only Kazakhstan's IGR reactor, which
still operates, is referred to. In recent years, VNIITF and RBC-I have conducted joint studies at this
facility concerning severe accidents in NPP linked to fuel element melting.

List of NCS experimentsthat may be performed at IPPE, VNIIEF and VNIITF

Scientific organisations in Russia possess the facilities, experience and skilled specialists which
permit experimental and calculational investigations to be conducted in the following NCS fields.

|PPE

» The performing of new critical experiments with water solutions of uranyl nitrate at uranium
enrichments equal to 10, 15 and 20 per cent (four-six concentrations for each enrichment).
The diameter of the core varies depending on the enrichment and concentration of uranium,
from 300 mm to 700 mm, the solution volume from 21 | to 230 I. The interval of uranium
concentration value will be from 150 g/l to 420 g/l. This process is supposed to measure the
effectiveness of different bottom reflectors such as steel, polyethylene, layers of moderating
materials lined with cadmium and so on, of different thicknesses;

» Measurement of critical parameters of heterogeneous systems with a water moderator and
reflector for fuel rods and subassemblies of BN and RBMK reactor.

These experiments are required not only for the verification of codes and the experimental

substantiation of nuclear criticality safety, but also for the safe storage and transportation of fresh and
spent fuel.
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VNIIEF

VNIITF

Obtain experimental and calculated data for development of blankets for e ectro-nuclear
transmutation of radioactive wastes and plutonium (using composite assemblies of **Pu and
25U, together with isotope Z’Np);

Test calculations connected with the behaviour of low-active wastes (using assemblies with
large inner cavities);

Specify nuclear data for “resonance” reflectors (assemblies with Ben@terators and Fe,
28U-reflectors);

Measure reactivity perturbations by means of low-mass sampl&§yof*U, *'Np, **Am,
*2Am, and so on, as well as by fragments of fresh and burnt fuel elements).

Continue benchmark-type experiments with sets of discs in cylindrical configurations to
simulate neutron data of uranium-hydrogen systems;

Continue benchmark experiments with different reflectors in spherical and cylindrical
configurations for correction and validation of codes for NCS calculations, particularly in the
“unresolved resonance” ranges;

Carry out experiments in order to investigate accident situations in nuclear reactors; study
issues such as storage transport, fuel reprocessing, and the development of active targets for
electro-nuclide transmutation facilities;

Investigate criticality anomalies 6FU and Pu possessing composite reflectors;

Perform experiments aiming toward the specification of neutron cross sections of different
materials;

Perform experiments in order to develop an active target for electro-nuclear transmutation
blankets.

Need and realisation of plans and proposals on inter national co-operation

Many organisations are presently experiencing difficulties such that the continued pursuit of
NCS experiments remains uncertain. These include:

Decreases in scientific and technical connections between institutes, both inside Russian and
particularly among countries in CIS;

Strong decreases in the funding of scientific research;

Decreases in the number of highly-skilled specialists and a significant lack of training for
new specialists;
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e Wear and tear of equipment.

There exists a need to:

Support current exploitation of existing equipment;

Modernise the control and data processing systems;

Increase the amounts of our test assemblies (new materials and configurations);

Increase scientific and technical information exchange amongst specialists from different
countries.

Possible means of international support and mutual assistance include:

» Favourable references from foreign laboratories in relation to projects in being pursued in
Russia, Kazakhstan, and Georgia, relevant to problems of NCS and NPP, supposed to funded
by ISTC,;

« Direct contacts of foreign partners with Russian institutes concerning NCS issues;

e Establishment of working groups composed of Russian and CIS specidists, international
organisations and foreign laboratories. These groups would conduct joint NCS research;

e Sponsorship of CIS specialists with regard to participation in international symposia,
conferences and meetings relevant to NCS.

Conclusion

Several leading scientific and research institutes of the Ministry of Atomic Energy perform a
great number of NCS experiments, including roughly one hundred benchmark-type experiments.

A combination of existing equipment and highly-skilled specialists permits, for the time being,
continued NCS research with the intended objective of resolving urgent issues relevant to FM
treatment.

The current state of affairs in Russia and other countries is such that intensification of
international co-operation in the NCS field is required in order that research may continue in this
domain. Support may be offered in the following forms: direct contracts, ISTC projects, joint research
groups, €tc.
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TECHNICAL CAPABILITIESAND NEAREST FUTURE PROGRAMME
OF CRITICAL FACILITY OF IPPE NUCLEAR SAFETY DIVISION

B. Ryazanov and V. Sviridov
Institute of Physics and Power Engineering, Russia

Abstract

There is only one facility in IPPE and Russia which can be used for experiments with uranium
solutions. This is the SPH — Solution Physical Heterogeneous — facility located in the experimental
building of IPPE Nuclear Safety Division.

It is a universal facility which possesses a license for performing critical experiments with
“zero-power assemblies” (no more than 100 wt) which can have different kinds of cores with either a
uranium solution or heterogeneous uranium-water ones with different values of uranium enrichment.
The device responsible for the fixing of control and scram rods can be placed at different points
according to the design that must be developed for each assembly.
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SPH experimental facility of Nuclear Safety Division

There is only one facility in IPPE and Russia which can be used for experiments with uranium
solutions. This is the SPH — Solution Physical Heterogeneous — facility located in the experimental
building of IPPE Nuclear Safety Division.

It is a universal facility which possesses a license for performing critical experiments with
“zero-power assemblies” (no more than 100 wt) which can have different kinds of cores with either a
uranium solution or heterogeneous uranium-water ones with different values of uranium enrichment.
The device responsible for the fixing of control and scram rods can be placed at different points
according to the design that must be developed for each assembly.

The following characteristics of the SPH facility should be noted:

Dimensions of box (facility room) — 5&.5x8.5 m,

Loading crane cans operate with details, components having a mass of less than one ton,
Gate dimensions —<2 m,

Solution storage has 17 tubular vessels. Total volume is, 2umit volume is 80-120 I.
There are now solutions with different concentrations of 91%-uranium with total mass of

uranium of about 75 kg,

System solution dosage includes two lines, each of them having the volume measurement
vessel (tube) with total volume equal to 10 | and minimal volume equal to 50 ml,

System of water dosage has a special device similar to that of petrol station device. Minimal
dosage volume is equal to 0.2 |,

Split-table device has three platforms, of which at least two are moving. Equipment with a
mass no greater than 500 kg can be placed on each platform.

There are different kinds of nuclear materials in the central institute storage which can be used
for experiments in the SPH facility. For example:

Uranium dioxide with different enrichment, rods with different kinds of uranium fuel
enriched from 2 to 96% and different sizes,

Special pellets with dioxide and metal HEU (36 and 90%), LEU, depleted uranium and
plutonium having different isotopic compositions with stainless steel claddings (diameter
about 35 mm, thickness about 5 mm).

The capability of the facility is clear from the summary listing of the criticality experiments
fulfilled in the past.

Summary listing of criticality experiments carried out to dateat SCC RF | PPE

The first criticality experiment was carried out at IPPE in 1959. Experiments were mainly
performed with highly-enriched uranium (90% enrichment) and a uranyl nitrate solution.
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