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Reactor physics Is a base of
nuclear power, and strength of
this base IS a necessary.

condition of nuclear power
successful development.
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After the first nuclear criticality
had been reached neutron physics
experiments played a crucial role

In the creation and Improvement of
nuclear reactors.
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Most experiments were performed
(mainly as a necessary stage of reactor
design) in the nuclear power “golden
age” in 60s and 70s of 20" century,

when most of the total of over
thousand nuclear reactors have been
created worldwide.
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12 countries,

About 400 series of experiments
(evaluations),

3000 critical and subcritical
configurations,

Russian contribution is about 40%
(for systems with 235U of high and
intermediate enrichment — 60%)
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Practically all Russian basic critical
experiments for power reactors were
performed in RRC Kurchatov Institute
and Institute of Physics and Power

Engineering (IPPE).
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VVVER critical facilities (P, SK-Phys, VVER-
110/0]0)

Graphite reactors critical facilities (ASTRA,

GROG, RBMK)

Space reactors NARCISS critical facility

Sea reactors critical facilities (SF-1, SF-7,
DELTA, KVANT).
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INSTITUTE OF PHYSICS AND POWER
ENGINEERING (IPPE):

The BES-1 and BFS-2 critical facilities — an
unique experimental facilities for
Investigations of fast reactor physics,

iIncluding burning actinides and weapon-
grade plutonium utilization (BFS-2 - the
world’s largest fast critical facility)

MATR-2 critical facility — high-temperature
high-pressure uranium-water facility.

PHYSOR-2004. The Physics of Fuel Cycles and Advanced Nuclear Systems: Global Developments.
April 25-29, 2004, Chicago, IL USA




STRENGTHENING OF PHYSICAL BASE OF NUCLEAR POWER

Experiments for:

» fast neutron systems

» uranyl nitrate solutions (reprocessing facilities)
» space and see reactors
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Directions of works:
* BN-600 reactor core with MOX-fuel
BN-800
lead coolant reactors
actinides transmutation
neutron data for lead and bismuth
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Kurchatov Institute and IPPE still preserve
capabilities for conducting the reactor
experiments: qualified specialists, nuclear
fuel of a wide range of compositions, forms
and enrichment, facilities, equipment, etc.

Series of experimental programs were
performed in the last years, including
those ordered by foreign laboratories.
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Today@ situation:

Only restricted experimental

modeling of reactors Is possible
due to financial problems

PHYSOR-2004. The Physics of Fuel Cycles and Advanced Nuclear Systems: Global Developments.
April 25-29, 2004, Chicago, IL USA




STRENGTHENING OF PHYSICAL BASE OF NUCLEAR POWER

Today@ situation :

The average age of reactor

scientists increases, especially

In experimental labs.
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Today@ situation:

Rapid evolution of hardware and
system software and the following

development of mathematical
methods and applied codes.
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Despite of any progress in
calculations the basic experiments

will be always necessary for reliable

basing of main safety and
economics parameters of nuclear

reactors.
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Actual applied problems:

Support of safety and lifetime extension of operated
NPP

Improvement of fuel cycles and economy of nuclear
power

Investigation and development of iInnovative
concepts
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Investigation and development of innovative
concepts:

PoOwer reactors of next generation,
power reactors with MOX fuel,
non-proliferative reactors with thorium fuel cycle,

reactors with heavy metal coolant and breeding ratio
closed to unity,

reactors of small and intermediate power for local
power consumers and outermost regions,

reactors and accelerator driven subcritical systems
for fuel cycle closing,

etc

PHYSOR-2004. The Physics of Fuel Cycles and Advanced Nuclear Systems: Global Developments.
April 25-29, 2004, Chicago, IL USA




STRENGTHENING OF PHYSICAL BASE OF NUCLEAR POWER

/

Blanket

T~

PHYSOR-2004. The Physics of Fuel Cycles and Advanced Nuclear Systems: Global Developments.
April 25-29, 2004, Chicago, IL USA




STRENGTHENING OF PHYSICAL BASE OF NUCLEAR POWER

5

PHYSOR-2004. The Physics of Fuel Cycles and Advanced Nuclear Systems: Global Developments.
April 25-29, 2004, Chicago, IL USA




STRENGTHENING OF PHYSICAL BASE OF NUCLEAR POWER

6

Fuel particle

Fuel assemblies

1, 2 — outer reflector; 3 —core;
4 —inner reflector; 5 —absorber;
6 — control rod

Fuel element
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The development of innovative
concepts must be based on the
modern approaches, which have
to be verified by the evaluated

“old” benchmark experiments

and new ones.
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“Program of strengthening physical
base of nuclear power”:

Foundation for reliable and precise
prediction of neutronic parameters

of reactor innovative concepts and
for Improvement of existent reactors
and lifetime extension.
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It IS strongly necessary to
collect, evaluate, and concerve
all past experimental experience

and data obtained.
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Calculation benchmarks -
representative test models of
Innovative reactors and results of
calculations with precise codes,

which are validated by all
appropriate certified experiments.
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CODES

CALCULAT-
ION
MODELS

BENCHMARK
EXPERIMENTS

REACTOR STUDIES
AND DESIGN
CALCULATIONS

CALCULATION EXPERI-

BENCHMARKS MENTAL
MODELS
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- Elementary cell of a fuel particle

- Fuel compact cell

- Fuel block

- Layer of GT-MHR core
- Full-scale GT-MHR reactor model
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Thermal and fast neutron
fluxes across the
reflectors and core

0.00 200.00 400.00 600.00 800.00
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Calculation model of self-
powered detector
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Collector

Insulator

Radia zone

Radial distribution of neutron capture in Rh wire
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Inner Barrel Core Barrel Water Gap |1
(4-10) (11-18) (19-27)

123 456 7 8 910 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Monitor position

Siemens (DOT4.2) SCK/CEN (DORT) VTT Case6 (DORT) IKE Case? (DORT) ENEA (DORT)
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PARALLEL COMPUTATION

CODE LUCKY

NEUTRON AND GAMMA TRANSPORT

3D XYZ GEOMETRY
DISCRETE ORDINATES

COMPUTER MBC-1000M

700 PROCESSORS (667 MHz)
P.S, APPROXIMATION

40 ENERGY GROUPS <600 MIN
2-108 MESH INTERVALS
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10 countries

300 experiments

Theoretical studies
Calculation methods

Codes

PHYSOR-2004. The Physics of Fuel Cycles and Advanced Nuclear Systems: Global Developments.
April 25-29, 2004, Chicago, IL USA




STRENGTHENING OF PHYSICAL BASE OF NUCLEAR POWER

PHYSOR-2004. The Physics of Fuel Cycles and Advanced Nuclear Systems: Global Developments.
April 25-29, 2004, Chicago, IL USA




STRENGTHENING OF PHYSICAL BASE OF NUCLEAR POWER

126 D'- )."/($7

Full-scale
Mock-up of
VVER-1000
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Reactor pressure vessel
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A Z2W old

A Z2\W new

B Z3W old
B Z3W new
¢ Z2B old
¢ Z2B new

@ Z3B old

® Z3B new

Fluence, 10" nfcm? (E>0.5MeV)

Z2 — Zaporozhie-2, Z3 — Zaporozhie-3,
B— base metal, W —weld,
old —before fluence reevaluation, new — after fluence reevaluation
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