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Abstract: NIKIET has a 60-year experience in the development of research reactors.
Altogether, there have been more than 25 NIKIET-designed plants of different types built
in Russia and 20 more in other countries, including pool-type water-cooled and watermoderated research reactors, tank-type and pressure-tube research reactors, pressurized
high-flux, heavy-water, pulsed and other research reactors. Most of the research reactors
were designed as multipurpose plants for operation at research centers in a broad range of
applications. Besides, unique research reactors were developed for specific application
fields. Apart from the experience in the development of research reactor designs and the
participation in the reactor construction, a unique amount of knowledge has been gained
on the operation of research reactors. This makes it possible to use highly reliable
technical solutions in the designs of new research reactors to ensure increased safety,
greater economic efficiency and maintainability of the reactor systems.
A multipurpose pool-type research reactor of a new generation is planned to be built at
the Center for Nuclear Energy Science & Technology (CNEST) in the Socialist Republic
of Vietnam to be used to support a spectrum of research activities, training of skilled
personnel for Vietnam’s nuclear industry and efficient production of isotopes. It is
exactly the applications a research reactor is designed for that defines the reactor type,
design and capacity, and the selection of fuel and components subject to all requirements
of industry regulations.
The design of the new research reactor has a great potential in terms of upgrading and
installation of extra experimental devices.
Key words: research reactor, research reactor types, IRT, VVR, HEC, VEC, physical
research reactor, isotope production reactors, material test reactor, multipurpose
reactor, reflector, beryllium, heavy water, experience in development, design philosophy,
safety

I. INTRODUCTION
Research and Development Institute of Power Engineering (NIKIET) was established
in 1952 on the basis of Gidrosektor, a special design bureau formed in 1946 at the Institute for
Chemical Engineering for designing the USSR’s first nuclear reactor for production of
plutonium (production or isotope reactor). At the present time, NIKIET has a more than 60year history of activities in the development of nuclear technology, including power reactors
for nuclear plants, naval transport plants, space nuclear plants, small reactors for electricity
generation and district heating, and other plants. The first research reactor was designed in
1957. Therefore, NIKIET possesses nearly a 60-year experience in the development of
research reactors [1]. Altogether, there have been over 25 plants of different types built in
Russia based on NIKIET’s designs or with the participation of NIKIET and 20 more built in
other countries. The most common research reactor types are pool-type water-cooled and
water-moderated research reactors (IRT and IVV) and tank-type research reactors (VVR).
Besides, pressure-tube research reactors (Maria, MIR), pressurized high-flux (SM), heavywater (PIK), pulsed (IBR-2M) and other research reactors have been built and are still in use
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both in and outside Russia. Most of the research reactors were designed as multipurpose
plants for a great variety of applications at research centers. Also unique research reactors
were developed for specific use, such as IVG-1, a reactor for testing fuel assemblies (FA) and
cores of high-temperature gas-cooled reactors, including reactors for nuclear rocket engines
(NRE) and nuclear power propulsion systems (NPPS), and IGR, a reactor for research into the
dynamics of pulsed reactors and into the behavior of fuel and structural materials for
advanced reactor plants, including nuclear rocket engines. In Russia now, a reactor center,
called PIK, is in the process of commissioning in Gatchina and the construction of a
multipurpose fast-neutron research reactor, called MBIR, is well under way at the site of
NIIAR research institute in Dimitrovgrad. Apart from the experience in the design of research
reactors and participation in the reactor construction projects, a unique amount of knowledge
has been gained on the operation of research reactors. This makes it possible to use highly
reliable and mature technical solutions in new research reactor designs to ensure increased
safety, greater economic efficiency, long life and maintainability of the reactor systems.
A multipurpose pool-type research reactor of a new generation is planned to be built at
the Center for Nuclear Energy Science & Technology (CNEST) in the Socialist Republic of
Vietnam to be used to support a spectrum of research activities, training of skilled personnel
for Vietnam’s nuclear industry, and efficient production of isotopes. It is exactly the
applications a research reactor is designed for that defines the reactor type, design and
capacity, and the selection of fuel and components subject to all regulatory requirements.
The design of the new research reactor has a great potential in terms of upgrading and
installation of extra experimental devices.
II. EARLY DESIGNS OF RESEARCH REACTORS
The earliest designs of research reactors are VVR- and IRT-type reactors.
The construction of the VVR reactors in the USSR (Russia) and in other countries was
started in the late 1950s. The first VVR reactor was put into operation in 1957 in Romania
(VVR-S). Altogether, 10 research reactors of the VVR type were built in the period of 1957
through 1967, of which 5 were built in the USSR (2 in Russia) and 5 outside the USSR (8
outside Russia). At the present time, 7 out of 10 plants are still in operation. The reactor
power range is from 2 MW (the ETRR-1 reactor at the Inshass research center in Egypt) to 18
MW (the VVR-M reactor in Gatchina, Russia) [2]. The VVR-type reactors are equipped with
horizontal experimental channels (HEC), vertical experimental channels (VEC), loop
facilities, and cold neutron sources for fundamental and applied research, and for isotope
production.
The first research reactor of the IRT type was built in Poland in 1958 (Ewa).
Altogether, 12 IRT plants were built in the period of 1958 through 1984: 6 in the USSR (3 in
Russia) and 6 outside the USSR (9 outside Russia). Currently in operation are 7 IRT-type
research reactors. The reactor power range is from 0.2 MW (the IR-100 reactor in Sevastopol,
Russia) to 10 MW (the Ewa reactor in Poland and the IRT-1 reactor in Libya) [2]. Similarly to
the VVR-type reactors, the IRT reactors are equipped with HECs, VECs, loop facilities, and
cold neutron sources for fundamental and applied research and for isotope production. From
the point of view of design, these reactors differ primarily in the way the coolant is circulated
and in the reactor tank or vessel volume, as well as in that there is a large-size auxiliary pool
for the storage and cooling of spent (irradiated) fuel, produced isotopes and so on.
The VVR and IRT reactors are multipurpose. The LEU fuel types used are VVR-M2,
IRT-4M and VVR-KN. Figs. 1 and 2 give a notion of the VVR and IRT research reactor
designs.
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Fig. 1. A VVR-type reactor
1 – rotary plugs; 2 – reactor tank; 3 – VEC; 4
– core; 5 – biological shielding; 6 – HEC

Fig. 2. An IRT-type reactor
1 – HEC; 2 – core; 3 – fresh FA storage; 4 – spent FA
storage; 5 – biological shielding; 6 – circulation
pipeline

III. RESEARCH REACTORS WORLWIDE
There is a great diversity of research reactors. Altogether, according to IAEA’s
database, there have been 773 [3] research reactors built in the world since 1942 (the world’s
first reactor, Chicago Pile-1 or CP-1, was built in the USA). Each research reactor has unique
features. At the present time, the number of research reactors in operation is about 250. The
most common research reactor type is pool-type or tank-type reactors.
Table 1 lists the NIKIET-designed research reactors built or being under construction.
Table 1 – Research reactors based on NIKIET designs [2]
Commissioning
year
1957
1957
1957
1958
1959
1959
1959

Designation

Type

VVR-S
RFR
LVR-15
Ewa
VVR-SM (BRR)
VVR-SM
IRT-M

VVR
VVR
VVR
IRT
VVR
VVR
IRT

Power,
MW
10.0
10.0
10.0
10.0
10.0
10.0
8.0
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Country
Romania
Germany
Czech Rep.
Poland
Hungary
Uzbekistan
Georgia

Status
Shut down
Shut down
In operation
Shut down
In operation
In operation
Shut down

1959
1960
1960
1961

VVR-M
VVR-M
IGR
IR-50

VVR
VVR
Pulsed
Pool-type

18.0
10.0
10.0
0.05

Russia
Ukraine
Kazakhstan
Russia

IRT-2000

IRT

2.0

Bulgaria

1961
1961
1961
1961
1962

IRT-M
SM-2
IRT-5000
ETRR-1
IRT-M

5.0
100.0
5.0
2.0
5.0

Latvia
Russia
Iraq
Egypt
Belarus

1963

MR

50.0

Russia

Shut down

1964
1965
1966
1966
1967
1967
1967

VVR-Ts
IRT-8
IRT-2500
IVV-2
VVR-K
IR-100
IRT-T

15.0
8.0
2.5
15.0
6.0
0.2
6.0

Russia
North Korea
Russia
Russia
Kazakhstan
Russia
Russia

In operation
NA
In operation
Upgraded in 1982
In operation
In operation
In operation

1967

MIR

100.0

Russia

Upgraded in 1975

1974

Maria

30.0

Poland

In operation

1975

IVG

60.0

Kazakhstan

In operation

1975

MIR.M1

100.0

Russia

In operation

1981

IRT-1

IRT
Pressurized
IRT
VVR
IRT
Pressure-tube,
pool-type
VVR
IRT
IRT
Pool-type
VVR
IRT
IRT
Pressure-tube,
pool-type
Pressure-tube,
pool-type
Gas-cooled
Pressure-tube,
pool-type
IRT

In operation
In operation
In operation
Shut down
In operation at 0.2
MW
Shut down
Upgraded in 1993
Shut down
Shut down temporarily
Shut down

1961

Libya

NA

1982

IBR-2

Pulsed

Russia

Upgraded in 2012

1982
1984

IVV-2M
DRR

10.0
2.0 (1500,
peak pulse
power)
15.0
0.5

Russia
Vietnam

2011

PIK

100

Russia

First criticality

2012

IBR-2M

2.0 (1830,
peak pulse
power)

Russia

In operation

2019

MBIR

150.0

Russia

Under construction

2019

PIK

100.0

Russia

In the process of
commissioning

Pool-type
IRT
Pressurized,
heavy-water
Pulsed
Fast-neutron,
sodium-cooled,
loop-type
Vessel-type,
heavy-water cooled

In operation
In operation

It is exactly the applications the research reactor was built for that defines it
conceptually (design, power, neutron flux, components of systems, materials employed).
Three groups of research reactors may be identified:
 physical research reactors, as a rule, of a beam type (with horizontal and inclined
experimental channels); neutron and gamma radiation is utilized in beam facilities;
these research reactors normally have a compact core surrounded by a volumetrically
developed reflector of heavy water or, more rarely, of beryllium in a combination with
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heavy water; as a rule, such reactors use high-enriched fuel; some examples are PIK
(Russia), FRM-II (Germany), OPAL (Australia), HFR (France), and HANARO (South
Korea);
 isotope producing research reactors, with high-flux volumes for isotope production
in the core or in the reflector; as a rule, these research reactors have high specific
characteristics of the core and many vertical channels (including those refueled online)
to ensure the required production of isotopes; they also have a beryllium reflector and
are predominantly pool- or tank-type water-cooled and water-moderated reactors;
some examples are IVV-2M, VVR-ts and VVR-M (Russia), HFR (Petten, the
Netherlands), and SAFARI-1 (South Africa);
 material testing research reactors, with high-flux volumes for irradiation of
structural and fuel materials, and of absorber materials; research reactors of this class
are often equipped with loop facilities (a loop facility is an autonomous cooling circuit
with a different coolant than normally used in research reactors and with different
coolant parameters than in research reactors); reactors of this type may be thermal,
with an intermediate neutron spectrum or a fast neutron spectrum, and sodium-cooled,
for irradiation by high-energy neutrons, and for ensuring a large number of
displacements per atom in structural materials; as a rule, these reactors use highlyenriched fuel, but plutonium or mixed fuel can be also used; some examples of such
reactors are SM-3 and MIR (Russia), HFR (Petten, the Netherlands), HFIR (the USA),
and MBIR (Russia, currently under construction).
A physical research reactor, fitted with vertical channels for isotope production and a
loop channel, may be looked upon as a multipurpose reactor. Nevertheless, as a rule, the
higher are the consumer parameters of the reactor (neutron flux, power), the smaller is the
range of its potential applications.
Actually, the lifetime of a research reactor may be very long (up to 50 years or more),
so the research reactors, built well before new applications come into being, may be refined to
suit the newly emerged applications, and have their cores upgraded, and a new fuel may be
used, and the research reactor may be fitted with new experimental devices.
IV. REFLECTOR
As a rule, a physical research reactor uses a heavy-water reflector which makes it
possible to equip the reactor with a developed network of horizontal, inclined and vertical
channels with high consumer properties and a highly dense neutron flux; these usually
accommodate scientific stations used for fundamental research. Not infrequently, cryogenic
moderators or cold neutron sources are installed in front of beams. Beryllium reflector is
considered to be the best choice for production of isotopes or silicon doping or for other
applications with neutrons used predominantly in the core and in the reflector. This has been
confirmed by international practice. If we take a look at the global fleet of multipurpose
thermal-neutron research reactors with a power of over 1 MW, 13 out of 81 research reactors
have a heavy-water reflector for predominantly fundamental beam research. The most graphic
examples are such reactors as OPAL (Australia), HFR (France), PIK (Russia), FRM-II
(Germany), and HANARO (South Africa). Water reflector is used in 4 multipurpose plants.
Graphite reflector is used in 27 research reactors, and a note should be made that no graphite
reflector is used in new research reactor designs. Beryllium reflector is used in 37
multipurpose research reactors, including those with record-breaking user parameters (SM-3
in Russia) [3].
Physically, the use of beryllium rather than heavy water makes it possible to build
more compact reactor cores, and to reduce the in-core fuel inventory by about 30% (this
5

allows reaching higher specific characteristics and improves substantially the “quality” of the
research reactor (the ratio of the thermal neutron flux density (TNFD) to the thermal power of
the research reactor). In the reflector, the thermal neutron flux is much denser than near the
reactor core (a gain of up to 50%), which enables production of isotopes, irradiation of
materials and doping of silicon. A comparison of the two types is presented in Table 1.
Parameter

Heavy-water reflector

Beryllium reflector

Lower by 10% to 15% with Higher by 10 to 15% with the
User parameters of the core
the same power, 30% more same power, a more compact
(neutron flux density)
FAs
core
Higher by up to 50% with the
User parameters of the reflector Lower by up to 50% with the
same power, a more compact
(up to 25 cm from the core edge)
same power, 30% more FAs
core
User parameters of the reflector
(more than 25 cm from the core Higher by a factor about 2
Lower by a factor of about 2
edge)
A special heavy-water circuit
is
required
with
a The life of a beryllium
Features of the technology
purification and quality reflector is 50 years or more
maintenance system (an (without replacement)
auxiliary system)
Production
of
tritium, Tritium is produced in trace
Radiation safety
clearing of tritium
quantities
Cost (based on similar projects
Higher by 20 to 30%
Lower by 20 to 30%
completed)

NFD, 1/cm2 s

The estimated consumer parameters of a reactor with a thermal power of 20 MW and
with different reflector types are shown in Fig. 3.

Distance from core edge, cm
Fig. 3. NFD for a reactor of 20 MW with beryllium and heavy water reflectors
V. Target applications for research reactors
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As specified in the technical assignment for the research reactor planned for the
construction at the Center for Nuclear Energy Science & Technology (CNEST), the following
applications have been identified by the Customer:
 radiation material testing;
 neutron activation analysis of a substance;
 neutron radiography of different items;
 solid-body physics;
 reactor physics (including personnel training programs and solutions of tasks to support
the operation of nuclear power);
 neutron transmutation doping (NTD) of silicon;
 production of isotopes for medical and industrial applications (Мо-99, I-131, I-125, S-35,
P-32, Y-90, Ho-166, Co-60, Sm-153, Ir-192, Lu-177, Se-75);
 X-ray therapy.
To ensure the efficiency of activities in the given fields, the best choice is a pool-type
water-cooled and water-moderated reactor with a beryllium reflector. As estimated (see Table
2, in compliance with [4]), this research reactor satisfies in full to the user requirements as
described in the technical assignment.
Table 2. Required user parameters
Field of research / practical
application

Required neutron flux
density value, cm-2s-1
and other requirements

Estimated neutron flux density
value (reactor of 15 MW(th)),
cm-2s-1
(unperturbed values), other
parameters

Small-angle scattering
diffractometer

106-107 (103-104 in
specimen)

HEC outlet (0.3-1.2)×1010

X-ray powder diffractometer

106-107 (103-104 in
specimen)

HEC outlet (0.3-1.2)×1010

Activation analysis system

1010-1014

up to 1.2×1010 (HEC) / up to
0.7×1013 (tube transfer system)

Neutron radiography system

In irradiation position: 105

HEC outlet (0.3-1.2)×1010

Neutron therapy
NCT (superficial / deep)
Booster therapy

≥ 1×109 (thermal) /
≥ 1×109 (epithermal)
≥ 1×109 (epithermal) +
≥ 1×108 (fast)

HEC outlet (0.3-1.2)×1010
(therm.)
(0.2-2.5)×108 (fast)

Ir-192 production facility

3×1014 or more

up to 3.5×1014

Co-60 production facility

2×1014

(2.2-2.4)×1014

Mo-99 production facility

2×1014

(2.2-2.4)×1014

I-131 production facility

1×1014 or more

(2.2-2.4)×1014

Minerals irradiation devices

fast-neutron fluence of
1017-1018

15 to 25 hours of irradiation at
1×1013 (fast neutrons)

Silicon irradiation device

5×1013 (thermal) or more

thermal, 6×1013
fast, 0.06×1013

Locations for autonomous
ampoule devices

1×1014 or more

(2.2-2.4)×1014
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VI. RESEARCH REACTOR DESIGN FOR THE CNEST, SAFETY ISSUES
The research reactor design is developed subject to the following principles and
criteria:
 Customer requirements shall be met for the consumer parameters of the research reactor to
satisfy in full to scientific, training and production programs and to the current and future
needs.
 Reliability and efficiency shall be ensured through the use of reference technical solutions
proven to be highly reliable, and by optimizing the reactor core layout to achieve the
highest possible consumer parameters using the advanced VVR-KN fuel.
 The design shall be flexible and adaptive, and the core layout shall be capable of being
altered to suit an experiment. The research reactor will include a diversity of built-in and
changeable devices for scientific and production applications (vertical and horizontal
experimental channels, tube transfer channels, and, possibly, loop facilities).
 Safety. The development of the reactor and its systems is based on the following general
safety criteria:
 no dose limits or permissible personnel and public exposure levels neither standards
on radioactive material release or dump or content in the environment shall be
exceeded, as specified by regulatory requirements on radiation safety during normal
operation and accidents;
 the reactor core shall be reliably cooled to avoid fuel damage in emergencies caused
by uncontrolled insertion of positive reactivity, loss of coolant circulation, primary
circuit depressurization or other events;
 the reactor building’s civil works shall be designed with regard for external impacts
both from natural phenomena typical of the construction project locality (earthquakes
and others) and as the result of man-made factors (shockwaves from explosions at
nearby sites).





The research reactor’s (safety-related) systems are developed based on:
the ALARA principle which suggests that the total risk from the reactor operation shall be
as low as reasonably achievable;
a defense-in-depth principle which suggests that there shall be a range of barriers to the
escape of radioactive material into the environment;
a functional safety concept which suggests that a high level of efficiency and reliability
shall be achieved in the safety systems designed to protect the defense-in-depth barriers
against damage.
inherent safety:
 a negative power, temperature and void reactivity factors in the reactor core;
 large coolant and terminal heat absorber inventories.

The research reactor design includes technical solutions which exclude staff (personnel)
errors and mitigate the effects thereof, including during maintenance of the research reactor’s
safety-related systems, as well as technical solutions enabling personnel’s active actions to be
excluded at the early accident stage for the avoidance of errors. The experience in all spheres
of human activities shows that human factor is essential to ensuring safety:
 From 80 to 90% of accidents in chemical industry – personnel errors;
 From 60 to 80% of events in aviation – human-caused incidents;
 From 60 to 80% in nuclear power – assessment of human error impacts on the potentiality
of an accident with severe consequences.
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On the whole, the safety of a research reactor is the total of the components as shown
in Fig. 4 [5].

Stability to personnel error

Stability to external impacts

Accident control by safety
systems, inherent safety and so on

Skilled operation of the
reactor. Safety culture

Accident prevention measures
(diagnosis, control systems,
maintenance, etc.)

Defense-in-depth protection
against radiation impacts

High quality and justification
level of the research reactor
design

Defense-in-depth protection
against radiation impacts

The safety of a research
reactor is ensured by:

Fig. 4. Components to ensure safety
VII. RESEARCH REACTOR DESIGN
As the result of prior design, we offer, with regard for the requirements as set forth in
the technical assignment and the above design principles and criteria, a structurally simple
and easy-to-operate pool-type water-cooled and water-moderated 15MW reactor with a
beryllium reflector meeting all requirements with respect to research and applied activities.
The coolant circulation is forced and downward. The circulation circuit, including
circulation pumps, heat exchangers and valves, is accommodated in a separate room adjoining
the reactor’s biological shielding concrete.
The reactor core and beryllium reflector are contained in a water-filled pool with a
depth of about 10 m. Around the core and the reflector there are ionization chamber channels
installed for measuring the reactor power in ranges from startup to rated values and higher.
The pool’s outer shell is a stainless-steel tank within the biological shielding concrete.
The tank is divided into three portions. The reactor compartment accommodates the reactor
core. Adjoining it, behind a vertical partition, there is a spent FA storage pool. The lower part
of the tank beneath both compartments is a retainer tank for reducing the oxygen and nitrogen
activity of water downstream of the reactor core.
The reactor’s side radiation shielding consists of water, steel and concrete layers (the
concrete shielding thickness is about 2 m). In the upward direction, protection is ensured by a
water layer of over 6 m from the upper elevation of the core, as well as by a metal slab that
creates the required addition to the upper layer of water for protection against the core
radiation during power operation, and also prevents the accumulation of sodium-24 in the
primary circuit water during the reactor operation.
Beneath the reactor tank, there is a room that accommodates the CPS actuators. Being
accommodated beneath the tank, the CPS actuators do not create obstructions for refueling
operations or experiments.
Adjoining the reactor’s biological shielding concrete are rooms for experiments on
extracted beams, rooms for neutron activation analysis and irradiated silicon processing
systems, as well as rooms for the reactor cooling system’s primary circuit equipment, and
rooms for the neutron activation analysis systems and for processing of silicon doped by
neutron transmutation.
9

Overall views of the reactor are presented in Figs. 5 and 6. Estimated parameters of
the reactor with advanced VVR-KN fuel assemblies are given in Table 3: for configurations
with 26 fuel assemblies (a compact core with high specific characteristics) and with 45 fuel
assemblies (a compact core with many isotope channels and a central irradiation channel).
Besides the fuel assemblies, the reactor core comprises changeable beryllium reflector blocks,
fixed beryllium reflector blocks, and the reactor core vessel. It is planned that experimental
volumes will be formed within the core vessel. The reactor core is shown in Fig. 7.
The reactor is a part of an integrated reactor facility including also:

instrumentation, panels and desks of the monitoring and control system (MCS),
including reactor control and protection systems (CPS);

cooling circulation circuits;

reactor support process systems;

a radiation monitoring system;

experimental facilities and devices;

hot cells for manipulations with irradiated items;

other equipment required for research and applied activities.
The pool used for the storage of irradiated FAs, is simultaneously a train for transfer of
irradiated items to hot cells adjoining the reactor pool. These cells are used to disassemble
items withdrawn from the reactor (irradiation devices for isotope production, irradiated
materials and others), and containerize them for further transfer for research, production or
disposal. The transport holes (out of the reactor pool) into the hot cells shall be run from the
transport corridor (pos. 12 in Fig. 5, and pos. 21 in Fig. 6) in the biological shielding concrete.
It is reasonable that irradiated items shall be transported beneath the water layer.
Irradiated fuel assemblies are withdrawn from the reactor core and placed in the
storage pool for long-term fuel storage. There will be a channel for the unloading of FAs, as
well as of individual irradiation assemblies with isotope targets from the pool into the
transport cask (past the hot cells).

10

3

4

1

5

6

2
7
8
11
12
9

10

Fig. 5. Longitudinal view of the reactor
1 – safety enclosure; 2 – silicon NTD channel location; 3 – protective slab; 4 - partition;
5 - decking; 6 – emergency cooling tank; 7 – IC channel; 8 – HEC gate; 9 – reactor tank; 10 –
CPS drives; 11 – hot cell; 12 – isotope assembly transport line to hot cell;
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Fig. 6. Transverse view of the reactor
13 – ionization chamber (IC); 14 - HEC; 15 – biological shielding; 16 – outlet pipeline; 17 –
reactor core; 18 – transport corridor door; 19 – FA interim storage; 20 – SFA storage cells;
21 – transport corridor; 22 – cooling of irradiated silicon ingots; 23 – cooling of isotope
assemblies.
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Fig. 7. Cross-section of the reactor core with VVR-KN FAs
1 – horizontal experimental channel; 2 – reactor core vessel; 3 – tube transfer channels; 4 –
lead blocks; 5 – changeable beryllium reflector block; 6 – FA; 7 – potential location for
autonomous ampoule devices; 8 – CPS rod; 9 – beryllium block with a water cavity; 10 –
fixed reflector; 11 – VEC cavity; 12 – SNTD channel location
The horizontal experimental thimbles used for the neutron beam extraction into
experimentation rooms are installed in the core vessel nozzles and have their bottoms
adjoining the beryllium reflector block. The thimbles are installed inside the bores in the fixed
reflector block tangentially to the reactor core.
The fixed reflector also has one hole of a large diameter (235 mm) shut by beryllium
plugs intended for the installation of the silicon neutron transmutation doping (SNTD)
channel with production of doped silicon ingots of the diameter 205 mm (pos. 12 in Fig. 7).
There are gaps for the cooling water passage between the reflector blocks. It is also planned
that the fixed reflector will include tube transfer channels protected by a block with a lead
insert to reduce the specimen heating.
Dimensionally, the FAs and the changeable reflector blocks are interchangeable and
can be installed into any of the support grid’s cells, this making it possible to change the core
layout as desired.
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A VVR-KN fuel assembly consists of five or eight concentrically positioned tubular
fuel elements, a headpiece, a tailpiece and a displacer in the form of a tube. Cross-sectionally,
an AF is hexagonal and has a flat-to-flat dimension of 66.3 mm. The fuel is uranium dioxide
with an enrichment of 19.7% in uranium-235 dispersed in an aluminum matrix. The FA fuel
portion height is 600 mm. The uranium-235 load is from 196 to 245 g.
Table 3. Key parameters of the research reactor
Description of parameter
FA type
Thermal power, MW
Number of FAs in the core
Core height, mm
Fuel enrichment in U 235, %
Unperturbed thermal neutron flux density (Е <0.625 eV), 1014 cm-2s-1,
no less than:
- in the core channels
- in the reflector
Unperturbed neutron flux density at the silicon irradiation channel
location , 1014 cm-2s-1:
- thermal (Е <0.625 eV)
- fast (Е> 0.82 MeV)
Neutron flux density at the horizontal channel outlets, 1010 cm-2s-1:
- thermal (Е <0.625 eV)
- fast (Е > 0.82 MeV)
Unperturbed thermal neutron flux density (Е <0.625 eV) at the tube
transfer system channel locations, 1014 cm-2s-1:
Number of horizontal experimental channels (HEC)
Number of isotope irradiation channels
Central channel
CPS actuator absorber:
Number of control members, including:
- shim rods
- automatic control (AC) rods
- emergency protection (EP) rods
Temperature reactivity effect, %K/K
Average fuel burn-up in unloaded FA, %
“Reactor quality” in thermal neutrons, 1/(cm2sW)
Life, day/
Number of reloaded FAs

15MW research reactor
VVR-KN
15
26
45
600
600
19.7
19.7

5.2
1.7

3.5
0.9

0.5
0.005

0.7
0.008

1.0-1.5
0.05-0.08

0.5-1.4
0.003-0.03

0.2
5
7
no
B4C
10
6
1
3
-0.2
50
3.5107
6-12/
1-2

0.1
≥5
11
yes
B4C
16
12
1
3
-0.15
50
2.3107
30-57/
6-10

A system of autonomous ampoule devices of the outer diameter up to 60 mm (pos. 7
in Fig. 7) can be installed inside the core. The diameter may be larger within the reflector.
An example of a map showing the arrangement of scientific, research and production
equipment is shown in Fig. 8.
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Fig. 8. Arrangement of scientific and research equipment
1 – small-angle scattering diffractometer; 2 – X-ray powder diffractometer (ECHIDNA type
(Australia)); 3 – activation analysis system (on extracted beam and on tube transport system);
4 – neutron radiography system; 5 – neutron therapy (neutron capture and booster therapy);
6 – system for mechanical tests of structural materials in the process of in-pile irradiation
(Neytron type); 7 – system for studies into bending stress relaxation in a circular or flat
specimen of structural material in the course of irradiation; 8 – system for stress-rupture tests
of pressurized tubes; 9 – ampoule device for tests of structural material specimens in VVER
(PWR) rated modes; 10 – ampoule device for tests of structural material specimens in VVER
(PWR) emergency modes; 11 - Ir-192 generator; 12 - Co-60 generator; 13 - Mo-99 generator;
14 - I-131 generator; 15 – minerals irradiation device; 16 – SNTD system
VIII. CONCLUSION
NIKIET has been developing research reactors of different types since 1957. Over a
period of 60 years, more than 60 research reactor designs have been developed by NIKIET
most of which were embodied in active plants efficiently used at research centers in Russia
and in other countries. Based on the Customer requirements, NIKIET is ready to develop a
research reactor design that satisfies in full to the requirements as set forth in the technical
assignment in accordance with regulatory safety requirements.
As the result of prior design, we offer, with regard for the technical assignment
requirements and the research reactor design criteria and principles, a structurally simple and
15

easy-to-operate 15MW pool-type water-cooled and water-moderated reactor with a beryllium
reflector that satisfies in full to all requirements with respect to research and applied activities.
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