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ABSTRACT

Program on behavior study of research reactor Fuel Elements (FE) under
transient regimes initiated by excessive reactivity insertion is being
presented. Program would be realized at HYDRA pulse reactor at Russian
Research Center "Kurchatov Institute" (RRC "KI"). HYDRA uses aqueous
solution of uranyl sulfate (UO2SO4) as a fuel. Up to 30 MJ of energy can be
released inside the core during the single pulse, effective power pulse width
varying from 2 to 10 ms. Reactor facility allows to investigate behavior of
FE consisting of different types of fuel composition, being developed
according to Russian RERTR. First part of program is aimed at transient
behavior studying of FE MR, IRT-3M, WWR-M5 types containing meats
based on dioxide uranium in aluminum matrix. Mentioned FEs use 90%
and 36% enriched uranium.

1. INTRODUCTION

During first phase of Russian RERTR program 36% enriched FE mock-ups were
irradiated at MR and IR-8 reactors (RRC "KI") to determine their life-time. At MR
reactor four FE mock-ups were tested. They had meats made of dioxide uranium
dispersed in aluminum matrix: two FEs of MR-type, one of IRT-3M type with uranium
density of 25 g/CM3 and one of IRT-2M type of 356 g/CM3 density. Besides, one life-
time test of IRT-3M FA with the same composition 2.5 g/CM3 uranium density) was
conducted at IR-8 reactor.

Tests of the 4 FE mock-ups with the meats made of uranium silicide in aluminum
matrix were made at the MR reactor, among them - two of MR type and two of IRT-3M
type with g/cm3 uranium density. All tests, except IRT-3M mock-up with silicide
meat, were succesfully completed, reached burn-up being more than expected. All
successfully tested FEs were undergone to Post Irradiation Examination (PIE).

Tests of experimental FA with the meats made of 36% enriched uranium dioxide were
conducted at the following reactors:
- MR in Moscow 3 FA of MR type),



- IRT-M MEPhl in Moscow (I 5 FA of IRT-2M type of 356 g/CM3 uranium density, 3
FA - of 25 g/CM3 ,

- WWR-SM in Tashkent 3 A of IRT-3M type, density - 25 g/CM3),

- WWR-M in Gatchina (10 FA of WWR-M2 3 FA of WWR-M5 type).

Besides life-time tests, from the safe operation point of view, it is important to study FE
behavior under accidental conditions, for example, induced by excessive reactivity
insertion (so called Reactivity Induced Accidents). The examples of such investigations
are experiments conducted at JAERI reactor NSRR (TRIGA-type) in Japan I]. Similar
tests of the FE of WWER I 000 type were done at HYDRA pulse reactor (RRC " KI" as
well as at Impulse Graphite Reactor (IGR) started as early as 1983.

Taking into account the experience obtained during previous works on WWER FE
transient behavior studying, in 1988 technical documentation on development of
Miniature Fuel Elements (MiniFE) of different types (MR, IRT-3M, WWR-M5) had
been developed for their tests at HYDRA reactor. According to this documentation
drawings and five samples of every MiniFE type using both 90% and 36% enriched
meats had been made at Novosibirsk Plant of Chemical Concentrates (NPCC) in 1989.
In the same year "Program on MiniFE tests at HYDRA reactor" was issued by joint
efforts of RTMRI and INR specialists. However because of lack of funds program
hadn't been fulfilled. At present due to renewal of the second phase of Russian RERTR
it is planned to restart testing of existing MiniFE. Tests of MiniFE making use of 19.7%
enriched uranium would be done in the future too, including uranium dioxide as well as
uranium silicide or another possible fuel type, which would be ever developed.

2. HYDRA REACTOR

HYDRA reactor (a development of the RRC "Kurchatov Institute") is a homogeneous
type pulse reactor using aqueous solution of uranyl sulfate (U02S04) as a fuel 2 3.

Fig.1 schematically presents a general view of the reactor. Horizontal section is shown
in Fig.2. The pressure vessel of the reactor is a cylinder with 392 mm inner diameter
and 30 mm thick walls. It is made of high-strength alloyed steel 2XM. Its inner
surface is covered by X18HIOT stainless steel 3 mm thick. 'Me vessel is designed to
operate at a pressure of 20 MPa. This construction proved to be preferable for solid
vessel of stainless steel. It better meets the demand to the strength taking into account
internal pressure, thermal stresses, and corrosion.

The cover of the vessel is transpierced by vertical tubes. The central one has the outer
diameter of 127 mm and 13.5 mm thick wall. The others are placed symmetrically on a
radius of 95 mm, they have the diameter of 48 mm and their walls are 5.5 mm thick.
Every tube forms dead-end channel enclosing absorber rod. Similarly to the vessel, the
tubes are of two layers: inner layer is D-16T aluminum alloy and outer one is 2 mm
thick X18HIOT steel. Besides to above reasons, this construction is dictated by the
necessity to reduce the effect of screening by steel tubes on absorber rods. Stainless
steel tubes cause strong block effect that virtually eliminates reactivity worth of the
absorber rods. Special spacer holder situated over the solution provides free expansion
of the tubes. Four holes in the cover are intended to connect the vessel with the system
of fire-damp gas combustion and to introduce temperature and pressure sensors in the
solution.



The central channel contains a start-up rod serving to supply initial reactivity. It is
designed as a hollow cylinder. The outer diameter of the absorber (boron carbide) is
96 mm. The thickness of the boron carbide layer (a wall) is mm. Its density is 14
g/CM3 AD 16T alloy tube is inserted into the inner hollow of the start-up rod. This tube
forms the central experimental channel of 75 mm in diameter. A fast withdrawal of the
start-up rod is accomplished with the help of pneumatic drive. The same drive performs
a fast insertion of the rod on a given time interval. Boron carbide 1.3 g/CM3) shim rods
am placed in the four peripheral channels. Diameter of the boron carbide is 35.2 mm.
They are intended to shim the initial reactivity of the reactor. They also serve as safety
rods in the case when the start-up rod fails to return to the core after a burst.
Electromechanical drives displace these shim rods.

The choice of this solution (pH=l) as a fuel for the research reactor is conditioned by
its chemical and radiation stability.

Experiments showed that the solution heated to 100 C and keeping a long contact with
stainless steel remains stable, and the stainless steel displays sufficiently weak
corrosion and no contamination with uranium. This indicates the absence of uranium
chemical isolation. The presence of radiolysis products in the solution only slightly
promotes the steel corrosion.

The main parameters of the reactor are given in Table .

The mode of self-suppression "burst" in the HYDRA reactor is provided by a negative
value of the reactivity coefficient. Two components compose the mentioned coefficient:
these are temperature (heating up of the solution) and void (formation of radiolytic gas
that has no time to leave the solution) coefficients. To obtain a pulse, reactivity po=(k-

1)/(kPeff) should be inserted quickly (i.e. during such a short time period that the power

density has no time to noticeably effect the criticality conditions) to the reactor.

In the HYDRA reactor, the initial excursion reactivity is provided by fast withdrawal of
the central (start-up) rod.

The temperature effect of reactivity predominates for bursts with p<l. At p>l, the

pulse width is comparable with the duration of radiolytic gas bubble stay in the solution
or less. Hence, in this case, the prevailing reactivity coefficient in the mechanism of
chain reaction suppression is the void one. On the one hand, the bursts induced by the
excursion reactivity give rise to inertial pressure: the expansion of the radiolytic gas-
solution mixture has a certain lag with respect to the gas formation. The inertial
pressure induces the changes in the void reactivity coefficient thus increasing both the
maximal burst power and the energy fluence. On the other hand, the inertial pressure
restricts a limit upon the power, derived from the strength limits of the reactor
construction (from this standpoint, the cylindrical shape of the core with a free volume
over the solution turns out to be preferred over the spherical one). The solution boiling
on the inertial pressure drop promotes the pulse decay.

The shape and energy of the pulse depend on the core parameters and po value. On the

initial conditions, only the saturation of the solution with the gas bubbles (offering



nuclei for subsequent gas phase growth) is of an actual importance. The core
temperature, pressure over the solution and the power level display no noticeable effect
on the burst development.

Fig.3 presents the dependence of neutron flux density in the central channel and the
pulse duration of initial reactivity.

Fig.4 presents typical power pulse initiated by initial reactivity 4Peff

Fig.5 presents distribution of thermal neutron flux density on the central channel height.

3. PURPOSE AND TASKS OF TESTING OF FE AT HYDRA REACTOR

The purpose of testing is investigation of behavior of FE MR, IRT-3M, WWR-M5 and
other types as with meat from uranium dioxide in aluminum matrix so as other possible
fuel types in transient regimes, initiated by insertion of excessive reactivity, in
dependence on following parameters:
- power density in FE meat,
- composition of meat,
- fuel enrichment,
- geometrical dimensions of FE (thickness of meat, claddings),
- shape of tube FE (circular, square, etc.).

Tasks of testing in transient regimes are:
- investigation of temperature change during transient regimes not causing damage of
FE claddings;

-determination of values of power density in FE, resulting in various damages
(cladding or meat cracking, distortion, melting of FE);

- determination of release of fission products when cladding failures or FE melts;
- getting initial data for calculation codes verification and making it more accurate.

4. MINIFE FOR TESTING IN HYDRA REACTOR

The first batch of MiniFEs fabricated by Novosibirsk Plant of Chemical Concentrates
(NPCC) for pulse testing includes tube-type FE:
- MR type (circular cross-section, Fig. 6,
- IRT-3M type (square cross-section, Fig. 7,
- WWR-M5 type (circular cross-section, Fig. 8).

The main parameters of these MiniFE are presented in Table 2.
The total length of MiniFE is 180 mm. The length of their meats is 150 mm.

5 THE CAPSULE FOR TESTING OF MINIFE IN HYDRA REACTOR

The FE to be tested should be located inside the special capsule, which should be put
into the central channel of HYDRA reactor. The capsule consists of the following parts:
- the jacket of the capsule from aluminum or zirconium alloy;



- the cover with the block of line-exits of the sensors for monitoring parameters FE and
capsule;

- the arrangement for fixing FE in capsule;
- the arrangement for taking samples out of water and gases.

The internal cavity of capsule should be filled with water not fully. Some free space
above water level should be filled with air of atmospheric pressure.

During testing there is planned to monitor the following parameters:
- MiniFE temperatures;
- water temperature inside capsule;
- water pressure inside capsule;
- air pressure above the water;
- neutron fluence.

Geometrical dimensions of each MiniFE must be measured before its testing. Post
Irradiation Examination of each MiniFE must be fulfilled after each testing in HYDRA
reactor using longitudinal and cross-sectional metallographic specimens.
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Table 
MAIN PARAMETERS OF HYDRA REACTOR

N Parameter Value

1. Power
- in stationary mode 1 kW
- in pulse mode 2.107 kW

2. Integral power in pulse mode up to 30 MJ

3. Fuel aqueous solution
of urany1sulfate

(UO2 S04)

4. Fuel enrichment 90 

5. Minimum critical mass 2.4 kg uranium-235

6. Working loading of the core 3.1 kg uraftium-235

7. Uranium-235 concentration in the core 79.2 gA

8. Core volume 401

9. Core height - 40 cm

10. Effective fraction of delayed neutrons Pff) 0.00755

11. Effective life-time of the neutrons I/Peff 4.2 ms

12. Initial reactivity excursion up to 6 Peff

13. Nfinimum width of pulse 2 ms

14. Diameter of the central experimental channel 75 mm

15. Maximum density of neutron flux in dry central
channel /cm2.s) 
- in stationary mode

- thermal loll

- fast 1012

- in pulse mode

- thennal 5.1016

- fast 5.1017



Table 2
PARAMETERS OF MiniiFE FABRICATED BY NOVOSIBIRSK PLANT

OF CHEMICAL CONCENTRATES
FOR PULSE TESTING IN HYDRA REACTOR

Mini Materials Enrich Contents in FE, g Uranium Thickness, mm
ment density

FE Of in
type meat Cladding fuel U U-235 meat FE Cladding

% g/cm3

Alum. 89.92 7.3 - 79 6.5 - 72 1.31 2 +0.15 0.5 min
MR -0.2

Fig. 6 U02+Al alloy +0.15
CAB-6 36.46 15.5 16 5.7 -5.8 2.5 2 0.4 min

-0.2

IRT - M Alum. 89.92 5.2 - 56 4.7 - .0 1.41 1.4 +-O. 0.35 min
U02+AL alloy

Fig. 7 CAB-1 36.46 11 11.4 4.0 - 41 2.5 1.4 ±0.1 0.3 min

Alum. 89.92 3.1 - 33 2.8 - 30 1.22 1.25 +0.1 0.4 min
WWR-M5 -0.15

Fig. U02+Al alloy +0.1
CA13-1 36.46 6.4 - 67 2.3 - 24 2.12 1.25 0.25 min

-0.15



Fig. 1. General Layout of HYDPk reactor

1. Vessel. 2 Shim rod channels. 3 Sturt-up rod.

4. Shim rods. 5. Central experimental channel.

6. Pneumatic drive.



Fig. 2 Horizontal section of HYDRA reactor.

1. Aqueous solution of uranyll sulfate(U02S04);
2. Central experimental channel of 75 mm in diameter;
3. Start-up rod of 96 mm in outer diameter (thickness

Of B4C layer is mm).
4. Shim rod (B4C)-
5. D-16T aluminium alloy tubes.
6. Stainless steel liner.
7. Steel vessel with inner diameter 392 mm

(designed to operate at a pressure at 20 MPa).
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Fig. 3 Dependence of neutron flux density in the
central channel of the HYDRA reactor and the

pulse duration of initial reactivity.
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