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Abstract
This paper are described briefly the performance, the configuration and the prospects of
extensive applications in science and technology and education of the Uranium Zirconium
Hydride research reactor in China.
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1. INTRODUCTPION

The Uranium Zirconium Hydride research reactor is a typical light water research reactor
cooled by natural convection. It employs solid fuel-moderator elements made of Uranium-
Zirconium Hydride, which gives the core a I x 0-'(Ak/k)/OC of prompt negative temperature
reactivity coefficient. Because of its inherent safety, large experiments and more flexible
operations, it is widely used in the world.

The uranium zirconium hydride research reactor is developed in China since 1980. The
first Uranium Zirconium Hydride research reactor was completed and went criti cal in July
1990. It attaiined to full power in January 1991 and pulsing operation in March 1991. The
completion of the Uranium Zirconium Hydride research reactor made China become the
second country to be able to design and construct this type of reactor besides US in the world.
The Uranium Zirconium Hydride research reactor has such advantages as inherent safety, no
pollution to the environment, simple structure, wide applications and lower construction and
operation costs, consequently , it is suitable to be sited in cities, scientific research institute
and on campuses 11 .

The Uranium Zirconium Hydride research reactor's inherent safety is due to a physical
property of its fuel elements which gives the reactor core a large prompt negative temperature
coefficient. In a water-cooled reactor, the general result from suddenly removing the control
rods in a catatropic accident, leading to a melting of the fuel. This is because the neutrons
from the fission reaction remain "cold" from interacting with the cold water around the fuel
and temperature of the fuel continuing to increase rapidly until it finally melts. In the Uranium
Zirconium Hydride research reactor type the "warm neutrons principle" is used. Much of its
moderation of neutrons is due to the hydrogen that is mixed in with the fuel itself. Therefore,
as the fuel temperature increases when a control rod (pulse rod) is suddenly removed by
pressure, the neutrons inside the hydrogen-containing fuel rod become warmner than the
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neutrons outside in the cold water. These warm neutrons inside the fuel cause less fissioning
than the neutrons outside in water. The end result is that the reactor automatically reduces
power within a few thousandths of a second, faster than any engineered device can operate.

The Uranium Zirconium Hydride research reactor in China is widely applied in the
science research and education. It has served an important role in the introduction and
promotion of nuclear technology and will continue to be an important tool to enhance
scientific competence in fields such as reactor physics, nuclear engineering, education.

.2. SHORT DESCRIPTION OF REACTOR AND FACILITIES

The fuel-moderator elements of UZrH reactor is composed of an alloy of uranium-
hydride (UZrH) with 20% enrichment in 235U. The core has a hexagonal configuration. There
are six horizontal radiation columns and a big water channel in the center of the core, which
consist of 13 lattices.

Fig. I shows a vertical cross section view of the UZrH reactor indicating the core-reflector
configuration and the position of some of the irradiation facilities.Fig.2 shows a horizontal
section view of the reactor.

The core configuration of UZrH reactor in steady and pulse operation is presented in
Fig.3 and Fig. 4. In total there are 211 locations in the core, which can be filled either by fuel
elements or other components like control rods, graphite rods, neutron source. etc. Four
control rods are used in the core: regulating (DIO0), shim(B 1 2), safety(A I, A2), and
transient M). Two stainless steel rods are used as a absorber. Their locations are indicated in
Fig.3 and Fig.4. The main parameters of the UZrH reactor is in table 1.

3. RESEARC HPROGRAMS

Research reactor is multi-disciplinary facilities. In most cases laboratories for scientific
research, applied or engineering oriented research and development of manpower have been
established around them. The following is a brief description of the research programs in the
Uranium Zirconium Hydride research reactor, i.e. basic and applied research, commercial
services, and industrial applications"

3.1 Basic and applied research
Programs for basic and applied research include physics, chemistry, biology, medicine,

geology, environmental sciences, archeology, forensic sciences as well as nuclear and reactor
engineering.

3.1.1 Neutron activation analysis
Neutron activation analysis in combination with high-resolution gamma ray spectrometry
isavestle method for various analytical problems due to its simplicity. The isrmna

neutron activation analysis is performed without any chemical separation steps, whereas the
radiochernical neutron activation analysis applies chemical procedures either prior to or after
the neutron irradiation.

Neutron activation analysis can be performed in two different ways, either as an indirect
method relative to standard samples, or as an absolute technique using tabulated, reactor
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specific k0,-values. Special and temporary fluctuations or the neutron flux are monitored using
97Au.

a sample is irradiated within the reactor, resulting in activation of its constituent elements.

Upon removing the sample

3.1.2 Neutron radiography
It is well known that neutron radiography gives complementary results with X-ray

radiography because the difference of attenuation characteristics in materials. Both techniques
have been frequently applied to many inspections such as components for aircraft, spacecraft,
and the results were compared with each other. However, fields of applications of NR were
frequently restricted by means of neutron intensity, spatial resolution, and sensitivity of
imaging devices.

The thermal neutron flux is I .Ox I 0(n/cm2 .s) , i Y >10Q'nI(cm'.mSv), and collimator
ratio is 120-140 in the Uranium Zirconium Hydride research reactor. The Bas-l1 800 II is used
as the imaging system.

3.1.3 Education and training
The Uranium Zirconium Hydride research reactor plays a particularly important role

for education in nuclear science and related disciplines. Individuals trained provide work
force for nuclear professions comprising nuclear power, radiation protection, safety, nuclear
material manufacturing facilities.

3..2 Commercial service
3.2.1 Irradiation service

Changes are brought in physical properties of materials when it is subjected to
electromagnetic, electron, ion, x-ray or neutron irradiation. Common commnercial irradiation
services include neutron transmutation doping of silicon, radiation treatment of materials,
irradiation of gemstones.

3.2.2 Radioisotopes and radiation sources
Reactor produced radioisotopes and sealed radioactive sources are extensively used in

industry, agriculture, hydrology, meteorolgy, and mining. Sealed sources are used in a kinds
of y-ray relays and instruments while unsealed sources of radiation in different chemical
forms maybe applied in hydrology, non-destructive testing. chemical processing.

Mo-Tc is produced using fission method in the UZrH reactor.

3.3 Industrial applications
The UZrH reactor is widely applied in the industry. The neutron activation analysis is

used in geology, environment studies, archeology, forensic studies, medicine and nutrition.
Neutron radiography is used in the monitor patterns of fuel burning, lubrication in

engines, neutron tomography for tumors, reactor fuel inspection, studies related to hydrogen
in metals, dimensional measurements, inspection of metal castings, explosives, oins
shielding materials.

The radioisotopes is applied to locate leaks, problems of materials transport, examining

physical processes.
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3).4 Boron neutron capture therapy (BNCT)
Boron neutron capture therapy (BNCT) is an investigational form of a two-part radiation

therapy which has the potential ability to selectively kill tumor cells embedded within normal
tissue. A chemical compound combined with atoms of the element "boron" is infused
itravenously (by vein) into the subject's body and concentrates more in tumor cells than in
normal cells. After tumor cells have been selectively loaded with boron in this way the brain
is irradiated with "neutrons" from the reactor. Neutrons are atomic radiation particles which in
the absence of boron have a less harmful effect on tissue. However, the absorption of these
neutrons by the boron atoms to emit "alpha particles". Alpha particles are also atomic
radiation particles, but the distance they travel is about the diameter of a tumor cell, so any
surrounding normal cells would be less affected by the alpha radiation. However, the alpha
particles can be lethal to the tumor cells while at the same time having a less damaging effect
on normal cells.

Currently, BNCT is studied in many research reactors. The epithermal neutron beam
design will be considered in the thermal column of the UZrH- reactor. The MCNP Monte
Carlo transport code is used in a feasibility study of the epithermal neutron boron capture
therapy facility in the thermalizing column. Some of the standard epithermal neutron
filter/moderator materials, as well as Al and AF , are considered. The BNCT facility
provides an epithermal neutron flux of I1.26x I 09(n/cm-1.s) in the treatment point 2.5m from
the reactor core, thus enabling patient irradiation times of <60 min..

4. CONCLUSIONS

The UZrH reactor is a general purpose laboratory facility which supports multi-
disciplinary research and development programs. The utilization covers high class basic
research in material science, analytical techniques, non-destructive testing, nuclear medicine,
environmental studies, etc. The UZrH reactor in China will play a more important role in
science and education.
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Table I The main parameters of the UZrH reactor

Steady-state power 2000kW
Average core thermal neutron flux 2xiI O(n/ccm2.s)

Maximum prompt reactivity -3.45$
insertion

Peak pulsed power.. -4300MW
Prompt pulse energy release -35MJ

Time width at half pulsed peak -8rns
power

Fig. vertical cross section view of the UZrH reactor
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Fig.2 horizontal section view of the reactor
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