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INTRODUCTION

Since the first imported heavy water
research reactor (HWRR) started up in
1958, three swimming pool type light
water research reactors (SPR) have been
designed and constructed in China. In the.
meantime, a high flux engineering test
reactor (HFETR) was studied, designed
and constructed in 1980 and the first
HWRR was overhauled and rebuilt. The
operating and running of these research
reactors provide important nuclear re-
search bases for developing production
reactors, power reactors, and other type
nuclear reactors; Jor radioisotope pro-
ductions; for nuclear physics and neutron
physics research; for nuclear technique
multiapplications; and for training nuc-
lear engineering and research scientists
and engineers. So far these reactors have
been operated for 88 reactor-years and
the burn-up levels are higher than the
published levels for the same type reac-
tors in the world. All of these incarnate
comprehensively that the atomic energy
industry, the research reactor design
technique and the operation and manage-
ment ability in China have been developed
in high level.

As the economic modernization, the
existing research reactors could not meet
the demand in following aspects. In one
hand, we call "district demand" problem
which means that all of these five reac-
tors are concentrated near the suburb of
Beijing and the central part of Sichuan
province, and that all of them are far
from some developed districts such as
Shanghai and East-China district, North-
East heavy industrial base, and South-
China economical special districts, all
of them need much more nuclear techniques.
Even though in Beijing or in Sichuan pro-
vince, the research reactors are still
far from the center of city, SJ that a

lot of users could not apply them conven-
iently. On the other hand, we call "power
demand" problem which means that the power
levels of these reactors are in the high
or medium class. In these levels, the high
economical efficiency can be obtained
only in the case of large amount irradia-
tion. Therefore, the availability factors
of all these research reactors are very
low. For the same reasons, obviously,
these reactors are very hard to be suita-
ble for neutron activation analysis and
for frequently irradiating small and sho-
rt-lived radioisotope samples. The high
operating cost could not be paid by the
normal users. Therefore, to develop a new
type small research reactor is a pressing
task. This new type reactor should meet
following demands: providing a light and
instant irradiation; reasonable reactor
price which can be offered by users; and
easy for users to control and operate.

In 1980 the Institute of Atomic Ene-
rgy began to develop and construct a pro-
totype miniature neutron source reactor
(MNSR) for studying the performance of
this reactor series, for comparing diffe-
rent operating modes and for exploring
application techniques such as neutron
activation analysis. Basing on the succe-
ssful experience of different reactors in
our country and investigating the design
concept of advanced research reactors in
foreign countries, such as reactor TRIGA2

in U.S.A. and reactor SLOWPOKE3 in Canada,
the prototype miniature reactor was con-
structed and started-up successfully in
March 1984.

SAFETY DESIGN

This is the basic design role to
make the miniature reactor be controlled
and operated safely, simply and economi-
cally by the users at the locations of
the users.
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The main purposes of MNSR are for
thermal neutron activation analysis, for
producing medium or short-lived isotopes,
and training nuclear engineering engineers
and technicians.

Different from the medium or large
scale research reactors, there is no nuc-
lear engineering technician as an on-duty
operator and the reactor safety measures
are reliable, simple and economical. As
a result of above roles the reactor must
have inherent safety and can not take
any engineered safety devices such as
mechanical, electrical, electronic or
chemical systems.

4
Basing on the experience of HFETR

the safety design of MNSR consists of
following aspects:

A. Taking 90% enrichment uranium-
aluminum alloy as fuel, light water as
moderator, and metallic beryllium as
reflector. According to static reactor
physical calcuations to choose hydrogen
to uranium atom ratio equal to 238, and
core volume equal to 11 litres, therefore,
to get low critical mass and high negative
moderator temperature coefficient due to
undermoderated core.

B. Because the main purpose of MNSR
is to irradiate samples lightly and ins-
tantly, the excess reactivity of cold-
clean core was designed to be 3.5 mk
(20 C). The reactivity assignment is as
following:

-temperature and xenon poison
effect—65%;

-burn-up of uranium-235 and sama-
rium poison--30%*>

-and for irradiating samples—5%.

Because the maximum excess reactivity is
about half of the effective delayed neu-
tron fraction, obviously, the severe in-
stantaneous critical accident is impossi-
ble to take place in MNSR. However the
reactor which has engineered safety de-
vice as emergency systems could not pos-
sess this unique feature.

C. According to thermal syphon theory
to calculate the natural convection recir-
culation pressure heads for different
sizes and configurations of the core, and
using real-scale experiment facility
heated by electricity to compare the flow
resistance distribution for different
inlet flow ducts from 4 mm to 17.6 mm and
outlet flow ducts from 5.2 mm to 15.6 mm,
then basing on above calculations and
experiments, the proper inlet to outlet
duct ratio is dicided to accommodate the
power excursion. When the natural convec-

tion of the coolant not yet fully develo-
ped in the core in power excursion tran-
sition, the dual-effect, i.e. the fission
heat transfers to the coolant and heats
it and then the expanded core coolant
will press the cool water out of the core,
will balance the power excursion.

D. The fuel element is secured to
the bottom grid plate by slight conic
self-locking fitting. The real core ass-
embly has experienced 10,200 duplicated
earthquake tests by vibrobench with diffe-
rent amplitudes and frequencies which can
be met during the reactor life time.
During the tests no element was dropped
or looked from grid plate and no one was
deformed by the vibration. The real core
assembly still has experienced more than
one year corrosion and erosion test in
the water. As a result, no visible corro-
sion and erosion was found on he connec-
ting surface at the end of tested eleme-
nts5. The configuration and arrangement
of MNSR core guarantee the inherent safety
to last for the core life time.

E. Employing vessel-pool type confi-
guration. The reactor vessel with active
core is suspended in the swimming poo]
which is used either as heat sink or as bio-
logical protection (see Fig. 1). The
water level in the vessel is as same as
in the pool. The reactor core is protected
by two independent water systems, i.e. ves-
sel water and pool water. There is no any
tube or channel penetrating the vessel
and pool container. Therefore, the severe
core meltdown accident caused by LOCA
Cvuld not take place in MNSR, but it can
take place in the power reactor. The
safety design found the scientific base
for siting the MNSR near the location of
the user in the city.

REACTOR SYSTEM

A. Reactor Core

The core consists of thin rod fuel
eLements with 4 mm diameter and 250 mm
length meat, upper and botton grid plates
connecting bolts, and one central control
rod and its guide tube. There are 411 la-
ttices which are arranged in a multi-con-
centric array to form a cylindrical core.
The core is loaded 915 g U-235 seated on
the bottom beryllium plate and surrounded
by annular beryllium reflectors. The fast
neutrons generated by chain fission reac-
tion are well moderated by 100 mm thick
beryllium annulus to form a thermal neu-
tron flux peak. There are five irradiation
tubes near the peak flux positions in the
beryllium annulus. In this way, the high
ratio of available flux to average flux
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Fig. 1. The Schematic Drawing of MNSR
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Fig. 2 The Transient Behaviour of MNSR
adding in +3.6 mk
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and the available flux per unit power
which higher than in other type research
reactors are obtained. This is one advan-
tage of undermoderated core design.

B. Reactor Assembly

The reactor assembly consists of
reactor core, beryllium reflectors, cen-
tral control rod and drive mechanism
fixed on the top, ten irradiation tubes
(five tubes inside the beryllium annulus
and five tubes outside the annulus), and
different type detectors in the aluminum
reactor vessel. There is a space above
the surface of in-vessel water which can
store hydrogen, oxygen, and so on, and
the gases are decomposed by radiation or
produced by fission in the element surface
contamination uranium. Some radioactivity
isotopes like argon-41 can be produced in
the water by irradiating 'air. These radio-
activity gases stay in the sealed reactor
top space for a certain time, then exhau-
sted from the reactor.

C. Control System

Since the reactor is designed to have
self-limiting power excursion characteri-
stics, the simple on-off control scheme
is available for reactor control system.
A central cadmium control rod is used to
automatically regulate the power level,
to compensate reactivity change, as well
as to start-up and shutdown. In the loss
of power, the clutch will release, and
the control rod will drop into the core
immediatly under the gravity of heavy
block. The up or down speed of the control
rod is 11.4 mm/s in the normal operation.
There are two control modes for MNSR. One
is operator control to start-up or shut-
down the reactor on the control console
located in the reactor hall working area.
And the another is computer control to
start-up and shutdown the reactor by
computer PDP-11/34 and to regulate auto-
matically the neutron flux level on-line
according to the computer control code.
This type control pattern is rarely seen
in other type research reactors.

D. Auxiliary System

- Reactor water purification system
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pH=6 and resistivity 1,000,000
A-cm of the purified water quality is
controlled. The system purification flow
rate is 400L/h.

- Reactor air purification system

There are about 120 litres of
head space in the reactor vessel for co-
llecting the gas generated during the
operation. The system running pressure
is lower than atmos. The fresh air can
come in to head space but the gas in the
head space has to be exhaust to atmos-
phere through the filters by exhauster.
The system air flow rate is ll.lL/s. The
exhauster start-up once a week and running
about one minute.

- Pool water purification system

pH=7 and resistivity 100 , 000 A-CID
of the water quality is to meet, and pu-
rification flow rate is about 900L/h.

E. Mating system

The mating system is specially for
neutron activation analysis including
three special system as following:

- Pneumatic sample transfer system

The compressed air is the power
source of the system which consists of
sample capsule, photoelectricity signal
indicators, irradiation timers, shielded
cask and transfer channels. The irradia-
tion time is controlled by manual or by
timer which cover the time range I s to
999 .99min.

- Multi-function sample transpo-
sition system

According to the different demands
on sample irradiation and analysis, there
are several measurement modes of samples
after irradiation; direct measurement;
after cooled in shielded cask; after de-
cladding of sample capsule; and after
separating samples. The system still can
irradiate and measure the samples circularly.

- Gamma spectrometer system

The gamma spectrometer system consists
of CANBERRA 7229-7500-3520 type Ge(Li)
detector with lead shielding ccat, JUPITER-
8192 multi-channel analyzer, and computer
PDP-11/34 with monitor and printer,and self
established neutron activation analysis code
named SPAN6. SPAN is a multifunction and
automatic control computer code. Com-
paring with the normal computer software,

SPAN made a lot of improvements in fol-
lowing fields: decomposition of overlap
peak; background line for calculation of
peak area; and mathematic calculation
methods.

F. Radiation detection system

The gamma monitors are distributed
at the top of the reactor, on the eastern
wall of reactor hall near the reactor
control console, and on the cylinder of
mixing bed in the reactor water purifi-
cation system. The light alarm signal on
the control console and on the reactor
hall gate will give a warning when the
gamma level higher than the setted value.
At the meantime, the broadcast system and
electric bell on the reactor hall gate
will give a sonic warning.

PERFORMANCE AND CHARACTERISTIC

During the fir:-: three years, the
MNSK jcncrn :..-;• absut 27,825 kWh energy
and was started-up and shuted-down for
more than 800 times. After testing dif-
ferent performances and comparing various
operation i.̂ iie'!:1, a great amount of expe-
rience was accumulated. Some distinctive
features are summarized as following:

A. Safety

According to the safety design, the
negative reactivity temperature coeffi-
cient is -0.1 mk/oc when the reactor is
in nominal power operation and the average
core temperature is in the range of 15°C-
45°C. A series of reactivity transient
experiments have been done on the MNS'R
and demonstrated the character of negative
temperature coefficient very clear. Fig.
2 shows that when the control rod with-
draw from the core, it means step-reacti-
vity +3.6 mk is inserted, as a result,
the power will rise and reach to peak
value 76 kW in 6 minutes, then the power
will go down because the negative tempe-
rature coefficient compensate the step-
reactivity. The calculation shows that
the temperature at the surface of fuel
element under the peak power 76 kW is
10 degrees lower than the saturation te-
mperature. It means the MNSR has great
safety margin. The users and visitors
fell very relaxed when they are in MNSR'S
reactor hall.

B. No worry about environment radiation

Multi-barrier for protecting radia-
tion release: In the meat of MNSR fuel
element i.e. U-Al alloy, the fuel phase
is dispersed into aluminum basic phase
and the volume fraction of aluminum
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is higher than 90%, hence, the fuel
particles are surrounded by aluminum.
During the fission reaction the damaged
depth of aluminum is only 13.8 >«ni, which
is much more less than the size of alumi-
num base, so that the undamaged aluminum
base is the first barrier. The aluminum
cladding, which extruded with U-Al alloy
metal and sealed with end caps by electr-
onic beam welding, is the second barrier.
And then, the enclosed reactor vessel is
the third barrier. In the whole reactor
life time the depletion of uranium-235
is about 1% in atom. In this low burnup
rate, three barriers are enough to protect
the people from the fission products in-
ternal irradiation. Because the high qu-
ality demand on the fuel element techni-
que specifications, the surface uranium
contamination is much more lower than the
allowance level. Sc ^t, the fission
products level in the vessel water is
negligible. After ten months operation,
we did not find any radioactive nuclide
in the reactor top space or in the reac-
tor water except short lived Ar-41. The
radiation dose i' ••' o in the outside envi-
ronment is as same order of magnitude as
the natural background.

C. No on-duty operator

Soon after commissioned, the reactor
was operated by the researchers and with-
out on-duty operator. The auxiliary sys-
tems are operated after shutdown of the
reactor. The reactor start-up, control
and shutdown are performed by the compu-
ter . If there is any parameter departure
from the normal value, the warning system
will call experimentalists to treat this
incident. But, in the emergency case the
computer will shut down the reactor auto-
matically. After shutdown of the reactor,
the printer will automatically print out
the whole running parameters on the recor-
ding cars.

D. Attractive low cost

Following roles are used in reactor
design: to take engineering measures as
few as possible; to employ natural rules
and potential principles as much as possi-
ble; and to make the reactor configuration
and arrangement simple, reliable and com-
pact. So that the cost of the reactor is
only 20% of other research reactors of
same available neutron flux level. Genera!
speaking, the construction cost of MNSR
is less than 1/10 cost of general swim-
ming pool reactor. Since less than 1 leg
of uranium-235 is enough to run the reac-
tor for more than 10 years, the operating
cost of MNSR is less than 1/10 of the
SPR. Low construction and operation cost

and no on-duty operator make MNSR to be
a very attractive nuclear research tool.
It can be predicted that , in near
future, the MNSR will compensate the
shortage of the research reactor and
unreasonable of reactor district distri-
bution

APPLICATIONS

Since 1984, MNSR has provided very
nice conditions, for example, stable ir-
radiation neutron flux which is the basic
demand for neutron activation analysis.
According to the irradiation demand the
neutron flux level can be regulated in
several minutes to reach the stable con-
dition. And the low irradiation site tem-
perature is a good condition for biolo-
gical sample analysis, but this condition
is very hard to be met in other type re-
search reactors.

Seventy research and analysis topics
have been done on the MNSR by 52 depart-
ments in 14 provinces and cities. More
than 20,000 samples have been analyzed.
These samples are used for following re-
search :

- rock and ore analysis
- environment evaluation
- biomedical research
- women and children health pro-

tection
- industrial and agricultural

products
- meteoric stone and marine

deposit
- archaeological study
- forensic detections
-calibrating various standard

specimens.
A great number of social and economical
benefits have been achieved since 1984.

Using the irradiation facility and
instrumentations, 68 elements can be
analyzed quantitatively, the detecting
limit is ranged in 0.01 ppm - 100 ppm.
The half life range of the measured ele-
ments is from 11.03 second of fluorine
to 5.26 years of cobalt. MNSR is suitable
for wide half life range of analyzed ele-
ments especially for short half life nu-
clides which are produced by irradiating
samples as following:

Ag-110, Hf-179m, Sc-46m, Se-77m,
Y-89m in second order.

Al-28, Ca-49, Cu-66, 1-128, Mg-27,
S-37, Ti-51, V-52, in minute order.

Besides neutron activation analysis,
MNSR still can be used to produce several
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decades of short or medium lived radio-
isotopes, including 15 isotopes used in
agriculture So far the MNSR has irradia-
ted Cu-64, Ga-72, 3r-82 and Hg-197. MNSR
have been used for training undergraduate
students from Shanghai Jiaotong Univer-
sity, Xian Jiaotong University and Bei-
jing Tsinghua University too. Some for-
eign experts employed MNSR to make some
nuclear research. IAEA applied MNSR to
hold a training course in neutron acti-
vation analysis in 1985 and the trainees
came from 16 developing countries. They
operated and analyzed on the MNSR.

AFTER-WORD

The prototype MNSR has been opera-
ted successfully for more than 3 years
and the practical experience enriches
the original design idea. The commercial
MNSR is under study, design and develop
in following aspects:

- prolonging the control rod
cycle duration and core burn-up life

- increasing the neutron flux per
unit power.
Obviously, the MNSR will show more advan-
tages in extending application area, in
providing the core using low enrichment
fuel, and it will be in future certainly.
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