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ANNOTATION

A physical scheme of burn-up reactor for Periodic Pulsed Nuclear Pumped Laser was
supposed. Calculations of its Neutron-physical parameters were made. The general layout
and construction of basic elements of reactor were discussed. The requirements for the fuel
and fuel elements are established.

1. Introduction

One of the possible directions of future technique development is area of powerfull periodic pulsed
lasers. With such device they tie further progress in space technique, particularly in creation of new
engines for space crafts [1] and in cleaning of near to Earth space from space wasts [2]. For this
purposes the laser devices are required which could provide energy of laser beam from tens of
kilojoules up to hundreds of megajoules at pulse duration from teens of nanoseconds up to
millisecond and with repetition frequency up to several Hertzes. Duration of continious laser
operation should be up to several minutes. The creation of pulsed-periodical laser with beam energy
of some megajoules during one nanosecond is also actual for fission power station with inertial
keeping of plasma.
The analysis shows that at high energies the preference must be given to nuclear pumped laser (NPL).
The concept of periodic pulsed NPL with main energetic components formed by burn up pulsed
nuclear reactor and neutron multiplying laser unit was given in works [3-5]. The requirements for the
construction of pulsed reactor are rather strict [6,7]. The energy discharge in the reactor must be from
one hundred to one thousand of megajoules per pulse at duration of the pulse not more than one
millisecond and repetition frequency set to several Hertzes. Its fuel elements will have to operate at
high average power in conditions of strong thermocyclic loading at high temperature. The high
efficiency of feedback and possibility of fast heat sink during pause between pulses (when producing
powerfull pulses with yield of not less than 1018 neutrons and with half width shorter than (ms) appear
to be the most important requirements for the reactor. In works [6,7] there were also analyzed the
possible physical schemes of these reactors and the results of their neutrons physical parameters
calculations were given. These estimations had shown, that one of the most promising is the burn-up
reactor with active zone (AZ) having the form of fuel elements assembly being cooled with liquid
metal, and the fuel is uranium-zirconium hydride alloy with erbium addition. The goal of the present
work is to more precisely formulate the physical scheme of such a reactor with rather small AZ and
the highest possible feedback, and also to define the requirements for fuel and fuel elements.
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2. The physical Scheme, Neutron-Physical Parameters and Mode of Operation of the
Reactor

There was considered an AZ with diameter 46 cm and 40 cm height, consisting of six equal
independent heat producing assemblies (HPA). Each assembly has form of triangular prism. The
central angle of the triangle in its base is equal to 60 degrees. It is the hermetic covering, made of
stainless steel (thickness of side walls is 0.2 cm), inside which the fuel elements are placed. There is
60 fuel elements inside HPA. In coverings of HPA's in opposite sides there present the holes with
pipes in order to pump coolant through the AZ. All fuel elements are the same, they have form of
cylinder, and they consist of thin cylindric shell (stainless steel) with outer diameter of 2 cm and
thickness of 0.04 cm. The shell contains the fuel. The fuel is the alloy of zirconium hydride (Zn Hi.6)

93.65% - mas.) with 6% mas. uranium (having 90% enrichment) and with natural erbium (0.35%
mas.). The density of the fuel is 5.6 g/cm3. The length of the fuel part of the element is 40 cm. The
layout the elements inside HPA covering in the true triangle lattice with step equal to 2.1 cm. The
preliminary estimations gave evidence that this diameter of fuel elements is the reasonable
compromise between the approximations to obtain high cooling rates (it leads to smaller diameters of
the element) and the desire to get high neutron-physical parameters (improving with increasement of
the diameter). The estimated frequency of repetition of pulses having the 70 MJ energy discharge may
reach 0.05 s'1, if the temperature of feeding sodium is 400°K and speed of its flow is 9 m/s. The
HPA's are attached to a load-carrying frame in such a way that the gaps between them have widthes
of 1 cm. In these gaps the reactivity control elements (RCE) are placed. The material of control
elements is gadolinium - the effective neutron absorber. There are two control elements. The pulse
rod (PR) and the safety unit (SU). The reactivity control elements are made of foils of metal
gadolinium 0.5 cm thick and 45 cm wide. The length of the PR is 7.0 cm, the length of SU is 30 cm.
They have forms of six-arm (PR) and four arm (SU) spider. The control elements are installed to AZ
from opposite sides. PS and SU may be moved along reactor axis from the fixed positions inside AZ
to full extraction out from it. The speed of PR extraction from AZ in producing maximal pulse will
have to be not less than 8 m/s. The AZ is surrounded with continious molibdenium reflector 5 cm
thick. AZ contains - 230 kg of fuel, ~ 21 kg of construction materials (stainless steel, etc.) and ~ 17
kg of liquid sodium. Its volume is nearly 70 liters. The section of AZ by plane orthogonal to its axis is
shown on fig. 1.
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Fig. 1. The Cross Section of AZ. 1 - fuel element. Sizes in mm.

The neutron-physical parameters of described above AZ were calculated by means of MCU-RFFI
code [8]. The effects of chemical binding were taken into account. According to the carried out
calculations for the described above construction with RCE's outside AZ the value of Kef « 1.04
(lo=0.5%). The effectivities of PR and SU are correspondently ~ 5% and ~ 15%. The effectivity of
reactivity feedback for quasi-static heating the fuel from 300°K to 1200°K (the average temperature
over the fuel) is ~ 10%. The energy discharge for maximal fission pulse is equal to 90 MJ at half-
width of 0.6 ms, the fuel heating is ~ 500°K per pulse, and neutron yield from AZ is ~ 2-1018 (the
share of side surface in this value is 1.1-1018 neutrons).



The average energy of outcoming from AZ neutrons is ~ 0.9 MeV. The effective lifetime of prompt
neutrons is - 6.5 mcs. For the considered AZ the ratio of maximal fuel heating per pulse to its average
value is KT~2 (let's mention, that for the reflectorless AZ this coefficient is -2.2).
In order to optimize the AZ parameters there was considered a replacement of 5 cm thick
molibdenium reflector to reflector made of other materials (beryllium, beryllium oxide, graphite,
zirconium hydride, tungsten, natural uranium) with the same thickness (5 cm), and also the profiling
of uranium concentration in fuel over the active zone volume. The best reflectors appeared to be
beryllium, beryllium oxide and graphite. However the maximal ratio of total neutron yield from AZ to
the factor KT (the one characterizing the top parameters of the reactor) appeared to be nearly equal
and exceeded the same value for the reactor with molybdenum reflector nearly by 1.5 times. If in
addition to the graphite reflector each HPA contains fuel elements with different uranium
concentration (e.g. with 6% in central area of the reactor and 12% in peripheral area) or with uranium
of different enrichment (for example ~ 50% in central area and ~ 90% in peripheral one), then ratio of
maximal and average temperature change will be nearly 1.35 at non considerable (nearly by 10%)
increasement of neutron output from the reactor at the same average fuel temperature. Thus the results
of these estimations show the principal possibility of increasement of maximal energy discharge in
AZ nearly by 1.5 times at the same level of maximal fuel temperature. The additional measure in this
direction is increasement of length of fuel part of AZ. The final solve of these questions will be
obtained in optimizing the construction of the main reactor elements (attachment of HPA's to the
case, actuator gears and constructions of PR and SU).
Pulsed mode of reactor operation consists of the next stages. Initially by means of outer heat source
the deep subcritical AZ is being heated up to the bottom value of operational temperature, equal to
400°K. The PR and SU are now in AZ. Then with a help of SU extraction from AZ the reactor is
being driven to the subcritical state near the delayed critics. Reactor reactivity must have the value,
that will provide the pulse of required energy discharge when PR will be extracted from AZ. After
this (for instance by means of pneumatic actuator) the PR will rapidly be extracted from AZ. As the
result of fission pulse reactor heats itself and comes to subcritical state. Immediately after the pulse
the PR rather slowly (for example being driven by a spring) goes to AZ. Then AZ cooling takes place.
If there is a necessity to produce a new pulse then after cooling the cycle is to be repeated. If the
single pulse is being produced, then immediately after the pulse the SU (e.g. driven by a spring)
together with PR goes into AZ and drives the reactor into deep subcritics.

3. The General Layout and The Basic Elements

The basic elements of the reactor are: the active zone, the case, the neutron reflector, the RCE's, the
moving gears of RCE's, the neutron source, neutron and gamma fields sensors, temperature sensors.
There was elaborated the preliminary construction scheme of the reactor (fig. 2). It was taken, that the
diameter of the reactor should not exceed 60 cm, there were no strict limitations for reactor length.
The AZ was formed by 6 HPA's, and each HPA contains 53 fuel elements.
The specialities of reactor construction are the next: the horizontal placement, large surface of RCE's
(in our case they have form of foils based on metal gadolinium, but usage of cylindric boron elements
was also considered); the strictly given sizes. Neutron reflector is attached to the external side of AZ
case.
At the stage of elaboration of experimental version of the reactor the construction with three RCE's is
under consideration. The third additional element is the reactivity compensator (CR) consisting of one
gadolinium foil 30 cm long, 22 cm wide and placed in part of AZ from the SU side in one (the bottom
one) of the free gaps. The maximal depth of SU, PR and CR dip into the active zone is
correspondently 30 cm, 9 cm and 30 cm. Average speed of SU and PR insertion to the AZ (by means
of spring actuator) is 2 m/s (insertion time is 0.15 s and 0.05 s correspondently), the average speed of
extraction from AZ for PR (by pneumatic actuator) is 4 m/s (extraction time is 0.1 s), for SU - 0.5
cm/s and 0.1 cm/s (at stroke up to 20 cm and at stroke from 20 to 30 cm), and for the CR its motion
rate is the same in both directions and equal to 0.3 cm/s.
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Fig. 2. The scheme of RCE's motion gears layout. 1 - MG of SU; 2 - MG of CR; 3 - MG of PR; 4 -
AZ case; 5 - the bottom; 6 - fuel elements assemblies; 7- props of SU MG attachement.

For the detail elaboration of ECR motion gears the next three problems were formulated:
minimization of mass of movable parts of ECR motion gears; the ECR's must be able to be reliably
fixed in inserted into AZ position during AZ assemblage and during pauses between pulses;
dismounting of ECR motion gears must be able to be carried out without AZ disassemblage, i.e. with
inserted ECR's. The scheme of reactor assembly of the reactor is given on fig. 3 and it defines the
conditions of: assemblage and mounting of the reactor; maintenance works with the reactor; AZ
elements replacement in process of reactor exploitation; electric power feeding, gase cooling and
other communications; placement of technological and research equipment.
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Fig. 3. The scheme of reactor placement on the mounting stand. 1 - the active zone; 2 - zone of
supporting constructions, life support communications, technological and diagnostic equipment, etc.
placement.

4.The Requirements for the Fuel

Analysis of application of the reactor, its neutron-physical characteristics and operational modes had
allowed to establish the next requirements for the fuel and fuel elements. For the fuel they are:
1) in composition - it is the uniform alloy of zirconium hydride with uranium and erbium at mass
ratios correspondently 93.65%, 6% and 0.35%, with density not less than 5.6 g/cm3;
2) hydrogen concentration in the fuel must correspond to the maximal stability of the fuel at its pulsed
heating to the temperatures over 1000°C (up to 1200°C);
3) diameter of uranium particles in the fuel should not exceed 20 mem, and diameter of erbium
particles should not exceed 100 mem;



4) diameter of fuel tablets is to be 1.85 cm, length - 4.0 cm;
5) the fuel must to the most extent keep the fission products;
6) warranty operational time should be not less than 30 years.
For fuel elements the requirements are the next:
1) diameter of shell is to be 2.0 cm, lehgth of the active part is to be not shorter than 40 cm, thickness
of the shell is to be 0.04 cm with minimal possible amount of construction material (stainless steel
12H18N10T) in edges - attachement units;
2) the fuel elements must be hermetic under the pressure of helium filling there internal gaps of 1 bar;
3) resistance for thermal cycles with period of 10...20 seconds at heating of fuel part up to the
maximal temperature;
4) the calculated operational resource of fuel elements is to be not less than 105 pulses;
5) warranty operational time - not less than 30 years.
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