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Introduction

Conventional application of nuclear energy

Nuclear energy has been used as heat source in conventional nuclear reactors.

Thermal Energy Electric Energy
Heating water Electricity

Our research motivation

' To find other application of nuclear energy which i S
g quite different from conventional reactors.

Nuclear-pumped laser

Direct conversion . Optical Energy |
Pumping Laser Active Medium Laser
nerally the combination of rare gases

- He, Ne, Ar, Kr, Xe, Rn)

Nuclear-pumped laser will provide new applications of nuclear energy.
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Development of NPL

e Applications
— Inertial confinement fusion
— Power beaming
— Launching and power supply of satellites
— Separation of isotopes, etc

e Possibility
— High efficiency by direct conversion
— The use of very high temperature
— High power small reactor
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Research on nuclear-pumped laser in IPPE*

A coupled reactor for experiment of nuclear-pumped laser
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1. Pulse core, 2. Structure material, 3 & 4. Reflector, 5. Laser cell region.

Twin-core fast pulse reactor BARS6 + A subcritical thermal laser module

Highly enriched metallic uranium as fissile material

e 2500mm a

The gap between
laser cells is filled
Stainless steel tube Ar - Xe =200 - 1 with ponetherne
moderator.

L Highly enriched metallic uranium coating (~5micron)

%.__

rm‘%ﬂllfcﬁi_ IPPE*: Institute of Physics and Power Engineering, = Obninsk, Russia ALy



Process to lasing
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:i = T_ Highly enriched metallic uranium coating (~5micron)
3 ; = Stainless steel tube Ar - Xe =200 - 1
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—————————————————————————————————————————————
1st step 2nd step 3d step

Pulsed neutrons # Diffusion and moderation # Fission on uranium
from pulse cores. of neutrons in the laser coating, gas pumping
module by FPs and lasing.

IPPE’s reactor has succeeded in laser pumping

3

Research has been started based on the IPPE’s

/ reactor design.
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Purpose of this study

ey
I Final goal To design and to analyze a coupled reactor

: which consists of pulse cores and a

I subcritical thermal laser module with low

: enriched uranium.

|

I ~

| )

| Nuelear-pumped laser

! How to analyze For what ?
: To develop a space-dependent To research the applications

I kinetic analysis method. of nuclear-pumped laser.

I o

Purpose of this study -

Criticality analysis of a coupled reactor with 20% enriched uranium.
To know important factors on feedback effect in the coupled reactor.

/
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Criticallity Analysis of a Coupled Reactor with 20% Enriched

Metallic Uranium

To research if a coupled reactor with 20% enriched uranium can
achieve criticality or not.

To compare neutronic characteristics

100% enriched uranium coupled reactor VS 20% enriched uranium coupled reactor

MVP2.0: continuous energy neutron transport Monte Carlo code
JENDL-3.3: nuclear data library
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Geometry

11.0cm

1700mm 2500mm

F . | | —

20% enriched
metallic uranium

22.0cm

No complex
mechanism inside.

Front view Side view

Laser cell

Ar:Xe=200:1 (~1atm)
| ~_ PE moderator » 2500mm >

SUS316 tube . . . . .
4 y 1‘—20% enriched metallic uranium coating (~5micron)

20% enriched Stainless steel tube i _ .
metallic uranium Ar: Xe =200:1

coating
12.5mm
~oHm The gap between laser cells is filled with PE moderator.
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Criticality analysis: 15t step

Neutron coupling was made stronger to achieve criticality.

1700mm _ . 2500mm

20%

Metallic uranium

20%

Metallic uranium

corel core2

closer

Front view Side view

No criticality was achieved.
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Criticality analysis: 2"d step

One of critical coupled reactors with 20% enriched uranium

Previous
design

metallic uranium

1700mm

20% enriched A
metallic uranium L

Subcritical Thermal Laser module

I
I
I
I
I 20% enriched
I
I
I
I
I

_____________________________________________________________________________

..................

. <€
K= 1.0067 sigma = 0.04% Axial direction
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Axial power distribution (100% enriched uranium case)

Laser module
33CAcell

29CAcell

s escensn 25CAcell
21CAcell

TEXFXEXEXNEYXY

17CAcell

% Pulse core
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Two power peaks at core positions in inner cells (17CA and 21CAEEs

Little power contribution in outer cells (25CA, 29CA and 33CA) ‘
— 1TOKyOd TECH—

Pursuing Excellence




Axial power distribution (20% enriched uranium case)

!
" 8%
"%

More flattened power distribution in inner cells (17CA and 21CA)
Little power contribution in outer cells (25CA, 29CA and 33CA)

r 100.1cm, r 74.0cm,
r 47.9cm, and r 13.05cm.



Summary of criticality analysis

The coupled reactor with 20% enriched uranium can be critical.

More flattened axial power distribution by positioning 8 pulse cores in
the axial direction.

Little power contribution in outer laser cells.

We concluded that ;

Pulse reactor for NPL using low enriched uranium is possible.

It is effective to use 8 pulse cores in the axial direction for flattening
axial power distribution.
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Analysis of factors on feedback effect

To know important factors on feedback effect in the coupled reactor

FB effect in the coupled reactor

Thermal expansion effect (Pulse cores and LM)

Neutronic temperature rise effect
Spectrum shift effect (in LM)

Increase of resonance absorption by Doppler effect
(Pulse cores and LM)

Process of analysis

Previous axial Temperature distribution in Analysis of factors
power distribution in the laser module on feedback effect

the laser module.
lst Step 2nd Step
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Summary of analysis of factors on FB effect

Negligible thermal expansion in LM )
J919 P Due to little | T in LM
Little neutronic temperature effect in LM

Thermal expansion effect of pulse cores is the most dominant FB

effect
We concluded that

Only thermal expansion effect of pulse cores should be
considered in kinetic analysis.
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Summary and future plans

Criticality analysis and analysis of feedback effect in a 20% enriched uranium
coupled reactor were performed.

Results

The coupled reactor with 20% enriched uranium can be critical .

The most dominant factor on FB effect is thermal expansion of pulse
cores.

Future plans

To perform space-dependent kinetic analysis in pulse operation.

To research laser pumping by the coupled reactor.
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Thank you for attention!



Possibility of high efficiency

Conventional Nuclear Reactor

Nuclear Reactor Steam turbine

Fission Energy H Thermal Energy —>

Nuclear Pumped Laser system

Nuclear Reactor

Fission Energy ‘ Optical Energy (Laser)

Electricity




Possibility of very high temperature

Conventional Nuclear Reactor

Temperature: T,  Tg>T

Reactor

Temperature: T,

Thermal Ener[&

Utilization

Nuclear Pumped Laser System

Temperature: Tz To<T

Reactor

Temperature: T,

Optical Ener[@

Utilization




Possibility of high power small reactor

e Conventional nuclear reactor

— Large reactor core for large power
« Upper limit of power density by limitation of heat removal

— Large cooling system to remove large heat
— Large nuclear reactor for high power

 Nuclear Pumped Laser system
— Energy produced by fission is removed by optical energy.
— Heat production in reactor core can be small.
— High power density in reactor core can be possible.
— Cooling system of reactor core can be simple.
— Possiblility of high power small reactor



Temperature distribution in the laser module
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Analysis of factors on feedback effect

12 ~

1

12 d
— 1 d

*LM: Laser Module
*PC: Pulse Core

K
3 !
Rise by 100K \. "

—

Temperature of the pulse core with the highest relative power

[K]

Thermal expansion effect of pulse cores

and X are close each other # Is the most dominant factor on feedback
effect in the coupled reactor with 20%
enriched uranium.



