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MEET THE PRESENTER GENY

Dr. Evgeny Kulikov earned his PhD at the National Research Nuclear University
MEPhAI in Moscow in 2010 and is currently the associate professor at the Institute of
Nuclear Physics and Engineering. His areas of professional interests include improving
fuel burn-up, nuclear fuel cycle, non-proliferation, and fast reactor safety. Currently, his
scientific research is supported by the Russian Science Foundation. He lectures on
theoretical aspects of nuclear reactors and conducts laboratory works on experimental
reactor physics. He is serving on the Gen IV International Forum Education and

Training Task Force.

Email: EGKulikov@mephi.ru
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1 How to slow down chain reaction?

Improved safety: kinetics

Improved safety: dynamics

Sources of 208Pp
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= How we can slow down chain reaction
— fast neutrons from the core should penetrate deeply into reflector
—they should have high probability to return to the core as a result of
diffusion (in some way “delayed” neutrons) 5




REQUIREMENTS TO SLOW
DOWN CHAIN REACTION
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CHARACTERISTICS OF CHAIN  GEN[J iemions
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CAPTURE CROSS-SECTION  GENY

Capture cross-section (barn)
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REFLECTOR PROPERTIES

GENY
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THERMAL NEUTRON ALBEDO
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1.00

0.95

0.90

0.85

0.80

0.75

— D-O

— C-12
Be-9

H,O

Pb-nat

0 40 80 120 160 200
Thickness of reflector (cm)

208Ph is an effective reflector

0.95

0.90

0.85

0.80

0.75

GENY

pb-208] 1-00

Albedo

[ntermational
~orum-

10



[ntermational
~orum-

ISOTOPES

Pb, .. = 1.4%2%4Pb + 24.1%2%Ph + 22.1%297Pb + 52.4%2°8Ph

EXCITATION LEVELS OF LEAD
GENY
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INELASTIC SCATTERING
CROSS-SECTI?N
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MODERATOR PROPERTIES
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CONTRIBUTION OF NEUT
LIFETIMES INTO REACTO

RONS WITH DIFFERENT
R CRITICALITY
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PECULIARITIES OF REFLECTOR GE@W'H“EiTW'

NEUTRONS

~ Characteristc
Origin Prompt and delayed neutrons
Place of birth Reflector

Fraction << prompt, but >> delayed
Lifetime > prompt, but < delayed
Energy << prompt and delayed neutrons

Time of input into nuclear chain After returning to the core
reaction (there’s a “dead” time)

Place of input into nuclear chain

) Mainly at the edge of the core
reaction

It's possible to change their fraction and energy by changing

Sl reflector

Role Additional delayed neutrons
16



REACTOR RUNAWAY
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FAST REACTOR RUNAWAY WITHOUT FEEDBACKS @[ , ional
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INDUCED BY STEP INSERTION OF REACTIVITY
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MODEL OF NEUTRON FLASH GE
(PO > B) @

= this is the state of prompt super-criticality

heat does not have time to reach the coolant
only Doppler effect has enough time to act
duration of neutron flash At ~ /A neutron lifetime
energy yield of neutron flash Q ~ W, - At #f (/)

N\ W
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SITUATION WHEN MODEL OF GENJY mstons
NEUTRON FLASH IS NOT CORRECT Forum-

Model of neutron flash is correct in the case of Pb__,

Reflector Neutron lifetime | Duration of neutron
A flash At at p,= 23
anat ~ S 0.5 ms
208ph ~ms 1.15s

Time constant of fuel element t,, ~ 0.1 s (metal) + 1 s (oxide)
— at At > 1, part of the heat has time to reach the coolant
— negative coolant feedback has enough time to act

(in addition to Doppler effect)

2 feedbacks in the case of 2°¢Pb 21
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FAST REACTOR POWER AT THE
NEUTRON FLASH GENY
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FUEL TEMPERATURE AT THE
NEUTRON FLASH
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REACTOR RUNAWAY

ASYMPTOTIC PROCESS OF
eIy
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FROM WHERE CAN WE GET 205PB? GEN [ ispesons
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Relative content
of lead isotopes In
radiogenic lead
depends on age of
ore deposits and
on admixture of
natural lead

From Th-ores and (Th-U)-ores



ORE DEPOSITS CONTAINING -
RADIOGENIC LEAD GEXJY loternstiona

Mona_2|te : 1.3/59.3/1.5 0.005/6.03/0.46/93.5
(Guarapari, Brazil)

Monazite

(Manitoba, Canada) 0.3/156/15 0.010/10.2/1.86/87.9

(Mt oneae 5 00/573/03  0038/544/097/936
Monazite

(Las Vegas, USA) 0.1/9.39/04 0.025/9.07/1.13/89.8
Monazite

(South Bug, Ukraine) 0.2/8.72/0.9 0.010/6.04/0.94/93.0

Natural Lead — 1.4/24.1/22.1/52.4

There are ores ~ 93% 29pPp 27




DO WE NEED TO ENRICH LEAD?

Required reactivity (B)

GENY
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It's reasonable to use enriched lead of 2 - 3 m 29



CONCLUSION GENI International
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The new approach Is proposed to improve nuclear
safety of fast reactors thanks to slowing down chain
reaction

208Ph reflector in fast reactors can considerably
prolong lifetime of prompt neutrons (by three orders of
magnitude)

Long neutron lifetime and short time constant of fuel
elements substantially improve nuclear safety even by
Insertion of reactivity > [3
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Upcoming Webinars

25 September 2019 GEN IV Coolants Quality Control Dr. Christian Latge, CEA, France
23 October 2019 Passive Decay Heat Removal System Dr. Mitchel Farmer, ANL, USA
13 November 2019 Czech Experimental Program on MSR Dr. Jan Uhlir, Research Center

Technology Developments ReZ, Czech Republic



