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INTRODUCTION

The service life of the IBR-2M

today. To do this, it is necessary to fully understand all the proce
reactor and describe them in the dynamics program in order to take into account
all the positive and negative factors of pulsed reactors in the future project.

Our group, led by one of the IBR-2 developers, E.P. Shabalin, is developing the
dynamics program.

This report will present a small part of the work related to modeling the IBR-2M
reactor, calculating its characteristics, energy release distribution and reactivity

inside the core



1 - Reactivity modulator PO-3

2 — Automatic regulator (AR)

3 — Manual regulator (RR)

4 - Core

5 — Matrix of stationary reflectors

é — Emergency protection (AZ-1, AZ-2)
7 — Cold moderator vessel

8 — Boron carbide filters

9 - Compensating reflectors (KO-1, KO-2)
10 — Water moderators

Number of fuel assemblies
Number of pins

Fuel assembly pitch, mm
Pins pitch, mm

FA dia., mm

Pin dia., mm

Fuel pellet dia., mm
Model description Core height, mm




STRUCTURE OF FUEL PINS AND FUEL
ASSEMBLIES
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5 IBR-2 FA

1 - Plug

2 - Fuel pellets

3 — Axial reflector

4 — Plenum (void volume)
5 - Spring

*FA — fuel assembly
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Control and KO-1 KO-2 RR AR AZ-1 AZ-2
protection bodies
Axial position, mm

Max position, mm




CRITICAL MONTE CARLO CALCULATIONS

OF IBR-2M MODEL
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JEFF-32 ENDFB-7u | Experiment |

K

1,00219 £2-10> 1,00321+2-10 -

Do

2,155-103 2,159 2,167-103

time, ns

Neutron generation 60 63 65

Average neutron

energy, MeV

1,3 1.3

Efficiency of modulator 2,88+ 0,042 2,95+ 0,04

PO-3, % K.g

Max FA power, kW

39,3 39,4

Flux density at water 3,12-1013 3,2-1013

moderator, n-:cm-3

Efficiency of control bodies, % k_;

KO-1

2,09£0,015 2,14+0,015

KO-2

2,2+ 0,015 2,250,015

AZ-1

1,06£0,012 1,15£0,012

AZ-2

1.11£0,012 1,18t 0,012

0,29+ 0,01 0,32+ 0,01

AR

0,026+ 0,005 0,021+ 0,005




CORE POWER DISTRIBUTION
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24 critical calculations were performed, in each of which the blades of the movabite
reflector were shifted by 1 and 0.5 degrees relative to the inifial position.



B (MWt+d+kg™)

Kerr DYNAMICS FROM BURNUP

FA EXTRACTION REACTIVITY IN % FROM Kerr




8 10 12 14 16 18 20 22 24
Burnup, MW*d/kgPu FA location

DYNAMICS OF THE CORE ENERGY RELEASE DISTRIBUTION DURING BURNUP

Step-by-step calculations with simulated fuel
loading and radial energy release distributions for
each stage



DISTRIBUTION OF ENERGY RELEASE DURING
FUEL RELOADING

- -
fst6l] mssﬂ > 35379\
Gaows LN S LN A

138131 w33475‘\‘/
e
< K

41254 L7 awzo awzu
o | | Snoar | <

=
40570‘ ‘33307)3‘ >

PN P SIS 50
] ) ﬁ\ N () ) “},ﬁf‘?
was‘ 41093 < mmﬂaws]\ gg;gf‘/\f 4005} 41710 i
; } G|
: SETIT p
e s {
‘xsml‘\/ um 44469
A.Msﬂ ,( fa
> >
3}.9?51 ) 4“‘5\ [ 45
] A & 'uxss\
46039t amﬂ
I < :/ﬁ R |
18] (aasso o as207 o) (e | s
m‘\ e e g‘..n\ ]
2 - Ta (47207 azs01 >,

P> o
45738 | 477%\, /17404
Soons || Soon” | <o

¢5(:n 4337‘9 > 357(;0

011) ‘K'\
me 4.7
oo 1) I
G
s i

‘47747‘ Pszoz

> \x

G sszs

|

46059 ‘ [a 796; X
140356

> Cinon. /
93

»4 3&175
<

49335 (49555
oo | | iooos
/

ums 48401 F,xsu
<[ ios ooy | | 0oy
AN 47883 47833

R o] A
1901 [43504 > umﬂ][ﬂsu

42410 44774 S

3.7247| [4.0282
0003 | | “logos |-
s

< ,mm/ N
SO |80 S ‘Asﬂm‘ [aom S a5
= fyiﬁ‘u»m \447133 46m &
S -
S aams

szxo
o004 \/
| Slon”

44545

43013 42205

>z
Huabu‘ -

[agu|
P

|

37529
ooy | S|
13,6024 | [3.6265

“dom' || “aos

34103~
oo

o100 19052\ Do 17931”17013\
P P |&gF 4 . C &
S [as7] BUPSS

o

- il
>
%
BB /i2)\ /52 § 5
aa\Z5/\ 2 /: N\ 2 / e N\UfE\
VARV Y (53 X 88)
<\ %/’\ﬁ 2/ eoNT £2 N e\ \ S N/ 32\
rmune O 2 (88 AE
i\ A3 KB o NG
85\ 23 )/ o s € \5//s2 2\ :
A _;0 \:'g WA 18 : (&
.~/~\ e (B o :
Ve = INGEAE/ \ VY
FEAEE/ o 5 B ; § \ 2\ &5 /
) /£ / 83 / 5
§ 3 _»\ & § : 28 ; 88 /\ 23 // 3 /&S
) : E.\ B2 \7;.
= \5/ AT/ = A8
SKE/ :\ t \EEFA \ AT
H S & VY,
q/h . : A § g
(&% AL TA é.
 ‘§ E :
[t c
W&/ e85\ (B
X Eg B A a\\ &
9 2 B
: :

a0 | <"
\/ 37375

|l

>3 ‘w.m.

3ssa7) / a

*Reload date



g il
yguuull

TATRTRTEY

o
©

g
=
®©
£
<

o
3

o
[

o
»
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Radius

RADIAL AND AXIAL DISTRIBUTION OF ENERGY RELEASE AND REACTIVITY
L(N,z) =~ Ay cos?(0.00524[z — 211]),

A;=3.29-10"%* 1/cm3,

axial step

A, =2.75-107% 1/cm3,
A; =2.33-107% 1/cm3,
Ay =1.73-107%* 1/cm?3.

Reactivity distribution functions were obtained for the volume
of the active zone, thanks to which we were able to improve
the accuracy of calculating the power effects of reactivity



Fuel expansion effect
—— The effect of bending of the FA
—— The effect of swelling of the core top

— IBR-2M calculation

—— IBR-2M experiment 900 MW*d
—— IBR-2 experiment 900 MW*d

DISCRETIZATION OF POWER EFFECTS IMPULSE RESPONSE

Three power reactivity effects were calculated, which
determine the type of the impulse response function

The summary graph of the 3 functions and the
experimental curves are shown in the graph on the
right.




CONCLUSION AND FUTURE STEPS

The three main components o

Impulse response was calculated.

o lItis necessary to develop a fuel burnout model based on experimental data to
calculate the impulse response taking into account the fuel campaign

o Theoretical justification and explanation of the positive effect of reactivity

o Construction of a model of the dynamics of pulsed reactors that is consistent with
experiments

o Development of a new generation pulse reactor taking into account the obtained

results
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