Cold neutron source for IBR-2 reactor
on pelletized mesitylene beads




IBR-2 reactor

IBR-2 30-mentional model M o d e r n i Za t i O n
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e i 2006 - 2010

" Bloiogeat niesng 1. More compact reactor core
e (78-69 fuel assembly);

2. New movable safety shield
3. New reactor vessel;
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1.Main moveable reflector
2.Auxillary moveable reflector
. 3.Fuel assembly
4 .Stationary reflector
5.Cold moderators
6.Emergency system
| 7.Water moderators
8.Control rods




Solid methane neutron moderator at IBR-2 reactor
(1994-2000)

Some parameters of cold What we can get?
neutrons * increase a cold neutron flux on a sample (using a mirror neutron

o guide);
Wavelength, A 4-29 * registration a diffraction peak in a high wavelength region;
Energy, eV 5.10°3 = 10 * registration a big molecular groups, biological objects,

tomographic research;
Speed, m/s  9,8-10%2 + 1,4-107

fundamental research (search for electric dipole moment,
neutron interaction...)
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Some examples of researches with cold neutron flux

at HRFD and DN 2 instruments
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*Balagurov A. Investigation of diffraction by methane cold moderator on IBR -2 reactor. JINR
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Moderator’s substance

Some properties moderator’s substance

The main properties of cold
moderator substance
formula = - = ales C
H,0

Hydrogen H,

‘0SS
Propane CsHg
stance
CH,
Mesitylene CoHy5
Problems of  example

* maximum time OT Oper _
* recombination reaction inside a substance under by radiation (local temperature jump, non stable of

neutron spectrum);

 formation of a radiolytic hydrogen (can destroy a chamber on warming up mode (rise up the
temperature inside the chamber to 70 K every 4-5 hours));

* formation of high molecular, high-boiling products which are difficult to remove from the chamber
(after 270 MWh 1/3 of chamber were full up of non removable substance)



Mesitylene m-xylene mixture — better

substance for IBR-2 cold moderator

* Tboiling—437K

* Tmelting—227K

|+ D pellets —3,5-3,9 mm

. |+ Toperation—10-150K

Mesitylene m-xylene

T 227 T_225 AN J

Why we use a pelletized mesitylene moderator?

Advantages to using mesitylene in pelletized form

recosabimbiivaticea ctactimside ansashbistbernee under by radiation (local temperature jump, non stable of
(s¢abltemepdobruspectrum)
farlhetiied fibling eadiolidtia dredsagerio(chandsstnowlla boheandbay tomh ydaropémg(albhydodge irigereaplinlge

tenepeibig sy steiteotthm odenaber)to 70 K every 4-5 hours));
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(afien2 76l iybivie i/ Bediuckanaberwe ca fiulé oo oé hiopiit mesalylle selistiheand the cycle and clean the

chamber 1 times per 2 years
a wide range of operating temperatures allows to shift the peak of the neutron flux to the region of

large or small wavelengths (10 - 150K)
unloading in solid phase let use a moderator “non limit time”



Principle scheme of operating cold neutron source on
IBR-2 reactor

1. Cold moderator

3
Hi'm
2. Charging pipeline
3. Charging device
4. Helium refrigerator
S. Heat exchanger
9 & Helium blower
7 Primary helium loop
8. Secondary helium loop
9 Used mesitylens receiver



Cold neutron source for IBR-2 reactor




Main steps to creating a cold neutron source on
combine moderator (CM201) example

Steps

* Configuration of head part of moderator

* Infrastructure communication (water circulation, cooling pipe connection... )

* Investigation of operation parameters of equipment for loading a pellets by
transfer line from batcher to moderator

* Calculation and creation a cooling system



CM 201 — moderator for 1, 4-6, 9 neutron beam

3D model of moderator CM201

Head part

Alignment holder

Technical connections

1 — KOLKHIDA (a polarized neutron spectrometer and a polarized nuclear target facility)

4 — YuMO (spectrometer of small-angle neutron scattering)

5 - HRFD (High Resolution Fourier Diffractometer)
6 — DN-6 (neutron spectrometer for determination of a crystal and magnetic structure by high

pressure )
9 — REFLEX (reflectometer of polarized neutrons)



Optimal variant of head part of moderator
CM 201

Fezactor core

|
SR\ = =i

Totalsize (mm} A74x430x246

e

:Jr#l.’!‘-’r

o
------ ———
-

Engineer Scientist

wavelength

Config. 5 Beam #1
(A) Config. 2 Config.3 Config.4 Config.5 (methane
20K)
8—e= 4.4 2,17 8,53 10,85 32,25
4-3 2,73 1,46 4,45 6,31 11,62
2—-4 1,05 1,41 1,26 1,01 0,78 *Calculation by
_ A. Rogov FLNP
1-2 \ J 0,54 1,35 0,26 0,16 0,12



Infrastructure communications

Service position Ra'f' tracl:l.arll: Water moderator
satety shie comunications
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Infrastructure connections for CM 201
moderator

Water connection

Mesitylene evac

Temperature se

/No local heat gain;

No steps;

\

Compact size and easy
operation;
No weld (plug construction);

Easy and cheaply

Cryogenic plug connecticFJln.

Kmanufacturing; j

*Patent for invention by JINR




We use cryogenic plug connection in our cooling
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Transfer line and technical equipment of
CM 201 moderator
/"Line parameters Transfer line

* Total length — 18,5 m; Pito tube
* Four rises section (from -

130° to 525 .
* 5turns (from 2° to 90°);
* 2 section with pressure

=

sensor;

Sensor signal
(S
o

500 520 540 560 580 600
Time, ms

rrentia pressure sensor




Full scale . - tor system

Main goal by cryogenic
temperature 'nt parameters.




Main parameters for loading a pellets
without congestion and destruction

Batcher
Fl=1790e+02 Torr F2=1.00e-05 Tor

5 5

Tio=83.0K

Control software CM 202

TE=861K

Gasholder

T=2191K

KM

:| T 346 xyb.m
/’ .
P
T8=827K I

Pito tube 2 BHT 'Klﬂz NI2
6= 1683 r/cex '$l 03 -
x|
104
106 | pa=100e05 Tor @) P 100005 Tem
e @ Pé= 2.20¢-04 Torr
105 3 107
)
= Pa= 1.002-05 Tor
0T3= 866K - b
¥ Qg NR1
DTS/ bt
109 108
P8=190¢-04 Torr P9=9.606-04 Torr
NR2 BT11= 816K @ —®
> ™ NR3
D12=856K = g
Heat exchanger WT2=S1AK system

Temneparypa
ITi=1124K
DT2=856K
DT3=866K
T6=867K
Ti=219.0K
T8=927K
Til=83.0K
DTi=816K
ITi2=814K

Baryym
Pi=1.90e+02 Tom
P2= 1.00e-05 Torr
P4=1.00e-05 Torm
P5= 1.00e-05 Torm
P3=1.00e-05 Tom
P6= 2.20e-04 Torm
F7=1.00e-05 Tom
F8= 1.90e-04 Tom
P8=9.60e-04 Tamr

ToyGxa Bute:  E= 1683 r/cex

lasopyera: 367.3 of/cen



Heat gains into cryogenic system

/ Additional heat gain\
Solid conduction

source
Solid . . .
) O exothermlc reactions in a
conduction

substance under neutron
activation;

* heat gain from equipment
(gas blower...);

Radiation

Radiation Convection heat A fth
. eat gain by friction of the
Convection :> : \gas on the walls pipeline.
22 lairs
AD>L ey g=p=AT | nsylation;

Heat gain to CM 202

=

q— 0

S —surface area;

: Gas blower 140W
10~ Torr;
E — black degree; i
.. qg—0 Chamber:
A — heat conductivity; . .
- free path length; exothermic reaction 180W
’ bracket, gas, radiation 40W
P — pressure;
T —temperature. Pipes and equipment 220W

Total 580W



Cooling system for IBR-2 reactor

Equipment of system

» Refrigerator 700/20
* Refrigerator 1200/10

>

* Heat exchanger for CM 201 with one gas

blower

* Heat exchanger for CM 202/CM203 with

two gas blowers
* Manifold

* Cryogenic pipes and plug connections

Measurement and vacuum equipment/

Schema of helium distribution
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cold neutron source

Cryogenic System Scheme for Cold Neutron Source for IBR-2 Reactor
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Cryogenic area
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Mormalised soattering intensity

Some dates of source cooling system

Gain factor with different temperature CM 202
(compared to pre-moderator) -

’ | Neutron spectra of CM-202. Measurements 26.01.2018 - 6.02.2018
— 100 K Smoothed and reduced by a constan! value of background 0,018
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Results of combine moderator CM 202
operation

Characteristics and results of operation CM 202

: : mesitylene + m-xylene
Moderating materials Y y

70% 30%
Volume of the cold chamber 1 L (30000 pellets)
Cooling substance helium
Operating time 513 MW/h (11 days)
Operation mode:
e “warm” 300 K
 “cold” 20-150 K
Neutron flux on the surface 1012 n/cm2/sec
Gain factor up to 14 (7A)

Spectrum degradation <10%



Thank you for your attention!




