_ Sta tus of Cold Neutron
Research Facility Installation

.ﬁ ﬁ NARO

L)1 () , e"-‘" ﬁi}--u..

= In-Cheol LIM
fea Atomic Energy Research Institute
iIclim@Kkaeri.re.kr




2/ CONTENTS

mm— ¢ - "
£ : ‘“'

Introduction to HANARO

N
\ - Cold Neutron Research Facility Installation Project




Introduction to HANARO

~<. Korea Atomic Energy
KAERI Research Institute




http://www.kaeri.re.kr

Atomic Energy Research Institute

Sem of
Ekkarsk

Naorth

Par j_f ic

Jcean
Yollow

Sea

£ hina

o & d

IGORR 2010




HANARO Complex in KAERI ™~
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HANARO Reactor

High-flux
Advanced
Neutron
Application
ReactOr
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Multi-purpose Research
Reactor
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Reactor Pools

Spent Fuel
Storage Pool
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Mission of HANARO

User Community Platfor uclear National Demand
Basi arch
Olnd_ustry_ | ® Basic R&D ‘
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eInstitute ) Fompetltlveness
eInternational Cooperation b, in Technology |
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© Cold Neutron Bes W O \ () Fuel Test Loop
© Radiography Neutron Neutron © Material Irradiation

Beam Irradiation & Neutron Activation

Research Research Analysis
ONTD

 Reactor Operation
 Experimental Facility
Operation

_ Public Welfare
) Industrial
Application

Production
&
Utilization

SAFETY
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Chronology ~

1985 JAN Start of HANARO Project

1989 JAN  Start of HANARO Construction

1993 AUG Installation of HANARO Reactor Struct ure

1995 FEB  Fuel Loading and Achievement of Initial Criticality

1996 JAN  15MW Power Operation

1999 DEC  22MW Power Operation

2004 NOV  30MW (Design Power) Power Operation started

2005 MAR  First Loading of HANARO Fuel Made by K AERI

2006 APR  Start of Cold Neutron Laboratory Cons  truction
(Completed in May 2008)

2006 JUL  Start of Fuel Test Loop Installation (Completed in Feb. 2008)

2008 MAY  Start of Cold Neutron Source System In  stallation

2009 SEP 3 First Generation of Cold Neutron

000 000000000
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HANARO, Past and Present

eb.,
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or Structure and Characteristics N

@ Type Open-tank-in-pool

@ Power 30 MW,

@ Coolant Light Water

@ Reflector Heavy water

@ Fuel Materials U ;Si, 19.75%
enriched

@ Absorber Hafnium

@ Reactor Building Confinement
@ Max Thermal Flux 5x10 4 n/cm?3s
@ Typical flux at port nose

2x1014 n/cm?s
@ 7 horizontal ports & 36 vertical holes
@ Vertical hole for cold neutron source
@ QOperation Cycle 28 days@38 days
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Primary Cooling System

Secondary
Cooling Water

= iy =

HX1|HX2
Reactor Pool

Y

. Primary
Isolation Pump Check Valve
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Ex-Core Neutron
Irradiation Facility
(ENF), 2005

IR Port

Prompt Gamma
: M . . ! ST Neutron Activation
Neutron i 8 RAR NUT 7T e N . i Analysis(PGAA),
Radiography o e % 1 ¥ I 2003
Facility = me g} . o A = ~ iy
(NRF),1997 - Y B Wm0 i R ; Residual Stress
Upgrade 3 L . ~ RSNENGE]))

Triple Axis
Spectrometer

(TAS), 2010 Small Angle Neutron

Scattering
(SANS),2001

Moved to CNL, 2010
Neutron

Reflectometer Ve  oa _ e & ' :.' 5 .

(REF-V), 2006 i DIV G oA T e C(;)'d e;ggg
Moved to CNL in 2010 Uide,

ST2\Port . . .
High Intensity High Res(cl)_lll;et::())lg)iogvgger Diff.
Bio- Neutron Powder Diff. (HIPD), :

Diffractometer Reflectometer, 2008 ) )

Bio-D). 2010 (REF-H), 2008 Four Circle Diffractometer
(Bio-D), Moved to CNL, 2010 (FCD),1999 Upgrade '05-'06
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Status of Experimental Facilities

g Installed
IR1: Fuel Test Loop
CT, IR2: Capsule Irradiation& RI Production
OR : Capsule Irradiation & RI Production
IP : RI Production
HTS : Hydraulic Transfer System
for RI Production
PTS : Pneumatic Transfer System
for Neutron activation Analysis

NTD : Neutron Transmutation

Doping of Silicon
CNS : Cold Source Installation

= [nstal

-
N Flan

Q Horizontal Tubes

Installed
ST2 : High Resolution Powder Diffractometer,
Four Circle Diffractometer :
NR : Neutron Radiography Facility W
CN : Cold Neutron Guide
IR : Ex-core Neutron-irradiation Facility for BN~ CT ST3: Bio-diffractometer
& DNR ST4 : Triple Axis Spectrometer

ST1: PGAA and RSI
ST3 : High Intensity Powder Diffractometer
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Reactor Operation Record

Operation Record of HANARO
250 8000
@Operation days
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Regional Cooperation for Neutron Science

@ in operation
@ under developmeant

Indlia \{ ‘E;h‘_@!ﬂ‘k

Indonesia

Australia
.
’ V4
The Asia-Oceania Neutron Scattering Associatio
was officially formed on August 28, 2008 h
Members Observers T

« Korean Neutron Beam Users Association * China _.T..--—h_%
+ Japanese Society of Neutron Science * India -
+ Australian Neutron Beam Users Group * Indonesia
* Indian Neutron Scattering Society » Malaysia
* Taiwan Neutron Science Society * Singapore

http://www.kaeri.re.kr



Cold Neutron Research

Facility Installation Project




Cold Neutron Research Facility

7 Development of the Cold Neutron Research Facilitya nd

Utilization Technology

Project gl
oI 2003. 7 — 2010. 4

Cold Neutron Source and System Ultilities (CNS)
Neutron Guides (NG)

Neutron Spectrometers (NS)
“ Users program and international collaboration L

Cold Neutron Laboratory (CNL)

http://www.kaeri.re.kr



View of Cold Neutron Research Facility

completed

* CNL completed PR—
(08.11.27) j/ - ’,

conducting

= Hydrogen system
* Vacuum system -
» He Refrigerator ¢

= Gas blanket system

= Guide shield y oy ‘5

A

= Cooling system |
= He compressor

|
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»f Cold Neutron Laboratory(04.1-08.11)
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on of CNS for the Operating HANARO

onstruction &
Commissioning
J

Detail Design
Basic Design e

System Comn;liésioning oa
Schedule & the 1 st Cold Neutron
in Sep. 2009

Safe & Reliable Process System

Full Scale Thermo-siphoh
Mock-up Test Using H

Localization of
Al moderator cell

VvC —

e =
Optimum Source Design at

existing Reactor Structure _— S 3
Successful Installation of

Neutron Guide System at High
Radiation Environment
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Neutron Guide Installation

Heavy Concrete
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Neutron Guide Installation(2)

| @ Strategy

© Combination of imported parts and local fabrication

| @ Local Fabrication

© Fabrication : Super-mirror guides(M=2, >150 m) with different shape
30m Ni guide for two SANS as collimator
10m super-mirror guide as beam flight path for Hr-S  ANS,
Bio-REF

© Coating : A sputtering machine was developed.
super-miror(M=2) has minimum reflectivity of 88 perc ent.

| @ Cooperation

© MTF(consultation) & SwissNeutronics(Supply of front guides)

© Foreign experience (ILL, HMI, PSI)

e e — e ——————
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Neutron Guide Installation(3)

Guide incline Length of Line of sight
(dimension) angle cunature |\ rved part Instrument
i +3.04 | 400m0 26m 8m (T AE))
(20x150mm)
(V-REF)
cren 800m | 24m 17.9m (40M-SANS)
CG2 (50 x 50mm)
(50x150mm) CG2B 2405 )
(50 x 95mm) 350m0 26.3m 11.8m =
CG3
(30x150mm) +0.54 | 2500m!(] 25.6m 24.5m (DC-TOF)
(SOSE%ﬁm) 2500m] 32m 31.6m -
CG4
(50x150mm) CG4B -0.93 (Hr-SANS)
(50x95mm) 600m 16m 15.5m (Bio-REF)
(18M-SANS)
CG5 CG5A
(50x150mm) | (50x150mm)| 220 | 1900mE 26m 24.5m (Cold-TAS)

http://www.kaeri.re.kr IGORR 2010 B ( 23 -\ )



Cold Neutron Instrument Arrangement

(Transfer from Rx hall
And modification)

Guide shield REF-V

(Transfer from Rx hall
And modification)

http://www.kaeri.re.kr



Cold Neutron Instrument Availability

'@ To be available from Nov. 2010

© 40m-SANS, 18m-SANS

| @ To be available from 2nd half of 2011

© REF-V, Bio-REF, HR-SANS

| @ Others from CNRF Projects

© Cold TAS : First half of 2012
© DC-TOF : Depending on the availability of He-3

= —
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specifications 40M-SANS 18M-SANS

guide length 20m 9m

ORDELA 21000N 2D-PSD ORDELA 2660N 2D-PSD
detector
(100 x 100 cm) (64.5 x 64.5 cm)

Monochromator NVS NVS
Q-range(/[7) 0.0015(0.0008) ~ 1.0 0.002 ~ 1.0

Neutron polarizer YES YES
scale 1~400 nm 1~150 nm

Sample Environments Available in Nov. 2010
Automatic Sample Exchanger in Room Temperature
Circulation Bath (Temperature Control  -25°C/90°C)

http://www.kaeri.re.kr
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Monochromator
Wavelength
Wavelength
Resolution
Filter system
Neutron Flux at

Single detector
1-D PSD (plan)

Polarizer, Analyzer
Spin flipper
Polarization Efficiency

Q region
Min. reflectivity

Instrument Characteristics

Vertical focusing PG(002)
4.75 11, 26,, =90°
ANA < 1.0%

LN,, Cooled Be
~ 3.5 x 10° n/cm /sec

He® 6 atm.
8 x 12 cm, efficiency 90% at 4 [

Fe/Si super mirror(m=3)
Mezei type, FR=>0.98
P =>0.9

0.003~0.4 1"
10°®

Sample Environment Facility

CN REF-V (2010/4 relocation)

High Temp. Vacuum Chamber : ~650 K

Low Temp. CCR: 10K <

Magnetic Field : Max. 0.8 T, Electromagnet
Max. 500G, Helmhlotz Coil

Cryo-Furnace : Plan

e — — —— e ———
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Bio-REF

Monochromator-to-
sample distance

\ g Sample-to-detector
Beryllium Filter W distance
1 ) CoolingSystem

Sample Area

; = # of monochromators

- Tt ) o : Filter

i
! i

Q, range (Liquid)

4 S=o N1/ = (Solid)
. ' ' ' I
Beam Flight Path & Sample . el
Stage Completede---=> In preparation 9
* Applications in Nanotechnology & Biotechnology MEESUICIENIS
» Nano-structured polymer thin films * Bio mimetic materials - -
. . Minimum reflectivity
 Polymer/metal nanostructures » Langmuir monolayer characterization.
» Nano-porous materials characterization Poly-electrolytes at the air/water interface Flux
. Ther Fllr-nsa.t high pr.eﬂsure * Wetting transition on water surface e (LR
*Bio mimetic materials * Protein (DNA) adsorption in solution. (Solid)

Vesicle ; el Sample environments

Strategies

Bio-membranes Magnetic multilayer Enzyme, proteins  Polymer Brush Adhesion Wetting/de-wetting ——
http://www.kaeri.re.kr IGORR 2010

SPECIFICATIONS

2m

2m

500 mn#
1 Set (4 ea)

Beryllium(Cooled)

4.75 A
Solid/Liquid
Air/Liquid
Air/Solid

1X108

8.0 X 1®n/cn¥/sec

2D PSD
Poaint type

Temp, Press Cell
Liquid Cell, LB

Under construction



HR-SANS (KIST)

Pyrolytic graphite (002) Bonse-Hart-Type Ultra Small Angle Neutron

Premonochromator Scatterlng (USANS)
ACHIEn \ Using Triple-Bounce Channel-Cut Perfect Si
Crystals
. Si(220) Channel cut
=1(2240) CEE! CU Analyzer Transmission
Monochromator Detect
g Gl )
T
4 )

AU (R (o )
Sgnple ’\ \ O

2 L Vibration Isolatiop
Cadmium sheet Table

——— Main neutron beam
— — - Main Beam at &0
—— Scattering at &0

-—--- Transmitted beam

O-

O Cylindrical
Main detectors (x5)
OOQ i

J.G. Barker et. al. J. Appl. Cryst.38 (2005) 1004
M.-H. Kim & C. J. Glinka Micropor. Mesopor. Mater. 91 (2006) 305
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Cold Neutron Triple-Axis Spectrometer

The monochromator

Neutron Guide, CG5

Cold Neutron Triple-Axis Spectrometers measure Spin dynamics, Lattice dynamics, Structural and
Magnetic Phase transitions of any different magnetic materials including High T. Superconductors
and Multiferroics

http://www.kaeri.re.kr IGORR 2010 ' ( 30 i )
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Detector tank e el
/Qhopper baSe=tms

Guide shield and monochromator installed in Aug. 2009

Shield performance test in Dec. 2009 _
(31Y




Guide Hall as of Sept. 15, 2010
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New Project for Cold Neutron Activation Station(CONAS)

(April 2010~April 2012)

http://www.kaeri.re.kr IGORR 2010 { 33



CN-PGAA (CN-Prompt Gamma Activation Analysis) and

CN-NDP (Neutron-induced charged particle Depth Profiling)

Beam stopper

Beam
- Sample

Vacuum
chamber
Lead shield
& collimator

for start signal

MCP
for stop signal

Neutron guide Neutron guide

Sample
box
Schematic diagram of a CN-PGAA instrument configuration at a Schematic diagram of a CN-NDP instrument configuration at a cold
cold neutron beam guide neutron beam guide

P e S
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Neutron Flux Measurement

~<. Korea Atomic Energy
* /KAERI Research Institute




autron Flux Measurement Results

(Interim Report)

Position A[A] Thermal flux Real flux
CGl1 4.48 2.01E+09 8.08E+08
CG2A 454" 5.82E+09 2.31E+09
CG3 3.87 " 6.74E+09 3.14E+09
CG4B 483" 7.71E+09 2.87E+09
CG5 421" 8.16E+09 3.49E+09
BIO-REF 4.90" 2.79E+09 1.02E+09
DC-TOF 4,16 2.58E+09 1.12E+09
REF-V 457 1.49E+09 5.87E+08
HR-SANS 4.90* 3.57E+09 1.31E+09
Cold-TAS(#1) 4.03" 5.37E+09 2.40E+09
Cold-TAS(#2) 4.03" 3.58E+09 1.60E+09
18M-SANS 4.90! 4.96E+08 1.82E+08
40M-SANS 4.972 7.76E+07 2.81E+07

1 Assumed value, 2 Iterated value using spectrum measurement
* Calculation from McStas simulation + Calculation from VITESS simulation

http://www.kaeri.re.kr
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DC-TOF Neutron Spectrum

240004

22000+ Date : 19 Feb, 2010
Position : DC-TOF super mirror guide-end
Chopping frequency : 50Hz
Chopper to detector distance : 2m
Measurement time : 500sec

20000

18000

16000

— = — Measured
—+— Calculated

14000+

12000+

10000-

Intensity(counts/500sec)

8000 ¢

6000

4000 T T T T T T T T S ] T ] ¥ ] T T
2 4 6 8 10 12 14 16 18 20 22 24

Wavelength(A)

Measurement results showed more cold neutrons than t he Monte-
Carlo calculation.

*The measurement was made in vacuum condition.

= e —— e ——
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40M SANS Neutron Spectrum

e I e B B B e e A N B S I 2.00E+008
Date : 7 Sep, 2009 _ i’ = Measured, Total flux = 7/4x10"8 n/cm”2|sec
5000 4 Position : 40mSANS Velocity selector ®  |—— Calculated, Total flux = 8.4x10"8 n/cm”2.sec
Chopping frequency : 100Hz T
Chopper to detector distance : 2, 3, 4m =

Measurement time : 200sec

1.50E+008 \\_‘

4000 - —lom
— L3m ‘h.
——— L4m /- k

3000 A - 1.00E+008 y

Intensity(counts/200sec)

2000

5.00E+007 ‘J \

Neutron Flux(n/cm”2.sec)

1000 / ‘\h-.
{0072 T T T R SR o WO s WG L NN B M .,
0+ T T T T Sl e e
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 5 10 15 20
Wavelength(A) Wavelength(A)

Chopper distance and spectrums

PR R S — e S =
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Cold Neutron Gain @ CG2A Guide

3.00E+008-4 + ' t ' t ' + ' } 25

| | | | '
e Without Cold Source, Calculated(5.6*10*13 n/cm®s)
®  With Cold Source, Calculated ]

A With Cold Source, Measured 420

—_ I I I I
& | —m— Gain Factor ,

& 2.00E+0084 | (Measured with CS/Calculated without CS at 5.6x10"13)

=7 o
% 3
= 1 e g &
|_|C_ ] \.\. =
o) a 10 8
S 1.00E+008 -

q) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Z

5

0.00E+000

Wavelength(A)

- Gain is larger than 10 for over-5A neutrons. (Targe  t :10-20)
- The gain will be greater that 15 if the measurement  is made in vacuum.

e — =
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Remarks
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KAERI Research Institute




| @ The flux measurement results show that the CN beam
facilities in HANARO have the potential to become world
class instruments.

| @ The SANSs will be available to the users from this Nov.

@ The activities to complete the installation and
commissioning of instruments will continue together
with the installation of new cold neutron activation
stations.

| @ The user programs will be expanded in cope with the
progress in beam instruments.

—— e e
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HANARO Symposium 2010 to celebrate
the inauguration of CNRF
Daejeon, Rep. of Korea
Nov. 1-2, 2010

2010 5 h

— =" ANNIVERSARY
RHANARO

http://hanarosymposium.kaeri.re.kr

http://www.kaeri.re.kr

Embedded Meetings
- IAC(Int. Advisory Committee) meeting

- IAEA meeting on RR coalitions and
user’s network (NB in East Asia-pacific

region)
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Thank You!
}%A;?; Korea Atomic Energy

Research Institute




