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HANARO(30MWth) at Korea Atomic Energy Research Institute(KAERI), which reached its first

criticality on February 1995, is the multi-purpose research reactor for the application of reactor radiation

in a variety of fields such as physics and materials science, irradiation technology, biomedical technology,

and neutron activation analysis.

For the neutron beam research, seven horizontal beam tubes of different types are available, and

HANARO has performed its development plan for a basic set of neutron beam instruments since 1992. A

High Resolution Powder Diffractometer(HRPD) and a Neutron Radiography Facility(NRF) had been

installed and operated since 1997 and 1996 each. A Four Circle Diffractometer(FCD) and a Small Angle

Neutron Spectrometer(SANS) will be operational on 1999 and in 2000 respectively, and a Polarized

Neutron Spectrometer(PNS) in 2001. SANS at CN beam tube will be operated using liquid nitrogen

cooled Be filter until the cold neutron source is made available. Then, it will be moved to a guide

laboratory with proper modification.

Research works using the instruments in operation started by internal and external users since their

full operation and have been rapidly increasing. Most in-house resources available are being usedrfor on-

going development of instruments due to rapidly increasing demands of external users nationwide.

In addition to above instruments, a Triple Axis Spectrometer(TAS) and a Neutron Reflectometer

which have been strongly requested by external users from universities and industries are under

discussion. Then, HANARO will provide the best combination of neutron instruments to meet national

research demands and international collaborations, and will be well prepared for future researches by

cold neutrons.
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1. INTRODUCTION

Neutron scattering is one of the most powerful methods to obtain information on atomic structures

and dynamics of materials. HANARO(High-flux Advanced Neutron Application Reactor) at Korea
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Table 1. The characteristics of HANARO reactor

Type Open-tank-in-pool

Maximum thermal power 30MW

Peak thermal neutron flux 5 x 1014 neutrons/cmVsec

Coolant / Moderator light water

Reflector heavy water

Fuel material U3Si in aluminum matrix, 19.75w/o enriched

Absorber material Hafnium

Secondary cooling Cooling tower

Reactor building Confinement

Neutron beam ports / Vertical holes 7 /36

Operation 28 day x 9 cycles/year

Atomic Energy Research Institute(KAERI) is the multi-purpose research reactor for the application of

reactor radiation in a variety of fields such as physics, materials science, irradiation technology,

biomedical technology, and neutron activation analysis, etc. Among these, HANARO neutron scattering

facilities are to contribute towards solving a wide range of problems involving basic and applied

researches that are of interest and relevance to science and industry in Korea. To obtain this goal,

HANARO has put into motions its development plan for a basic set of neutron beam instruments since

1992. In this article, after a brief description of HANARO, the status of the neutron beam utilization is

briefly outlined with some details on the first/second phases and a future plan.

2. HANARO reactor

HANARO is a 30 MW(thermal) open-tank-in-pool type reactor with a LWR-HWR hybrid core. The

LWR type inner core is cooled and moderated by light water, while the HWR type outer core is cooled

by light water and moderated by heavy water. The fuel used in HANARO is a low enriched uranium of

19.75 w/o in a uranium silicide compound which is dispersed in aluminum matrix with 6.35mm diameter

and 700mm length. The core is surrounded by a heavy water reflector tank of 200cm diameter and 120cm

height. The reduced core elements are introduced to have a uniform power distribution within a fuel

assembly and located at the outermost ring of the hexagonal fuel assembly. There are two types of fuel

assemblies required for HANARO, hexagonal fuel assemblies having 36 elements and circular ones

having 18 elements. At its maximum thermal power of 30MW, the maximum thermal neutron flux is

expected to be 5 x 10Mneutrons/cm2/sec at central thimble. Since the first criticality on February 1995,

HANARO currently puts to work at 20MW, which is about 70% of designed full power, and is to grow

up to 30MW next year. The nominal reactor operation cycle is 28 days. The specification of the reactor,

HANARO, is summarized in table 1.

HANARO is equipped with seven horizontal beam tubes all in tangential geometry, mostly being
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Fig. 1. Layout of Neutron beam Facilities at HANARO

extended from the highest thermal flux region in the heavy water reflector. Out of them, four standard

beam tubes(STl~4) have 70mmx 140mm source dimension at the entrance and rotating

shutter/collimator units at their exits so that one of the four positions - close, open, 20min or 30min

collimation - can be selected. The effective beam size at the Soller collimator is 56mm(W)x 120mm(H).

A cold neutron tube(CN) is equipped with a vertical channel CNS( 160mm dia.) at its tube nose of

60mm(W)x 150mm(H) for the installation of liquid hydrogen cold source in due time. The in-pile

channel of CN beam tube is designed so that three or four neutron guides(20mm(W)x 150mm(H)/each)

can be installed reaching up to about 150cm to the cold source. The rest are circular tubes, NR(150mm

dia.) for neutron radiography and IR( 100mm dia.) for Boron Neutron Capture Theraphy.

3. Neutron Beam Utilization Facilities

In the first and second phases up to the year 2001, four units of neutron spectrometers are to be

installed to cover a wide range of structural studies such as crystal structure, phase analysis, magnetic

structure, and microstructure in materials. They are High Resolution Powder Diffractometer(HRPD),

Four Circle Diflfractometer(FCD), Small Angle Neutron Spectrometer(SANS), Polarized Neutron

Spectrometer (PNS) and Neutron Radiography Facility(NRF) as shown Figure 1. HRPD and NRF have

been in operation since 1997 and 1996 respectively. FCD and SANS will be operational on 1999 and

2000, and PNS in 2001. SANS at CN beam tube will be operated until the cold neutron source is

available, then it will be moved to a guide laboratory with proper modification.

Research works using the instruments in operation started by internal and external users since its full
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Table. 2. Basic design/performance characteristics of HRPD

20M(arc of degree) 44, 65, 90, 120

Wavelength(A) 0.980 ~ 2.510
Min. Step Size (arc of degree) 0.01
QniX(A-') 11.105
Beam Collimation a 1 = 6, 10,20, open
(FWHM : arc of min) a 2 = 30, open

a 3 = 10
Effective Beam Dimension

at Monochromator 4cm x 20cm
at Sample Table 3cm x 6cm
at Detector 2cm x 10cm / collimator

Thermal Neutron Flux(n/cmVsec)
at Beam Tube Nose 2.17 x 10M

at Sample Table1' 2.6 x 10* (20M = 90 deg)

Resolution(Ad/d) 2.00 x 10° (a = 1.10)
Detectors

Multi-detector 32 He-3 proportional counters
Linear-PSD 60cm long, 2.5cm wide, 2.3cm deep

1) Ge(331) (Vertically Focussed), 26M=90°, a ,= 03=10', a2=30' and (3=20'(FWHM).
The transmissions of the Soller collimators and the filter are not included.

2) a = tan0B / tan9M

operation and have been rapidly increasing. Most in-house resources available are also being used for on-

going development of instruments due to rapidly increasing demands of external users nationwide.

In addition to above instruments, we will develop more instruments in the future as a third phase. In

particular, a Triple Axis Spectrometer(TAS) and a Neutron Reflectometer have been strongly

recommended by external users from universities and industries. Then HANARO will provide the best

combination of neutron instruments to meet the national research demands and international

collaborations, and will be well prepared for future researches by cold neutrons. In the following the

design feature and provisional status of these spectrometers are described.

3.1 High Resolution Powder Diffractometer(HRPD)

For structural study of structure and function materials such as ceramics, alloys, superconductor,

super-ionic conductor, non-crystalline metals, etc, HRPD had been installed at the ST2 beam port. The

characteristics for HRPD are summarized in Table 2. A Monochromator shield unit was designed so that

two channels of the monochromated beam can be extracted for HRPD and FCD each. It consists of

multi-blocks for easy handling during the installation and maintenance.

The first collimator unit, which is positioned between FCD and HRPD monochromators, consists of

four collimators 6', 10', 20', and open from which one is selected by rotation. A Pyrolytic graphite filter

can be installed before the monochromator in order to avoid second and higher order contamination.

Pseudo-bent type four fold monochromator unit is adopted to select monochromated wavelength
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Figure 2. Neutron diffraction pattern of uranium silicide taken by the HRPD.

(Conventional Rietveld R-factor, Rwp=13.8, S = 1.5, RB= 4.1)

and to focus the beam height from 200mm to 40mm. 9 strips of Ge(331), Ge(335), PG(002) and Cu(220)

of 13mm(W) x 21mm(H) are attached on each face and one of the four monochromators is selected by

rotation. Following the monochromator, there are four beam extraction units with nominal take-off angle

of 44, 65, 90 and 120 degree, which have pneumatic quick shutter at inside face and supplementary

manual door at exit face.

A Sample table which consists of 9s-table, 20s-table for multi-detector, 20s-table for position

sensitive detector(PSD) and three pairs of air cushion pad, can be rotated manually around the

monochromator to take one of four take-off angles. This rotating table are strong enough to accept heavy

sample environment facilities up to around 1,000kg.

The detector bank consisted of 32 collimators of 10' and cylindrical He-3 proportional counters of

5° spacing moves on air cushions. A linear PSD with 60cm of active length had been prepared, also.

Therefore, in addition to the main powder diffraction purpose, the machine can be easily converted for

residual stress or texture measurement of industrial materials and for time-scaling measurement of rapidly

changing phenomena.

As the sample environment facility, a closed cycle refrigerator(CCR) down to 1 OK is availible, and a

furnace with maximum temperature of 1.000K and one set of CCR with electromagnet of 1 Tesla will be

available by the middle of this year.

During the last year, performance test and normal powder diffraction experiments supporting

internal and external user's research including studies of nuclear fuel and functional materials have been

carried out together. Figure 2 shows, as an example, Rietveld refinement results from uranium silicide

fuel materials.
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Table 3. Basic design/performance characteristics of four circle diffractometer.

Take-off angle
Monochromator
Wavelength
Beam Collimation (arc of min)

Effective Beam Dimension
at Sample Table/Detector

Sample axis (CO)
Detector axis (20)
Scanning mode
Angular precision/reproducibility
Min. step increment

20M = -45 degree
Ge(331),Ge(311),Ge(004)
0.99A, 1.3A, 1.08A

a , = 20', 30', open

a 2 = 55, a 3 = 17"

20mm dia

-185 deg <Q)<185deg

-lOdeg < 20 < 140 deg

CO/20 coupled or 20 independent

± 0.0025 deg
0.005 deg

3.2. Four Circle DiffractometerQFCD)

A neutron beam from ST2 is shared by HRPD and FCD. FCD is a conventional two-axis

diffractometer with an Eulerian cradle and will be used for the structure study using single crystal and for

.the texture measurement. Its design characteristics are summarized in Table 3.

A Ge(331), Ge(311) or (004) monochromator with a fixed take-off angle of -45 degree is mounted

between the beam gate and first collimator unit inside HRPD shielding with a beam height of 40mm

lower than that of HRPD. The corresponding wavelength of the neutron beam is 0.99A, 1.3A or 1.08A

respectively. The effective beam size at the sample position is 20mm in diameter. A detector unit with a

single He-3 counter was prepared and connected to the 20-tabIe in the cantilevers type with a counter

weight The test for control and counting system have been being performed, and it is expected that FCD

can be effectively used for single crystal diffraction experiment as well as texture measurement.

3.3. Small Angle Neutron Scattering Spectrometer(SANS)

SANS will serve for microstructure studies of materials related to metal, ceramics, polymers and

biology of which size is from 1 to about lOOnm. By the time the cold neutron source and subsequent

guide hall is installed, this SANS would be in operatation at the CN beam port in the reactor hall. To

obtain incident neutrons with wavelength range of 4 A to 7 A, the neutrons filtered by beryllium which is

cooled by liquid nitrogen are to be monochromatized by a high speed velocity. To avoid gamma radiation

from beam port directly, liquid nitrogen cooled Bi filter and neutron V-bender with P = 2.635 degree, an

angular divergence of the transmitted beam, are to be used. The total length of the SANS is about 8.5m

due to the limitation of the hall space. The scattered neutrons will be counted with a position sensitive

detector of 128 xl28 pixels with resolution of 5mm x 5mm.

For the design goal of Qmill~0.005A'1 and neutron intensity of I, > lOVcmVsec at sample

position, instrumental parameters of the single-aperture collimation are optimized at the wavelength

spread of A A. fk = 0.1. The Q^wi l l be extended to 0.81 A'1 by rotating the detector up to 30° around

the sample stage. Its design characteristics are summarized in Table 4. The collimator made of aperture,
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Table 4. The design characteristics of SANS
Source CN beam port without cold neutron source

Liquid Nitrogen cooled Bi/Be filter
Neutron V-bender
Neutron velocity selector with variable speed

0.45nm to 0.7nm
10%

0.003 rad
5 to 20 mm in diameter
1.5 to 4.25m
0.06 to 8 nm'1

65cm x 65cm with 128 x 128 pixels

2x lO 3

3x lO 4

3 x l 0 5

Gamma/Fast neutron filter

Monochromator
wavelength range
wavelength resolution (FWHM)

Beam divergence (circular pin-hole type)
Sample size
Sample to Detector distance
Q-range
Detector active area
Calculated neutron current(n/sec) at the sample

Qmin (nm'1) = 0.06
0.1
1.0

pin hole type, which is changeable with different sizes is about 4.2m long. The detector can be moved

continuously from 1.5m to 5m inside the detector chamber of which diameter is 1.7m. The whole system

including sample chamber would be evacuated to lO'Horr. The performance test of each component such

as Bi/Be filter, neutron bender, and neutron velocity selector with neutron beam as well as fabrication of

the detector vacuum chamber and the mechanical device are in progress. SANS is expected to be

commissioned in mid 2000.

3.4. Polarized Neutron Spectrometer(PNS)

Our polarized neutron spectrometer at ST1 beam port would have both triple axis and polarized

neutron beam capability. This instrument is to be equipped with a conventional monochromator drum

which can be rotatable from 10° to 60° in 29, filter, polarizing monochromator or PG(002)

monochromator, analyzers, and Mezei spin flippers. Polarized neutrons will be produced by CoFe,

Heusler crystal or polarizing mirror with PG filter. All the tables of sample, analyzer, and detector will be

movable on the dance floor. The design characteristics are summarized in table 5. We have done most of

preparation works such as installation of the monochromator drum and dance floor as well as

fabrication of sample/analyzer tables.

3.5 Neutron radiography facility(NRF)

The neutron radiography facility had been installed at NR beam port in 1995 as the first neutron beam

utilization facility for HANARO. It consists of an inpile collimator, shielding door and two exposure

rooms. In order to reduce the gamma ray component, Bi filter was put at the front of the inpile collimator.

The first exposure cell is for the highly active samples from nuclear engineering, and the second one is

for the components from general industry. The instrumental charateristics are summerized in table 6.

NRF has been used for the nondestructive test of component from general mechanics, jet engine,

ordnance industries, etc., using direct or indirect method. The education for the university students

- 5 8 -



JAERI-Conf 99-012

Table 5. The design characteristics of PNS
Beam tube
In-pile cross section
Collimation
Filter
Monochromator axis
Monochromating Polarizer

Spin flipper
Guide fields
Sample table

Sample axis

Analyzer

Analyzer axis

Collimators

ST1
60 x 120mm
20', 30', 60'(open)
PG
26 M =10° - 6 0 °
PG(002)(vertical focusing) and MCNP

(CoaFejj/ TI75ZT2S supper mirror X* = 1.8A)
CoFe, Heusler crystal

Mezei type
Permanent magnet
0<V|/<360°

-120° < 20s < 130°
PG(002) and MCNP
Heusler (111)
-140° <2GA<140°

a3, a, = 60\ 40'

Table 6. The instrumental characteristics of NRF

Exposure Room

Collimation ratio

Thermal Neutron Flux

(n/cmVsec)

Beam uniformity(a)

Cadmium ratio

neutron /y (n/mrem/cm2)

Effective beam size (cm)

ASTM Designation

1st

206

1.13X 107

250x350

~ 7%

~ 45

3.9* 106

NC-H-C = 75-8-7

2nd

290

5.07x 10s

350x450

related to nuclear engineering is also one of the most important activities. The image plate technique and

the real time analysis technique using image processing have been also being developed. In addition to

this traditional radiography technique, additional services are provided for detecting boron in steels by

micro-radiography.

3.7 Others and Future Plan

In order to use the neutron beam from HANARO for cancer therapy, after two years of conceptual

design, instrument development for boron neutron capture theraphy(BNCT) facility to be installed at IR

beam port has been being performed.

In the third phase from 2002 to 2005, the installation of a neutron reflectometer(REF) and a triple
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axis spectrometer(TAS), which are strongly requested by external user groups from universities and

industries, recently, are to be realized to extend activity to surface/interface structure and dynamical

structure studies. Then, HANARO will provide the best combination of neutron scattering instruments to

meet national research demands and international collaboration. Then, they will be well prepared for

future research by cold neutron source. For the cold neutron source, the basic study has been performed

on the important factors to be considered in due time.

4. Conclusion

The status and future plan of development and utilization of neutron beam facilities at HANARO

have been described.

The HANARO neutron beam research program is to support a wide range of fundamental research

as well as technological development which necessarily need detailed information of microstructure and

related properties of matter.

As it is well known, the neutron beam application is expending its research scope and scientific

importance rapidly owing to continuing development of instrumentation and application techniques.

Therefore, various modes of international collaboration such as joint research, exchange of experts and

facilities, etc., will stimulate the progress of the program along with intensive participation of user

communities in Korea.
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