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An investigation was made from a reactor facility side, on the present situation and
the future utilization of testing reactors in the world.

According to a directory of the International Atomic Energy Agency (IAEA), 255
research reactors were under operation including critical experiment facilities at the end
of 1998, and eight new reactors were under construction and seven reactors were under
planning. However, 106 research reactors had been scraped until 1998, and 222 research
reactors had been shut down before 1998. The number of research reactors in the world is
decreasing as a whole after 1975, except in developing countries. Many research reactors
have problems of aging, because these reactors have been operated over 35 years from
each first critical.

In the present repot, a testing reactor is considered as a reactor with a high neutron
flux over 1x10!8 m2s’!, a high reactor power over 20MW and a low-temperature primary
coolant, as well as with a continuous operation, which is different from intermittent
operation such as daily or weekly.

Recent main objectives of testing reactor utilization are: 1) aging studies on pressure
vessel materials for life extension of light water reactors (LWRs), and studies on
irradiation-assisted stress corrosion cracking (IASCC) of reactor internal structures of
LWRs, 2) burn-up extension studies for LWR fuels, and irradiation tests of mixed oxide
(MOX) fuels for using Pu fuels in LWRs, and 3) research and development (R&D) of
blanket and structural materials of fusion reactors. In addition, testing reactors have
also important objectives of technical supports to power reactors, R&D for new reactors,

radioisotope production, Si doping and fundamental research on radiation damage.

* Department of JMTR, Oarai Research Establishment
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In order to achieve these objectives, testing reactors require a high neutron flux to
realize high fluence irradiation tests for life extension of LWRs and for fusion reactor
development, as well high operation rates for burn-up extension studies of LWR fuels
and for MOX fuel research. It is also important for multi-purpose testing reactors to keep
the primary coolant at a low temperature, because it is very hard to realize a lower
irradiation temperature than the primary coolant temperature.

In irradiation tests in the future, it will become more important to evaluate the
influence of synergetic environments, which comprise of chemical factors such as water
chemistry in LWRs, mechanical factors such as various stresses and temperature factors,
combined with the influence of neutron irradiation. Consequently, technology
development for precise control of the irradiation environments and for in-situ
measurements will be very important in the future irradiation tests. Flexibility as a
reactor is also an important key element for future testing reactors to realize these high

quality irradiation tests.

Keywords : Research Reactor, Testing Reactor, Irradiation Test, High Neutron Flux,

Future Needs, Aging, In-situ Measurement, Irradiation Control
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18 BEFRY) A b
ATR EG&G Idaho Inc. BT D AKFHBRIFSF (Advanced Test Reactor)
BNCT kv FhiEFiEERE  (Boron Neutron Capture Therapy)
BR-2 AL F—DENFRFTH A T DI FRNF
BWR BB KRR A KE  (Boiling Water Reactor)
CANDU | » ¥ BEAIF (BEAKBEEAKGHESER) (Canada Deuterium Uranium
Reactor)
ETRR-2 | =¥ 7 FORFHAHDVEAET SRR
HANARO | #EEFHIFZEAT (KAERID) O#FZE(F (High—flux Advanced Application
Reactor) ‘ -
HBWR v —@ Halden 123 9 . OECD/NEA @/~ v5 3tE (OECD Halden
Reactor Project) (2 &N BHFEF ; ~AT HRAKREFETF (Halden
Boiling Water Reactor)

HFETR hEE A (NPIC) T O®F%4F (High Flux Engineering Test Reactor)

HFIR kEDOA—27 Y v PESFZEFR (ORNL) (2H 5H%E%F (High Flux Isotope
Reactor)

HFR # 5 & D Petten (23 5 EURATOM (3 —uv v EF H3EEHEK) A O
7245 (High Flux Material Testing Reactor)

IAEA ERSEF H#%E (International Atomic Energy Agency)

IASCC BAEFERISHEARSIN (Irradiation-assisted Stress Corrosion Cracking)
ITER EE Rt & £%)F (International Thermonuclear Experimental Reactor)
JHR 75 ZATHBEFOMZL (Jules Horowitz Reactor), #/KGHIBIH, Bt

77 100MW
JMTR A A B F R O RIEFZERTIC S 2 EREBFE (Japan Materials Testing
Reactor)
LOCA HHEMFE S E L (Loss of Coolant Accident)
Magnox F | KK Y 7 v 2Rk L T 5 BMBUEREE N R G HBRFIF, REHEEMIC
Magnox (7 XU LB E LT-E®) ZHWVD,
MIR-M1 | B ¥ 7 ORFFEHREFVE T SR
MOX ##t | IRABE{tY (Mixed Oxide) #A%}
NSBR *Eo NIST LR HFTE 4 5% (NIST Research Reactor)
OECD/NEA | & % # /7 B8 % # # (Organization for Economic Co-operation and
Development) /¥ /8B (Nuclear Energy Agency)

OSIRIS | 75 v ADH 7 L —HRFVIA T LHEF
PCMI MLy b R E/ER (Pellet-Cladding Mechanical Interaction)
PWR IEAKFEEALE (Pressurized Water Reactor)

R-2 217 x—F O Studsvik #H2FE T AR
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SAFARI-1 |7 AV AOET 7 ) BEFIEABRE T DHREF

SM-2 a7 DORFFERER IR AT A T AR

USDOE | ¥E=x= x/L¥—%4 (United States Department of Energy)

VVER a3 7 RINEARIEE KL (Vodo— Vodyanoi Energetichesky Reaktor)

Water — Water Power Reactor(WWE R), KGSH) — KRR EFIF
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EERBALR (SI) & HER

F 1 SIEKBIE LUMBEAL 2 SIEftHaINBHL &5 SIHEE
2 EZI i 5 % s HUE 7 5% HROAGE Fole )
K XA - b m 4, 8%, A | min, h, d 10| = 7 % E
" B|+07 354 kg g, 2, B L 107 ]~ 4 P
Y fifl 24 s oo b L L 02 5 3 T
& #wl7 v~ 7 A N vt 10° | ¥ # G
MAEEE | v v v K E x| eV 102 £ 7 M
¥ E Bix n mol BB | u 10 * =] k
X Bih v F 37 cd 102 ] ~ 7+ h
Y @ A5 v 7 v ] rad 1eV=1.60218x10"'°J 0|5 7| da
MK ARFIVTY | st 1u=1.66054x 107 kg 0| F v d
10 & v F c
107 | 3 ) m
%3 EHOBHE L SR 0| w420| a
F4 SIEIHITEENIC L
e ¢ N 10 + n
it % owo |as | EOYEL 1% x5 Wik O A
53] [:4 i~ o V| Hz s % a3 HUBE 52 107 7x4b f
Vi) = a—-Fv| N m-kg/s? AVIRbo— L A 107 7 b a
F H, & Al 2 A | Pa N/m?* e _ y b
Ti¥— (HF, MR |V 2 - v J | Nm N~ = | bar G2
TR, KMH&El7 » | W[ s » v cal L K153 [EERAIFR]) 55 Mk, [
ERR., W7 -0 ¥ C A-s £ .y - Ci BERBE 1985 EHITIc L 5, 12770, 1eV
fﬁi. flt. E"%g oo l; \P{ g’//\fl\ (VN N R BLU 1 udffiiz CODATA 0> 1986 5E#:33
H E9 g 7 7 7 ! 7 K rad f[ElCJ: f'
® SO (A - x| Q| VA v ol rem o _
av s s s vz |v—2vzl s A/V 2. RAWRWBEBE, /79b, 7T—n, ~2 %
° — = \ =k NOYS
4 v = — | Wb| Vs 1 A=0.1nm=10""m Msa}“ﬂ BNAFORELOTE
B R ®m E|lF 2 3| T | Wb/m? ! b=100 fm?=10-2 m?® ZTIREBLT,
s " M 1 — = P - g 2 a
4 v 5 Y a:; o N ) H Wb/A | bar—0.1 MPa—10°Pa 3. barid, JISTRHEKDOF HEEDTIE
Ml I Aol B 1 Gal=1 cm/s?=10"m/s? B0 E2 0N F ) —ICHHSNTL
x ® (v — A V| Im cd-sr al=lcm/s = m/s P
i 2 2 1Ci=3.7x10'°Bgq °
B |v 7 Ix | lm/m - B 4. ECHHRTIELIS4TH bar, barnbk
% " gl~2 v | B ! 1 R=2.58x10"*C/kg X a _
e a o, U MMEDOHA ] mmHg % &20#87 3y
% W B/ ®|7 v 4| Gy | Jikg Irad=1cGy=10"Gy CARTLE
# B % By ~Nuwb| Sv J/kg lrem=1c¢Sv=10""Sv °
# (-} by
711 N(=10*dyn) kgf Ibf £ |MPa{=10 bar) kgf/cm? atm mmHg(Torr)| Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 hl 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
5 E 1Pa-s(N-s/m®)=10P(#£7 x)(g/(cm-s)) 1.33322 x 107* | 1.35951 x 10~% | 1.31579 x 10~° 1 1.93368 x 1072
BHE 1m?/s=10'St(2 F — 7 2) (cm?/s) 6.89476 x 107* | 7.03070 x 10°? | 6.80460 x 102 51.7149 1
T| J(=10"erg) kgf*m kW+h cal GGt&7%) Btu ft + Ibf eV 1 cal = 4.18605 J (3t&7)
ES
W 1 0.101972 | 277778 x 1077 0.238889 | 9.47813 x 10" * 0.737562 | 6.24150 x 108 = 4.184d (BLE)
¥
1 9.80665 1 2.72407 x 107¢ 2.34270 9.29487 x 107? 7.23301 6.12082x 10" = 4.1855J (15°C)
% 3.6 x 10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%* =4.1868 J (RBEEGE)
;‘ 4.18605 0.426858 | 1.16279 x 10~* 1 3.96759 x 10? 3.08747 261272x 10" (AR | PS (LE 1))
7 1055.06 107.586 2.93072 x 10°* 252.042 1 778.172 6.58515 x 102* =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10”7 0.323800 | 1.28506 x 107 1 8.46233% 10 = 735.499 W
1.60218 x 107'* | 1.63377 x 1072 | 4.45050 x 1072°| 3.82743 x 10" | 151857 x 10722 1.18171 x 10~ ** 1
i Bq Ci ﬂEy& Gy rad ;f_; C/kg R g Sv rem
a 1 270270 x 10" @ 1 100 & 1 3876 ki 1 100
(i3 i it H
3.7 x 10% 1 0.01 1 2.58 x 107 1 0.01 1

(86 1 12 H 26 OB 1F)
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