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Ex-post Evaluation of Safety Research by Technology Interaction Analysis

Kazuaki YANAGISAWA and Fumio KOMODA *!
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Watanuki-machi, Takasaki-shi, Gunma-ken
(Received January 27, 2010 )

By using the database INSPEC (Information Services for Physics, Electronics and
Computing), an ex-post evaluation of the safety research was carried out. by using a
technology interaction analysis. Selected prestigious nuclear institutions were JAERI
(Japan Atomic Energy Research Institute, Japan), ORNL (Oak Ridge National
Laboratory, The U.S.) and FZK (Forschungszentrum Karlsruhe, Germany). As the
control term of INSPEC the water-reactor-safety was used to study the established key
technologies and the interacted technological elements.

(1) For a nuclear safety research in Japan, 30 out of 274 key technologies were
examined and revealed that JAERI held priority to 22 key technologies, consisted of the
nuclear fuels, the nuclear materials, the thermal hydraulics, the accidents and the
research reactors. Hence, JAERI contributed much to Japan. As to ORNL, they held
priority to 19 key technologies, represented by the nuclear power plant (NPP) operation
and maintenance/inspection. They were however inferior to the key technology such as
thermal hydraulics. As to FZK, they held priority to 20 key technologies, represented by
a radiation protection.

(2) For selected 20 key technologies, a half of them were held in common by the three
institutions. They were the NPP (including engineering calculation etc.), the nuclear
fuels, the nuclear materials, and the accidents (including a reactor core cooling and heat
removal). Those technologies were unavoidable for the stable and the sustainable usage
of NPP.

(3)Among the three nations, 13 technological elements consisted of the NPP (including
reactor theory and design etc.), the nuclear fuels, the nuclear materials, and the

accidents (including a reactor core cooling and heat removal) were held in common

*1 Faculty of Economics, Saitama University, Shimo-okubo, Saitama City, Saitama ken
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Regarding the items of key technologies there is no difference between the level of
nation and that of institution.

(4) Key technologies held in common at domestic and institutional level were, 11 for
JAERI, 5 for ORNL and 7 for FZK. The prominent technologies developed by each
institute were judged by CPI analysis; they were 4 (reactor accident, reactor design,
reactor core cooling, and two phase flow) for JAERI, 4 (core control and surveillance,
fission products, reactor material and instruments, and research reactors) for ORNL and
2 (fuel cladding and radiation protection) for FZK, respectively.

(5) JAERI and FZK interacted strongly with the accident, the engineering calculation,
the fuel cladding and the reactor core cooling. One of reason of that was an international
cooperation through LOFT. FZK held priority to JAERI in term of the fuel cladding. As
for JAERI and ORNL, they interacted strongly at the instruments and the research

reactors.

Keywords: Ex-post Evaluation, Nuclear Safety Research, Technology Interaction
Analysis, JAERI, ORNL, FZK, CPI
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1. 1IXU®IZ (Introduction)

FEDIIINET, 7TV 7y b ELTOMEmRCEHE N, FITHARK
+ 1184 EFT (Japan Atomic Energy Research Institute, LLF JAERI F 7= 1ZJ5AT)
2 B 2 4 B EEM (socio—economic evaluation) 2 %M L C & 7=, il 2 1,
INETICFEMCEBESNTE() Fuy=y MR (ZEMRENR5)
DION(2) FLEE - PRI (WERVEIRS RS Yok EFMENZN TH D,
JFRFRE LT, ENTHE DR ICBE T 2R G722 F5e8RE & L CIREhJ
DEITHE A, (3) K, M, AAIZEIT DIEBURF DB FEREEI & A I L2 R o b
e EOBNIMEA T D “BRSEITRIESEE LR (Fy A )T B FEM LT Y,
IO TIITWVWT Y EBEIFE 7B (International Atomic Energy
Agency, AT IAEA) 2 E5E T 25 EEEFE 715 # > A7 A (International Nuclear
Information System, VLT INIS) Z1{# o T ?D & & EZEH T4 Bibliometric
method) & 7=,

AELCINIS EIFRNCORE TR bt Tng L, B, FHEICET S
Y — B A (Information Services for Physics, Electronics and Computing,
LUF INSPEC?) | &7 — & ~N—X & LTHW, A (JAERD), KEA—27 U v ¥
ESZAFZERT (ORNL) 2 OVt — L 2 L—ffF 22T (FZK) @ 3 JEUR 7 J1 92
B T, BKMFEFRICEE T 2 L AaMMZED . EO X DT - BRI N, £
DIEAE TIN]72 D PR TR S VTR D2 & E GEBR) #Fl (Ex post
evaluation) T 284 % FEf L7z, FEAl>Y — v & U THERE B 5T F1E
(Technology interaction analysis ; TIA)Y Z FHu 7=,

12005. 10 1ZHA L= HEBIHE A IC L 0 B AR W58 T (Japan Atomic Energy Research
Institute, JAERI) 1%, HAJRTIAFICEAZHHE (Japan Atomic Energy Agency, JAEA ) &
ML BN EE Lo T2, EEONB EFHMEOXIG L LI-DIFFiE THY . AXHF T
DO F FHMEFRT 5,

2 http://www. usaco. co. jp/products/iee 1871 FEIZAIK SN 7= EEEBRFE (The
Institution of Electrical Engineers, IEE) IZHFRA58 14 FADEE %A BN
BROBFLHFRFRTHY, 20 IEE 28 YRR, BB L, 2 Ba— 4 —T%,
TR Lo B AERE L) IR 2 CRT — # X— AT % INSPEC & i#'E, SibldaE T,
1969 FENDUER SN TRV | IERMEREEUTH 4, 000, INERMAEIZ 2 E TTR 650 T 1dH
V. INIS O35 Tdh 5, IEEIEL 200644 A 1 HNSHZ D4 % The Institution of
Engineering and Technology (IET) IZZ5 % L 7=,
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2. HF3EHE® (Research Purpose)

2.1 e hmaEL BE 43 BT D — R RE
A =——X (Needs)DEE

4(1‘§ﬁﬁ°/7\7_-A1 (System 1 ))
4( *%Eﬁ’/Z%AZ(SystemZ) )

[
FRAZ R i 1 ':F'*;"Hﬂ‘TZ
(Core Technology 1) (Core Technology 2

C’fﬁﬁi’/Z-T-AB (System3))

—

F—HRR—X (INSPEC, INIS%)

Fig.1 Characteristics of technology interaction analysis (TIA)

FA#E BT X Fig. 1 \ORT L9118, T —F_X—ZAnLHEL N5 EHRITESH
T, HDHHEG - B AL T H7-0138kE LTEDL ) R=— A2 bE L
TLDN, FO=—XLED LD BRI Y AT LB oTNDLDN, VAT
AR LM EERT 200 L0On, fRY AT MW S LD TR
(core technology) IZED XK H 72t DD, LW oAz EEAICHE L
oI5 THS,
BAMERA ST O ER L FBA U TICHFEE T 5,

> RN O 2R (SR O E &1 72 {082 53 FT6E

> DERBERET O AT A (BEREMN) MOEAENRT AT AT

Wk S5 PN 278 T & 5
> ﬁ%m B (REMNEA T I v R) 2RASMTHDL=—X, [H, %
FAE T L CBERTE B
> EEN TEBMZFRFHEICER T %
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2.2 RO HR

AW a T D12l >TiX, LFTO LS RHEEEZHMWE L,

v HARERE ST O A A L, = — X EEIE L, TNEEKRTHITIEED L
D IRAERL (B AT ARSI, W R D TPEEHINRER S D M
NoHDD (Eliddo72Dy) ZE I HER] (technology interaction) (D37
G BIRRINI T T2 2 & I2dh D, BKFOLE - EF L (=—X) X5
7o OIZ I SN TR & — D ORERL (Biflf) > AT L EREL, =—
RER D =D @RI B W T ED X H 7 hEH T o #F 22 Bl %
(Research and Development, R&D) 732 25 FE CTREEA I TE 20 E W
IRICERE BN —ARZT 4 BT D, ZIUXRTT &2 2 T HEAl
BRI A R— 22 LR EMEMEO®& ERHIi & b 25,

v ORI NT A—& & LT, EHEZOEZMRET DUFHES GRS % 3
Offi L7c, AAROSEIE B ARIRF74F5EFT (JAERD) . KEOHZE XA —7
U PESEFGERFT (ORNL) . & L CHMOSGEIE I — VA v —iff 5857 (FZK)
NENTH D,

3. HiE (Method)

3.1 EHLIEwmXT —F#X—2X

(. ER. SHEICETAE®R Y — A (Information Services for Physics,
Electronics and Computing| INSPEC

3.2 MBS

INSPEC TOMZE RIS MM 1978-2002 4ED 25 4Ef & LTz, —HIT 25 4E Lo
THEREWL, xRS ELNHEAET H, %Rikd 25 X 5 IZHFBF, ORNL, FZK &\
o fe —EHZEZRET DHEUR - AR 2 3T A —& & LTHI L TV 5 235,
AR 2 BN & o T 25 AFEMICEB T 2 TRIERSCE DK EEEZ X Thil, £
A Fig.2 Th o, KITITRMRED T H K OL 2P SE Nuclear Safety
Research, NSR) DFH 7 1 v ML T, EENELEF- 2F ARk
LA RELR L, B, £FT 1973 EOE 1 IRA AV a v 7 KN 1978
BOH 2 RAA NV a vy I BNbHb, THaREEIC U TR O T 5 K ONEK
WM AR D D FRNZEEISHIN L=, LA 1979 £ TMI-2 Fiftk LY
1986 FE-DOF =)V ) TA NVFEHNRERHKETHLIN, TV /) 74U FHikxr
TR 2 Ve TN O L7, 1985 1213tk 5 »[F (65) 2k b7
THEENRDHY, ZOREEZTHARTIIAFHLAHENEIT L, HEARILOR
AR SN2 DITRESRIBOR A - ikt S vz, 2 DIRESHIBURD, &~
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BESOHRARA~OREZ IE S SR T L aRbEE 726 Lz, N7 RR DR
D 1991 FFIZ 1336 2 SIS 1T 2 BRERF LA A7 A (Emergency Core
Cooling System, ECCS) DfFHE), 1999 4FITIE JCO FE i N HAE Lo, BIb
KIFZZBMEMFIRIC & > The BIREIDNE T L L 72 ]IS Z ORI L 72 25 4E [ Th
Do

1,200 e 7 %0

—@— JAERI Whole Budget

7 R 180
1,000 — —O—Budget for NSR o |

T
fo—
qu ]

LA

/ 5 4 30

TMI-2 Accident (1979)

| Chernobyl Accident (1986) | 1 2

©
o
S

2nd Oil Shock (1978)

;
|

I wgg.&“" 15t Oil Shock(1973)
o o BCBEEA boooOoo, T

1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

(=2}
f=1
S

1 40

S
o
o

JAERI Whole Budget (Million Dollars)

Budget for Nuclear Safety Research (Million Dollars)

Fiscal Year

Fig.2 Rough budget of JAERI (left-hand side) and that of Nuclear Safety Research
(NSR) in JAERI (right-hand side) as a function of fiscal year.
In the plotting, highlighted economic events and several nuclear related accidents

occurred in the world covering the period from 1978 t02002 are included.

3.3 INSPEC AJj, INSPEC ZEMHiGa X OFTEHEEE & TR E

INSPEC (Z#EHillFE (control term) & LT” fission reactor safety (B%4y2LF %2
)7 ZANL, wmXERE L, by MaXoprEigB (5aF, ORNL, FZK)
MOPTREE (AA, KE, M) TG5CGH 1| F5 L8 1 EH5DE T 2 0H2e8E
2 BHIE LT,

3.4 MR RE 23 7E ) U 7= iz 80l

ACEF — 7 — R (INSPEC TIZ7 A2 U 72 —DE &Frd) (F, @ 1 &I
DXNY) 3 ERRETHD, By FLEETOR®mILIZHOWVWTHIEL TWHF—U
— F&TZHH L, 2o % LB E & rRgEmEIc 7 o * 7 Lz, 20
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TUoFX U TRERICBWCENMIZT v 7 SNTH 2, eI T Lok
B E& LTz,

3.5 [ENIT 35 1T 2 WS B o A7

L EVERFZE I XR A O30 5 A3 TIE A, Tt TEMNICEE O AR XITH /1
HIRFFEAREE R H 1 . TN OB B W T O SIN S HEH I TV 5, 1
ST, T HHBAMBEINTIT 2 M OEAL M E 7 XA N LT T D13
Thbd, 2O LOEBAMZEEIE T 2K % i\ 5% (CPIL:
comparative predominant index) &FES P, Z DI AZE - T, AARIIBITS
JAERT WFZEDEENINE, KEIZ T D ORNL W22 DL, JhIC 1T 5 FZK HF9E D
MM R SO ST ERL LT,

3.6 Ll 3 WFICHREARIIC 31T DAL

KAl 3 BFZeREEA . B 72T JAERT T > 2 18 i £ TOMFFES B 24 LEE L
Too TS 18 BFZESYEF A ORNL & FZK MBIV L ThZ & 2 A fERAICIE,
ORNL & FZK ®Z7 > 7 10 (i E TIZEN DN A T2, FWHIER] 2T % D
¥ LTV AHO T, ORNL & FZKL IXHFE R D AR 72 272 > TV D &V 9 R
PRSI T 3 FERIFZEATH D CPT Ml 21T - TAdz, AFleRETHDHDITH
737330 53, ORNL X° FZK 78 JAERT 2B TWARVMBML AR S S H 5D 2 & 235
Nl

4. FEHE LZ5  (Results and Discussion)

4. 1 254F[], H- KT I T & 2 ZeMEZEIc R 2 P

4. 1. 1  BAMEBOEAREX

INSPEC 1978-2002 (Z38UNT, BmdUiZe 2tk (fission-reactor—safety) it
#l5% (control term) & L CAN#%., £, WA CHEICx L CTHEEHERIC L
5 EFEHEZITWVH ARG 2,056 ECTHHZ L, SIHIZZOHERRITITEHT
5 EEGHEH OFT B ) B JRAFRG SCDS 468 F CTH HFE A FLHE L=, JRHF 468 3%
XIZFREH S D DE(descriptor) Z &k HL T, Tha 7 F 745 &,
Table 1 DX 5 RfEREMGD, FHHIRT 2T % o ZHER (EOLEM) 2 LN
. T U T E LIS SR A & BBk 2% (Fission—reactor—cooling—and
~heat-recovery, 171 #30)). &5 2 (\ilXEEd (accidents—, 150 FH3C) & W9 JIE
JFC. R EEET D L 214 L= v 7 AFEHT (x-ray diffraction, 1 §@30)
ETHE 274 [HOBEEHMNESRE BRI N TWDLHER 1D, BARITKT
57X TRREROAMICENT. ToF 78 1 AR EH &
f% (Fission—reactor—cooling—and —heat-recovery, 612 iX)). & 2 (LITkEZ



JAEA-Review 2010-003

SEUFE O & R EF (fission—reactor—theory—and—design, 457 #30) . & 3 L
IFF (accidents—, 322Fm30) EWIONAF T, mHE2EKT DL, F 148 LY
Jva=1 A(zirconium, 1 §@30) £ THFF 748 HOHEBIHAMTE TR L DRI L
TWDENTND,

AARTHFEMTHZE D Tho, #EEINERERDO I D BiicT 73kt
DI (FwmEH & LT T fission—reactor—safety > T\ 5) . HOND
ST S TWD Z ERZW, BlIZILHARD 7 —ATIL accidents—& W ) Hi g
P E#EA L 322 OfCR#is TV D, 2O X ) R E R L Che ik
N5 EERT D,

Table 1 Example of output by INSPEC; where fission reactor safety was used as the
control term. Time period covered from 1978 to 2002 (25 years).

Fission-Reactor-Safety: INSPEC 1978-2002
JAERI: 468 papers Japan:2,056 papers
Interacted technological elements | 274 Interacted technological elements | 748
Rank Keyword Papers | Rank Keyword Papers
1 | fission-reactor-cooling-and-heat-recovery 171 1 | fission-reactor-cooling-and-heat-recovery 612
2 | accidents- 150 2 | fission-reactor-theory-and-design 457
3 | nuclear-engineering-computing 103 3 | nuclear-engineering-computing 397
4 | fission-reactor-theory-and-design 95 4 | accidents- 322
5 | fission-reactor-fuel 68 5 | fission-reactor-materials 235
6 | fission-research-reactors 50 6 [ nuclear-power-stations 235
7 | fission-reactor-cooling 42 7 | fission-reactor-fuel 178
8 | fission-reactor-design 36 8 | fission-reactor-core-control-and-monitoring 167
9 | fission-reactor-materials 34 9 | fission-reactor-cooling 160
10 | fission-reactor-core-control-and-monitoring 28 10 | fission-reactor-design 137
270 | vaporisation- 1 744 | work-hardening 1
271 | vibration-measurement 1 745 | X-ray-chemical-analysis 1
272 | wind- 1 746 | Young's-modulus 1
273 | xenon- 1 747 | zinc- 1
274 | X-ray-diffraction 1 748 | zirconium- 1

HA L JRMF (JAERD) (Zxf U C3EN L7emE A KEEA—2 Y v (ORNL) &Y
e B —nAn—=x (FZK) [ZHOWTHEM L7z, TOFEEZ E L&D T Table 2 (Z
R,
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Table 2 Number of research reports searched by INSPEC, where control term was

fission-reactor-safety and research period was 1978-2002.

EESHTY—IL INSPEC
FERAL=#HIEECT) ¥ F A% £ 4 (fission-reactor-safety)
xR 1978-2002 (254F)
1) = SE:N XE H
(1-1) FWXE 2,056 10,654 2,745
(1-2) EREBRMERY 748 1,273 696
(2) FE{IRZEHERS [ B A=)y |h—ILRIL—T
(2-1) WX 468 433 466
(2-2) EREBRMERI 274 271 247

(;¥)CT:controlled term

TR EMNT =215, KEFABLUOMMO 5 F0im . £ 245550
FINERERERET L N0 D—FH., ZORO THT—206, ELUME
FEBART I, 25 4EM T UM, ORNL, FZK DJIET 468, 433, 466 & 7=
72 AR ER Y 274, 271, 247 LFREFEMNRW, B L, HADHERH
T ELREL 748 (X3 2 s BIHAIT 2L 84k 274 13, [EPNRRER SUEI S RT3 2 IRt
DFLHLRN I THLIFELRLTEBY ., FFOFLERIIRE W, AU,
ORNL DK [ENZ BT 5 HF 51T 21%, FIK OMICBIT 5 HF5RIL 35%& 72 5,

TR HEAEBIIC R D 3 FULIF SRR D FEAREX X Fig. 3 D X H 1T/ D
Thb9, ZOEAEEXR)G, HA—JFRAF, KE—ORNL, H—FZK &\ 7-[H
N RAME . B A—KE— & o 72 [E TSRS, JAERI-ORNL-FZK & \»
> T2 B TR BE ] O B Rra B & < T ATz,
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{# ZUFRQD |
ot

BA:748 | |KE:1273| | F(V:696 Ci”’“‘”“’

BT ERH

i} t')

- / - J A J

R ERY

JAERI:274 | |ORNL: 271| | FZK: 247 C’*MMWC

Fig.3 By using the control term as fission-reactor-safety for 25-year period, a basic
structure of technology interaction at the level of nation as well as institution is

indicated, taking into a consideration of three different nations and institutions.

4. 1. 2 F e B
(1) HAINZERBOKL Y A
DT FAREEX S R L CEEMEICET 2 HEREME AR DT TH
L5, AAROEINERE 748 L FEMHHEAN R 274 OREIZ OV TR 2 Dl
D UMBEDBERENL T XD, BALICT v 7 ST0 D HEIFEFRIIFA & 2P E
WiEx > TWDHZ &L Table 1 MHHLNTH DO T, Y 2R EHEE DT
TR 2T 5FE LT 5,

Fig. 4 1%, AARLEMOEITEFRE (R 746, #%& 13 274) & NI IR
ToHMmXEE RS E Ty FLEEbDTH D, BT ESE BAL 18 THEUID 2 L
tﬁm\lkowfi&m%ﬁku18:aihémiﬁi&%5kﬁéﬂ\%

K 6,523 O BI%NTHEY T 5, FHHI DWW TIEEINESE FAL 18 I2E3FEND
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Number of technological elements related safety-A case of Japan and JAERI

Fig.4 Number of papers belonged to each technological element and number of
technological element related to safety ; A case of Japan vs. JAERI. This plot is used for

a reduction of original technological elements.
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HU . TOmIEIL 171 F@X ThoTo, BARMH DTt/ S < HEBIM: R &
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ZOHNEFEL LR CEMOZE, T 7 4 Ll LTSI TV THRIUK
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—Ji. BRFOZUET > 7 16 fiT 4wl e b, RICEZIE, 207 —X 1%
BRTPHENOTEEE L TV SN2 0T, #EAMEK S M s 5,

Example 1; Integrated technological element of fission-reactor-cooling-and heat-recovery was rank
1(612papers) in Japan and rank1 (171 papers) in JAERI. Similarly, integrated technological element
of accidents- was rank 2 (457 papers) in Japan and rank 4(95 papers) in JAERI. The two cases
showed a high interaction of technology.

Example 2; Integrated technological element of nuclear-power-stations was rank 6 (235 papers) in
Japan and rank 16(14 papers) in JAERI. This case showed a low interaction of technology.

e 1% 162) 137

Papers

50 SEY e

K 02 2%
T b Ot

09 (m
Numerals in the figure show number of R

e
apers at each rankin 05
pap g s
3
H2E2E2
1 1 1 1 1 1 1 1 1 1 1 1 1 1 .4' .1 1 1

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Interacted Technological Elements shown by Rank

Fig.5  (X-axis) Interacted technological element in Japan plotted as a function of its
own number of papers (hereinafter called as the strata). (Y-axis) Interacted technological
elements in JAERI plotted together with numbers of paper. If two data points
dissociated largely, strength of technological interaction was judged to be low, and vice

versa.
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Interacted Technological Elements in Japan

Fig.6  Interacted technological elements in Japan (x-axis) and those in JAERI (y-axis).

If data point is dissociated largely from one-to-one linear corresponding line, strength of

technological interaction is judged to be low, and vice versa.
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Z OHWEE B EN DS DR A Table 3I2FE & 7=,

Table 3 Result of rough analysis for the interacted technological elements between

Japan and JAERI; the study was addressed to fission-reactor-safety at a 25-year period.
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point is dissociated largely from one-to-one linear corresponding line, strength of

technological interaction is judged to be low, and vice versa.
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Table 4 Results of rough analysis for the interacted technological elements between the

U. S. and ORNL. This study was addressed to fission-reactor-safety at a 25-year period.

(3—3) fh—h—)L 2L —hf%e
L NE T8 B 2 3 —FZK TR T A7z,
LT y-liIo 7 2207y LAY,

TiE x4 30 |2

KEXTORNLD L&
ERNS EREMIE
[RFIFAEEBRE | At HR i E
[RFPEBRERET Pl aA
THEE
[RFHFRER
=i
P HEIEEBE 2R AR F
J& F KPR F i
R F P4 #
R FIP&EEr fRIDER
A =z
CAES BiniE
(EEE]E
BnHERY
EhB=
HE=

KIE & ORNL O EEffvd A & & i3
LEAEF, bR EIRERIL, K
BRI 2R (R IRREE, B ARk
Yy L MBHEINEE SR (RFFEMED &
O gE (i) 2 HURpICh 5,
ORNL Tl JEF47 O YE#R M OMRST - pifs
(2B D AT E R (R 5 EF. P
Lol & BE AR E%ﬁﬁ%\hﬁ
JENI A%, BatiE, d) S
&Lfﬁ%mfﬁﬁﬁﬁkiﬁéo

— 07, HANEBAMEAR & v S FIXE
AUV TIIMFGE N A TH D73, ORNL X
HREINE R 2 R FF L TR W BT
bV | EREE BN TR (U X 7 B
R, BOREER., AMIRT) RUK
NS (FOmE, R, 2Ys
B)MNFET oD, ERTHEENT Lo
EEFIL, AAR-FMFOr— 2 THBLL
R T BN EFEAL TH 5,

At (FZK)

T OFER % Fig. 8 12”79, A A—JEHF
M 30 AZITH L

TFIKDTZ 71200 FETHY ., FEMFER UL BB TH 5D,

-14-



JAEA-Review 2010-003

200
[ ]
.
Papers having the term of fission-reactor-safety in g‘
« 180 — INSPEC were2,745 for Germany and 466 for FZK. All §
o descriptors (DE) existed in those papers were Py o
= 160 simultaneously detected and ranked. Dotted line in the
£ figure shows one-to-one correspondence between the é S Py
g rank of interacted technological elements in Germany and £ "§
D 140 — those in FZK. 2 S 8 -2
L =] = c %‘
= @ 2 c S
L < 3 S B
2 120 5 = N S
= - 1 c >
<} > S e s = £
c = o 2 £ 35 <
S ey L2 T S S S P
S 100 o = S = 3 © =2
[ 3 2 - 2 < £
=2 3 c 5 S i 5 ® o -
£ =z 2 o c © ©» o = = 2
5 80 [—= - 5 % g @ c 7 g *
® o S 5 5 s g 2 3 S £ 2 2 2
o 3 5 2 £ 2 g8 ¢ 3 3 8 5 5 s
= S 2 5 E 2 5] g 8§ & S 5 3 s B o £
= 60 g S £ S ® o S ® 5 L S c < S T
8 £ g5 22 S e 5 3 3 g o L e 8 2+ 3 = S
= S ? 2 £ &€ v 9 § £ £ ¢ = T 8 L 5 B T £ 2 0 )
c S 5 = & § 2 £ & & § & s c 8 S & 8 g ©° T 5
Q ? s © 5 T 2 9 @& g 2 Lo 5 S 5 o T E S ©
2 40 S 2S£ 8 5 5 o903 32 $ & O L £ 5 8 5
8 2 S5 23888 54 < N < g § O 5 g5 g 8
< 5 o T8 2 B ] [ S
1S g ¢ 8§ 8 P T oo £ g 2 o o 5 a @ & o8-
&} f § © § § 5 & 2 5 2 @ I £ o S
20 [=] 2 = -2 7] = T e A 3 © 2
B 2 € 2 8 & m & S g = o o @ 2
2 8 L 2 &= o T - o ] o =
- &8 @ 5. o= (@) =}
AL SN 1o o) 2 o
0 e lile) I I Q | Q I I Py I
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Interacted Technological Elements in Germany

Fig.8 Interacted technological elements in the Germany (x-axis) and those in the FZK
(y-axis). If data point is dissociated largely from one-to-one linear corresponding line,

strength of technological interaction is judged to be low, and vice versa.
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Table 5 Results of rough analysis for the interacted technological elements between

Germany and FZK; the study was addressed to fission-reactor-safety at a 25-year

period.
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Interacted Technological Elements in JAERI

Fig.9 Interacted technological elements in JAERI (x-axis) and those in ORNL(circle)
and FZK(triangle). If data point is dissociated largely from one-to-one linear
corresponding line, strength of technological interaction is judged to be low, and vice

versa.
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Table 6 Result of rough analysis for the interacted technological elements between
JAERI-ORNL and JAERI-FZK; this study was addressed to fission-reactor-safety at a
25-year period.
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Fig.10 Interacted technological elements in Japan (x-axis) and those in the U. S. (circle)
and Germany (triangle). If data point is dissociated largely from one-to-one linear
corresponding line, strength of technological interaction is judged to be low, and vice

versa.
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Table 7 Results of rough analysis for the interacted technological elements between
Japan-the U. S. and Japan-Germany; this study was addressed to fission-reactor-safety
at a 25-year period.
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(HERARSERT I O L E & & OB M2 T 5,
(1) FHm5E

Table 8 [Z/MD 4 HIE TILATH Table 1 L [MIUTh D, T725, INSPEC T
ORI 25 ], BREE 2R L et s Licdsa @ INSPEC & 7
YXUTELIELDTH D, T Y URMRER ST S G o 7)IE 32 i E T
R L, 60D 2T AL E TS TEIE L T\ D, HEENLIE (CPI) 12Xk - T
EDL I BREBENRENDDMNE T 7 2N OFE (accident—) Z4f > TR
5o

Table 8 Results of INSPEC search; as input “fission-reactor-safety”” was used, where the

period was covered from 1978-2002.

fission reactor safety( all period) Japan | JAERI
Papers having CT=fission reactor safety 2,056 468 [CPI/JAER|JA/Japan
Descriptor Rank| Papers | Papers - %
fission-reactor-cooling-and-heat-recovery 1 612 171 1.0 28
accidents- 2 322 150 1.7 47
nuclear-engineering-computing 3 397 103 1.0 26
fission-reactor-theory-and-design 4 457 95 0.8 21
fission-reactor-fuel 5 178 68 14 38
radioisotopes- 28 24 6 0.9 25
reactivity-fission-reactors 29 32 6 0.7 19
shielding- 30 25 6 0.9 24
stress-analysis 31 22 6 1.0 27
uranium-compounds 32 12 6 1.9 50
Sum| 3,652 985 0.2697

Rank 2:accidents—-D7Z7— A

Accidents &\ 9 F—U— NEHF % HAFE O SCHEITH 3 51H 225 322§
X ThD, HtWT, Accidents £V 9 F—TU — REHT 5 EMETE O ST EIX
FAFIEHDD 150 33l TH D, > T, Accident (22T, HARIZEIT 5 HHF
i LD FAERI G

150/322 X 100=47T%==+++ o o o o o o o o o o o o o o o o o o o o o o /1/
LD,

Accident Z&TextRT 7 32 £ TDOHRGH L OMREBIIE 3 FEEITHD
3,652 F LT H, Accident ZEHTeRIHR T 7 32 if F TOJFRMER L OMEILE
4 FIHEAT D 985 f LT D, MR LETDHT 7 2LE TITENT, AARIZ
BT 2 AR S ORI 1

085/3652xX100=27% ¢+ +ssseeeetessccccts o o o o o o o o o o s o o o o /2
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LD,

Z DL X, Accidents— D HEEATFEE CPT X

AT/2T=1.T ¢+ » o « o o o o o o o o o o o o o o o o o o o o o o o o o s /3/
LD,

COWOMEMN 1.0 2 72 b OB RH D L ERII, L0 EZEZZ2NEO
TEALPED Y (L) LEFRSNLD, KO 6 FIEITFEIFEZRIZ OV T CPI
ZEE LI R A RT, CPI OHHEIL 0.27 L7 o=, £7=. 6 FIRIZAARIC
BT DR ER SCDAFAEENG & B HIRERIZOWTHE LI R 27,

2 TlE. BA—JFEMFABIC & o T CPI EDOEFE L FORERAZ TR LT,
i, AKE—ORNL, —FZK \ZOWT LA UHAEFIEZEATE 5, 25ICRD
5 ¥ H BB xSt eRBa > CP1 % x-#ihiZ., <& LC 6 ¥ H RIS EIZ k3 5 F5eik
B CPT HE % y-illc 7' v v N LToRE R % Fig. 11 & LT d, CPT /Yt
MR OENGH CFERICE S HBI L TOWDEN TN D,

60

B JAERI-Japan
50 0.27

3 L4

- X FZK-Germany

B 0.18

\

ORNL-USA
0.04

3.0 4.0 5.0 6.0 7.0

Papers in JAERI(ORNL, FZK)/Papers in Japan(USA, Germany) (%)

Fig.11 (X-axis): CPI at each institution and (y-axis) papers in JAERI (ORNL, FZK)
divided by papers in Japan (the U. S., Germany). Numerals of 0.27, 0.18 and 0.04 are
averaged CPI values for the JAERI-Japan, the U. S. -ORNL and Germany-FZK.
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(2) BIMFZERERI O PRI B3R & 2 O E 1

JFEHFZ =L L, ORNL & FZK #7t & L7z CPI Ml 2 £+ 5, ZOFE . Fif%x
F & U7 K D ¥RE X INSPEC 206 ) Sl Hiffr#i58 & L CRMF O AT >
7 18 ETCOHNERELMRATETHD, 20D, FEHHIMEN 72 CPT HE
FERDHRT < 725, Table 913 Z DIREZ 2R & Lz CPIFHEFER TH 5,
B LATIEDAI L TH Y . h— A —=x (FZK) 132 Z Tl Karlsruhe
MITEMETK LR L TH D, F 2 17HICHE 3 WEEOEE LTS 20
AL 468 FENFLEL L Th D, F3ITH LKL, F—Y — K (Control terms)iZ
)i U CEWFZERERE N P s 22 B > TN D 726D, B 23 Lo U8 & 4540
FEREBH DRGSO TNV R STV D, Zafi-> CEHE L7z CPI 5% 5 %1 (R
WF),6 % (ORNL) KON 7 #IH (FZK) (2R d, Z 2 Clk, Hfim@EpErE»N S (CPI>
1.0) -BIHHiEffr, &fE S BERE S, FEFC1 841 2, ORNL T
I8 8, FZKTI8H 7 L7poTW5,

Table 9 CPI of three prestigious research institutes; this study was addressed to fission
reactor safety for a year-25. As tool, INSPEC was used.

JAERI+ORNL+K [ JAERI | ORNL | karlsruhe CPI fission reactor safety( all period)
468 433 466 JAERI | ORNL | karlsruhe
Papers | Papers | Papers Controlled Terms
405 171 93 141 1.1 0.9 1.0 fission-reactor-cooling-and-heat-recovery
370 150 71 149 1.0 0.7 1.2 accidents-
262 103 67 92 1.0 0.9 1.0[ nuclear-engineering-computing
235 95 75 65 1.0 1.2 0.8] fission-reactor-theory-and-design
204 68 39 97 0.8 0.7 1.4| fission-reactor-fuel
116 50 49 17 1.1 1.6 0.4] fission-research-reactors
59 42 9 8 1.8 0.6 0.4 fission-reactor-cooling
53 36 9 8 1.7 0.6 0.4 fission-reactor-design
127 34 95 38 0.7 1.6 0.9] fission-reactor-materials
96 28 40 28 0.7 1.5 0.9] fission-reactor-core-control-and-monitoring
42 25 4 13 1.5 0.4 0.9] fission-reactor-accidents
57 24 4 29 1.1 0.3 1.5| fission-reactor-fuel-claddings
29 18 3 8 1.6 0.4 0.8| two-phase-flow
29 16 4 9 1.4 0.5 0.9] heat-transfer
64 14 26 24 0.6 1.5 1.1| fission-products
92 14 51 27 0.4 2.1 0.9] nuclear-power-stations
24 9 13 2 1.0 2.0 0.2] fission-reactor-instrumentation
46 9 12 25 0.5 1.0 1.6| radiation-protection
2,310 906 624 780

Z ORTFADMFEEPIBI TS CPT FHCTH 5, T OSE . FUMFIEET R
TR L s T& TH . ENEHE (A5 2 CPT 7l L 72/ . Table
8 Z M) TITHHEIN LWIE TE RWEERH L b A, £ 2T, ER CPI
AT & BRI FERERE CPT ATl 2 A& ¥ e R AER L7z, Z475 Table 10 T
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HoD, REM 1 FIDGIEEIC, FiFE EL U HINESR CEMFZ > 7 I IZH R
b0, FOERWK., FHHCRBT ST 7, 3 HELAFFEHEERIC 6 LT3 L7
CPI fl. EW (A A—EHF) CPI ff. ORNL (2351 2 i EFE DOEMETE. ORNL 123
AT 3 WFSERERS CPT i, [ElN CKE—ORNL) CPI . ﬁ~wxw~xh
B AEINEZOERIE. H—IL A L—TICBIT 5T 7. 3 F5ekEES CPT 1A,
EW@%%M)@Hﬁkﬁéoﬁﬁ_owféhi\ZﬂHW%BWHT\&%
BEROEWIE L T 7 28D CPLIEN—FED TRENTWD, Z 2T, #HlziE
T U 4 DS SMF OB & ik EF (fission—reactor—theory—and-design) & 5
&L SHRAFEHBEIRMI O CPT 1L 1.0 TH A2, [ENCPL1X0.8 THDH, Tk
KECL AT TR BE L C I AIME & fefR L 72 23 EIN I i@ﬂ%%%%bfn&w
EWIHFELRIELTWD, ZOLIZ—D>XLM D CPI 28 1.0 & F[E- 73
Bl EOOEMIEL B TO T 7 2HIBRT A2 E LT, ZOFIA
ZREVIEL TN & BT EWN TEAMESR B > XE LA FEREI R < & #F
NtEZ RFF LTI O AR D FH & e b,

ZORNPOIFONTMAZ Y 5 < E L OO Table 11 TH D,

-24-



JAEA-Review 2010-003

VL |9l 0l uonosjoud uoneipes [ g0 [0 L0 [0

10 |20 9L oz gl uoljejusWINASUI VLo fo 8l uoljejusWINSUl
€0 |60 90 ¥4 Z0 | v0

61 L) Ll sjonpoud uoissl 12 |S) 0l sjonpoud uolssl 0L |90

0z |60 g0 |s0 zL |y bl Jajsuel) jeay
AL 0 | ¥0 VL |9 ¢l moyj aseyd om
¢ge |Gl . sBuippeyo any L'} €0 0¢ L'l Zl sbuippeyo any
1L |60 L0 |¥0 vl sl Ll SJUSPIOE J0joRa)
L0 |60 0L |s1 g | Buuopuow B 04U 8100 |90 | /L0

90 |60 gL |9l g S|elsjew Jojoes) S0 |20

90 |¥0 1L |90 0L |21 8 ubisap

90 |[¥0 60 |90 0L |8l / 6ulj002

60 0 T4 9l / SJ0joeal yaleasal |l 171 9 SJ0Joeal-ydlessal
6L |[¥) ¢ |anj-10}0e3) 1L |20 vl |80

L0 |80 L0 |z g0 |0l

L'l 0l 4 Bunndwoo 80 60 0l 0l ¢ Bunndwoo

gL |zl | S)uspIoJe 0L |20 UL ol 4 S)uapIoJe

L'l 0l Z | Manooaljesy pue Buljood | g0 60 0l 1’1 | | Ailanooal jeay pue buijood
ME |BFe [uey (1) 8ynisey ME [EFe uey () INYO ME |BEFdE [ue (1) 1¥3vr

"S9IMNISUL [0IBISAI Jed[onu snoi3nsaid woiy paureqo synsal [dD

PUB SJUSWO[S [B91F0[0UYdd) YV WOIJ PAjeuISLIO SuLd) [01U0d Uady3Ig (] 2[qeL

-25-



JAEA-Review 2010-003

Table 11 Key or core technology developed in the prestigious 3 nuclear research

institutes; this study was addressed to fission-reactor-safety during a 25-year. As tool,

INSPEC was used.
IR S — (1) B S iz PRzt

e FEFIE, EIPN LR (B, JAERT %t H &)
B e THEALMEZ REF L (CPT>1. 0) x> 34
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W X415 FEZHE T (core technology) R B ST & 7= & b, Ao HHIX
FHEEIMTEICIY chE RETHEICH D,

(1) INSPEC 2 84y &dF 0% 21 (fission-rector-safety) | & V> ) il 5&
(control term)Z A ) L7= & Z A, KEICE L TIEZH - Mo 5 %05 3C%(10,654
0. K9 2 OB ESR(1,273) 38 5 Z L3y o Tz, 3 FELIFZERE R
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B RAF AT B3R O H 5 274,271 ) 247 Tdh - 7=, INSPEC 7S5 H #s
X 3 FELIRF e BRI Coh E RN e o T2,
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MENZ DUV TIE 30 Fifi s, 20 28 FZK HEEHAN TH 2 &l & ni=, 5A
ENFEAF LR L Th DA, FZK A OHFEEHA & U CTHENRBERINESE (i
SHRBARE, R A MU — BURBREERD 23, FMEINESE (RIEmE & 2405%
£, Fh, FOFER, =7 e Y V) XA K E OEREG ) CEE R S LT
D EFen-b0oREEN TV,

(3) BULIAF7ERE Rt

20 OHEANEF & thiertg & L, 3 FLWFIEHERER CItmmIc s Lo P
WHI N Z TR T, EORER, PEHMNICS S L < S Bk & &l S
TeDIX, RIS EpTH EE S (LFFtE, A e & ek dh, PO & B
B, TR IFEERT. HBOKRBGRE) . BB 2238 (B S E & te) . MPRHEIT
R, MOVERHEINESE (KRGS BERE, Fi) o, o8 T 10 P&
MCHdZ ENH LT A U2 BAR—KE—MED 3 » E[H THEE L7223,
3O PN IS 13 TR O 3B EME DO b D LI ERI L Th o7, Z
AU, 3 FERIFTERSBE S ML E O 2 2SR D F 7= DHEER L 72> TE - F AR
L TW5,

-27-



JAEA-Review 2010-003

(4) HEEALFEE (CPI) 1T X 20 R O & &r0hh
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