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An outcome of nuclear safety research done by JAERI was case studied by the
bibliometric method. (1) For LOCA (loss-of-coolant accident) a domestic share of
JAERI in monoclinic research paper was 63% at the past (20) 1978-1982 but was
decreased to 40% at the present 1998-2002. For co-authored papers a domestic share
between JAERI and PS (public sectors) is almost zero at past (20) but increased to 4%
at the present. Research cooperation is active between Tokyo University and JAERI or
between JAERI and Nagoya University. (2) Project-type research is to have a large
monopolization in papers and that of basic-type research is to have a large development
of reseach networking (DRN). (3) For FP, a share of co-authored paper is high due to an
enhanced cooperation among JAERI-PO (Public Organization)-PS. For criticality,
research activity was enhanced after JCO accident, especially at NUCEF. (4) For
reprocessing, PS had a monopolistic position with a domestic share of 71% and a share
of JAERI was about 20%. (5) LOCA and RIA outputs born by NSR-JAERI coincided
partly to those of the Safety Licensing Guidelines but a share of contribution done by

JAERI was ambiguous due to the lack of necessary information.
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1 Introduction

In our previously study '), a predominance of nuclear safety research conducted by
Japan Atomic Energy Research Institute (JAERI*') was examined by the comparative
predominant index (CPI). The conclusion was that the nuclear safety research in JAERI
((hereinafter abbreviated as NSR-JAERI) is still keeping an important role in this field.
Additionally, it is revealed that NSR-JAERI changes its stress point from the
reactor-oriented accident to the downstream of nuclear fuel cycling. In the present paper,
to study an outcome of NSR-JAERI we made a case study. Parameters considered are
LOCA (loss-of-coolant accident)** , fission products (FP), Criticality and Reprocessing.
Our main interest is to know how those parameters developed a research networking
during past 25-year period. As to the case of LOCA, an influence of outcome of
NSR-JAERI on the existing Safety Licensing Guideline prepared for ECCS/LOCA in

Japan is studied.
2 Methodology

2.1 Development of research networking (DRN)
To visualize DRN quantitatively, NSR papers published by JAERI, PS (Public Sectors)
and PO (Private Organizations) were indexed by the affiliation of the first author as a
function of research time span; every 5 and 25 years. The DRN is shown by a
rectangular shape as depicted in Fig. 1. To make more detail analysis, we developed a
SOCIOECO computer code ), which can discriminate the affiliations of all authors in a
paper and journalize it as the JAERI-PS -PO. The further details are as follows:
One paper is corresponded to the rectangular area of Imm x 1lmm. A whole area of
the rectangular shape is proportional to the total number of indexed papers. The
scale is absolute at all representations.
The area shown by D, @ and (3 represents the total number of single organization

papers, where the author(s) belongs to a single organization. The magnitude of the

*! The Japan Atomic Energy Research Institute (JAERI) and the Japan Nuclear Fuel Cycle Development
Institute (JNC) were reorganized on October 2005 and the Japan Atomic Energy Agency (JAEA) was
established. This report is focused on the socio-economic evaluation of the Nuclear Safety Research that
has been carried out by JAERI.

2 According to the Joint Thesaurus prepared by IAEA (2002), LOCA is recommended to be used in the
form of loss of coolant when one inputs it into the INIS. Indeed, the number of papers found using LOCA
is very low compared with those found using loss of coolant. For INIS operation we used /oss of coolant
instead of LOCA.
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area is proportional to the number of papers published by JAERI, PS and PO. If it is
necessary, PS is further divided into GS (Government Sectors; left) and U
(Universities; right), separated by the dotted line. This indicates the magnitude of
monopolization.

The area shown from @ to [F| represents the total number of co-authored or multiple
organization papers, where the authors in a paper belonged to two different
organizations. Strictly speaking, area @ shows the total of co-authored papers
between JAERI and PS while area |C| shows those between PS and JAERI. In the
subsequent sections, the sum of @ and C| is used frequently.

The area shown by represents the total number of co-authored or multiple
organization papers from three or more different organizations. The area is usually
small in magnitude, if the research networking among JAERI-PS-PO is not
developed well. However, as discussed in the Appendix I, it will be large enough
when a mutual collaboration among JAERI-PS-PO is activated. In the illustration, it
is denoted as TR (triplet).

JAER

s

GS u

Fig. 1  Definition of the development of research networking (DRN) ; one paper
corresponds to an area of I mm’. A whole area corresponds to a total number of
research paper studied. Area A+C, E+F, B+D and G are corresponding to co-authored
or multiple organization papers between JAERI-PS, PS-PO, PO-JAERI and
JAERI-PS-PO, respectively. Area (1)@ and@ corresponds to single organization
paper represented by JAERI, PS and PO.

2.2 S-matrix
To build a framework of NSR-JAERI, we picked up the top (97) keywords from JOLIS
database, which was fabricated by JAERI. So, the results of this bibliometric study are
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inevitably biased for JAERI. To counteract this negative image, S-matrix is prepared. A
main role of it is to consider more about co-authored papers than single organization
paper. The basic concept may be understandable by the following example.

Example:

At past (10)1988-1992, a keyword LOCA was used as input of INIS. Output of INIS
prepared for bibliometric study is stored first by SOCIECO computer for determining
an organization (affiliation) belonged to the 1** author. As shown in Table 1, a number
of LOCA papers belonged to JAERI are found to be 154, while those belonged to
Toshiba Corporation are 38 and so on. A total sum of the row 2 in the table is as many
as 312. SOCIOECO operated and found that co-authored papers of JAERI (1* author)
~Tokyo University (2™ author) are 3 and those of JAERI (1* author)-MAPI (2™ author)

are as many as 1. This was repeatedly done to the last.

Table 1 Partial result of SOCIOECO analysis; keyword=LOCA, past (10)1988-1992
Total papers from rankl to rank 40 are 312

Rank | Papers Organization JAERI | Toshiba | Hitachi | Tokyo U | NAIG MHI | Kyoto U | MAPI NFI | TITECH
1 154| JAPAN ATOMIC ENERGY RESEARCH INST(JAERI) 0 0 0 3 0 0 0 1 0 0
2 38 TOSHIBA CORP 0 0 0 2 0 0 0 0 0 0
3 19 HITACHI LTD 0 0 0 0 0 0 0 0 0 0
4 9 TOKYO UNIV (TokyoU) 3 0 1 0 0 0 0 1 0 0
5 9] NIPPON ATOMIC INDUSTRY GROUP CO (NAIG) 0 1 0 0 0 0 0 0 0 0
6 8 MITSUBISHI HEAVY IND (MHI) 0 0 0 1 0 0 0 0 0 0
7 7 KYOTO UNIV (KyotoU) 0 0 0 0 0 0 0 0 0 0
8 5 MITSUBISHI ATOMIC POWER IND(MAPI) 0 0 0 1 0 1 0 0 0 0
9 5 NUCLEAR FUEL IND (NFI) 0 0 0 0 0 0 0 0 0 0
10 5 TOKYO INST. OF TECH (TITECH) 0 1 0 0 0 0 0 0 0 0

S-matrix is formulated generally by
S11 S12 S13 S14 - Sln
S§21 8§22 S§23 S24 - S2n
~ | 831 8§32 §33 S§34 - S3nm "

S41 S42 S43 S44 - S4n

Sml Sm2 Sm3 Sm4 - Smn

Suffix “m” is agreed with a total numbers of research organizations registered in INIS.
For the demonstrated case, it will be 40. Theoretically, suffix “n” is infinite depending
on the numbers of co-authored papers. Here, we set it as 40. Due to this treatment, a size
of S-matrix for the LOCA at past (10) is (m, n) = (40, 40). Practically, what we obtained




JAEA-Review 2009-022

from SOCIOECO study is as follows.

Sml

Sm?2

JAERI — JAERI ~ JAERI —Toshiba  JAERI — Hitachi ~ JAERI —TokyoU
Toshiba — JAERI  Toshiba — Toshiba Toshiba — Hitachi Toshiba — TokyoU
Hitachi — JAERI  Hitachi —Toshiba Hitachi — Hitachi  Hitachi — TokyoU
TokyoU — JAERI TokyoU —Toshiba TokyoU — Hitachi TokyoU — TokyoU

Sm3 Sm4

Sln
S2n
S3n
S4n

Smn

Although JAERI (first author’s affiliation)-JAERI (second author’s affiliation) is

so-called “single organization paper” existed as many as 154, we set it as zero because

S-matrix is prepared only for counting co-authored papers. Therefore S-matrix will be

w o O O

S O O O

- o O O

S O D W

Sml Sm2 Sm3 Sm4 -

Sln
S2n
S3n
S4n

Smn

Numerals seen from the row 4 to the row 13 in the table is coincided with those shown

in the equation /2/. Where, diagonal elements {Smn,m =n} are zero as mentioned in

the above. Elements, for example, {Sl 1, S12, -, -, Sln} are the co-authored
papers where the 1% author affiliated to JAERI and the 2™ authors are individually
affiliated to Toshiba, Hitachi, Tokyo University and so on.

Conversely, elements

S11
521

Sml

are the co-authored papers where the 2" author was fixed

to JAERI and the 1% authors are individually affiliated to Toshiba, Hitachi, and Tokyo

University and so on. During this procedure, any institute which has not the honor of a

1** author at all, then the S-matrix cannot register his name. Detail results about LOCA

is shown in the subsequent section together with data plotting.
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3 Results and Discussion

3.1 Development of Research Networking

Of selected four keywords, LOCA and FP represent the reactor-oriented accidents and
Criticality and reprocessing do the down stream of nuclear fuel recycling.

(1) LOCA

For almost 25 years, LOCA kept the 1% rank out of top (97). CPI(Comparative
predominance index), however, pointed out that the real activity of LOCA did not
constant as shown in Fig. 2. The LOCA activity became peak at the past (15) 1983-1987
and started to decrease towards the present 1998-2002.

#001 LOCA 1998-2002 #001 LOCA 1993-1997

PO 32(21.9%) PO 72(32.7%)
I % %
(6, 0)(4.1%, 0%) TR1 (0.2)(0% 0.9
TR 1(0.7% ~ (0.5%) =
R e
JAERI 64 ge JAERI 80 =
(43.8%) 2 (36.4%) =
(4,1)(2.7%, 0.7%) (4, 0)(1.8%, 0%)
PS 31(21.2%) PS 58(26.4%)
#001 LOCA 1983-1987
#001 LOCA 1988-1992 PO 127(26.5%)
PO 102(31.1%)
(2, 0)(0.6%, 0%) = TR 0(0%) ®
TR0 (0%) e a2
o = ~o
Mo — N
2 JAERI 286 £
JAERI 154 = (59.7%)
(47.0%) PS 51(15.5%) PS 44(9.2%)
(8, 3)(2.4%, 0.9%) (9, 1)(1.9%, 0.2%)

#001 LOCA 1978-1982

PO 101(30. 6%
(0, 0)(0%, 0%)

, S35

TR 0(0%) 03
JAERI 207 3
(62.7%) =

(0, 0)(0%, 0%)
PS 21(6.4%)

Fig.2 DRN of LOCA

As shown in Fig. 3, during past (20)1978-1982, JAERI (full circle) shared 63% of the
total LOCA papers in Japan, while PO [asterisk (*)] shared about 30%. Co-authored
papers at the period were negligible. During past (15) hence after occurrence of TMI-2,
LOCA papers as seen in the Fig.2 increased to the maximum (479 papers). At this
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period, co-authored papers between JAERI-PS (U, GS) and PS-PO became significant
and increased to a magnitude of 2%, that is, 10 papers. Taking this period as a
turning-point, LOCA activities in JAERI started to decrease as much as about 40%,
though it was a still high level. One of principal reason for this phenomenon may be the
set up of ECCS Guideline performed by the Japanese Authority. The share of PO did not
change the level of 30%. Chernobyl accident occurred in the period of past (15) gave
less impact on LOCA study.

At the present, the co-authored papers between JAERI-PS, JAERI-PO, and PS-PO
increased the value as much as about 4% Though the value is small in magnitude,
increase of co-authored papers from 2% (past (15)) to 4% (present) is impo rtant because
DRN is more activated among competing researching bodies. TR (JAERI-PS-PO) for
LOCA is negligible. It can be said from the aforementioned fact that JAERI had a big
predominance for LOCA study.

—O—JAERI-PS —&- JAERI-PO
Average over 25 years
——PS-PO —o— JAERI-PS-PO (1) JAERI-PS  2.1%
010 17 e JAERI —X—PO i 2) JAERPO 1.2% n 0.70

(
o~ | )(3) POPS  2.2%

- ] e _ (4) JAERI*PS*PO 0.1% || 060

= ECCS Guideline

8006 +— (1981) _ Chernobyl _®

o Accident(1986) 1 0.40
(]

2 y 4 iy X/X A

50.04 —— % — 1 0.30
S X 1020

Occupational ratio to total papers (-)
JAERI & PO papers

1 8
0.02: T™I-2 /g%/.’g\\ /
]

I~ Accident O,
1 (1979) /\// 10.10
| I -
0.00 o 0.00
P (20)1978-1982 P (15)1983-1987 P (10)1988-1992 P (5)1993-1997 Present 1998-
2002

Fig. 3 Occupational ratio to total papers per 5 years is plotted for the co-authored
papers (left-hand side) and for JAERI and PO papers (right-hand side). Total papers
from the past (20) to the present are 330, 479, 328, 220 and 145. The occurrence of the
TMI-2accident and Chernobyl accidents and the set up of ECCS (emergency core

cooling system) guideline is indicated by an arrow.
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-S-matrix of LOCA

For LOCA, a total sum of co-authored papers became peak at past (10) 1988-1992.
Because affiliation of the 1% author was journalized into 40, SOCIOECO had a 40 x 40
matrix. Due to limited space, here, a 14 x 14 matrix instead of a 40 x 40 is shown in Fig.
4. To show the data point clearly, we set the JAERI at the front corner. If you looked
into X-axis (the 1** column) , JAERI is fixed as the 2" author and (GS, U, PO) is fixed
as the 1% author (Toshiba Corporation-JAERI, Hitachi Ltd.-JAERI, Tokyo
University-JAERI and so on). The number of co-authored papers is shown in the Z-axis
(0 for Toshiba-JAERI but 3 for Tokyo University-JAERI). This leads that as a research
partner of LOCA, JAERI worked well with Tokyo University.

Similarly, the 2" column shows the Toshiba Corporation as the 2™ author
(JAERI-Toshiba  Corporation,  Hitachi  Ltd.-Toshiba  Corporation, = Tokyo
University-Toshiba Corporation and so on).

O JAERI

3| M Toshiba Corporation

O Hitachi Ltd.

O Tokyo Univ.

B Nippon Atomic Industry Group
@ Mitsubishi Heavy Industries, Ltd.
@ KyotoUniv.

O Mitsubishi Atomic Power Ind.

B Nuclear Fuel Ind.

M Tokyo Institute of Technol.

O Ishikawajima-Harima Heavy Ind.

Ship Res. Institute

Tokyo Institute of Technol. OPNC
KyotoUniv. 03 B Ship Res. Institute
. sQSE i
Tokyo Univ. - ,U-Egg_g: B Nagoya Univ.
1 =>T < @ ©
.o T Ec—E > < >
MR 528725338 39
ESIdSogEErT o8
<E_coa,':>.0§°m
e >EpXLgpgaues 2
_’gs—égg oGS = 5
T o = =
SII—EE gggf
g g% I GF
= EZ = ==
g2 s % 88
= <= S Fg
52 2 2
y gz = =
==
X =

Fig. 4 Co-authored papers for LOCA, those are indicated by a 14x14 S-matrices; the
x-axis(I*" column) shows JAERI as the 2™ author in the co-authored paper while the
y-axis(1°' row) shows JAERI as the 1*" author in the co-authored paper. Data are for the
past (10)1988-1992.
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The co-authorship is established not only at the Nippon Atomic Industry Group
(NAIG)-Toshiba Corporation (one co-authored paper) but also at Tokyo Institute of
Technology-Toshiba Corporation (one co-authored paper). For the 3™ column, the
Hitachi Ltd. is the case (JAERI-Hitachi, Toshiba-Hitachi, Tokyo University-Hitachi and
so on.). Co-authorship is observed at Tokyo University-the Hitachi Ltd (one co-authored
paper). For the 4™ column, Tokyo University is the case. Tokyo University had a good
cooperation with JAERI, Toshiba Corporation, Kyoto University, Mitsubishi Atomic
Power Industry (MAPI), PNC and Nagoya University. Namely, Tokyo University is

superior to having multiple research cooperation with other institutions.

Reversely, Y-axis (the 1* row) fixed JAERI as the 1** author and (GS, U, PO) as the 2™
author. There existed a good cooperation between JAERI-Tokyo University (3 papers),
JAERI-MAPI (1 paper) and JAERI-Nagoya University (3 papers). For the 2" row,
Toshiba Corporation is fixed as the 1% author. The Toshiba Corporation worked well
with Tokyo University (two papers). As a result of good cooperation JAERI (the first
author)-Tokyo University (the second author) could produce three co-authored papers
and Tokyo University (the first author)-JAERI (the second author) also published three
papers. As shown here, the S-matrix can succeed to show the DSN between the different
organizations. For JAERI, the research cooperation is significantly established at Tokyo
University-JAERI and JAERI-Nagoya University.

Comparison of LOCA with Neutron

The comparison is interesting because LOCA is the typical project-type research and
neutron is the typical basic science in JAERI. Results born at the past (15) are shown in
Fig. 5. To our surprise, DRN of neutron is about five times the LOCA. On the other
hand, the monopolized rate in JAERI is 20% for neutron and 60% for LOCA, because
the former is studied aiming at reflecting its achievements to a variety of research
subjects and the latter is studied aiming at reflecting its achievements on regulatory
aspects. It is typical to say that project-type research tended strongly to have

monopolization than basic-type research.
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é?s, (0.7,
32 1.0%)
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(0.2%)

JAERI 470

(7,6) (0.3, 0.3%) PO 436 (18.5%)

11 (05,

3 0.6%)

—y

11
1

TR 0(0%)

JAERI 286
(59.7%)
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LOCA 1983-1987: 478 papers

PO 127(26.5%)

|
(9, 1X1.9% 0.2%)

(Lon
(%0 '%072)

PS 44(9.2%)

(19.9%)

(23,52)
(0.9, 2.2%)

Fig. 5 Research networking of neutron (left) and that of LOCA (right) during the past
(15)1983-1987. It is worth to mention that neutron (2,357 papers in total) represents the

PS 1335 (56.6%)

study of basic science and LOCA (478 papers in total) represents the study of the
nuclear safety project. The dimensional scale between the two was fixed at the same

level.

(2) FP (fission products)

The term FP was ranked at 59™ in top (97) keywords and judged as predominance. FP is
important for designing LWR fuel rod integrity under steady-state operation because its
increase is directly correlated to rod internal pressure. Additionally, during a reactor
accident, FP will be released from the degraded reactor core to the environment.
Preventing people from radiation exposure, a safety evaluation for FP is imposed for
licensing procedure. Fig. 6 shows the DRN of FP. It is significant to mention that the
well-developed cooperation is observed among JAERI-PS-PO; where PO keeps high
share. Co-authored papers between JAERI and PS was 0.3% during past (20) but
increased up to 6% at the present. Total papers produced over 25 years were 2,250. FP is
a typical project-type research. The main reason for high share of co-authored papers is
attributed to the use of a hot cell facility, which is usually located at the district nuclear
sites. In the hot-cell, many researchers have to collaborate with others, especially during

the post-irradiation examination.
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#59 Fission Products 1998-2002 #59 Fission Products 1993-1997
PO 56 (10.5%) PO 155 (31.5%)
(11, 4) (2.1%, 0.8%) (3,1) (0.6%, 0.2%)
e
TR9 ~ 9 TR3 o=
(1.7% S (0.6%) ® 2
© T =
< | gg
JAERI 165 . } =
(31.1%) PS 236 (44.4%) JAE{;?;,‘; ' I Ps155(315%
(46, 16) (3.0%, 3.0%) (9,9 (1.8% 1.8%)
#59 Fission Products 1988-1992 #59 Fission Products 1983-1987
PO 194 (33.1%) PO 101 (28.6%)
(4, 3) (0.7%, 0.5%) (0, 3) (0.0%, 0.8%)
TR 2 " =
~ 0.3% IS
(0.3%) o5 o
e ]
o <
] JAE(Z;;; PS 100 (28.3%)
JAE(I:I3 139/5; PS 154 (26.3%) (3, 2) (0.8%, 0.6%)

(13, 11) (2.2%, 1.9%)

#59 Fission Products 1978-1982

PO 89 (30.9%)
2, 1)(0.7%, 0.3%)

TR 1 e
(0.3%) S ;
=
JAERI 104 <
(36.1%) PS 88 (30.6%)

(0, 1 (0.0%, 0.3%)

Fig.6 Socio-economic networking (SEN) of FP (fission products)

(3) Criticality

Criticality was ranked at 39™ of the top {97} and judged as predominance. Its DRN is
shown in Fig. 7. The total area (that is the same as research activity) increased gradually
and lastly became largest at the present 1998-2002. This is reverse to the LOCA case.
Most JAERI facilities such as TCA (tank-type critical assembly) and NUCEF*? are
located at the fields for reprocessing. With respect to DRN, total papers from the past
(20) to the present varied from 95 to 498. For JAERI monopoly papers, the numbers
were increased from 52 (55%) to 194 (39%). The reduction of the percentage was

*3 NUCEF: The nuclear fuel cycle engineering facility established at 1994. This enabled the carrying
out of safety related experiments on solvent spent fuel in the form of uranium and plutonium.
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Fig.7 DRN of criticality, criticality is the representative keyword in the down stream of

nuclear fuel recycling. The whole size o f DRN increased from the past to the present.

influenced by the increased share at PS; namely, the co-authored papers between JAERI
and PS was about 1% at the beginning but increased recently to about 4%.

The JCO criticality accident that occurred in 1999 in Tokai-mura, Ibaraki, Japan** may
have had an impact on a variety of studies related to criticality, because several
post-accident tests were necessary to carry out at the NUCEF facility. A total of 1,233
papers of criticality were published over a 25-year period.

(4) Reprocessing

DRN

Reprocessing was ranked at 6 of the top (97) and judged as weaken predominance.

** According to Dr. F. Tanabe (2005), this JCO criticality accident occurred on September 30", 1999.
JCO operators poured Uranyl-Nitrate solution (>16.6kg-U, 18.8% enriched U) into a deposition tank
having a critical mass limit of 2.4kg-U.
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This technical term is very classical. Related studies were promoted vastly in foreign
countries other than in Japan. For example, during the past (20) Japan’s share (201
papers) was only 5%; it was small to the world (3,662 papers). However, at the present,
Japan’s share (673 papers) has increased to 25%; it was large to the world’s share
(2,687papers). For more quantitative understandings, Fig. 8 is shown. During past
(20)1978-1982, PS (cruciform symbol) had a top share of 71% because the full-scale
operation of reprocessing facilities in PNC*’ (one of PS) was started. The share of
JAERI (full circle) was about 20% and that of PO (asterisk mark) was 9%. The
percentage in JAERI and PO were comparatively lower than that of PS represented by
PNC. Co-authored papers are negligible; indicating that research communication among
JAERI-PO-PS was not enough. Partly because of the success of full-scale operation, PS
tended to decrease the actual activity at the past (15). However, PO behaved reversely.

This different behavior between PS and PO may be attributed to some kinds of reasons

—0- JAERI-PS -8 JAERI-PO -~ PS-PO

——JAERI*PS-PO —e— JAERI - PO
0.10 —+—PS 0.8

I
Average over 25 years

(1) JAERI-PS 1.3% <
(2) JAERI-PO 0.7% | NUCEF/JAERI 4 0.6 g)_ "
Z’é,_ operating 1 o5 gg
8 o T g3
0.05 PNC_ 04 o &
S | reprocessing >< 2%
2 facility 103 €a
2 ; sa
IS c
1 \//“ 102 28
— = 101 8
0.00 o — 0.0
P(20)1976- P (15/1983- P (10)1988- P (5)1993-1997 Present 1996-
1982 1987 1992 2002

Fig. 8 Occupational ratio to total papers per five-year period is plotted for the
co-authored papers (left-hand side) and for JAERI, PO and PS papers (vight-hand side).
Total numbers of papers from the past (20) to the present are 196, 282, 531, 693 and
694, respectively. The initiation of full-scale operating of reprocessing facilities at PNC

*> PNC: Power Reactor & Nuclear Fuel Development Corporation, the predecessor of the Japan
Nuclear Cycle Development Institute (JNC). In 2005, it reorganized further to become JAEA (Japan
Atomic Energy Agency).
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and that of NUCEF at JAERI is indicated by arrows.

what we can not clarify. The activity of JAERI, however, was accelerated from the early
stage of P (5) because of the full-scale operation started from NUCEEF facilities (1994).
The share at that period was about 30%. This situation coincided with the CPI analysis
done before *. Differing from the aforementioned section, DRN at PS-PO (triangle)
was larger than that of JAERI-PS (open circle). The S-matrix (see below) will be relied
on to support this tendency.

B JAERI
L I mJUNG(PNC)
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3 / OKyoto Univ.
O Hitachi Ltd.

B Toshiba Corp.

O Tokyo Institute of
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Fig. 9 Co-authored papers for reprocessing, those are indicated by a 9 x 9 S-matrices;
the x-axis (I column) shows JAERI as the 2" author in the co-authored paper. Hence,
for example there existed two papers between JNC (I* author)-JAERI 2" author).
Y-axis (I' row) shows JAERI as the I° author in the co-authored paper. Hence, for
example, there exited one paper between JAERI (I*' author)-JNC (2"d author). Data are
for the present 1998-2002.
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S-matrix

To understand more the cooperation observed between PS-PO, a 95 x 95 S-matrix was
prepared for the present 1998-2002 case. At least 95 organizations were cooperated
during that period. Figure 9 is a 9 x 9 matrix chosen from original 95 x 95, which
includes JAERI (170), INC (G, 189), CRIEPI*® (G47), Kyoto University (U,27),
Hitachi Ltd. (PO, 16), Toshiba Corporation (PO,15), Tokyo Institute of Technology
(U,15), Kyushu University (U, 10) and Mitsubishi Heavy Industries Ltd. (hereinafter
abbreviated as MHI: PO,9). The numeral in each parenthesis shows the total numbers of
papers published*’. In this plot, the research activity of JAERI-CRIEPI or
CRIEPI-JAERI is significantly high in magnitude. Except for JAERI, JNC had a good
collaboration with CRIEPI, Kyoto University, Toshiba Corporation, Tokyo Institute of
Technology and Kyushu University. Namely, DRN was increased to the magnitude of
2-3% up to the present 1998-2002. The listed PS-PO had an important role to push the
DRN to a relative high value.

3.2 Outcome of NSR-JAERI for setting up of Safety Guideline

The NSR is, so to speak, the primary task imposed from the Government to JAERI, who
is known widely as the R&D performer in our country. As described in the Appendix II,
NSR-JAERI is governed not only by the Long Term Research Plan established by the
Atomic Energy Commission but also by the Annual Research Program established by
the Nuclear Safety Commission. The existing safety frame for research evaluation can
be schematically drawn in Fig. 10. For intensive study, NSR outputs are provided
widely to variety of policy makers. During licensing, many discussions may be made at
the advisory bodies and the special committees in the Nuclear Safety Commission and
the Atomic Energy Commission in the Cabinet Office, Government of Japan.
Additionally, more concrete outcomes are desired to cause an impact in the course of
safety standard establishment and the safety guidelines build up for the existing LWR
and nuclear facilities. The result may contribute to the operational stability and

dissemination of the conventional LWR.

Here, we studied the relationship between outputs obtained from 4 parameters and the
Safety Standards. To date, there exists many important Safety Standards, however, a

name or a kind of the main contributor is not cleared in the public records. Therefore, no

*0 CRIEPI: Central Research Institute of the Electric Power Industry

*7 For this presentation, Hitachi Ltd. and the MHI Ltd. had no co-authored papers with the other eight
institutions. Depending on the size of the S-matrix, this may happen.



JAEA-Review 2009-022

one can construct a quantitative bridge between outputs of 4 parameters and the existing
Safety Standards. The difficulty is that for licensing at past decades it was very hard to
find out the detailed processes taken by many intellectuals gathered for preparation of
licensing guidelines. If one consults a book relating to the Safety Standards, one meets
no detail explanation list for the funds invested to and no list of specialists who
contributed to the build up of licensing. Key references are only seen at the end of a
book. Recently, however, in some cases a list of specialist is attached to the context of
book. Under these situations, we tried to clarify the relationship between outcome of 4

parameters and the existing Safety Licensing Guideline.

Basic Structure of the Evaluation for
Nuclear Safety Research (NSR)

and technology
- Contribution to the safety of energy security

*( NSR, JAERI )*

y ’ T ‘ A 4
T Ex ante Mgz't%';?g Impact Analysis | | coliection of
Safety Annual P outputs and
Program for feedback to the
Nuclear Under the control of i . . . policy at the

National Guideline on Institutional Execution of policy effect Advisory
Rea_gtf)rs i the Evaluation for . analysis and Committee and
Facilities by Governmental R&D evaluation as ' o Specialist
the Nuclear dissemination L
Safety Decision of R&D performer f th tout mee_tlng GRS
Commission research tasks at ot the oulputs Cabinet
(5 years) each Specialist -Cabinet

Committee and *MEXT,METI
(2)Long- ordering of priority Evaluation of -Universities, Academia
Range (evaluation during Intemational Cooperation -Electric power
Research policy making companies. Vendors
Plan by the process) -Tax payers
Atomic
Energy Outcome o Impact
Commission S_afetY_C”te”? aqd - Dissemination and stationary use of LWR
(5years) Licensing Guidelines - Contribution as the leadership of science

Fig. 10 Basic structure for evaluating the NSR-JAERI

(1 )An outcome from fuel research

With respect to a fuel performance study in NSR-JAERI, we have to cite a very classic
but a representative international cooperation known as the “Halden Programme”. It
was run by OECD/NEA*®. Since 1967, JAERI participated in the Programme on behalf

*¥ OECD/NEA: Organization for Economic Co-operation and Development/The Nuclear Energy Agency,
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of Japan and continued to date. The major objective of such a long cooperation is to
study nuclear fuel behavior, especially concerning the prevention of LWR fuel failure
during steady-state operation and demonstrating the reliability of newly developed LWR
remedy fuels as corroborated examination. The role of JAERI is to pay the participant
fee (in some cases in-core experimental fee) to the Halden Project and is to dispatch
young researchers for working at data acquisition and education. The project provides
us the necessary irradiation bed for test of Japanese fuel rods. The obtained fuel
behavior data served not only the best interests of JAERI but also those of many fuel
vendors. The output data of the project is broadly divided into two categories; one is the
common data to be delivered to international participants and the other is the a la carte
data to be delivered to the specified country as the tacit knowledge. The irradiation fee
for the former is prepared by the project due to the common irradiation experiment and
that for the latter is prepared by each participant due to the execution of the optional
irradiation experiment.

Usually JAERI serves as the window for receipt of two kinds of data from the project.
Obtained data from the Project is handed to domestic PO and PS because so-called
Halden collaborative research joint operating committee authorized by JAERI is existed
as a domestic mechanism. The committee promoted research networking between
JAERI-PO and JAERI-PS. The networking is quite similar to that explained as DRN.
Namely, the committee had a function to produce the co-operational data (so to speak;
2nd or 3rd effect) and to deliver those through domestic research networking for better
discussion about in-core fuel behavior with the researchers on duty. Of course, this
experimental data will be utilized for the verification of the mechanistic physical models
installed into a computer code. The representative computer code is known as
FEMAXI-IIT*® developed by JAERL Of course all results obtained from verification
work is disclosed to the public and recognized as an important output of NSR. Through
networking, JAERI output is immediately transmitted to relevant PO; they are the nine
commercial electric power companies, PWR and BWR fuel fabrication farms
represented by MHI., Hitachi Ltd., Nuclear Fuel Industries, Ltd., and CRIEPI . Further
they are transmitted not only to PS known as several U (Universities) represented by the

University of Tokyo and Osaka University but also to GS represented by PNC. The data

headquartered in Paris, France. The Halden Programme was started in 1958 under the OECD/NEA. The
project is operating the Halden Boiling Water Reactor (HBWR) with coolant pressure at 3.4MPa and
coolant temperature at 240 degrees Celsius; the test reactor is located at Halden, Norway.
*FEMAXI-III: The computer code developed by cooperation between JAERI and PO-PS, which can
predict the fuel in-core behavior represented by the fuel temperature, FP gas release, and the cladding
inner stress caused by a pellet-cladding mechanical interaction. The code is opened to the public
(JAERI-M 83-056).



JAEA-Review 2009-022

transmittal is aiming at modifying the conventional fuel fabricating parameters and
developing a high performance fuel at the nuclear fuel design office at each company.
This is a typical example showing an outcome of NSR-JAERI that contributed
markedly to the increase of LWR fuel rod integrity being on sale in our domestic market.
The reflection of these domestic and international activities on a cost benefit effect has
not been evaluated yet because of a difficulty for determining the share between JAERI
and others (PO, PS).

Another important usage of the Halden in-core data is to establish a judging criteria for
the prevention of fuel rod failure. One representative criterion established from Halden
data is known as “The Fuel Design Method for Commercialized LWR decided by the
Nuclear Safety Commission (12th May 1988)”. The output data from NSR-JAERI are
known to be included in the criteria. It is worth mentioning that the domestic reactor
known as the JMTR (Japan Materials Testing Reactor) owned by JAERI is also utilized
for the study of fuel behavior, especially aiming at testing the BOCA (the boiling
capsule)*'’. As well as the Halden data, JIMTR results are disclosed and distributed to
the related PO and PS though the local networking mechanism. This also contributed to
the increased safety margin for LWR fuel reliability. This type of networking can be
categorized as the 3rd effect of DRN explained in Appendix I. Highlighted topics
obtained from this networking is the reduction of the rate of fuel failure to 0.001%.
Although the percentage seems to be very small in magnitude, it should be noted that
the numbers of fuel rods loaded in one LWR are very large, on the order of
20,000-30,000. Therefore, the value obtained from multiplication of the two factors is
practically important to make a quantitative evaluation. According to one of authors’
calculation, a LWR shutdown caused by a fuel failure may lose retail sale by 17 M$ per
day. If one increase the rate of fuel failure ten times, then one will lose retail sale to the
amount of 170 M$ per day. The difference between 0.001% and 0.01% causes a huge
amount of loss in money generated by a LWR.

As a psychological factor, an unexpected reactor shutdown will make minds of Japanese
people restless. An old JAERI proverb says that nuclear fuel is the driving force for all
kinds of distress. To subjugate the source of the distress, efforts to increase of fuel
reliability were made earnestly not only by JAERI but also by PO and PS under the
utilization of well-developed domestic and international research networking. A
principal motive force worked on this point is that a fuel study needs a fairly long time
scale (usually as long as at least 10 years) for obtaining a reliable result and a large

amount of funds should be deposited to reach the goal. Because JAERI does not own a

*19 BOCA: this boiling capsule is used in the JMTR for determining the LWR fuel failure threshold.
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commercial nuclear power reactor, technological information how to transform the
output of a fuel behavior into an economic outcome is needed, especially from a
research evaluation point of view. Transferred knowledge from JAERI to the PS will be
utilized for further modification of LWR fuel design parameters. As the result of many
efforts the reduction of the rate of fuel failure is succeeded and the increase of fuel
reliability for longer operation of a LWR commercial power plant is enabled. Therefore,
we would like to say that JAERI output caused feedback to produce a valuable outcome
and to increase, in part, of economic growth.

Practically, it is seldom and exceptional to consider about economic benefit obtainable
from the outcome of the fuel reliability study. The reason is quite simple because results
of NSR-JAERI are oriented mostly to data fabrication for the use of licensing criteria,
where a value of fuel in commercial markets is ignored. The outcome has rather
political meanings than economic. Under such situations, the outputs from NSR-JAERI
will benefit more the safety regulatory side. This tendency is observed elsewhere in
NSR-JAERL

(2) A4 relationship between the outputs of NSR-ESRF and the existing Safety Licensing
Guideline

Here we are interested in discussing about the quantitative relationship between the
outputs of NSR-JAERI revealed by the bibliometric method and the existing Safety
Licensing Guideline. This is uneasy task because the Safety Licensing Guideline is
usually made by the regulatory side using the conventional outcomes born by several
different safety research projects performed in Japan and foreign countries. Usually the
Safety Licensing Guideline ) is issued in a variety of formats depending on the
editorial supervision; then the Safety Licensing Guideline is compiled under the
supervision of the Nuclear Safety Commission and the Atomic Energy Commission.
Chapter IV in the Safety Licensing Guideline seems to be related to NSR. It consisted of
four headings; (I) the location & seismic, (II) the safety design sections, (III) the
evaluation of safety design, and (IV) the radiation measurement & exposure evaluation.
Each heading was further divided into 3, 8, 18, and 7 categories, in order to describe the
items of the standard, the guide, a way of thinking, methodologies and so on. From the
third heading we selected two representative Safety Standard Guidelines for further
discussion.

(2-1) ECCS/LOCA Guideline

The title of the book is “Performance Evaluation Guideline of ECCS Systems for Light
Water-type Power Reactors Decided by the Atomic Energy Commission on 20th July
1981~
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In the text and appendix of the Guideline, a total of 33 papers are listed as references.
They are nine domestic papers [three from JAERI*', three from PWR and two from
BWR vendors, one from NEDO (New Energy and Industrial Technology Development
Organization)], and 24 from foreign papers. The keywords obtained from the titles of
three JAERI papers listed in the Guideline are 11; BWR (two), small break, LOCA (two),
analytical code, reflood, LWR, safety, evaluation, code, reactor heat up, simulation.
Parenthesis indicates the frequency. It is clear that LOCA from the present study
coincided partly with those derived from the Safety Licensing Guideline. However, it is
difficult to numerate the contributing share of JAERI to the existing Safety Licensing
Guideline due mainly to the lack of necessary information in the Guideline.

(2-2) RIA Guideline

The title of the book is “Evaluation Guideline on the Reactivity Initiated Phenomenon
for the Commercialized LWR-type Nuclear Facilities Decided on 9th January 1984”
There is no doubt that this Guideline was established based on RIA experiment data
performed at NSRR in JAERIL In the text, 11 references (four domestic and seven
foreign references) were used and in the appendix, a further 20 NSRR papers were cited.
This Guideline was amended recently. The original Guideline was prepared for the RIA
of un-irradiated fuels and the amended version is for the RIA of irradiated fuels. The
latter was organized by the Special Committee for the Reactor Safety Standard until
13th April 1998. Adding original data to amended version, the committee used PBF and
SPERT data (USA) as well as CABRI data (France) to make the database more accurate
and reliable. We found that in the text a total of six references [three from NSR-JAERI
and three from others (USA and France)] were cited. While, in the appendix, a total of
20 papers; nine domestic papers (six JAERI, two BWR vendors, and one PWR vendor)
and 11 foreign papers were cited. Observed common keywords were NSRR and RIA,
completely the same as those found in the present work. Although it is a very broad
manner, we tried to find the relationship between NSR-JAERI and the cited JAERI
references in the Safety Licensing Guideline as follows.

For research evaluators, the most important thing is to know the contribution (share) of
JAERI for the drawing up of each Guideline. The number of specialists joined to
codifying the licensing and the number of papers cited in the text or appendix are only

valuable information given explicitly. For the latter, each paper has different findings

* In a NSR licensing guideline, referential papers obtained from JAERI, PO and PS were used.

Focusing on NSR-JAERI, a reference originating from JAERI was selected according to one of the
author’s experience who had worked at JAERI for a long time. Then the selected data were provided for
comparison. Because the title of each JAERI paper is written in Japanese, the author put them into
English.
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and research values. For the former, the recent Safety Licensing Guideline lists up to
seven specialists. They are one from RIST (Research Organization for Information
Science & Technology), three from JAERI, 2 from NMCC (Nuclear Material Control
Center) and one from the University of Tokyo. If one simply accepts this at face value,
the contribution from JAERI is 43% (3/7). However, one from the RIST and one from
the NMCC are specialist just retired from JAERI. This is to show the difficulty when
one wants to determine the exact contribution of JAERL

Strictly speaking, not only the guideline but also referential papers discussed above do
not necessarily disclose the affiliations of the authors. This is really true! As a unique
trial, we asked a nonprofessional researcher to join our study for making an effort to
select the JAERI papers from the aforementioned two Safety Standard Guidelines. The
results of her trial are as follows:

Specialists concerned with the drawing up of the existing Safety Licensing Guideline
cannot be clarified from any of open literature cited. Referential papers listed in the
Guideline do not show the author’s affiliation, therefore, no one can find out the
relationship between NSR-JAERI and the existing Safety Licensing Guideline. Under
this situation, the contribution share of JAERI is invisible. The contribution share of
NSR-JAERI to the existing Safety Licensing Guideline is not readily determined. It
means that the taxpayer does not understand the role of JAERI for the codification of
those Safety Licensing Guidelines. There is no doubt that the existing Safety Licensing
Guideline does not tell the magnitude of the contribution of JAERI, which is inevitable
for disseminating the achievement of JAERI. Main reason for this failure is that cited
references in the Safety Licensing Guideline do not always show the affiliation of
authors. This is the real situation making a quantitative evaluation very difficult.

(3) Tasks for the future

Through discussion of the NSR-JAERI evaluated by the biblimetric method, the
following tasks were found. Because they seem to be fundamental examinations for
R&D evaluation at nuclear facilities, a study should be continued collaborating with
administrative organizations related to the tasks.

(3-1) The promotion of R&D to establish the cost benefits effect (CBE) with
“intellectual stocks and its embodiment”.

Previously the CBE of JAERI for the stable and regular use of domestic LWR was
studied % As for estimating the whole income brought to JAERI, the flow
(money)-based annual budget was utilized. To date, reviewing our procedures taken at
that time, we recognize that the use of the stock-based annual budget may be better than
the previous budget for the following reasons. The outputs of NSR-JAERI related to
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conventional LWR are, as seen from this study, reflected on the drawing up of the
Safety Licensing Guidelines as well as the formation of intellectual stocks of nations.
The vendors also utilize the outputs of JAERI not only for designing the installations
and equipment but also for the intellectual base and the supporting tool for the
operations. Recognizing these achievements as “’intellectual stocks “or the “embodiment
of intellect to facilities”, users of these achievements will apply them in future situations.
This is the main reason why we considered stock-based evaluation as better for
estimating CBE.

(3-2) The fulfillment of authentic information for determining the contributing share of
JAERI

When one is executing the analysis of CBE, an important matter to encounter is how to
determine the contribution of JAERI to the whole achievement ! For example, the
contribution of NSR to the land-based use of LWR is interesting to know but practically,
as seen in the previous discussion, it is too difficult to determine quantitatively. A
conventional way is to send questionnaires to ex-house intellectuals asking what the
share is. On this point, however, one must make more effort to obtain high-grade
authentic information from the subjective point of view by using multilateral methods
such as the R&D investment analysis and bibliometric analysis. The aim of the effort is
addressed to have comprehensive judging criteria for determining the contribution of
JAERI as well as that of the other participants (G, U and PO).

(3-3) Fulfillment of evaluation documents understandable by taxpayers

Prior to clarifying the accountability of JAERI, one must prepare comprehensive
evaluation documents understandable by taxpayers. The outcome and impact, that is, the
repercussion effects of JAERI, should be prepared according to the individual requests
by the stakeholders (GS, PO, foreign organizations). Especially for the outcome, a
proper and intelligible logic model is necessary for determining contribution share not
only for the establishment of safety standards and licensing guideline but also for the

establishment of the plan to prevent disasters.

4 Conclusions

The following concluding remarks are obtained.

(1) For LOCA, NSR performed by JAERI has a domestic share of the research paper up

to 63% at past (20) 1978-1982 but the magnitude is decreased to 40% at the present
1998-2002. For co-authored paper, JAERI-PS and PS-PO is almost zero at past (20) but
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the share to both cases is increased to about 4% at present. Research cooperation is
active at Tokyo University-JAERI and JAERI-Nagoya University.

(2) The DRN of neutron (basic-type) is compared with that of LOCA (project-type). The
DRN is larger in the former than that in the latter. However, the magnitude of
monopolization (single paper) is larger in project-type research than that in basic
research.

(3) For FP, the share of co-authored paper is high because the use of a hot cell facility,
where many researchers from JAERI, PS and PO have to collaborate with others,
especially during the post-irradiation examination. For criticality, DRN expanded from
the past to the present. The JCO criticality accident that occurred in 1999 enhanced the
study on criticality mainly at the NUCEF facility.

(4) For reprocessing, PS represented by the PNC (JNC) had a top share of 71% during
the past (20) 1976-1982. PNC had a good collaboration with JAERI, CRIEPI, Kyoto
University, Toshiba Corporation, Tokyo Institute of Technology and Kyushu University
and so on. For JAERI, the share of reprocessing was about 20% during the past (20).

(5) For the relationship between LOCA outputs from JAERI and the existing Safety
Licensing Guideline for ECCS/LOCA, there exists a part of consistency between the
two. However, it is difficult to numerate the contributing share of JAERI to the existing
Safety Licensing Guideline due to the lack of necessary information should be prepared

in the Guideline.
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Appendix I: Dynamics of DRN

According to Salter et al, ™™ socio-economic effect (hereinafter abbreviated as SEE) has
following components:

1) Increasing the stock of useful knowledge

2) Training skilled graduates

3) Creating new scientific instrumentation and methodologies

4) Forming networks and stimulating social interaction

5) Increasing the capacity for scientific and technological problem-solving

6) Creating new firms.

For the case of JAERI, concept 1) is related to a publication of research papers, concept
2) the trainees, concept 3) the newly constructed research facilities and patents, and
concept 6) the established venture businesses. For concept 5), there is no experience to
increase the capacity for problem solving because of its new idea. Lastly, concept 4)
seems to be strongly linked to DRN. In the following, we will discuss DRN more
deeply.

The DRN has a relation to an economic term of “the external effect of networking” i
Simply saying that the economic term indicates a benefit produced either by the number
of users for the goods or by the size of the networking. A direct effect of the term is
come out by the increased benefit by goods occurred through the increase of users. An
indirect effect of the term is the increased number of users gaining the benefit under the
influence of the existing extra goods. Referring to this idea, we considered that DRN is
time dependent and would be expanded accompanying with three different effects. The
Ist effect- Original knowledge reported in a research paper is then available to other
researchers through reading the paper; then a propagation of knowledge will occur from
one to another through additional finding or knowledge. It may occur like a geometric
series accompanied by many citations. Practically this effect happens in the form of a
single or co-authored paper publication in an institute. In DRN, this effect is appeared as
monopoly paper by JAERI, PS or PO. The 2nd effect- Because many modern researches
are highly specialized and fractionated, many researchers working in a similar research
environment or a related field will utilize the networks that develop at joint research
conferences and at workshops held for the purpose of exchanging mutual ideas, research
results and opinions. By doing so, a development of mutual research may occur with a
synergistic effect. Practically this effect occurs in the form of co-authored paper
publication from two different institutions. In DRN, this effect is appeared as
co-authored paper JAERI-PS, JAERI-PO or PS-PO. The 3rd effect- The efficiency of
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R&D will be increased by the collaboration and the formation of networking among
academic scientists in the universities, special researchers in the public sectors (PS), and
industrial engineers in private organizations (PO); when many researchers are focusing
on the recent trend of needs, useful findings of basic science are expected to create a
new market. Practically this effect happens in the form of a co-authored paper
publication from three or more different institutions. In DRN, this effect is appeared as
co-authored paper JAERI-PS-PO, where PS is further divided into governmental sectors
(GS) and the universities (U). We consider that the bigger the third effect, the larger the

socio-economic effect in the corresponded research field.
Appendix II: Chronology and Budget invested to NSR

Chronology of NSR

The main purpose of NSR is to certify and verify the engineering margin for the safety
of the commercial LWR from the viewpoint of double checking because the LWR was
originally introduced by the USA. The relation between a research plan decided by
Japanese government and NSR performed by JAERI is clearly dictated by the Atomic
Energy Commission. In the Ist version of Long-Range Research Plan on the Research,
Development and Utilization of Nuclear, decided by the Atomic Energy Commission
(AEC), Japan, a main purpose of the research was to develop home-produced power
reactors (1956.9). In the 5th version of the Long-Range Research Plan, the promotion of
a Large-Scale Safety Demonstration Test to obtain the corroborated experimental data
for verifying the safety margin of LWR was decided (1978.9). At the same time, the
Nuclear Safety Commission, Japan developed the Nuclear Safety Annual Program for
Nuclear Reactors and Facilities (1st version in 1976, 2nd version in 1981) to indicate
the annual goal of nuclear research in related organizations. Around this period, research
activities of project-type nuclear safety were initiated on a full scale at the level of
policy making.

Budgets invested to NSR

Annual rough budget invested by the Japanese Government to JAERI was traced !'” and
the results are shown in Fig. A-1. Significant economic damages impacted to our
country after the Nixon Shock seemed to be the 1st oil shock (trigged by the 4th
Middle-East War in 1973) and the 2nd oil shock (trigged by the Iran Revolution in
1978). After these shocks, the Japanese government took counter plans. For energy
matters, governmental policy was developed to utilize a variety of non-oil energy

sources such as nuclear, wind and solar energy coupled with an idea for reducing energy
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consumption. The plan started around 1978. The rough budget funded to NSR might be
10-20MS$ (million dollars) around the 1st oil shock period, however, it increased rapidly
to the level of 50M$ around the 2nd oil shock period. In this era, as represented by the
construction of the Nuclear Safety Research Reactor (NSRR, criticality in 1976) in
JAERI, a construction and preparation of nuclear facilities relating to NSR occurred
rapidly. In the era of the bubble boom that happened from the second half of 1980 to the
first half of 1990, the rough budget for NSR increased to about 110M$ around 1990.
The phenomenon might be influenced by the Chernobyl reactor accident (1986), though
our present bibliometric study did not find the effect of Chernobyl accident on
NSR-JAERIL Detail observation of the rough budgets implies that the highest
beneficiary of NSR at that period was thrown to a research field of Critical Safety. From
the 2nd half of 1990 the rough budget degraded rapidly from 110M$ to 40M$ due
mainly to the crash of the bubble boom. However, many efforts were made to overcome

that precipitous fall in financial support to date.
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Fig. A-1 Chronology change of JAERI rough budget (full circle, left-hand side in
Y-axis) and that of NSR (open circle. right-hand side of Y-axis) operated since 1956.

Major events that occurred during the period are indicated.
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