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Photo. 1  Renewal of �RI shoes�(left) and instal- 
lation of indication light at entrance (right). 

Safety Measures, Utilization Status and Spread of 
Research Results at TIARA Facility 

Y. Nakamura, H. Takizawa, M. Hosono, K. Nishimura, H. Kaneko, K. Mizuhashi, 
H. Tachibana, S. Kaneya, S. Kanai, T. Asai, M. Yoshida and K. Daikubara 

Department of Advanced Radiation Technology, TARRI, JAEA 

Periodical inspections every month and for three months 
were performed and safety of the facility was also maintained 
certainly1).  Several safety measures in the TIARA facility, 
such as the installation of indication light at the entrance to 
first-class radiation controlled area, the repair of the water 
sealing at the pipes penetrated into the building, the renewal 
and disposal of radiation protection materials, and so on were 

carried out 
as shown in 
Photo. 1. 

A central 
part of per- 
sonal access 
control sys- 
tem, which 

is one of the important interlock safety devices, was renewed 
because of long-term utilization and serious deterioration.  
An average count of personal sensing 
event for one month amounted to 
37,000-41,000 for recent a few years.  
Several PC’s and principal software 
including the OS(LINUX) and 
control programs were replaced with 
new ones completely.  A pair of PC 
and LCD is shown in Photo. 2. 

The shift of the number of 
experimental subjects is shown in 
Fig. 1.  The number of common use 
for latest two years was multiplied 
about two times.  The common use 
is divided into the facility common and the common 
innovation use which was newly introduced in 2007. 

In FY2007, the constitution ratios for internal, common 
and effective use occupying whole utilization frame had been 
designed as 70:20:10 comprehensively for 4 accelerators.  
However, since in this condition the allotment rates for the 
cyclotron, tandem accelerator and implanter were predicted to 
decrease largely to less than 50%, these ratios of utilization 
frame in FY2008 were changed as shown in Table 1. 

The shift of the application and allotment time, their ratio 
in JAEA internal use for the cyclotron since 1999 is shown 
in Fig. 2.  As a result, the allotment rate through FY2008 
could be recovered up to 0.484 and 0.495 for cyclotron and 
three electrostatic accelerators, respectively. 

The works for utilization and usher’s window were 
smoothly performed similarly to past years.  The average 
number of persons for one month was 47.6 (49.3 for last 
year) for staying at the visitor’s house for outside users, 38.8 
(51.5) for the loan of glass budge and ID card, 159 (179) for 
the temporary visitors in TIARA facility, and so on.  The 
number of carrying-out articles for a month was reduced to 
170 from 327 rapidly, because the procedure for article 
carrying-out was altered strictly.  On the other hand, the 
number of carrying-out for low-level radioactive samples 
was 26.8 as almost the same as 29.6 in last year. 

The second Takasaki Advanced Radiation Research 
Symposium was held successfully on June 21-22 at 
Takasaki city gallery.  The number of presentations for 
oral and poster sessions was 22 and 154, respectively.  
Participants to this symposium were 355, which decreased 
57 persons compared to the first symposium. 

In addition, the JAEA Takasaki annual report 2006 
summarizing research results and activities at TARRI was also 
issued.  This report compiled 187 papers consists of 243 pages 
including 22 coloured sheets, and was printed as 700 books. 

Reference 
1) Y. Nakamura et al., JAEA Takasaki annual report 2006 
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Table 1  Comparison of designed utilization frame 
between FY2007 and FY2008. 
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Photo. 2  Renewal of
main PC and LCD for
personal access control.
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Operation of the AVF Cyclotron 

T. Nara a), I. Ishibori a), S. Kurashima a), K. Yoshida a), T. Yuyama a), T. Ishizaka a), S. Okumura a),
N. Miyawaki a), H. Kashiwagi a), Y. Yuri a), W. Yokota a) , K. Akaiwa b), To. Yoshida b),

S. Ishiro b), Tu. Yoshida b), S. Kanou b), A. Ihara b), K. Takano b) and S. Mochizuki b)

a) Department of Advanced Radiation Technology, TARRI, JAEA, b) Beam Operation Service, Co., Ltd. 

Operation 
The AVF cyclotron was steadily operated throughout 

fiscal 2007 and supplied various ion beams for research 
experiments. The cumulative operation time was 53,224 
hours and the total number of experiments was 6,710 from 
the first beam extraction in 1991 to March 2007. 
   Table 1 shows the statistics of the cyclotron operation of 
fiscal 2007. The total operation time amounted to 3318.3 
hours, and monthly operation times are shown in Fig. 1. The 
percentages of operation time of the year used for regular 
experiments, joint-use, the innovation program, beam tuning, 
and beam development are 72.1%, 4.4%, 1.2%, 21.1%, and 
1.3%, respectively. The number of machine troubles was 
279. The only trouble that caused a cancellation of 
experiments was a breakdown of a motor bearing of the 
cooling system for temperature stabilization of the cyclotron 
magnet. 

Table 1.  Statistics for cyclotron operation in fiscal 2007. 
Beam service time   2576.5 hr 
Machine tuning    699.2 hr 
Beam development         42.6 hr 
Total operation time   3318.3 hr 
Change of particle and/or energy    � 270 times 
Change of beam course    343 times 
Change of harmonic number     57 times 
The number of experiments � �  689 
Experiment cancelled due to machine trouble   3 (24hr) 

A multi-cusp ion source is used to produce H+ and D+

ions.� For production of ions heavier than Helium, two 
ECR ion sources are used alternatively. Table 2 describes 
the operation time of each ion source. Popularity of major 
ions used for experiments is shown in Fig. 2. The tendencies 
of the statistics are similar to those of the past years. 

Table 2  Operation times of ion sources. 
Ion source Operation time (h) Ratio(%)

Multi-cusp 1190.6 32.7 
ECR (OCTOPUS) 1082.8 29.8 
ECR (HYPERNANOGAN) 1366.5 37.5 

Maintenance 
The regular yearly overhaul and maintenance was 

carried out. The principal items were as follows: 1) 
Correction of the original positions of some beam probes, 
two phase slits, the deflector, etc. 2) Cleaning of the 
deflector electrodes. 3) Inspection of the RF system and 
evaluation of its characteristics. 4) Change of lubricating oil 
for about 50 rotary pumps. 5) Chemical cleaning of the heat 

exchanger of the main cooling system. 6) Routine 
maintenance of the power supplies. 7) Modification of the 
beam diagnostic station (IS-2) to improve accuracy of 
reduction ratio of the beam attenuator. 

Technical development 
The new beam acceleration tests were carried out for  

12 MeV H+, 18 MeV H+ and 75 MeV 28Si5+, and they are 
ready for use in experiments. 

A multipole magnet system for formation of a 2D 
uniform beam1,2) was installed in the LB beam course and 
named MuPUS (Multipole magnet beam Profile 
Uniformization System). Test operation to investigate and 
improve its performance is under way. 

The all-permanent-magnet type ECR ion source (LECR)3)

was installed to an injection system of the cyclotron and 
practical operation will start in fiscal 2008. 

References  
1) Y. Yuri et al., Phys. Rev. ST Accel. Beams 10 (2007) 

104001.
2) Y. Yuri et al., “Uniform beam formation using 

multipole magnets”, in this annual report (2008). 
3) K. Yoshida et al., JAEA-Review 2007-060 (2006) 193. 
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Operation of the Electrostatic Accelerators 

T. Agematsua), S. Uno a), A. Chiba a), K. Yamada a), A. Yokoyama a), Y. Saitoh a), Y. Ishii a),
T. Satoh a), T. Ohkubo a), K. Mizuhashi a), W. Yokota a),

 T. Kitano b), T. Takayama b), T. Orimo b), M. Kouka b), Y. Aoki b) and N. Yamada b)

a) Department of Advanced Radiation Technology, TARRI, JAEA, 
b) Beam Operation Service, Co., Ltd 

1. Operation and Status 
Three electrostatic accelerators were operated smoothly 

in FY 2007, and all the planned experiments were carried out 
except those canceled by users.  The yearly operation time 
of the tandem accelerator, the single-ended accelerator and 
the ion implanter amounted to 1949, 2437 and 1900 hours 
respectively, similarly to past years.  The total operation 
time of each accelerator since operation started is 28313, 
32022 and 25127 hours respectively.  The monthly 
operation time is shown in Fig. 1.  The time is shorter in 
April, July, August and December than in the other months 
because of the maintenance.  Ion species used for 
experiments in FY 2007 are shown in Fig. 2.    

2. Maintenance 
The number of troubles was smaller than that for past 

years.  A couple of troubles took place in the interface 
circuits of the safety interlock systems; one was in the circuit 
between the electro-static accelerators and the radiation 
control system, the other between the accelerators and the 
personal access control system.  We made it sure that safety 
was kept under the fail-safe design during the troubles. 

The component of high voltage generator of the 
single-ended accelerator was contaminated by spouted grease 
from the bearing of the motor-generator drive rod.  This 
was caused due to deterioration of grease containing fluorine 
with low radiation resistance.  The grease worked less than 
1000 hours in this case.   

The high-pressure residual gas of SF6 is leaking from the 
SF6 gas handling system of the tandem accelerator.  The 
actual spots of leak are not identified.  The most amount of 
the leak comes out when the accelerator tank pressure is high.  
Therefore, in order to reduce the leak by lowering the 
residual gas pressure, a pipe was installed to carry the gas in 
the high-pressure part of the system for the accelerator to the 
low-pressure storage tank.  The sealing rubbers in the 
system were renewed for leak tight. 

3. New Beam Development 
As to the ion implanter, Pb ion, which was requested by 

users, was successfully generated using oven method and 
accelerated with intensity of 1.5 �A.  We tried to generate 
Se ion for the tandem accelerator.  But the inside of the ion 
source seriously contaminated by metallic Se, and obtained 
beam current was not enough to provide to experiments. 
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Fig.1  Monthly operation time of each accelerator in FY 2007

Fig. 2  Statistics of ion species used for experiments in FY 2007. 
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Operation of the Electron Accelerators and 
Gamma-ray Irradiation Facilities 

H. Kaneko a), Y. Haruyama a), N. Haneda a), H. Hanaya a), R. Yamagata a), H. Seito a),   
T. Kanazawa a), T. Kojima a), T. Yamaguchi b), N. Yagi b), M. Takagi b),

T. Hirai b) and S. Matsuzaki b)

a) Department of Advanced Radiation Technology, TARRI, JAEA ,  
b) Radiation Application Development Association, RADA 

1.  Operation 
1.1  Electron accelerator 

The electron accelerator was on service without serious 
trouble in 9:00�17:30 on Monday and Friday, and in 8:30
�23:00 on Tuesday to Thursday, to satisfy the demand of 
operation time for users. 

The annual operation time of the electron accelerator, as 
shown in Fig. 1, is 706.3 h (552.5 h for vertical beams, 
153.8 h for horizontal beams), and that of the accelerator 
No.2 operated until 2004 is also shown in Fig. 1. Total 
operation time of the accelerator No.1 in FY2007 increased 
by about 18% compared with that in FY2006, and analysis 
of the number of research subject indicated the increase of 
longer-time irradiation for nuclear facilities subject. 

The accelerator served mainly for graft-polymerization 
for new material development, radiation effect study on 
semiconductors and various experiments of visiting users.

1.2  Gamma-ray irradiation facilities 
�  The Co-60 gamma-ray irradiation facilities consist of 
three buildings (8 rooms) and cover a wide dose-rate range 
from  0.04 Gy/h to 20 kGy/h with eight irradiation cells. 
The annual operation time for the first, second cobalt 
irradiation facilities and food irradiation facility is 23,433 
h, 9,010 h and 10,631 h, respectively, as shown in Fig. 2. 

The first irradiation facility served mainly for 
radiation-resistance testing of cables used in nuclear power 
plants and various materials used in J-PARC facility with 

long irradiation period. The second irradiation facility 
served mainly for development of new functional materials 
and other research subject of visiting users, involving 
irradiation room No.6 operated as hourly scheduled. The 
food irradiation facility served mainly for development of 
detection method for irradiated foods and radiation 
resistance testing at lower dose rates. 

2.  Maintenance 
2.1  Electron accelerator 

The operation of the accelerator was interrupted for 10 
days in October, 2007 and 4 days in January 2008 because 
of periodical maintenance check on accelerator body and 
incidental equipment, e.g. conveyor and doors of irradiation 
room and repair of vacuum system at the vertical beam line. 

2.2  Gamma-ray irradiation facilities 
� The periodical maintenance check mainly on mechanical 
system for radiation source transportation has been 
performed every three year among three gamma-ray 
irradiation facilities one by one. The periodical check mainly 
on interlock system has been performed two times a year for 
all the facilities. The maintenance check of the food 
irradiation facility was done in July 2007, with 11 days 
interruption. 

Co-60 sources were purchased and loaded to the 
irradiation room No.2 in the first irradiation facility to 
maintain total activities of the room. The old waste sources 
of about 30 pieces were disposed through The Japan 
Radioisotope Association (JRIA). 

Fig. 2  Shift of annual operation time of Co-60 
gamma-ray irradiation facilities. 

Fig. 1  Shift of annual operation time of electron 
accelerators. 
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Utilization of the Electron Accelerator and Gamma-ray 
Irradiation Facilities 

H. Kaneko a), Y. Haruyama a), N. Haneda a), H. Hanaya a), R. Yamagata a), H. Seito a),
T. Kanazawa a), T. Kojima a), T. Yamaguchi b), N. Yagi b), M. Takagi b),

 T. Hirai b) and S. Matsuzaki b)

a) Department of Advanced Radiation Technology, TARRI, JAEA , 
b) Radiation Application Development Association, RADA  

Present status of the utilization of electron accelerator 
and gamma-ray irradiation facilities 

� An electron accelerator and three gamma-ray irradiation 
facilities were operated for various research subjects as 
operation plan in FY 2007 without serious trouble. 
Distribution of research subjects and number of experiment 
subjects are shown in Fig. 1 and Fig. 2, respectively.  Table 
1 shows irradiation time and the number of research subjects 
for each facility. 
   The number of experiment subject at the electron 
accelerator increased in the research fields of environment 
and nuclear facilities, and decreased in the field of heat resist. 
Also, the number at gamma-ray irradiation facilities 
increased in the field of resource & bio-technology, and 
decreased in the field of nuclear facilities.  The irradiation 
time in FY2007 of each facility increased in comparison 
with that in FY2006. 

Table 1  Irradiation time and number of experiment subjects 
in each research field at each facility in FY2007. 

Electron 
Accelerator 

Gamma-ray 
Irradiation facilities

   � � Facility

Research fields 
Irradiation 
time(hr) number Irradiation 

time(hr) number

Material 
processing 145.5 281 12933  411 

Heat-resist   24.5   8   174    3 
Material for space 140.8  38  7559   57 
Nuclear facilities 145.0  37 53076  113 
Environment 149.1  48   550   74 
Basic technology  70.9  41  5180   45 
Resource & Bio- 
technology    0   0  2621  276 

Joint use 140.1  52 19859  195 

Total 815.8 505 101951 1174 
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COMMON USE PROGRAM in Takasaki Advanced 
Radiation Research Institute 

 K. Kawata, M. Hoto and R. Suzuki 

Department of Advanced Radiation Technology, TARRI, JAEA 

1. Introduction 
The facilities of JAEA are widely opened to users from 

universities, public institutes, and the industries, etc. 
COMMON USE PROGRAM, the system of facility use for 
the user’s purpose on fee-charging basis, started since 2006 
taking over the former system. There are 3 OPEN USE 
facilities in Takasaki; Co-60 Gamma-ray Irradiation 
Facilities, Electron Accelerator and TIARA. In addition to 
these, some of the off-line devices can be used. 

We round up the Research Proposals dividing one year 
into two terms, and the execution possibility and the validity 
of the experimental plan are checked by the special 
committee. The facility usage fee will be the total of the 
admission fee, irradiation fee and additional charge. In case 
of Non-proprietary research, the users must report the 
irradiation result to JAEA, and could be exempt from 
irradiation fee. JAEA will open the reports to the public. It 
is also possible for universities to apply from the facility use 
program of The University of Tokyo. Those applications are 
accepted as priority case. Table 1 shows the outline of the 
program. 

Table 1  Classification of COMMON USE PROGRAM. 

Purpose Research and development Except R&D

Classifi- 
cation General Priority 

case Commercial

Result Non- 
proprietary Proprietary  

Referee Yes No   
Charge* A B C 
*A= admission fee 
 B= admission fee + irradiation fee 
 C= admission fee + irradiation fee + depreciation 

2. Public relations 
The information like an outline of this system, 

guidelines for applicants, format download, etc can be seen 
on JAEA website (http://www3.tokai-sc.jaea.go.jp/sangaku/
3-facility/index.html). In addition to this, we go out for 
publicity to search current needs of the outside of JAEA. In 
2007, we participated in International Nanotechnology 
Exhibition & Conference 2008 (Tokyo), Seminar for 
advancement of RI/radiation use (Nagoya), Radiation use 
event applied to daily life (Osaka), and so on. 

3. Use in FY2007
There were 35 Research Proposals in FY2007 at 

Takasaki Institute, and 22 of all hoped to use with open 
result. Including the users from priority case, we accepted 
300 applications from 52 users and half of the users were 
new. We can find that the percentage of users from 
universities exceeds the others except Co-60 Facility from 
Table 2. However we expect there should be latent needs in 
the industries. Therefore we are trying to exhume them by 
the “Public relations” and improve convenience of the usage 
procedure by introducing new system to increase the 
industries user.

Figure 1 shows classification of all 300 applications. On 
TIARA, Non-proprietary use represents more than 50%, 
while Co-60 Facility and Electron Accelerator have a few. 
This tendency may come from the user’s affiliation. 

Table 2  User’s affiliation of each facility. 

� � � � � �   User 

Facility U
ni
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ty
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To
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AVF Cyclotron 7 3 5 15
3MV Tandem Accelerator 1 0 0 1
3MV Single-ended 
Accelerator 2 0 0 2TI

A
R

A

400kV Ion Implanter 5 0 1 6
Co-60 Gamma-ray 
Irradiation Facility 7 1 10 18

Electron Accelerator 6 1 3 10
Total 28 5 19 52

Fig. 1  Percentage of each classification.  The percentage 
is calculated based on the number of applications. 
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Radiation Control in TIARA 

Safety Section 

Department of Administrative Services, TARRI, JAEA

1� Individual monitoring 
(1)� Individual monitoring for the radiation workers 

Table 1 shows a distribution of effective dose of the 
radiation workers in FY 2007. The effective dose values of 
almost all radiation workers were below the detection limit 
(0.1 mSv). 

The maximum dose was 0.6 mSv/y due to the overhaul of 
the TIARA AVF cyclotron. 

Table 1 Distributions of the effective dose of the 
radiation workers in FY 2007. 

�

(2)� Individual monitoring for the visitors and others 
Table 2 shows number of persons who temporally 

entered the radiation controlled areas. The effective dose of 
all persons was less than 0.1 mSv. 

Table 2  The number of persons who temporary entered the 
radiation controlled areas in FY 2007. 

2� Monitoring of radioactive gas and dust 
Table 3 shows the maximum radioactive concentrations 

and total activities for radioactive gases released from the 
stack of TIARA, during each quarter of FY 2007. 

Small amounts of 41Ar, 11C and 13N were detected for 
some time during operation of the cyclotron or experiment, 
but the pulverized substances (65Zn, etc.) were not detected. 

Table 3 Monitoring results of released radioactive 
gases and dust in FY 2007. 

3 Monitoring for external radiation and surface 
contamination 

External radiation monitoring was routinely carried out 
in/around the radiation controlled areas and surface 
contamination monitoring was also carried out. Neither 
unusual value of dose equivalent rate nor surface 
contamination was detected. 

Figure 1 shows a typical example of distribution of the 
dose equivalent rate at the radiation controlled area in the 
cyclotron building. 

Fig. 1  Dose equivalent rate distribution at the radiation 
controlled area in the cyclotron building. 
Measurement date: 26th March 2008, 
Measuring position: Indicated with × 1 m above floor, 
Unit: �Sv/h. (The values are not indicated at the places 
where the dose equivalent rates are less than 0.2 �Sv/h). 

1st 2nd 3rd 4th Total
quarter quarter quarter quarter

��   HE � 0.1 523 539 551 572 693

 0.1 � HE � 1.0 1 7 0 0 8

 1.0 � HE � 5.0 0 0 0 0 0

 5.0 � HE � 15.0 0 0 0 0 0

 15.0 � HE 0 0 0 0 0

524 546 551 572 693

� Exposure
Number of persons

(B) 0 0 0 0 0

��  above 1mSv �B�/�A�×100�%� 0 0 0 0 0
0.1 2.0 0.0 0.0 2.1
0.00 0.00 0.00 0.00 0.00
0.1 0.6 0.0 0.0 0.6

������*1 Not detected according to internal exposure.

 Mean dose  (mSv)
 Maximum dose  (mSv)

Number  of  persons  in each periods

Distribution range
of effective dose

HE:Effective dose *1

        (mSv)
Number of persons under radiation

control (A)

 Mass effective dose  (Person�mSv)

persons
Items

1st 2nd 3rd 4th
quarter quarter quarter quarter

Number of persons 504 535 457 409 1905

TotalPeriods

      Periods 1st 2nd 3rd 4th
   Items quarter quarter quarter quarter

<1.5×10-4 <1.5×10-4  2.4×10-4  1.5×10-4  2.4×10-4

 5.6×108  2.0×108  1.2×109  9.5×108  2.9×109

<1.5×10-4 <1.5×10-4 <1.5×10-4 <1.5×10-4 <1.5×10-4

 1.2×108  6.0×107  2.9×108  1.9×108  6.6×108

<1.5×10-4 <1.5×10-4 <1.5×10-4 <1.5×10-4 <1.5×10-4

 7.0×108  6.2×107  1.7×108  8.8×106  9.4×108

<6.0×10-10 <6.2×10-10 <6.7×10-10 <6.6×10-10 <6.7×10-10

0 0 0 0 0

Maximum  concentration
(Bq/cm3)

13N
Maximum  concentration

(Bq/cm3)

Activity  (Bq)

65Zn
Activity  (Bq)

11C
Activity  (Bq)

Maximum  concentration
(Bq/cm3)

Total

41Ar

Nuclide

Maximum  concentration
(Bq/cm3)

Activity  (Bq)
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Radioactive Waste Management in TIARA 

T. Ishibashi and N. Higuchi 

Department of Administrative Services, TARRI, JAEA 

1. The radioactive wastes management 
The radioactive wastes generated in TIARA are 

managed by Utilities and Maintenance Section. The main 
radioactive wastes are the solid wastes generated by the 
research experiment and the maintenance of the cyclotron. 
Other radioactive wastes are the liquid wastes such as 
inorganic waste fluids generated from the research 
experiment and the air-conditioning machines in controlled 
area. These wastes are managed according to properties.
�

2. Solid radioactive waste 
Table 1 shows the amounts of solid wastes at various 

properties and kinds generated in each quarter of FY 2007.
The main solid waste is generated by the research 
experiment and the maintenance of the cyclotron.

Combustible wastes are rubber gloves, paper, and 
clothes, etc. Incombustible wastes are metal pieces, the 
glasses, and contaminated parts. 

3. Liquid radioactive waste 
Table 2 shows the amounts of liquid wastes generated in 

each quarter of FY 2007. Liquid waste was almost inorganic 
waste water generated with chemical experiments and 
operation of air conditioning units installed in each room of 
the first class radiation controlled area. Larger quantity of 
waste water in summer season (2nd quarter) is mainly due 
to condensed water, which is treated by evaporation, and 
inorganic water is reused in the controlled area. Only small 
amounts of concentrated liquid are generated by the 
evaporation. 

Table 1  Radioactive solid wastes generated in FY 2007. 

                    Amounts Number of
1st 2nd 3rd 4th package

quarter quarter quarter quarter /drum
 Category A* 0 0.50 0.28 0.38 2.34  

1) Combustible 0 0.40 0.20 0.56 1.16      7** 
2) Incombustible 0 0.10 0.10 0.98 1.18 0
Compressible 0 0.10 0.10 0.24 0.44      3**
Filters 0 0 0 0.74 0.74 0
Incompressible 0 0 0 0 0 0
Ion exchange resin 0 0 0 0 0 0

 Category B* 0 0 0 0 0 0

Amounts of generation in each periods (m3)

Total     Items

*  defined by dose at the outer surface of container : (A) � 2 mSv/h � (B). 
** 200-liter drum 

� Table 2  Radioactive liquid waste generated in FY 2007. 

 Category A* 10.88 20.44 5.60 3.38 40.30  
1) Inorganic 10.88 20.44 5.60 3.18 40.10 treatment
2) Organic 0 0 0 0 0 0

Organic 0 0 0 0 0 0
Oil 0 0 0 0 0 0

3) Sludge 0 0 0 0 0 0
4) Evaporation residue 0 0 0 0.20 0.20 2

 Category B* 0 0 0 0 0 0

� � � * defined by concentrations in Bq/cm3 (�,�) : (A) � 3.7�10 � (B) � 3.7�104.
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Appendix 2
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Appendix 3 

List of Related Press-Release and TV Programs 
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Joint
Res.

Entr.
Res.

Coop.
Res.

JAEA
Inter.

Com.
Use C T S I E G Joint

Res.
Entr.
Res.

Coop.
Res.

JAEA
Inter.

Com.
Use C T S I E G

1-01 � � � 3-05 � �

1-02 � � � 3-06 � �

1-03 � � � � 3-07 � � �

1-04 � � � 3-08 � �

1-05 � � � � � 3-09 � �

1-06 � � � 3-10 � �

1-07 � � � 3-11 � �

1-08 � � � � � � 3-12 � �

1-09 ��� 3-13 � �

1-10 � � � 3-14 � �

1-11 � � � � 3-15 � �

1-12 � � 3-16 � �

1-13 � � 3-17 � �

1-14 � � 3-18 � �

1-15 � � 3-19 � �

1-16 � � 3-20 � �

1-17 � � 3-21 � �

1-18 � � 3-22 � �

1-19 � � 3-23 � �

1-20 � � 3-24 � �

1-21 � � � � 3-25 � �

1-22 � � � � 3-26 � �

1-23 � � 3-27 � � �

1-24 � � 3-28 � �

1-25 � � 3-29 � �

1-26 � � 3-30 � �

1-27 � � � � 3-31 � �

1-28 � � 3-32 � �

1-29 � � � � 3-33 � � �

1-30 � � 3-34 � � �

1-31 � � 3-35 � �

3-36 � �

2-01 � � � 3-37 � �

2-02 � � 3-38 � �

2-03 � � 3-39 � �

2-04 � � 3-40 � �

2-05 � � 3-41 � �

2-06 � � � 3-42 � �

2-07 � � � 3-43 � �

2-08 � � � 3-44 � �

2-09 � � 3-45 � �

2-10 � � 3-46 � � �

2-11 � � 3-47 � �

2-12 � � � 3-48 � �

3-49 � �

3-01 � � 3-50 � �

3-02 � � 3-51 � �

3-03 � � 3-52 � �

3-04 � � 3-53 � �

Appendix 4  Type of Research Collaboration

Paper
Number

Type of Research
Collaboration*1 Irradiation Facilites*2Irradiation Facilites*2Type of Research

 Collaboration*1 Paper
Number
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Joint
Res.

Entr.
Res.

Coop.
Res.

JAEA
Inter.

Com.
Use C T S I E G

Joint
Res.

Entr.
Res.

Coop.
Res.

JAEA
Inter.

Com.
Use C T S I E G

3-54 � � 4-26 � �

3-55 � � 4-27 � �

3-56 � � 4-28 � �

3-57 � � 4-29 � � �

3-58 � � � 4-30 � � �

3-59 ��� 4-31 � � �

3-60 � � 4-32 � � �

3-61 � � 4-33 � �

3-62 � � 4-34 � �

3-63 � � 4-35 � �

3-64 � � 4-36 � �

3-65 � � 4-37 � �

3-66 � � 4-38 � � �

3-67 � � 4-39 � � �

4-40 � �

4-01 � � � � 4-41 � �

4-02 � � � � 4-42 � �

4-03 � � � 4-43 � �

4-04 � � � 4-44 � � �

4-05 � � � � 4-45 � � �

4-06 � � 4-46 � � �

4-07 � � � � 4-47 � � �

4-08 � � � 4-48 � � �

4-09 � � 4-49 � � �

4-10 � � � 4-50 � �

4-11 � � 4-51 � �

4-12 � � � 4-52 � �

4-13 � � 4-53 � �

4-14 � � 4-54 � �

4-15 � � � 4-55 � � � �

4-16 � � 4-56 � � �

4-17 � �

4-18 � � 5-01 � � � �

4-19 � � � 5-02 �

4-20 � � 5-03 � � �

4-21 � � � � � � 5-04 � �

4-22 � � 5-05 � �

4-23 � � 5-06 � � � � � �

4-24 ��� 5-07 � � � �

4-25 ��� 5-08 � � � �

  G : Co-60 Gamma-Ray Irradiation Facilities
  E : 2 MV Electron Accelerator

  T : 3 MV Tandem  Electrostatic Accelerator

  I : 400 kV Ion Implanter
  S : 3 MV Single-ended Electrostatic Accelerator

        through The University of Tokyo
  JAEA Inter. : JAEA internal use

  C : AVF Cyclotron System

 *2 Utilization of Irradiation Facilities*1 Type of Research Collaboration

  Coop. Res. : Cooperative research with plural universities

  Joint Res. : Joint research with external users

                         facilities) 

Irradiation Facilites*2
Paper

Number
Paper

Number

Irradiation Facilites*2Type of Research
 Collaboration*1

Type of Research
Collaboration*1

  Com. Use : Common use based on "JAEA-facility-use"
  OL : Off line (research without the use of  irradiation 

  Entr. Res. : Research entrusted to JAEA



－ 229 －

JAEA-Review  2008-055

i

Symbol used in the Appendix

An example of symbol expression is written as following. 

07   J  151   4-50  C
�    �   �     �-�   �

�  Number of last two orders in fiscal year 
�  Kind of publication 

J  :  Publication in Journal 
    C  :  Publication as Proceedings 
    NP : Press-Release (Newspaper) 
    TV : TV Programs 
    PA : Patent 
� Consecutive numbers for the kind of publication 
�-� Paper number 
�  Classification number of research field 
    1 : Space, nuclear and energy engineering 
    2 : Environment conservation and resource security 
    3 : Biotechnology and medical application 
    4 : Advanced materials, analysis and novel technology 
�  Consecutive number every research field 
�  Irradiation facilities utilized for the research 
    C : AVF Cyclotron 
    T : 3 MV Tandem Electrostatic Accelerator 
    S : 3 MV Single-ended Electrostatic Accelerator 
    I : 400 kV Ion Implanter 
    E : 2 MV Electron Accelerator 
    G : Co-60 Gamma-ray Irradiation Facilities 

O : Off-line (Research without the utilization of irradiation facilities) 
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