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Electric power condition of Wako campus in 2013 
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 The monthly electrical power consumption data for RIKEN 
Wako campus (Wako) and RIKEN Nishina Center (RNC) 
and the energy supply by the cogeneration system (CGS) are 
shown in Fig.1. The hourly electrical power consumption of 
RNC in 2013 is shown in Fig.2. The annual data of energy 
supply and consumption in 2013 is listed in Table 1. The 
total electrical power consumption of Wako in 2013 was 
143,508 MWh, which was 14% lower than that in 2012. On 
the other hand, the total electrical power consumption of 
RNC in 2013 was 55,820 MWh, which was 32% lower than 
that in 2012. When the RI Beam Factory (RIBF) experiments 
using the uranium (238U) beam were conducted, the 
maximum electrical power supply to Wako from Tokyo 
electric power corporation (TEPCO) reached 21.00 MW with 
a CGS output of 4.00 MW on May 24, 2013, and the 
maximum electrical power consumption of RNC reached 
16.8 MW on April 26, 2013. 

A complete overhaul of the gas turbine of the CGS #1 after 
24,000 h of operation was carried out between February and 
March 2013. After that, an inspection of the gas turbine of 
the CGS #1 after 4,000 h of operation was carried out in 
August 2013. 

We experienced the following problems during the 
reporting period. The absorption chillers of the CGS #1 had 
problems, such as corrosion of the surface of the heat transfer 
tube. Therefore, work for replacing two markedly impaired 
absorption chillers is currently in progress by the 
manufacturer since December 2013, and the work is to be 
completed by the middle of February 2014. We had a short 
interruption in power twice, in July and August 2013, due to 
thunderbolts. Earth leakages also occurred 21 times. 
However, the origin of most of those leakages was 
unexplained. 
 
 
Table 1 Annual data of energy supply and consumption in 

2013. 
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 Total Unit Note % of 2012 

Wako purchase 125,923 MWh Total electrical power supply to Wako from TEPCO 91% 

Wako consumption 143,508 MWh Wako electrical power consumption (CGSs + TEPCO) 86% 

RNC purchase 43,278 MWh Total electrical power supply to RNC from TEPCO 76% 

CGS #1 12,542 MWh CGS #1 total electrical power output 49% 

RNC consumption 55,820 MWh RNC total electrical power consumption 68% 

CGS #1 thermal 32,696 tons RNC total thermal power 74% 

 
 
Fig.1 Monthly electrical power consumption and energy 

supply by CGSs in 2013. 

 
 
Fig.2 Hourly electrical power consumption of RNC in 2013. 

Radiation safety management at RIBF
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Since 1986, residual radioactivity at the deflectors of 
cyclotrons has been measured regularly just before
maintenance work. The variations in the dose rates are 
shown in Fig. 1. New measurements in 2013 were 
conducted only at AVF and RRC owing to their 
maintenance work. The beam intensity of AVF has been 
increased since 2006 for the radioisotope production, and 
the dose rate has also increased. Because the high intense 
beam was not provided to RRC in 2013, there was a 
reduction in the dose rates as shown in Fig. 1. The change 
in the dose rate at RRC from 1990 to 2006 is not large, and 
the value is typically around 20 mSv/h. After 2006, large 
variations in the dose rate are observed. It depends on the 
beam intensity of RIBF and the cooling time. The dose rate 
of SRC increased in 2011, and the value became similar to 
those of AVF and RRC. The dose rates of IRC and fRC
were measured in 2012 only. 

The residual radioactivity was measured along the beam 
lines after almost every experiment. Points 1–26, marked 
with solid circles in Fig. 2, are the locations where 
high-residual dose rates were usually observed. Table 1 lists 
these dose rates and the measurement dates, beam 

*1 RIKEN Nishina center
*2 Japan Environment Research Corporation
*3 Daiwa Atomic Engineering Corporation

conditions, and the decay periods after the end of operation. 
The maximum dose rate was found to be 7 mSv/h at point
25, which is below the beam dump chamber of BigRIPS. 
The dose rates on the site boundary in 2013 have been 
monitored to prevent it be over legal limit of 1 mSv/y. 

Fig. 1. Dose rates of residual radioactivity at the 
deflectors of 5 cyclotrons. 

Fig. 2. Layout of beam lines at RIBF. Locations where high dose rates were observed are indicated by solid circles 

1–26.
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The RIKEN heavy-ion linac (RILAC) has been operating 

steadily throughout the reporting period and has been 
supplying various ion beams for different experiments. 
Some statistics regarding the RILAC operation from 
January 1 to December 31, 2013, are given in Table 1. The 
total beam-service time of the RILAC accounted for 75.4% 
of its operation time. The two operation modes of the 
RILAC, namely, the stand-alone mode and the injection 
mode, in which the beam is injected into the RIKEN Ring 
Cyclotron (RRC), accounted for 62.2% and 37.8% of the 
total beam-service time of the RILAC, respectively. For the 
beam experiment and the machine study of the RI Beam 
Factory (RIBF), a 2.648-MeV/nucleon 18O-ion beam and a 
2.932-MeV/nucleon 40Ar-ion beam accelerated by the 
RILAC was injected into the RRC between April and June 
2013. Table 2 lists the beam-service times in the stand-alone 
mode of the RILAC allotted to each beam course in the 
RILAC target rooms in 2013. The e2 beam course in target 
room no. 1 was used in the machine study of a new 
gas-filled recoil ion separator (GARIS-Ⅱ). The e3 beam 
course in target room no. 1 was used in experiments 
involving the heaviest elements and the study of the 
physical and chemical properties of these elements using 
the GARIS. The e6 beam course in target room no. 2 was 
used in the analysis of trace elements. Table 3 lists the 
operation time of the 18-GHz ECR ion source 
(18G-ECRIS) in 2013. 

We carried out the following improvements and overhauls 
during the reporting period.
1) In the RF systems, the DC high-voltage power 

supplies were subjected to annual inspection. In 
addition, the major components of mechanical parts 
were subjected to simple inspection. 

2) Two water pumps of the cooling tower circuits were 

overhauled. The other water pumps were subjected to 
simple inspection. All cooling towers were subjected to 
monthly inspection and annual cleaning. 

3) All the turbomolecular pumps were subjected to annual 
inspection. Eight cryogenic pumps used for the RILAC 
and CSM cavities were overhauled. 

We experienced the following mechanical problems during 
the reporting period.
1) Water was found to have splashed in the 18G-ECRIS 

because of leakage from a cooling water jacket; it took 
approximately twelve days to repair it. 

2) A section of the cooling pipe of stem-2 in the FC-RFQ 
cavity had a vacuum leak; it took approximately four 
days to repair it. 

3) Water was found to have splashed in the RF power 
amplifier no. 3 because of leakage from a water joint 
outside the plate stub; it took approximately two days to 
repair it. 

4) Water was found to have splashed in the CSM-A3 cavity 
because of leakage from a cooling pipe on the outside 
wall of the cavity; it took approximately two days to 
repair it. 

Table 1. Statistics on RILAC operation from January 1 to 
December 31, 2013. 

Operation time of RILAC 2779.4 h

Mechanical trouble 42.9 h

Stand-alone RILAC 1304.0 h

Injection into RRC 791.3 h

Total beam service time of RILAC 2095.3 h
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Table 2. Beam service time of the stand-alone RILAC 
allotted to each beam course in target rooms 
no. 1 and no. 2 in 2013. 

Beam course %
e2 110.8 8.5
e3 1151.3 88.3
e6 33.2 2.5

RRC injection course 8.6 0.7
Total 1304.0 100.0

Total time (h)

 Table 3. Operation time of the 18G-ECRIS in 2013. 

Ion

N 15 3 72.0
O 18 6 252.1
F 19 6 105.0

Ne 22 6 599.9
Mg 24 7 338.7
Al 27 6 300.8
Ar 40 11 238.2
Ca 40 11 61.7
Ca 48 11 599.0
Ni 58 13 215.4
Kr 82 18 144.0
Kr 86 18, 20 162.3
Xe 136 20 12.5
U 238 35 128.0

3229.6
 

Total time (h)Mass Charge state

Total

 

Table 1.  Dose rates measured at beam lines in 2013. 
Points 1−26 indicate the measured locations shown in Fig. 
2. 

Point
Dose
rate 

(μSv/h)
Date

(M/D) Particle Energy 
(MeV/u)

Intensity
(pnA) 

Decay
period

(h)
1 630 8/22 d 12 10000 414 
2 300 8/22 d 12 10000 414 
3 500 7/24 O-18 6.28 1000 50 
4 110 12/24 Xe-124 10.75 1210 424 
5 300 7/1 Xe-124 10.75 1300 1300 
6 180 12/26 Xe-124 10.75 200 466 
7 920 12/26 Xe-124 10.75 200 466 
8 300 7/17 Rb-87 66 0.07 31 
9 200 7/4 Xe-124 50 143 74 
10 1300 7/4 Xe-124 50 143 74 
11 1000 7/4 Xe-124 50 143 74 
12 1300 7/4 Xe-124 50 143 74 
13 80 7/4 Xe-124 114 51 74 
14 80 7/4 Xe-124 345 36 75 
15 160 7/4 Xe-124 345 36 75 
16 143 4/19 O-18 250 200 2 
17 260 7/4 Xe-124 345 36 75 
18 230 4/19 O-18 250 200 2 
19 6000 7/4 Xe-124 345 36 75 
20 110 7/4 Xe-124 345 51 74 
21 250 7/4 Xe-124 345 51 74 
22 3000 7/4 Xe-124 345 36 75 
23 400 7/4 Xe-124 345 36 75 
24 1400 7/4 Xe-124 345 36 75 
25 7000 7/4 Xe-124 345 36 75
26 250 7/4 Xe-124 345 36 75 

We continuously monitor the radiation in and around the 
RIBF facility using neutron and gamma area monitors. The 
background dose rates were evaluated and the measured 
values were corrected. The background data have been 
acquired over a period of a month in August 2013 when all
the accelerators were not in operation. The background of 
gamma-ray dose is currently about 2 times higher than the 
natural dose rate because of the fallout due to the accident 
at the Fukushima Dai-ichi power station. Before the 
accident, the natural background of the gamma-ray dose at 
the site boundary near the BSI East Bldg. was 0.039 µSv/h 
in January 2011. The background of gamma-ray dose in 
2013 was 0.062 µSv/h. Just like before, all of the corrected 
dose rates monitored at 2013 were below the detection limit, 
corresponding to 2 µSv/y for neutrons and 8 µSv/y for
gamma-rays. The total dose rate was less than 10 µSv/y and 
was considerably lower than the legal limit.

The radiation dose on the boundary of the 
radiation-controlled area have also been monitored. The 
monitors of gamma-rays and neutrons are placed at the
three points on the boundary. One is in the computer room 
of the Nishina building, and the two other are on the roofs 
of the IRC and BigRIPS in the RIBF accelerator building. 
The highest value was observed on the IRC roof as a result 
of the beam loss at the transport line between SRC and 
BigRIPS. The annual neutron doses at these locations since 
1999, which are sufficiently lower than the legal limit, are
shown in Fig. 3. The value of the BigRIPS roof was similar 
to the background level and is not shown in Fig. 3. The 
legal limit of a boundary of a radiation-controlled area is 
1.3 mSv/3month, and all the measured doses were low 
enough. 

Fig. 3. Accumulated leakage radiation at the 
boundary of the radiation-controlled area.




