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The results of radiation monitoring at RIBF, car-
ried out at the border of the facility and the radiation-
controlled area are reported. The residual doses along
the accelerator setups are also presented. In 2017, 238U
beam of about 345 MeV/u was provided at an inten-
sity of 50 particle nA during May, June, October, and
November. A 48Ca beam of 500 particle nA was used
in April, a 70Zn beam of 300 particle nA was used in
April and May, and a 18O beam of 1000 particle nA
was used in June and July.

The dose rates at the boundary of the radiation-
controlled area were monitored. Neutron and γ-ray
monitors were used at three locations: roofs of the
RRC, IRC, and BigRIPS. Figure 1 shows the annual
neutron dose at these positions. In 2017, even the high-
est annual dose of 51 µSv/y at the IRC roof was lower
than the legal limit of 5.2 mSv/y.

The dose rates at the site boundary, where the le-
gal limit is 1 mSv/y, were monitored. Neutron and
γ-ray monitors were used, and the annual dose in 2017
was found to be lower than the detection limit after the
background correction. The detection limit of the neu-
tron monitor is 2 µSv/y and that of the γ-ray monitor
is 8 µSv/y. Therefore, it was inferred that the annual
dose at the boundary was less than 10 µSv/y, which is
considerably lower than the legal limit.

The residual radioactivity at the deflectors of the
cyclotrons was measured just before the maintenance
work.

The residual dose depends on factors such as the
beam intensity, accelerator operation time, and cool-
ing time. The dose rates from 1986 are shown in Fig. 2.
The dose rates for FRC, IRC, and SRC are shown for
years after 2006, when the RIBF operation started.
For AVF, the dose rate increased in 2006 because the
radioisotope production was started and the beam in-
tensity increased.

The residual radioactivity along the beam lines was
measured after almost every experiment. Figure 3
shows the locations of measurement points where high
residual doses were observed. Table 1 lists the dose
rates, beam conditions, and cooling time at the mea-
surement points. The maximum dose was 29 mSv/h
at point 14, which is in the vicinity of the G01 faraday
cup.

The radioactivity in the closed cooling system at Bi-
gRIPS was measured. The water for the F0 target, the
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Fig. 1. Radiation dose at the boundary of the radiation-

controlled area.

Fig. 2. Dose rates of residual radioactivity at the deflectors

of 5 cyclotrons.

exit beam dump, and the sidewall dump were sampled
in August. The water in the closed cooling systems
was replaced in August 2016; therefore, the detected
radioisotopes were generated during one year of oper-
ation in RIBF. The results are shown in Table 2. A
liquid scintillation counter was used for the low energy
β ray of 18 keV from H-3 nuclide. A Ge detector was
also used for γ rays emitted from other radionuclides.
The radionuclides, except for H-3, were already filtered
by an ion exchange resin in the closed cooling systems.
Although the overall value of contamination was less
than the legal limit for drain water, as shown in Ta-
ble 2, the water from the closed cooling system will
be dumped into the drain tank before the next opera-
tion to prevent contamination in the room in case of a
water leakage.

Operation of the BigRIPS cryogenic plant
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Based on the RIBF beam time schedule, we performed
two continuous operations of the BigRIPS cryogenic
plant in 2017. The first operation period was from Feb.
28 to July 21 and the second was from Sept. 16 to Dec.
15 after the summer maintenance. The total operation
time of the compressor unit was 64,869 h.

At the beginning of the second operation, we had a sig-
nificant incident. When we started the refrigerator after
the purification operation, the interlock system stopped
the rotation of the expansion turbines. The reason was
poor cooling water flow caused by impurities in the cool-
ing water system. We found that the water pipelines for
the refrigerator system were badly blocked up by muddy
impurities and the pipes had rusted away (Fig. 1). Af-
ter flushing the water channels of the turbine system,
we started the refrigerator using the independent chiller
unit of ORION RKE3750A, and this temporary cooling
system worked well for 2 months of the second operation
period. We will replace the entire piping of the cooling
water system for the BigRIPS cryogenic plant in March
2018.

Except for the incident stated above, we operated the
cryogenic system without any trouble. Figure 2 shows
the vibration acceleration in the vertical and horizontal
directions as a function of the total operation time. We
have regularly measured the vibrations of the main com-
pressor unit both at the high-pressure and low-pressure
sides since 2015. After the replacement of the damaged
baring unit in Dec. 2016, which corresponds to the oper-
ation time of 59,218 h, the vibration acceleration stayed
less than 8 m/s2 and the compressor unit worked well
during the entire operation period in 2017.

Another important observation for the cryogenic sys-
tem is the low oil contamination in helium gas. By mea-
suring the operation interval of the drain valves of the
coalescer vessels in the compressor unit, the oil contami-
nation level of the coalescer vessels was evaluated.1) Fig-
ure 3 shows an estimate of the oil contamination level at
the entrance of the third coalescer vessel as a function
of the coalescer filter operation time. The navy blue,
green, and yellow diamonds represent the estimates for
the 2008–2009, 2010–2011, and 2012–2013 operations,
respectively. The coalescer filters used in these periods
were discontinued.2) The estimate for the 2014–2015 and
2016–2016 operations with the new coalescer filters are
shown with pink and red diamonds, respectively. The oil
contamination values measured using the oil check kit
are also shown. The open triangles, squares, and circles
represent the results for the 2008–2009, 2010–2011, and
2012–2013 operations. The results with new coalescer
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Fig. 1. Blocked cooling water piping for the turbines.
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Fig. 2. Vibration acceleration of the compressor unit.
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Fig. 3. Oil contamination at the entrance of the third coa-
lescer vessel.

filters for the 2014–2015, and, 2016–2017 operations are
indicated by the open diamonds and circles, respectively.
Both estimates of the oil contamination level are consis-
tent with each other, and the performance efficiency of
the new filter elements seems to be better than that of
the discontinued ones.
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The E-learning module, which can be accessed
anytime and from anywhere (even from the outside
RIKEN), has been used for the re-training to the ra-
diation workers at RIBF. About 660 radiation workers
have completed the training in 2017.

Fig. 3. Layout of the beam lines at RIBF. The measure-

ment locations listed in Table 1 are indicated.

Table 1. Dose rates measured at beam lines in 2017.

Points 1–24 indicate the locations where measurements

were taken as shown in Fig. 3.

Point
Dose
rate (M/

Dat
D)
e Particle Energy

(MeV/u)
Intensity

(pnA) 
Cooling 

time
(h) 

1 1000 8/4 d 12 10000 97
2 450 8/4 d 12 10000 97
3 500 8/4 d 12 10000 97
4 500 8/4 d 12 10000 97
5 280 12/12 6.5 10 291
6 800 8/4 C-12 135 1 186
7 400 8/4 C-12 135 1 186
8 200 12/12 U-238 10.75 1657 283
9 4000 12/12 U-238 50 390 282
10 3000 12/12 U-238 50 390 282
11 400 12/12 U-238 50 390 282
12 170 8/4 O-18 220 550 497
13 8600 8/4 O-18 220 550 497
14 29000 12/8 U-238 345 71 183
15 950 12/8 U-238 345 71 183
16 250 12/8 U-238 345 71 183
17 950 8/4 O-18 220 550 496
18 450 12/8 U-238 345 71 183
19 830 12/8 U-238 345 71 183
20 450 8/8 O-18 220 550 589
21 1780 8/8 O-18 220 550 589
22 1850 8/8 O-18 220 550 589
23 25000 12/8 U-238 345 71 183
24 189 8/8 O-18 220 550 589

Table 2. Concentrations of radionuclide in the cooling wa-

ter at BigRIPS, the allowable legal limits for drain wa-

ter, and the ratios of concentration to the allowable

limit.

Cooling
water Nuclide Concentration[a] Limit[b] Ratio to 

(Bq/cm3) limit [a/b](Bq/cm3) 
BigRIPS 
F0 target

H-3 6. 60 0.11
summation 0.11

BigRIPS
exit
beam 
dump 

H-3
Be-7
Co-57
Co-58
Mn-54

22. 
9.4e-31)

8.1e-4 
6.4e-4 
1.4e-3 

60 
30
4
1
1

0.37 
3.1e-4 
2.0e-4 
6.4e-4 
1.4e-3 

summation 0.37
BigRIPS
side-wall 
beam 
dump 

H-3 47. 60 0.79 

summation  0.79 

1) read as 9.4× 10-3 
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