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Abstract

Residual radiation dose measurements were conducted at both the klystron gallery during operation and the tunnel area
of the KEK electron/positron injector linac during periods of operation shutdown. The aim is to measure the dose levels
and its decay in time at several sites with high residual radiation doses. A simple real-time monitoring system has been
developed using a portable radiation counter (Radiation-Watch, trademarked as PocketGeiger/PIN photodiode dosimeter).
The radiation counter can be connected to a general-purpose microcomputer. The system was designed to be inexpensive,
small, and portable, using Raspberry Pi. Measuring the decay curve of residual radiation during the shutdown will help
determine a measure of the radiation environment in which workers can work safely. We conducted calibration of the
system using a radiation source, measurement tests in the klystron gallery during operation, and in the tunnel during
shutdown. In this paper, we report detailed results of the measurement tests using this system.
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Figure 1: Real-time monitoring system using a portable
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radiation counter and Raspberry Pi, which are connected
through a Dsub cable.

Table 1: Components of the Real-Time Monitoring
System
N TSR /tjp ; ;PocketGei get
AT Dsub 2RI
~Afar Raspberry Pi 4 Model B
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EER/ Raspberry Pi ~fitf5
FyhT—2 AR ERR LAN

- 609 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

PASJ2023 WEP41

WD, R 2 —D A J1% Dsub a7 2L T
WHDT, M % Dsub I R7 X r—7 )V Tt 752
2:75%%200 IOTHIET MEERD S —7 NV TIEE S

\Z9%, B A —& Raspberry Pi © GPIO B[] D
%%ci\ Fig. 2 DIIOITELRRE LD,

D-sub
*F R D-sub
MBREHRh 7 52— AR Raspberry Pi
GPIO
«NS 1 —MA— 6| ° 1= 18(PWMO)
" GND 2 ] : g iR ilN(BART TXD)
< SIG 3 —\W\~ A -
4 e 4 —— GND
* GND I ey
<tV 5 ¢ 6 - 5V

Figure 2: Wiring diagram between a portable radiation
counter and GPIO pin on Raspberry Pi.
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Table 2: Specification of a Portable Radiation Counter

HR B RO E Hi PR 0.05~100 pSv/h (Cs-137)
R A D E B 0.01~5400 cpm
toH— PIN 74z A4 —R
HFAX H61 x W34 x D12 mm
HX 80 g
THEE #7130 mW
FhEE 0.05+0.02 pSv/h

Table 3: List of Acquired Data for the Real-Time Radiation
Measurement System
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Table 4: Two Different Test Systems for the Real-Time
Radiation Measurement System
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Figure 3: Radiation signal waveform measured with an
oscilloscope. The horizonal and vertical scales are
100 ps/div and 1 V/div, respectively.
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Table 5: Two Different Constants Used for External
Exposure with Cs-137
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Figure 4: Variations in the dose rate as a function of the
distance between the radiation source and the
measurement system in the laboratory.
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Figure 5: Variations in the dose rate as a function of the
distance between the radiation source and the
measurement system in the experimental hall.
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Figure 6: Variations in the dose rate normalized by lcm-
equivalent dose rate as a function of the distance measured
in the experimental hall and room.
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Figure 7: Same plot as figure 6. This plot is divided by
three different distance regions. In the saturation region
(left), the data points are connected by using a dashed line,
in the counting loss region (middle), a linear
approximation in the range between 3.8 (ratio of 1) and
83 uSv/h is applied, and the ratio is fixed to be 1 in the
region of less than 3.8 uSv/h (right).
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Table 6: Four Different Dose Rates Measured by Using the
System and Three Different Survey Meters in Al Electron
Gun Room and at Gallery C7
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Figure 8: Time traces of the residual dose rates measured
at the positron production target and SY3.

-612 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan

August 29 - September 1, 2023, Funabashi

A ERA DS - TERY, BBz vh
TER, ZORERIREFEIZO DD RERIE, SY3: 5 4.3
H, B2 —7 MK 4.9 B Thd, IEHIEZTE
DS TEeB 2 DN5, EHiRE Ltk 2 HE®%ID 2
R4 O E T — 2 % Af > TR BT 217 > 72 (Fig. 8
ZMR) , ZOWE T — 25 > TERAY 2 8 % 5
L7z, ERIROZ /L. SY3 TIdK 63 BT, &

AR A —7 MEIE TR 250 A Th-o7-, LLEOFRE R
0. ZOMMTOXERSFEEL T, RN 271.7
HTHD Co-57 X, 70.8 HTHD Co-58 NHEESND,

6. F&H

WH~ A=z L8 Al HE TH D PocketGeiger &
Raspberry pi &2 V2RI AT AZEY, ZiT/NEO,
AR IEAAR 2 T2 AT DA H LN TE T,

FRIRDD DO FEREI S U CRE R SR R 3555 15
ST, BRE W IEIZE > T B ENLO I
KAF T D BRI ORI L DA DZEIZLD
KU AT DDEAFTIvIL L VR~3x10M3 15, ez kL
U BHAGHR B 3% 3.8 uSv/h, B FNfEIBA 4h 573 83 pSv/h
THDHZENHERRTE T, RNFEBRE TRIEATT) EEEN
HOWELD RN DI WIERZN RIAEN DD
THEETILERDD,

BB E A — 7 b DT = A T 20 pSv/h £ T
TRHDOIZEL TR IL, R 125 8 KEfH] 20 70 1%
Toholo, N RVNOFRBE R B, i or —
LBAICHEET L0 | R EITNE T 5720
WCRELS B D, LIz T, BB =% ERe 2
TET HIZOITIEL, A EREIRIE LRFIZ BT DRI O T
NEALDERLEAR A K ThD,

AN E 1 I TR DR R R O P di AR DV T 2 A
LE=H) T PWEBCEIUL AEEBE DL RITEET
EDORBEDO HRERESITHIENTES, LnL, BUR
TILEIE T OERERE CIIA AT I IV VR EIC
HBZ DD TARY AT MZEDVT WA LJENEHELNE
ERDoTo, A%IT. BB ERICHZIDIS AT Iy
IV Tk ARSI DRI BRFS . 8 M m AR RIS 2
VAT F N —EHFE LI EMF A MO T D,
WATL T, KEK A # RN IZ 8 DI 5 R - fak T
TEERHZRETDELET D20 RUAT L& N
Te MR BB ORI AR A E LI B 2 T0D,

SE Xk

[1] K. Furukawa et al., “Achievement of 200, 000 Hours of
Operation at KEK 7-GeV Electron 4-GeV Positron Injector
Linac”, in Proc. 13th Int. Particle Accelerator Conf.
(IPAC'22), Bangkok, Thailand, Jun. 2022, pp. 2465-2468.

[2] PocketGeiger;
http://www.radiation-watch.org/p/pocketgeiger.html/

[3] Raspberry Pi;
https://www.raspberrypi.com/

[4] EPICS;
http://www.aps.anl.gov/epics/

-613 -

PASJ2023 WEP41



	1. はじめに
	2. マイコン接続型リアルタイム残留放射線量測定システムの概要
	2.1 システム構成
	2.2 放射線カウンターの仕様
	2.3 EPICS IOC
	2.4 動作試験

	3. 線源を用いた線量率校正
	3.1 実験室での校正
	3.2 実験ホールでの校正
	3.3 ２つの校正による考察

	4. 入射器での残留放射線測定
	5. 入射器トンネル内の残留放射線減衰測定
	6. まとめ

