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Design of calibration device for real-time on-line monitoring system of water radioactivity
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Abstract  [Background] In the long-term uninterrupted work of the real-time on-line monitoring system of water
radioactivity, the spectrum drift, line broadening and shift of peak position are caused by the temperature change of
the detector and various electronic components and the aging of components, which leads to the difficulty of spectral
line analysis and the error of analytical results. [Purpose] This study aims to develop a calibration device for real-
time on-line monitoring system of water radioactivity based on cerium bromide detector. [Methods] The device was
designed to consists of ¥’Cs standard source (exemption source), lead block, lead chamber with calibration hole and
linear motor. The optimum opening radius of the calibration hole and the optimum thickness of the lead block were
obtained by Monte Carlo simulation. The standard '“’Cs source was used as the standard reference peak, and the
calibration of peak position and peak area, the peak position drift and peak area of “’Cs full-energy peak was
analyzed by software with real-time gain calculation and parameters adjustment. Finally, the device was applied to
the field application verification. [Results & Conclusions] Results of Monte Carlo simulation indicate that the

optimum radius of the calibration hole is 2.2 cm and the optimum thickness of the lead block is 5 cm. The verification
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results shows that the device can limit the change of peak position and peak area to +1% and +5%, respectively.
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Fig.1 Structure diagram of real-time on-line monitoring system of water radioactivity
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Fig.3 Diagram of working principle of calibration device

IR ARSI B R T R R AE il A AR R riE L. RIS , B AR
SAT BRI VUM AR IR AR 0 , 0 L SEIF I AR R, O A R R BB R o, AR B AR SR
WIEALREAT PN, W R ARl T R B AR 4R
P38 B, K5 RF ARV B [ bR AL B, P EEAT _EAZALAR

Multichannel Data
Acquisition

!

Find The Characteristic
Peak Position of
Calibration Source

No Drift
Occurred

Net Count of Characteristic

Judgment of Characteristic

Peak Position Peaks Dleducted
Drift The Compressed Spectral Line
Occurs is 1 024 Channels
Calculate Software l
Gain Upper Computer Spectrum
Resolution

A,
Output Spectrum Line After
Set Parameters Spectrum Stabilization

B4 HETIERE
Fig.4 Working flow of the device

010401-3



FRAE AR KRB AR 2 M I R G e B it

3 RERBEREBISHMAR

TERGHERE B Bt R, 25 R B T T A 2K
S BRI AL A B A7 R AR T 1, B U A
AR I RRARE , AHE ) T Sk ey, B MRS R RS
Uk Ve S A ) T 2 DR A TR 5 X S DR T 28
o PUE PRI AR 1) F 25 HURBAETR R I )
S 2 e B RIEORT R s R ST AR A R SE SRy
RE I T £IE G R AR HE ) IR, 5 2L
AR A IR B B RO R = T AL o
PR BT AE AT PEAE LM I R 48 1E I8 4T
i i EEX AL HE PR IEAT B i, 75 0 2 500 ZR Gl e 4
SRR HE R S AT HEAT T 2l B B R A A A
R,
31 RIEIRAIEE

PR 5 05 A58 I 1) PR 255 2 e, L T (1] Py T
B8 T Vg Bk B S, B R R v U I TR EE RS . S 5
R 5, B R KR M E R IR R G 1
B RN 28 34T 55 RSE KN B8 47 2 R s, 7y
R B R AR K, R LR B A R R R
J5 B LR Ae R R E LR 1. AL fd ] FS R AT
B, AR AR ILSE SRR R RCR 15 2R AL AR I 25
RO IEFIBATIERE &N 59.5~2 614.7 keV 142 fE
g % 3000 255 3R 1 2%, T P S T o 5 AR B T RE B OA
300 keV 75 47 (M BE AR AR iy o RHETR 75 2L A
B A 7 A I B8 B S R A 2 R T A P X
() y TS 2R o PRI 28 06T I 7= A2 1) 2 28 U R PR R

FT1 EREMNRAFFHEIEEEE

Table 1 Characteristic peak energy corresponding to each
nuclide

% Nuclide  $F{iFl§ Peak energy / keV

*'Am 59.537

U 66.376

“Ba 80.997,276.4,302.851, 356.013

2Ey 121.782, 344.279, 778.904, 964.079,
1 085.869, 1 112.069

Co 122.06, 136.48

U 143.76, 185.72

Ra 186.21

B 284.3, 636.97

e 295.96, 308.46, 316.51, 364.48, 468.07

571 510.84, 583.84, 860.37, 2 614.7

“Ng 511,12745

*“Bi 609.31, 1 120.3, 1 764.5

"Cs 661

“Co 1170, 1330
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Fig.6 Diagram of calibration device model
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Table 2 Monte Carlo simulation shows the influence of sliding lead block thickness on detection efficiency

T BhAT R R B s B R R g
Thickness of sliding %} ¥'Cs {3 %%

pRGeIk N R
Xf TCs AR IR

55 6 J5F PR 5 AR LU R0 205 ek
A 3 E

lead block / cm Detection efficiency of ’Cs under Detection efficiency of "’Cs by detector Percentage reduction in detection
the shielding of sliding lead block without sliding lead block shielding efficiency compared to
unshielded state / %
1 3.432x10™ 1.137x107° 69.82
2 1.022x10™* 1.073x107° 90.48
3 2.87x107° 1.021x107° 97.19
4 8.775x10°° 9.65x10™* 99.08
5 2.375x10°° 9.16x10™* 99.74
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Table 3 Background test of calibration device (1 h)
YCs WAL YCs RE T BT ER FEME
"'Cs peak position ~ V'Cs energy window count rate  Average value
RIE R KHESLITIT 465 0.142 0.138
Calibration source not placed Calibration hole open 465 0.138
465 0.133
ReEFLICH 465 0.115 0.108
Calibration hole close 465 0.111
465 0.099
JBERHEDR KEHESLITIF 465 0.523 0.536
Place calibration source Calibration hole open 464 0.550
465 0.533
RS 465 0.184 0.187
Calibration hole close 465 0.188
465 0.189
MR 2 ATRIAR NN HEDR , KL HEAL AL TR MPIRS 4.2 SEFRNA

T HE AR TR 90,108 57, 2R HER 5 , 12 v
FLAE T R HPIRAE T 48 B AR THH% 9 0.187 57,
THECERAA U, i AT R HE IR AE 2R 48 1E W I AT
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Table 4 Measured calibration data

FHERSIE]  PCs AR WCHES Cs UL WL % WCs I afele RS Cs g TCs I 4 R 1

Calibration '"’Cs standard '"’Cs peak position Peak position #5iE st 1145 ARRIE ST HL THEUH X A 2R

time peak position  after calibration deviation Total standard ~ Total count of "’Cs Total totipotency peak
/% count of W'Cs  peak after calibration relative change rate of

peak Cs /%

2020/11/25 464 467 0.22 200 204 2.00

2020/12/1 464 467 0.65 200 203 1.50

2020/12/8 464 462 0.65 200 191 -4.50

2020/12/14 464 461 -0.43 200 208 4.00

2020/12/23 464 463 -0.65 200 200 0.00

2020/12/30 464 465 -0.22 200 209 4.50
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