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Table 1 Parameter table of crystal materials

ik T ot B (g Pk, DAY
A Ot/ /ns em™) /@ 662keV n@%ﬁ_
keV) /(% - °C™)
AL 38 250 3.67 7~8 -0.3
TRALHA 63 35 5.29  3.5~4.5 0
W 8~10 300 7.13 10~15 -1.2
RS 68 16.8 5.1 4.5~6 0
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Fig.1 Block diagram of energy spectrum acquisition circuit
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Fig.2 Instrument physical picture of y-ray spectrum logging instrument
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Table 2 Instrument stability test
MR MBI RRBTR

ST

9 41 F-HI{H 34846.33 94479.56 16790.11 2681818.33
AR ER 2/ %  0.55 0. 60 0.77 0.29
K2/ % 1.09 1.02 1.37 0.46
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3.2 EEMHMR

IR AR 5 , 8 F UThF-0. 2-0. 07-1 J A4
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<1% ,HEERMNFE 3 s,
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Table 3 Instrument repeatability test

BRETHEC BIEHEC ERETEC RatEcEs
Y By By 57!
10 41735906 206. 57 604. 39 26.01 15850. 82
¥y 0. 66 1.31 0.20 31.56
wEME 0.32% 0.22% 0.76% 0.20%

3.3 TSR
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Table 4 Instrument spectrum stabilization effect test

5 T/ C JEHEHE R E/V 28T Wi/ TE
1 -5.2 528.6 429.8
2 0.2 529.6 429.9
3 5.0 529.7 429.7
4 10.3 530. 1 429.8
5 14.5 530. 1 429.9
6 20.6 531.1 429.9
7 26.0 532.1 430. 1
8 30.8 534.2 430.0
9 35.0 536. 1 430.1
10 41.1 539.6 430. 1
11 45.2 543.9 430.0
12 50.5 550.0 430.0
13 54.6 557.6 430. 1
14 60. 4 570.6 430.0
15 64.8 587.0 430. 1
16 70. 4 617.4 430.1
17 74.5 638.6 430.0
18 80. 1 662. 4 430. 1
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Table 5 Record of measurement data from model sources

e e HE

H5E70 K P s BT IR s
F-0-1 0.60 1.20 0.11 33.03
KF-6-1 434 5.60 0.17 108.64
UF-0. 2-1 193.67 581.01 7.55 15712.50
ThF-0. 3-1 90.78

UThF-0.01-0.03-1 18.65 48.50 9.40 1594.65
UThF-0.2-0.07-1 207.81 604.34 26.65 17222.86
UThF-0.07-0.2-1 115.65 314.02 55.12 10465.10
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THA B ZR B P | L rh A IS A AR U5 FH >k 411 B AH
PLAA IR SRR AR PR TR A AR
HBUAYR UThF-0. 2-0. 07-1 . UThF-0. 07-0. 2-1 il UThF-
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TR AR 7 58, R R R B it s AR AE 3 MR
AT (A U e A Bl AR TR R (IR 22 1Y
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Table 6 Indication error test

1
1
1
213.20 81.25 8835.31 1
1
1
1

o SR . BRRRME/ URENIEV ANIERES
gk g oy BRI R
(107%g-g™) (107°gg™")  Z/%
A 99 98. 54 -0.46
UThF-0. 01-0. 03-1
it 322 337.40 4.78
il 2050 2168.70 5.79
UThF-0. 2-0. 07-1
&t 712 741.79 4.18
h 693 717.08 3.47
UThF-0. 07-0. 2-1 )
it 1969 1968. 61 -0.02
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Table 7 Layer interpretation result
- X kA (kg - m™?) .
I7Lg 5 EIRERE SERBR I/ JEpE/ IS TIR— T . FEXTRZE/ %
7 B o Nl FD-3019 71k y REREIIFHR ’
BC1002 95.05 102. 05 7.0 0.01329 0.01283 -3.5
BC4802 90. 65 92.35 1.7 1.4934 1. 4635 -2.0
WTZK491-157 89.55 97. 85 8.3 2. 0665 2.0356 -1.5

BEXE H A7 Al AR TR A AT PR A IR R,
Hil T — B8 y BRI R 2 AR R B
£ 38 mmx38 mm JRARA T AR $2 1= Al R AU X
AR5l db AR RETE R AR AR AU T i AT T ST, e
TAE A E R AR e Al A TR A TR R JC A
T 0 1t 22 ety B Y TR b T A O SR A
ST TAE, W T A& 2 32T T I TARRL
B BRART A R AR

DRSS S0 AL bR HE A AT TR SR I
(R0 e A B v, HOR (R 25 /N T 6%, B /N T
1.5% , EEZH/NTF 1%, 5L Z°°TI 1Y 2. 62MeV fig i
WAL AT 0. 3 38, K DU 5 AH KR 22 /N F
4% , v FH T4l A o TAE

5% ik ( References) ;

(1] XS, AR, . TA R RS s 5 S U 15
[T]. 544 ,2021,45( 1) :29-36.

Yang Y Q,Zhang X, Shi L C,et al. A study of the method of ex-
tracting aeromagnetic weak anomalies from sandstone-type uranium
deposits[ J ]. Geophysical and Geochemical Exploration, 2021, 45
(1):29-36.

TP B R BE TE N I S AF R[] AR S BOR,
2016,12(14) :234-235.

Yang Z C. Study on application of natural gamma-ray spectrometry
logging[ J]. Computer Knowledge and Technology,2016,12(14) .
234-235.

(3] skl 203, 00 0, . [ e IR i T AR R

(8]

HEERCRII]. 15T, 2012,28(6) :321-326.

Zhang J D,Li Z Y,Cai Y Q,et al. The main advance and achieve-
ments in the potential evaluation of uranium resource in China[ J].
Uranium Geology,2012,28(6) :321-326.

WRBIL, BT 5 R SR | S5 T 25 A A 3t DX 3t T 40 RE TS 4R AT
Lo ST R AR AT TE [ )] R S EHR,2018,42(4) 703~
707.

Chen K, Yang Z Y, Zhou R H,et al. The ground gamma energy
spectrum in Aerbulage area and its relationship with uranium min-
eralization[ J]. Geophysical and Geochemical Exploration,2018,42
(4):703-707.

V. R S e SR ML VA R W R T AR K AL
2011.

Tang B. Principle of nuclear radiation measurement[ M ]. Harbin:
Harbin Engineering University Press,2011.

HFR. LaBry SR S A RIIBR 7 20058 SARAF BT [ D] e«
JRAHBEE T K2 ,2015.

Gan L. Background deduction method research and software design
in LaBry7y energy spectrum[ D ]. Chengdu: Chengdu University of
Technology,2015.

JEIAE A BBz BRER R, 4. — OB B IR A il R A 0 s 1
RERFSEL D], T RER =R, 2018,52(2) :371-377.

Zhou Q Q,Hou Y Y, Liang J C, et al. Study on performance of a
novel CeBr; scintillator detector[ J]. Atomic Energy Science and
Technology,2018,52(2) :371-377.

BAEAT BB 200t 4. BRI S R R R [T ).
B T S HIER ,2008,28(4) :796-800.

Li C W,Liao Q M,Li A Z,et al. Study on the methods of spectrum
skipping for spectrum gamma logging[ J ]. Nuclear Electronics &
Detection Technology,2008,28(4) :796-800.

FE R RS Tolk 1313 400 JIG( 42 T.) 27-2012 I IH4X
K LR S].

National Defense Technology Industry 1313 Secondary Measure-



13 WRICIRAE B A -y RERE IR 1 o - 215 -

ment Station. JJG ( Military Industry) 27-2012 vy Verification Reg- ulation for Logging Tools [ S].

Development of a digital vy spectral logging probe

CHEN Yuan-Qing, HUANG Qing-Bo,LIU Jin-Yao, WANG Xian-He , HUANG Liang, WU Wei-Jun
(Airborne Survey and Remote Sensing Center of Nuclear Industry ,Shijiazhuang 050011, China)

Abstract: Given that it is difficult to accurately determine the uranium and thorium contents in the strata of uranium-thorium mixed de-
posits, this study developed a digital y spectrum logging probe based on cerium tribromide ( CeBr;) crystals. Using CeBr, crystals with
a diameter of 38 mmx38 mm, the logging probe improved the sensitivity to uranium and the detection efficiency of ore beds with low u-
ranium and thorium contents. The logging probe operated as follows. First, the original signals from the CeBr, detector were filtered and
shaped using the C8051 single-chip microcomputer as the core processor. Then, the y spectrum data were obtained using the energy
spectrum collector. After the spectrum unfolding based on the inverse matrix is performed for the y spectrum data, precise uranium and
thorium contents in the ore beds were obtained. Finally,the y spectrum data were transmitted to the host computer for logging through
the RS-485 bus. The results show that the logging probe had high measurement accuracy in the standard uranium-thorium mixed model ,
with indication errors of less than 6% ,stability of less than 1. 5% ,and repeatability of less than 1%. Moreover, the 2. 62 MeV energy
peak drift of thorium *®T1 did not exceed +0. 3 channels,and the relative errors of log anomalies were less than 49%. Therefore , the digit-
al y spectrum logging probe proposed in this study is applicable to the exploration and logging of uranium deposits.

Key words: v spectral log; cerium bromide; spectrum unfolding based on the inverse matrix
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