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Abstract

The measurement of natural radiation y has always been an important issue for field measure-
ment. In this paper, MCNP software is used to simulate the y-ray spectra under different mineral
components at the natural ground-air interface and the spectral lines obtained by placing the Nal
detector at different heights. Through comparison and analysis, the influence of distance on natu-
ral y energy spectrum and the difference of energy spectrum of different mineral layers are ob-
tained. The obtained simulation results better reflect the theoretical distribution of y energy spec-
trum, provide a reliable explanation basis for the distribution of y-ray spectrum in the natural radi-
ation field, and provide a reference for the monitoring and evaluation of the natural environmen-
tal radiation level Method, so as to provide some guidance for field surveys.
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Figure 1. Soil and air model diagram
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Table 1. Soil element content in the model
F1 BEGTIETERE

TLREE%
o) Si AL Fe Ca Na K Mg H HeE & (glemd)
48.06 26.30 7.73 4.75 3.45 2.74 247 2.00 0.76 1.74 2.35
Table 2. Air element content in the model
2 BEGESTREE
TRETEY
o N o} Ar HE 2 1¥ (g/em®)
0.013 75.51 23.186 1.29 0.001 0.001293

AR YAEAR T F ORI 258 52 Nal (T AR 38 . H 32 @3.75 cm x 7.5 cm f Nal fi44&, 0.5 mm &
FE B EALEE(MQO) S it 2, A 2.0 mm JE 2 IARAE 3R 2% 1) 35 3 2 [6]. S5 Ko 2= I an & 2.
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Figure 2. Schematic diagram of the probe simulation structure
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Table 3. U, Th and K contents of different natural geological bodies
3. FRIRAMBREH U Th KEE

. HE
W ERA
K (%) U (g/t) Th (gh)
KA Z 0.23 2.01 2.75
)2 4.41 5.32 8.98
RN 0.21 9.08 383.90
= 0.50 197.41 10.99
WBEYZ 2.50 65.14 194.46

Table 4. Reaction probabilities of various nuclides and different energies under five ore layers

® 4 BEMBRETERELMT ETHRE/LE

_ SN LEE
2 S feE E(KeV) ) X . .
RARHZ PR = LR = RET )=
i K 1460 0.01755 0.33659 0.01603 0.03816 0.19081
28y 48 0.00004 0.00011 0.00018 0.00402 0.00133
29
24Th 64 0.00217 0.00574 0.00981 0.21318 0.07034
93 0.00126 0.00334 0.00570 0.12387 0.04087
242 0.00426 0.01129 0.01927 0.41886 0.13821
214Pb
295 0.01080 0.02858 0.04879 1.06070 0.35000
&R 352 0.02073 0.05487 0.09365 2.03613 0.67187
609 0.02649 0.07012 0.11968 2.60191 0.85856
769 0.00285 0.00753 0.01285 0.27943 0.09221
1120 0.00867 0.02295 0.03917 0.85155 0.28099
24p;j 1378 0.00232 0.00613 0.01047 0.22758 0.07510
1408 0.00139 0.00368 0.00628 0.13655 0.04506
1760 0.00890 0.02355 0.04020 0.87402 0.28840
2204 0.00287 0.00759 0.01296 0.28174 0.09297
22Th 64 0.00007 0.00022 0.00948 0.00027 0.00479
58 0.00012 0.00040 0.01721 0.00049 0.00870
LA 2ip 129 0.00066 0.00212 0.09153 0.00262 0.04625
338 0.00299 0.00967 0.41738 0.01195 0.21092
795 0.00113 0.00365 0.15780 0.00452 0.07974
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Continued
911 0.00687 0.02221 0.95925 0.02746 0.48475
969 0.00417 0.01348 0.58214 0.01667 0.29418
2A2g; 727 0.00177 0.00571 0.24677 0.00706 0.12470
2%Ra 241 0.00108 0.00349 0.15084 0.00432 0.07623
511 0.00590 0.01908 0.82378 0.02358 0.41629
208] 583 0.02229 0.07207 3.11208 0.08909 1.57266
2615 0.00940 0.03040 1.31256 0.03758 0.66329
212 239 0.01143 0.03697 1.59631 0.04570 0.80668
300 0.00083 0.00270 0.11643 0.00333 0.05884
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Figure 3. y energy spectrum of natural ore bed at different heights
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Figure 4. y energy spectrum of mixed ore bed at different heights
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Figure 5. y energy spectrum of potassium ore layer at different heights
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Figure 6. y energy spectrum of thorium ore layer at different heights
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Figure 7. y energy spectrum of uranium layer at different heights
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Figure 8. Fitting curve of total gamma ray count and detection height

E 8.y SR BIS RS E M A Lk

t R 3~7 B, PRINES ST AN R BE R p S 2R (0T F BBt 5 v FE 3G AR, PRI 2
W, B AR ERNS . HLBE R PRI i FE RGN,y ST ETE R, RO R. KT
AW R LLE, Al X 7y SIS S RRHE A — 2, (HAERh. &L, R EH, BT
B BE BRI BRI RO, RN R R Bl R B R AL Ry ST B K i 0.609 MeV
1.76 MeV %, 407 2L R ERT y SR W 2.615 MeV. 0511 MeV %5, FONIH & K502
WZH ) K, BETEMTE 2 1.460 MeV 1Sz iz KT H At B & y SRt A TS o a2
MIRERE 72 7, EEXHERPETE N BRREE LB T LA, R 1] 9~13:

0.0000008 ] 47929E-7 + 3.91534E-8%x"1
- 7.50365C-10 +5.74826E-12*; - 1.54948L. ’=0.98012
¥ 2615Me’ A 7
l\\ — 4.84948E- 10
.
0.0000006
\\\. .
% .
= 0.0000004 LN
o ~
= [ —— N
~— L )
. “
T |
0.0000002- —
I T
h“"\*i\\\\ e
~— B
4
0.0000000 . . : ; :
50 100 150

M (em)

Figure 9. Fitting curve of natural formation characteristic peak count and detection height
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Figure 10. Fitting curve of characteristic peak count and detection height of mixed ore seam
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Figure 11. Fitting curve of characteristic peak count and detection height of potassium ore bed
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Figure 12. The fitting curve of characteristic peak count and detection height of thorium ore bed
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Figure 13. Fitting curve of characteristic peak count and detection height of
uranium deposits
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