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Abstract: Using Monte Carlo method, we build simulation models under different borehole and formation conditions to simu-
late the response of R ( the ratio of inelastic gamma counts and capture gamma counts) and gas saturation. Meanwhile, the in-
fluence of R under different borehole and formation environment conditions are also simulated. This method is further applied
to a gas well in Xinjiang Oil field to evaluate gas saturation. The results validate the effectiveness of this method. The simula-
tion results show that both inelastic and capture gamma counts increase in the same porosity, while the value of R decreases.

When formation porosity increases, inelastic gamma counts decrease while gas saturation is less than a certain value (about
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35% ). The trendis opposite when gas saturation is greater, capture gamma counts decrease while the value of R increases.

Various factors, such as lithology, formation water salinity, borehole fluid types, borehole size and drilling mud invasion can

affect the accuracy of R. Therefore, these factors should be corrected. The effect of the borehole fluid types is not significant.

When formation porosity is confirmed, the higher of formation water salinity and the bigger of the borehole diameter are, the

greater value of R becomes. In addition, R is larger in limestone formation than in sandstone formation. When the depth of

mud invasion is less than the detection depth, the value of R increases with the increasing mud invasion depth. High salinity

formation water, big borehole size and deep mud invasion are beneficial for gas saturation evaluation.

Keywords : gas saturation; element gamma spectrum well logging; counts ratio of inelastic and capture gamma ray; Monte

Carlo simulation

Bt T BRI A TR, ML) 5 U
AP e AR Y RGN
B ERWTTEA Kb i &S R A%
110 N { W A = 37 2 Rl a7 41 M 1 B o 2
SR FH: G H: 2 5 3T A5 R B 2 ik ol e 70
AR R, R AR 2 (4 =7 KA s 18] 354
ST HB)Z S S EEIE R AR SR Oy T R T
AT, ENINE R e I A A
AT T A SEWF ST, Treka S5 1) FH A [) 45 000 2% 9 I
SN ST L E S AR AR AR 2 B RS, S
TR T AR PNC I mp ) R e R B T RI0R L
TEH AR A A0 BE 7K M2 & M R EE 9 7 75 Guo
8O S 3o ) FEAS )4 00 25 A1) 47 400 5 S0 A K
PR RS A Ry, s S R =R
DFASGE Sz 4000 g A b G BRI s b -8B
228, 2 B & SE)Z2 . Guo 251 ARG IR i i
XoF 25 2 SRR ) R PR A7 AR 1 43 S PR A8 A
g7, FHTESBCR A 2 h AR L A2 17 48 %0 1Y Fu(EAS
S MO KA AR BE S ) i R TR 0 RUE 2015 4,
Gerardo Cedillo 25" 5 T 1| F 22 #0024 ik b v -7
DU HASC A TR P BB A I 2 5.0 3% B AR A 2 -4 e
AT S AR B R kb bR Y
TCER ML REIE A A% EE AL DL FE AR B A B 1Y FLeX
ACES AN 48 DL 2N B 89 Litho Scanner {X 2§ "7,
PR AN R D-T A7 IR 0 2545 8 78
SEBRIIERIT v 58 18 2 T 2 AN S AT BILAR RN
{HBEAS FIFH IC 2= (0 BE T A AR A5 2] ) A 25 45 5
HEATHLZ B SRR VAT 2 R AR R 1Y IR,
TRZAKZHELARMR T TS HAEEZER 2
H R HTCER BRI A # 10 S B g g 5 S,
TGS [ MR Rt 23 2528 T R 5 S A7 3R E 5
LA 5 12 5 SR R EE 9 5 28, 42 1 R R R g 5
THECS (7300 300 0 S b J2 40 A Y
B, RIS RE R I B AR A7 S22 UM A i
PR R AR

1 TEMBEEENHRNSEMIERE
it

LT W RUE SR Mo TUA SR LA i
JZEESE 2 RN ZE (FLBUE /N T 10% B
/NT1.0x107 pom® B ECECIR AR L, i ERTT &
SERERE RO TR AN BRI B A A
w5 R TC R A R A AT A S 2645 B
B JCR & et fEAR R U= T B
J Rz B AT

Jok o~y 4 B A AR DK D 1) S K 5
PRerfr Pt AR S e A AR S R A
BT, 77 A A A B S 2 s o Phob 7 Jhh A
o2 T B R SR TR AR AR P LR AR AR A S A
[ B 2 R PR e B R BE ) A B b RO 7
ARBETIAFAEZE 5, )2 & U, TR L
A SRR /N T oK, 32 00 PR 5 1 el i i
FEARR EL AR 7 A9 IO B o, PRI 0 P C 3% i
RETEIN A 1 Sk B AR L 7 20 2 S 2 £ B RE A8
P JZ AR 124K

AR ROEE , BBEIRSE S, 1 UR R
JRR SR T R g — A TR R A AR SRR
SR TBCHE AR D S R 5 B DAy o, D RS P i) P 3l JE AR AR
JC dV FEFRIN e Ak 7 Az B L0 5 SR £ 56

1. o iS o
dc;, = mlzingofe *QV = Wlﬁ%){zr e e V.
(1)
S
G =7 6L i Jﬂ L me #iingdxdpdo, (2)
L, r

P, ¢, AR SR 3, D AR BB U ;@
Dy PR R BT 3 A s R B PR A I A R
B0 L, b T BGE R L e X 20 R R AT dV E
H ORI 25 AR LS

[ B, S 35 i A e A A AR S 7 A R 7
ARAM LSRN



- 62 - T E G HKFFIR(ERAFR)

2019 %8 A

ilSo 1 -uX -
cap :mﬂ e sinfdXded6.
(3)
X, €, IR S50 i S — A b 7 55T
W% S AR SN T H 7 3R A0 5 S 4R R B 5 L, Ry i
TP HOKE
PRI LR 2 12 5 A A s 5 3 B80S A7 R
BHAE R N
é;ﬂuuAJ» (4)
A AR R i HRP K R L, DL R o
TP HOKEE L, MO, Horb i A S5 )2 b g 5 i
THARK, B A1 i 7E R P2 DIHE (i) B X
FEAERY , W& WY D A% 1 AR A 7E — 58 R B AR
HAEHY , HE AT L, R0 L, 3 R AR AT LA Z
DR AN 2% S J2 0 5 i 1A% 5 R A = A A R
FAIAIN T S 2 58 B %) HOAEL (i) OS2
BARAETEI I R T2 P T K
JE L, A YUK B L B 3 SO T
HZ AL o PSSR S, W 1 b A i
JZ (FLBRBE A 10% Fl 30% ) R Hf U 8 4 B T
A I B 2 A I RN S, AR AR G
1

45 -
L m L (g=10%)
40F o L (p=10%)
- A L (p=30%)
35F v L (¢=30%)

R=

30

25+

K L/cm

20 -

5
0 10 20 30 40 50 60 70 80 90 100
HAIRES,%

E1 HEKEFBEKESHESSMEMEXR
Fig.1 Relationship between L, and L, with

different gas saturation

MIE T H AT U Y 2 LB — g i, e
TR B AR IR B R Bt = 5 AR A
RS T3 o, PR v 3 5k IR 32 35 A M Y
SN AR BE SR, T2 b AR B AR R AR
G SRk S A1 5 R el B R R RO
BEA G AR S AR S, 2 A AR SRR AR T4 L
R ANTR] 0] 1 P FR] — 4400 410 % B R E R B 52 b

JEE SR,
2 REBFFEBRERSH

R T WS AR SR AR AN A S b 2 S S
FEE R G R R SRR 2 O LA [ b 23 5%
P AR SURER RN S 35 50 A0, ST TR Sk
W IR EAE N 20 em, H-HR PN FEWE IR K, # )22
2010 ~70 em, 5K 140 em, Hb 2 N AD A HL 2 | H
JE LB A ) S TR A [R) A A s AL AR AR R 4.3
em  [UERINFEIE 0. 4 cm, AR WG IFRED B AR
FHE 1A D-T Pkobrd & A28 F 1 > BGO #RI #%
ZH R I R G, kb E R 40 s, JELIBT SR 1000
s, BGO 1M #$IREE A 65 cm , FP—T-J5 FIER I £5 =22 [i]
JCEEFER S em M ERERBRRIA , T R ALBY
(R VA 25 RN 1 o oy AR | T S 4 %]
2 i,

HZ 1 BGORN 2%
B wiAR
FER — D-TJR
m :

2 EHFTITEER
Fig.2 Monte Carlo simulation model
B F8H 1x10°, BB 14 MeV ; BLILHT R
FH Fa WoCiH 80 2, 90 S A0 E B 1) 3% s a] 3 FE A
0 ~1000 s, i %% 20 ps, TTERZE/NF 5% , FdE
ALFRE JE 00 F0AF SR AN SR H RE B Y B 2R 0 ~
8.5 MeV it stAESMN L BF A1 R O ~ 40 s, fZ3RAM
IhAHE] % 200 ~ 600 s, ISR 2 B 3
[ — Y05 Ak 10 =1 A 5 AR 7 0 0 5 345, i 5 R
AEFRPEARITEL L 7 TR TN U2
2.1 FF FHRMSTHEEIKIEMENTUNE
FIHE 2 Frnsa sy R N FE Rk H 2 FLER
FR(FERIT N CH, BN 0.2 ¢/em’) M2
SMANE R 0.30% 50% 70% 100% B}, P 7% b J2
FLBREEH 0 2] 40% , [RIFEH 5% AU BN [F] )2
FLBREE S50 T RIS A AR5 AR S 4 (v, AN
No) SHZE SR SC R WK 3 s,



$43 K F4H

38

w
[=))
T

o
~
T T

Ak 35 5 T % N/10*
w
()

3.0

0 20 40 60 80 100

HAMAE S/%
(a) HEF{IN 5%

45 A AL E e D Ak SRR 5 AL E 64 BB AR - 63 -

=10%

o =20%

A 9=30%

v 9=40%
=
=2
7
=
B
2

v
20 40 60 80 100
ERMAE S/ Y%

(b) RN i+

B3 AEFAEEMEMNIHHBSESKEMEXR

Fig.3 Relationship between gamma counts and gas saturation with different porosity
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