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Application of stratified sampling method in core plug sampling
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Abstract: The data obtained from reservoir core experiments are the basis of geological research, logging interpre-
tation and oil and gas reservoir engineering calculations. The selection of a sample plug is the first step in a reser-
voir core experiment, and its sampling accuracy has an important effect on experiment results. When the sample
number is limited, the conventional random sampling cannot meet the requirements of measurement accuracy. In
view of the limitations of the traditional sampling methods, this paper described the principle of a stratified
sampling method, and discussed its selection criteria. Based on measured data, the Monte Carlo algorithm was
implemented using Visual Basic programming, and the measurement accuracy of random sampling and stratified
sampling was compared. The results showed that, the data accuracy of stratified sampling was better than that of
simple random sampling under the same sampling quantity. Therefore, according to the requirements of different
experiments, a selection method of core plug samples based on stratified sampling was proposed. The method can
estimate sampling accuracy and design a reasonable number of samples accordingly. When the number of experi-
ment samples is limited, the sampling accuracy can be improved effectively.
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Fig.1 Logging curves of a cored well in the Bohai Bay Basin
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Table 1 Comparison of measurement accuracy
between stratified sampling and random sampling

B ﬁF‘fz?ﬁ%ﬂﬁ . ﬁi%m?ﬂ}#
ZEER MM R B SRR B

5 0.732(0.541~0.786)  0.706(0.452~0.783)
10 0.746(0.638~0.816)  0.738(0.604~0.815)
20 0.774(0.654~0.824)  0.765(0.637~0.817)
30 0.787(0.692~0.828)  0.781(0.646~0.833)
40 0.798(0.717~0.834)  0.793(0.675~0.833)
50 0.806(0.724~0.836)  0.801(0.723~0.840)
60 0.813(0.733~0.838)  0.807(0.726~0.842)
70 0.815(0.741~0.839)  0.813(0.726~0.844)
80 0.821(0.747~0.840)  0.818(0.750~0.845)
90 0.822(0.752~0.844)  0.821(0.753~0.846)
100 0.826(0.746~0.847)  0.825(0.761~0.847)
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Table 2 Probability of stratified sampling and
random sampling satisfying precision requirement

N T
WK BRI /% RS TR M %

5 0 0

10 0.5 0.2

20 17.6 5.6

30 40.3 26.5

40 58.3 49.9

50 68.4 60.2

60 78.7 66.8

70 81.4 75.6

80 88.5 79.2

90 90.0 82.6

100 92.5 87.0

AN iR, (L2 ARE S 39 R 198 M B35 AS BT /)5 (2) AH
[FREAEL I S5, 43 2 HRE (0 T JE A 2K A
BRI KT s BE LA

LA LA LS55 AT LR il A PR S Y
WA . (1) (ER A 2 AR, 2R S g K+ 70 4
i, RREE B 80% LA HARE 05 12K B R,
FEEHG A i B8, o BSCH A ) B s DT RS R, Rt
ALK 70 AN AR R A 5T S5 0 1 A BEAE AR R T
BE; (2) (R 23 2 AR B, S 4 A B0 T 35 1
R S5 A B 2R I HE R AR L 50% , TR D
FE A, BORG B 2 R IR AT 35 AR A A
RBIFFE S ) BRAE AR R RR ; (3) [ B i A
T SR AL I, & 3 S R R 80 4, T RR
40 1>,
2.4 LOINAMR

MG AT SCoI BT &5 5, A1 S K | 78 A1 TR %
PERS B A RTEE T, 43 2 3 Tt (R ot i LU T B
BEALFIEE L 10% ~ 15% , BNAT L5 29 10% ~ 15% 1Y
LI SR,

3 fR)EEOSER

TEH UL SCE |, 732 Sl (0 00 K5 2 B
DT S REHLAIAE . (EAH L T M S e, T
R MR AREBURE A S SRR SR 9
AR b R, w24 T Ik SE S A A R
I, 28 35 5L T 90 I D B e S 0 B Y Ak B 5
B RV T R RS R )2 U A
SCHGIX 4 JESIURERY R L s B %
Ve 5 B 2 FRE SR, LI ERE ah B B0 /Y
LT BRI ] RE e 1 I KT



- 278 - o b B % b B 5540 4%
3.1 FAFBMESZEERSEIRSERLEEE BRE R
i 33 FAFBESHIRESSHLNEERE

FR SR IL Y5 Fr Ao O MRS 2 5 0= R i AR S
VB PE R VAR DG 1 B A A A A MR R 4
ARG RS P

or’
K = 72
81

XK ABER, um’ ;o NALBE, % ;r AWEIEH
72 oy 7 IR, TERWG Y K B RALY 107

wm? A5 (2) 24T

K
RQI=0.0316 |~ ="
¢ 2.837

X RQINAHE AR pm; K o (7ER) B
HEH 107 pm®

FEVURAEE 5 UV A T8 00, 3 il
T A] LI (A, B 2 o i e 20 Wi T AR 4
LRVESCER IR AT LK S L B BE 1598 35 R K o
VBRI B 53 2 RIS 5L, 2 5 FeoR S 3 BURE ARG
k.
32 FIABMESSEXRSHRSZELIRI

W E

R 4l A s eI S 56 SR P | SR A AE 2 LA
SRS e o KN SN LN [E) RS P el DE
p M, A SFALBART v 5 R M S W HEA
56T V/S SELBRAEAR P AE FT L R, R T
BESTE) T, 0] 25 Hh

(2)

(3)

1 Vo1
T,=—X—=—X
p S p c

r

(4)

Ao, T, o0 ) SR E]  ms 5 p SRR um/ms;
V RFLBRARE wm’ 5 S S FLER R AL, pm® ;- L
WA o g e SHFLIERIEIR 7, JERIR .,

I A AT 0, A2 LR S 36 A5 1 T, A8 3
LR r IEADG, TEREM IS A 4 4y T
W 22 BB IR, AT LA S % p e, fL
AR T ¢ SErsScHe LT Ml B « AL, A2 DT
FUAEE 5 e E AT RS B0, [RIRE T LATA A 2
FEMA . MO ARG R SR AT 1Y T, 5503 5 e i
B AMER R, G5 EA 3.1 0 MRIE AR -
S )2 T 48 B0 RQI B 56 &, RV AT 45 4% i 3t
PRI IR T, 000 5 i )2 ot 75 0 RQT WLtk
KF o PRI RV AT Ao 52000 L B BE 598 358 R A4l
VERHRE Y 53 2 FRIE S5, B R A L A0 S 30 TR

HRARBT R AF A 2T A,
(5)

K FZEREE; Ry A 100% 5 7K B 70 FL B,
Q- m; R NHIZKHBFER Q- m; o HETERE,
TEHEWK s m R IEEEFEEL, TEHEIK

PRI A BT R A3 8 XAS B BV 5 56 25008 1T 45 1Y)
M7, P ALBE o SHZ N R F ST
KR A E G FTCE O R FLBRE 43 1 S ik
JEFLBE AR Ak 3 — B, Bl /R A A X 45
TS H B A AR, R T DAGE 3 7 L S
B A FL B RE 5550 S0 FL R BE A 50 A O ofe )
S H S B EURE: PR A e AR
3.4 FRASEXESHIRSHESRIELNEUFEE

i 2 SRR S B0 38 b S B KA PR A R A
B ERBIGX 5 WSELS A R B R AEAS [
BB ERE BT A 03B R A AR e ol
214 fi J 22 OB S 56 T BUA 0 B 1838 R0 A 5 k)2
B RS A ik T — B i 2 U E S A
R AR,
3.5 TIHEEFHERNKN

FESCISE AR P | X BORE SR g5 /Y S G
TH AT LR R A 1, i AR {8 2R B OR OF
B0 MBS 1.2.3 R A2 B A L AR
X AN T B B8 1 25 o e T A B A, 3 3o A
SE R O T EAGZRES A, B LU B SE
B T EERE S T A6 2 e Tt , ARIET A
PSRRI AW /3 i

4 755

(1) S JRAR FERGR , o BORE B0 32 R
LT, 3 2l 435 SR 1 0 e 0 2 R i 7 Ao
AL TT ML T AL G T S REALAAE . FEfRIIE
SCEAE L RYHTEE T, R LA R 4 i S 40 B0, A
5 2SR 2 3 SR T

(2) 53 JZESBORPEmT , dBGRAE LT 0
PASBUGC B T 22 73 R A AE 2 0 AR 4 0 it 2
FAEREAT O Z 502 FHBR N A Ve R 4 2 A2 St i
FEAIIIC TR 4% S 0 T, 4% J2 HOAR HE 22 1 i P
I EAFLHEAT T 5 J2 AR SR BEAL A

(3) HEAT A IBURE T, W2 LA H: i 2 R O
WLEEEE R s , A URE R AR O B . AR



5 2 1]

EVU A 2R AT R A O HORE T A ]

<279 -

3 JZAIRRE S B R IR AR 146 B R A L )
WORERL A

(4) FoRk MREIR i S S5 S 2 9
S, R ECE R Z R, R TR
BT, AZ e O i LD, PR 40 1 52 6 45
RPEATHRE A RIBREAL S B, R I 2 il
J7 3, P SR R RS

(5) BB RS BCRE B I SR B Ak 3
o7 25 & M B A MR A M A& , AN ) BB O o7 ) e
BRI B (E, 3l i IR 407 SO =
FAIESH, XRERES 8 T ARRARR R, SCARIET
A RS H S DU R AR

Sk

[1] SIDDIQUI S,0KASHA T M,FUNK J J,et al.Improvements in
the selection criteria for the representative special core analysis
samples[ J]. SPE Reservoir Evaluation & Engineering, 2006,
9(6) :647-653.

[2] MOHAMMED K,CORBETT P.How many relative permeability
measurements do you need?: A case study from a North African
reservoir| J | .Petrophysics,2003,44(4) :262-270.

[3]  vhie N RILFNE [ 5 % Al 4 2% 51 23 SY/T 5336—2006,
HOHITIELS ] ALAT A Tl th i, 2006.:28-29.

National Development and Reform Commission. SY/T 5336—
2006, Practices for core analysis [ S]. Beijing: Petroleum Industry
Press,2006:28-29.

[4] BAFR L, WIKE NS MGEIH2 00k S8R s i [ M]3k
Bl RS R R, 2003:923-942.

OTT R T,LONGNECKER M.An introduction to statistical methods
and data analysis [ M ].ZHANG Zhongzhen, Trans. Beijing; Sci-
ence Press,2003.:923-942.

[5] SWANSON R G.Sample examination manual[ M ].Tulsa, Okla:
AAPG,1981.

[6] PARK A,DEVIER C A.Improved oil saturation data using sponge
core barrel[ C]//SPE Production Operations Symposium.Oklahoma
City, OK:SPE, 1983.

[7] WORTHINGTON A E, GIDMAN J,NEWMAN G H. Reservoir
petrophysics of poorly consolidated rocks 1. Well-site procedures
and laboratory methods [ C]//Proceedings of the 28th Annual
Logging Symposium.London, England ; Society of Petrophysicists
and Well-Log Analysts,1987.

(81 X &, T A, x| ¥t, 5. — Fb 5 ORIk b E,
201110056396.8[ P].2012-07-11.

LIU Xiangjun, WANG Sen, LIU Hong, et al. Rock core sampling
method : China,201110056396.8[ P ].2012-07-11.

[9] CORBETT P W M,JENSEN J L.Estimating the mean permea-
bility ; How many measurements do we need? [ J].First Break,
1992,10(3) :89-94.

[10] BN BURF SRR A 1 I s FURCE L M. 118 . AR AR U
R AL, 1994 :1-4,30-90.
LIANG Xiaojun,ZHU Daping.Methods and principles of sample

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

survey [ M ]. Shanghai: East China Normal University Press,
1994 :1-4,30-90.

SRR B PR T T JZ AR £ 5 R £ e AR R (]
MRZEZEAR (5 BRI ,2004,22(6) :557-563.

ZHANG Feng, LEI Zhenming. Throughput measurement technique
for high-speed network based on stratified sampling[ J].Journal of
Jilin University ( Information Science Edition),2004,22(6) .
557-563.

ZSEBY T.Stratification strategies for sampling-based non-intrusive
measurements of one-way delay[ C]//Proceedings of the Passive
and Active Measurement Workshop ( PAM ). San Diego, CA :
PAM,2003.

SRR AT MRS SRR G KV [ M) bt w5
YU HREL, 2004 :229-238.

SHENG Zou, XIE Shiqian. Probabilitv and statistics [ M ]. Bei-
jing: Higher Education Press,2004.:229-238.

AR fedele, Eo i, S5 AT HHOR SR AUROR M R[]
el H ,2011,18(2) :235-237.

HE Shunli,JIAO Chunyan, WANG Jianguo, et al.Discussion on
the differences between constant-speed mercury injection and
conventional mercury injection techniques [ J]. Fault-Block Oil
& Gas Field,2011,18(2) :235-237.

PURCELL W R.Capillary pressures: Ttheir measurement using
mercury and the calculation of permeability therefrom [ J ].
Journalof Petroleum Technology,1949,1(2) :39-48.
AMAEFULE J O,ALTUNBAY M, TIAB D, et al.Enhanced reservoir
description : Using core and log data to identify hydraulic (flow)
units and predict permeability in uncored intervals/wells [ C]//
SPE Annual Technical Conference and Exhibition. Houston,
Texas ; Society of Petroleum Engineers,1993.

AR, 5 X0, Bl ETT , 45 3065 B e i e SR U7 vk
I B A LRSS [ 1] A IR S I %, 2016,43(6)
961-970.

XTAO Dianshi, LU Shuangfang, LU Zhengyuan, et al. Combining
nuclear magnetic resonance and rate-controlled porosimetry to
probe the pore-throat structure of tight sandstones[ J].Petroleum
Exploration and Development,2016,43(6) :961-970.
ARCHIE G E.The electrical resistivity log as an aid in determi-
ning some reservoir characteristics [ J |. Transactions of the
AIME | 1942,146( 1) :54-62.

TG S BT A [ M) AE S ik Dl A
2009.:294-313.

YU Xinghe.Basis of hydrocarbon reservoir geology[ M ].Beijing:
Petroleum Industry Press,2009:294-313.

A, S0, KBRS AL X A I A S A B
AEZE RN )] TR R (A AR IR L 2015,
46(6) :2285-2298.

LAI Jin, WANG Guiwen,ZHENG Xinhua et al.Quantitative evalua-
tion of tight gas sandstone reservoirs of Bashijiqike Formation in
Dabei gas field[ J].Journal of Central South University ( Science
and Technology) ,2015,46(6) :2285-2298.

(mig ¥ %)



