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Abstract: In the process of bottom water reservoir development, the bottom—water cresting of the horizontal well is the key
factor affecting the development effect, while the research on the influential factors of the water cresting morphology is rela-
tively few. The numerical conceptual model of bottom water reservoir was established based on the actual reservoir parame-
ters of M oilfield using the technology of reservoir numerical simulation. Quantitative description formula for the water crest-
ing morphology was built by regression according to the formulas of the horizontal well productivity proposed by Cheng Lin-
song et al. The influence of horizontal well spacing, horizontal and vertical permeability ratio, liquid production of single
well, vertical position of horizontal well, oil-water viscosity ratio and water cut on the recovery percent and water cresting
morphology was analyzed. Analysis results show that along with the increase of horizontal well spacing , the recovery percent

and the maximum water cresting radius decrease, but the water cresting volume presents a tendency of increase in general
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at the same water cut; along with the increase of horizontal and vertical permeability ratio and oil-water viscosity ratio , the
recovery percent decreases and the maximum water cresting radius and volume decrease gradually at the same water cut ;
along with the increase of liquid production of single well , the recovery percent, the maximum water cresting radius and vol-
ume were increasing in general at the same water cut, but the maximum water cresting radius and volume slightly de-
creased at certain liquid production; if the vertical position of the horizontal well is closer to oil-water interface , the recov-
ery percent and the maximum water cresting radius and volume decrease ; the maximum water cresting and volume increase
gradually along with the increase of water cut. Box—=Behnken experimental design method was used to obtain the order of in-
fluential factors of each control factor, and the interactive effects of each factor on water cresting morphology. The results
show that the order of degree of the influential factors on water cresting morphology was concluded as horizontal and verti-
cal permeability ratio>oil—water viscosity ratio>vertical position of horizontal well>liquid production of single well>horizon-
tal well spacing. The interaction of horizontal and vertical permeability ratio, liquid production of single well, oil—water vis-
cosity ratio and horizontal well spacing on the cumulative oil production is the most obvious.

Key words: bottom water reservoir; horizontal well ; water cresting morphology ; numerical simulation ; Box—Behnken experi-

mental design;influential factors
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Fig.1 Variation of recovery percent and water cresting
morphology with well spacing of
horizontal well
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Fig.2  Variation of recovery percent and water cresting
morphology with permeability ratio

RAEBUE R B R B 5K B ER I
{6 FAKAEIER il (D XK RS T A,
ISR a, F a; BFRIXAITH1H

K,

a,=3.2677X—=+9.492 8 (6)
K
4 Kz -4
a,=4.12%x10 XK—+1.36><10 (7)

H



$oadk: sy

4R AR R KIS I KA S 5 (R 25 -73-

33 BHHAFRE

2 B 2 Y 50,100, 150, 200, 300 £ 500
m’/d B, B S [R) B P S AR R B K B
AL (B 3) T LAE H, B = i bk &, AH ] 357K
FRF R R R, S KK A, TR A
RIS B K, KB R BV AN B, SRR
T H AR I — R B W e KR TR A R T e
A4/ FEIFE Ny, oI W R, A e R 2=
WK, He 3 R LR, e KRB AR FK A
TR Z 38, B 77 i e o e — 1A, IR
K KSR K Z BB B 3, K
W S LM N KRR 2 46 /) o

4 e a Ak 130%
—— FIKER60%
3 -
S —— K FE 0%
~
i
B o2r
H
1
T /—/‘/4/—/‘
1 1 1 1 ]
0 100 200 300 400 500
B/ (med ™)
a—% i i
100 140
90 .
£ ._\//—“\:.35 =
& s
R 80 ) =
& 30 &
< 70l e £
DI Rl SN R &
® oL —— KH R 125 ¥
5(} 1 1 1 1 20
0 100 200 300 400 500

PR/ (e d )
b—a KK 42 MUKCH R B
3 AEBEHTFHRETRHEBEMKEREE
Fig.3 Variation of recovery percent and water cresting
morphology with fluid production
of single well
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Fig.5 Variation of recovery percent and water cresting
morphology with oil-water viscosity ratio
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Fig.6  Variation of water cresting morphology with water cut

¥ (4)—X(15) 1 a, BT a, FEAT BI04, 49
BRI (DT a, 5 a, Fl a, BIRIES0H

a,=hd, —-a, (16)
_; _ 0.028
a,=d, Sqlnge, +1.39 (17)
_0.12 , 1.13x10" |, 4.0x10”
“T7g " d;’ " Sqlnpu, "

-3
3.57x107 L 6o 107 x K2 _g55% 107 (18)
/. K,

P (16) — XA AAX (1), Rl 1551 5
AFIFEI TR B ST B 3R U A
IR [ 07 B KRS BE FERITS 7K 3 S K F
RIS E R A,

G 20| SE Y G Y AT E S i

PRI h 5 /K #8527 1 B 57K 12805 2 LU M ZKORG
BE L AP I ) A7 E BRI RO R
(RS, PR TR 2R 43 A I AR LA 7 0 A, HAE SR
Hopl 5 A ZRAE T B97K8 BRI, TR R
Mt 3Lt |, % ] Box—Behnken 5% 1174, BF5E
ACEI IR HE B 5K BE R U E R
IR A7 B ATACORS B L 5 R = %K BT
FAER A E R, B TR A KT B E A &
BRI YIS 808 50 4 A, I AR EE AR E , R AR
7o R AT R K B 1o R T KR RS
IR BRI AR AR B PPN AR B
4.1 Rt

F 5 Box—Behnken i I8 511 IR B, 53T FL I &
=K 5 BTy 58 (R 1), LK
T 5K BER A R KO
A7 BRI AR BE L 5 AN 3R A8 5, BRIl E
Shy i 1A, A4S DR 3 SR ARl s e, AR
1325 R B XK B TS 10 52 M A

x1 REAR

Tablel Test scheme
K Sm KK, gl(m-d?) d, .
-1 100 0.01 100 0.3 48
0 200 0.05 200 0.67 177
1 300 0.3 300 0.8 666




o4k HSH AR R KT AT KB IS R R 2 -75-
42 ZHER545H 4o
R4 Box—Behnken B4 (£ 2) @ id Xt 2 2 £
by L S 4 — ~ = — 30
) 2R T Z2 o0 ElE A5 2] R B 2
SAMHZ I 2R E )7 N ol
K o y=0.994 8x+0.076 5
N =-91.81+0.245 - 144.50><—Z+O.30q+ = R=0.997 4
! KH m 10+
K H
174.12d, - 0.0, +0.055 X - +3.13 % 10"*Sg - , , , ,
" 0 10 20 30 40

0.465d, +2.87 % 10~ S, +0.68¢ %~z ~73.48 K24 4
K, K,

0.23u x X2 0 46qd, - 2.66 X 10" qu, +0.01d, u,

K
(19)
&2 Box—Behnkeni®I&iZit R ER

Table2 Box-Behnken experimental design and results

F5  Sm K,J/K, q¢(w-d") d, N, /10w’
1 100 0.01 100 0.8 48 27.98
2 100 0.05 200 0.67 177 10.5
3 100 03 300 03 666 1.5
4 200 0.01 100 0.67 177 16.24
5 200 0.05 200 03 666 1.94
6 200 0.3 300 0.8 48 23.48
7 300 0.01 200 08 666 12.51
8 300 0.05 300 0.67 48 31.6
9 300 03 100 03 177 2.49
10 100 0.01 300 03 177 13.15
11 100 0.05 100 08 666 5.41
12 100 03 200 067 48 5.66
13 200  0.01 200 0.3 48 24.46
14 200  0.05 300 08 177 11.17
15 200 0.3 100 0.67 666 1.47
16 300 0.01 300 0.67 666 10.89
17 300 0.05 100 0.3 48 15.19
18 300 0.3 200 08 177 5.34

ERIVE VRS ST g4 €/ TR € S TE S S 0 ST Y
90.981 2, FBAUA AN F 2% 1) 2 AR 5 AN RE H %45
RIS TR . (19 R A R ECH 0.997 4, Ui
JT A AR B0 R 22 3/ N (B 7) |, F) A AR A

PR SRR AR
421 PREY R ERE

H1ZE 3 1] DL, AP 20T SR Il Y A
F o AT ZOR R AR s e i 2 (1] 8)
APAL, 5 AP RBU I R A A AT
T 4 3 40 O (L) oy 23 2R B N 32 PR RS
T JEE ST A, SR Ay SR 3/ R T B 7K
BE AR A GRS BE L KSR 1) A2 I
T KR

KB B 548/ 10" m’
E7 #HE&LGTEESERARETEEL

Fig.7 Comparison of calculated values between numerical

simulation and regression equation

®3 EARSWER

Table3  Results of factor analysis
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Fig.8 Effect of single factor on cumulative oil production
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