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Producing reserve estimation and design optimization of rhomboid well
pattern in anisotropic reservoirs of low permeability
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Abstract ; Determining a well array with reasonable spacing for flooding in rhomboid well pattern,is the key to achieving
effective development of reserves and well emplacement for equilibrium displacement development in regular low-
permeability anisotropic reservoirs. Based on the characteristics of low-permeability reservoirs, we establish a seepage
equation considering the influence of threshold pressure gradient and permeability anisotropy. Classical seepage
mechanics is applied to obtain an analytical solution for the seepage field distribution in flooding unit of the rhomboid
inverted nine-point well pattern. In turn, a method for evaluating the producing reserve is proposed in line with the
analysis of the lateral seepage velocity variation in the flooding unit, and the main factors influencing and rules of
producing reserve variation in low-permeability anisotropic reservoirs at different conditions are obtained. At last, a
calculation model for optimizing the rhomboid inverted nine-point well pattern is built with the ultimate optimization
purpose of meeting “ requirement on effective producing reserve range and maximum equilibrium displacement
coefficient” ,and a simultaneous optimization for the best well array with reasonable spacing in this pattern is achieved.
Case analysis shows that the rhomboid well pattern optimization design method for low-permeability anisotropic reservoirs
can be applied to obtain the best well array with reasonable spacing in line with the actual conditions of the reservoir and
the development requirements. The design in all, is of scientific basis to the effective development of reservoirs and
optimal emplacement of well patterns.

Key words: effective reserve producing, equilibrium displacement, optimization design, anisotropy , rhomboid injection-

production well pattern,low permeability reservoir, reservoir development

I #5 B #A:2020 - 06 - 08 ; {&1T H #5:2021 -09 - 12,
E—EEB M PRIREE(1971—) B Wit il TR RECE T AR SRR R . E-mail: emflp96@ 126. com,
HEETE : [EFFH k% 5 (20162X05033005 - 007) .



1224 A E KRR MR

942 %

A I 3 R, AR 8 3B R RN
AR AR 35 AR 05 FHE A% il 25 25 7
R T A 0 3 P ) R A — 7 A B IX, 2
BB e, LA, ph T 0 2 A e 7 A LA %
KARFIN T 455 (¥ 5506 , I - 5 RS [6) 7 ] L (1) 353
RAFMERR LR B B2 1 B . B, %%
5 45 1) S R T & it B 3 FE I A o 0 3 P
FER BN AR A TR K TS 08 B ) 28308 LA KT T 3K
AT (5 5, S BRI R AR Y L ek
MRS BRI % b, W1 — R UGS T R 3 1
RHIF 0, F e 5 8 0 HE H i P A I S 2 e 30 4
BRIk

SRR 35 45 ) S5 M G 11 F 2% B R, D A
T ZETE IR AU IR, 432 3432 T
BN B 3 45y i , Sl P A K R
e R )45 R Al FL AR HEAT 007~ 5 3 A 4
FF R BT 8 5 43 A A8 A, 3 TSR B o
F - 0 T LA B T K K 3 A7 25 T AT AR 5 56
T BRI SRR FHE R B R , — ORI R 220 5
KRB AL BT 7 2 T s 4 4% TR 2
ST 5 3 P A58 SRR 455 K 1) S0, - 1 % R
LA AL, ST 0 H I A0 5 A HE e f 186
SEARAGSK AR AR SETR T e

X TGS B (18 5 %76 10 x 10 7 ~50 x
1077 pm®) , B —5E 19 H AR RE, IR (A R B AL
BB M IRAE (B 2 A — 5 o 3016 086 B R
WA 4% T S P, e 2T R A i B, R T R SR
S0, SR A B 0 25 0% e 100 2 90 T 2% 0 1) S Al
AR SCHET SRR IS 5 45 1) S T 2% 14 3 260 O
2, 2 BB T 1 B DR AR Rl R 2 5 R 3506
P 100 e i ko 20 20 0 R S i SR, 7 T
ST i A A SR VR L 9 T R R Rt
SRR ST TR RS R AL | e 2 i R A
A ROT K AR MR

L AR B 45 1] e P S TE I 032 0
UL ESN
S B U5 5 00 TR I LT 25 5, 530
T2 B P B FE N 45 4 1) SRS 0 T B ¥ 07

e, HSr 22 I R AT R T AB AR, IR A
HEB Y.

1.1 RigBEEEFEHEERHMAEN
I R R M — R R 3, R M)

0 b2 A SR B i v i A s PR, A2 Al R P 5K
FRAEHHE L, 558 H] T AR B AR =B 7 W)
W12 B, SR B R X — A AR I TRk i
FELNE (HEAR) RIS b ik Mz S Uik

TP, 280 S Uk I M O
BT AR 7K W B 307 R LRI R TR
FHEBWIT A EHHE B, 5 T RS J7 L
ARRS R (R BB 8A 5 70T 2 TP R AN S8 H- R s
DUT AT LR 2R BRI S A M, s e
2k (HER) M

R Z B 125 Tih B ) T R S e R W, 258
JUREI W G A S AR5 2 45 1o S T 2 F) il
FERG o PRI, T FURRIMIECAE A 3 2 3l T A 5 oR B9
I B AR S B—— & B TR L Y
BE , JEAHRE R I WA (0 5

1.2 REEZEEMFUERHMNSRAERELKE
K B AE I P IR X

1.2.1

SR ZEIE SOILEEFEANIE 1 Bz o AEPTBESE
A —A e BERY TR T A 1 b KIS 1
APt IR d AR HER I 22 1] B B R
m; HEHL d AR SR P H R 2 ) B9 T B R, ms R HE
HON IS HEEE Y LA, O & = ds/dy , L4,

X TS 7 45 10] S PR, 7R3 52 A5 1F T, il i
i/ N ORI Bl T L, R e TR BT T
A Rl AR L, i O HE L SRS B A A
J5 ) BRI AT IR . TR R IE S, F R B S
RN Sk LA S Bl T8 BE R, AT S o
0L <) |/ SE e VA O X IUE S Ak o P R RN R
{01 NEIF S Bl N S K £ A Y TR TR Rtk o K
SRR K I MBI B B LR

< L P~
~~~~~~~~~ ~
™~ Vi o
L - o

e A %

dy P g ‘\‘\
PR N Kf

l ~ ’ \\\\\ K.

ds 1
(& ik (@] &7 I T
Bl 1 SR RIL R EEAS MIE ORI

Fig. 1 Schematic diagram showing the rthomboid inverted
nine-point well pattern
(x5, ATRARSY I x, y J5 1] 3 2l B 72 BE 0 200 B3R (9 07 &, m; K, LK,
SRR o,y JF I PR, 10 7 um® dg IR, mydy R, m.)



55 1]

Wi, 25 MRS B 4% 1) S 2 HE T 0 it ik sl R B s Al 1225

1.2.2 EHBBRAUEFMBATRGES

1) FEAB R
TE R, - 02 A 7 R -

2

22,22y (1)
ax dy
Kfp BET), MPasx RT3 £ 1M B EE B, m;y
IR BB T R R, m .

AT T IR A AR 4R 2 R T
ST — T

p=2p+C= z—hg(tqilnm +C (2)
o em SHIEL, 115 p, MRS AEAT RS A = A R T,
MPa; C R HE, O s 2 RS, mPa - 53K
RHGEIBBE 1070 pm’ s h IR SRR mq,
W R R A KR AR, m /Ay, AR SRR

HYIEES ,m,,
HRAE 3 537 23R 2, o] IR 3R oA ek X
Y
v 211'h,§1 r, (3)

Ao HEE— S HE, m/d,

2) 5 &JA Bl R A BE S ) S el BB i A A

XS R 82 R S I ¢ S5 E
X =K/p Z A EXEOE R Al s

InG = AlnA + B (4)
K :G 205 3 18 B, MPa/m A SRy AR U B,
107° pm?/ (mPa + ) o X} FASCHEF A = -0.75,
B=-3.76,

FEAS 1) STl e AR AR AN [R) 7 1] B8 T g
FrEES, B R & AR, 457 1) E 5 3
IR FERANR] , A] LAAS BN [W] J7 [n] b 998 ik o B 2
ARk

K o (5)
v, = (@ - G),)

Krheo, o, 40510 x,y T7 B R E, m/d; KK
RN 2,y FBER 107 um’;6,, G, 530 R ik
JETE 2,y T B R SR RS EE , MPa/m

TEAS ) SRR, BOE BB T W « Bl

y 7] BB RN A AR T R
a(pv,) N a(pv,)
ox dy

=0 (6)

Ahop MRARE , o/om’ . N LRB R, 8
T AR A A5 R Ak B i ] S P T T A%
[ [] P TET, hy S AR 20 T AR 4

{X = x JK/K, -
Y =y JK/K,

e AR ARAE e, AT RIS B A% 16] S P IR B2 A
TikEN

ap 1 ap 1 9 ap
ko) el
R’ R(aR R oR aR

(8)
K= JKK ,G = /GG, (9)
R= VX>+ Y’ (10)

P XL Y G300 o AR AR AR IS 8 i 32 T 1] B S
FB R ETT R, m,

AR R Z A — B AR I, ™ W g
AEE SR 1T L2 il g ol g 99 A 1T, AR B 223X (10)
AR, FEARAR D R, i MRGA VG E A, n] R i I R R IR
PRJBTE N -

2wKhR [ 9
q=—M (6—2—0) (11)
g HIERRKHZAE T — A PR P i, m/ d s
R, JHREAEAE, ms R OAFHAGHER AR, m,

TEAR I 1945 1) [~ T, TG BR R J2 v 2% 1

S Bl BB RE BB AR T RN -

Lo R(a—P-c)] =0

R oR oR (12)
ap __qu
R( 2L _ =
(8R G) R=R« = 2mKh

1.2.3 EHEAEFRMELELTF @SR LR

1) T304
HRAE A3 (12) Fros iY77 RE2H, RISR b J2= v A —
MRS 3 A ik

qr K, > K,
:71 — —
p(r) 4nkh n( KxAx + yAy )+

K., K,,
G KXAx +KAy +C (13)

HHJE A 22 O [R) p A y=isf AR 3 8 i JEUEE, m]
R BITE— J T

g .
FOEDWETED) [4—ﬂ§<"‘,’;1n(§mf e Kayr)e

K, ., K,
G KxAxi+KyAyi]+C (14)



1226 A E KRR MR

942 %

K Ax, =x —x,, Ay, =y -y, 7 BRI R HAIC AT
BRI 2,y 7 ERYEEE, m

2) BIRHE

T R, ADRAT R S R B B BEAE v,y
Jrl BT . AERFSS TR ot 2 0
A — sSTAARAE x T ) B o

K m a
= = op _
' A;M )
K K K
:_[ U (iqleAx+GKAx)_G]
w L2mwKh = R? R

(15)
[ B, 22 10 A 7= i e — AR A y T 1) L B8 53

_Nix o
oo M( 2 ay_G’)
K[ o (xaK Ay KAy ]
,u,[ZTrthf( kR TOTR ) g
(16)
R4S B FER BT R — S B A -
v(r) = 2+1)),2
(K. Yo xqK A, K Ax ?
_({M[ZthZ( K * R )_G]} *
K, K A K A .
il (Y 7 2 q; y Y, yAY
{M[%Khzf( R HOTR ) G}”)
(17)
K.
R =K, (Ax)* + K, (Ay)? (18)
- K - K
K.= 2K =+ (19)

B TARE E 45 ) S P R 2E B T R i TR 5
(1) AR TR MR RS TR, AU A5 (14)
FCLT) Al 23 50K AT — A s ) MR R, RIVAS: 3134 R
PICHB R A

1.3 ERRARFANBRIFSHAE

AR I M T T 2 S B AR A S5
SRV BE T 3 2 BB (3 1) . Hob, T
BRI I, WSS A0 4 ) SR | 1)
Ji=K/K, (20)
R TR S A A, AR (4) B
ST IR (1) %« 71

®1 ERBHHEIESH

Tablel Main parameters applied for seepage field calculation

28 5 BUEIEE —RME(E
FREE/m H 5 ~40 15.0
FIIEBER/ (1073 pm?) K, 5~50 10.0
BB RN Jx 1~20 10.0
JEIhAEEE/ (mPa - s) “ 1~20 5.0
JEHE/m dg 100 ~ 500 300.0
HHEH £ 1~6 2.0
K E 22/ MPa p 5~30 15.0

EBWITI, A SHORE | b i — kR, T
PEE R OB Y (W& 1 M E ) o1
(K2) . SEZHUCRFER, 7T LA R 4400 T
W ATEAC U (TR R OCB R T, 3 O IR
Iy B A {EDBOR , i B R S ey B ) (D ), 2
MR RN EXRE RS AR . A 2 /LA

1) XFHATTE IR 8l I 386 BE TR ST R )
Yy GEBEYG (AL S RPERIVE D) 22500 o A7 758
BRI EE IS, B W B SR A [ R 22 2 A
N T A B i e XY LR/, >R S 14 4R s DX Y BT 394
Ko H s BRFIT 4 o 32 3 8l X R/ , T [ A 32 3
B X R

2) %% Ja) SRR BRI, R BT« J5 1] |
B3/ I T3 A R 127 1] A 203 E R, s g R JRE
A R B AL LR 4 e A, AT SRR R T 1) 3R
ELIT I b AU Bl ISR AN A

3) TEARIMFUARAE T, R BT AR i ) X
eI Sk i R NTRCINDRGiBeRLE TS Pl e
B—FEE A HELE , A5 T SR 55T b (R U 3 X
LR /N R P A R

4) FERPICH RS A, S e 1T AR 07 B Ak
AT VT JEE 18 R /N, V7 A A 3 /s 127 IX Sl i
A G E . P, Al DURI R ST AR 598 R
LR S W A i A ) 3l T B X 5 R JE , B 1T A i
RIBIHPREL o

2 AFEZAFZIEH MR ool &
A BN AL

XTS5 1] S MR, R4 T 2208 M B AR
AR F b, & 7 S BRI R ek A st FH A = 0T
RIVER A B A TR BT P I IR 2l DI R /N
[l A ) 7 1] b i SO S A R R R v o DA
SEVEH A S R HE AR R I , O e Hr 45 I
it FE A S AL (R 52, D I8 188 4% 1) e P i el 2
FEH MBI 28 A



55 1]

WRECEE , 55 I8 B 45 1) S MR THEGEE TE H R f f h FVEAR  sotilifl 1227

225
20.0
17.5
15.0
12.5
10.0

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

A/ (mes7h)
0.8

K2 REZEET RIS RS0
Fig.2 Seepage field distribution in rhomboid inverted nine-spot well pattern under different conditions
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Fig.6  Curves of equilibrium displacement coefficients vs.
dimensionless effective development range

variation in CY oilfield
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