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Abstract With the continuous advancement of oil and gas exploration and development, unconventional oil and gas resources
have been paid more and more attention. The production improvement is a key part of the well-test and development process, but
conventional completion forms can no longer meet the oilfield’s production requirements. Therefore, in order to improve the well
test productivity of tight glutenite reservoirs in Bohai Oilfield, based on the principles of reducing formation pollution and in-
creasing the exposure area of the wellbore, a new completion form was proposed, namely open-hole perforation. Using the finite
element theory, a three-dimensional model of productivity evaluation was established, and the production of different completion
forms, such as open-hole perforation, open-hole and casing perforation, under specific working conditions were classified and
evaluated. Afterwards, the sensitivity analysis of the parameters affecting the productivity of open-hole perforation completion
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was carried out. Finally, a two-dimensional planar model for perforated well was used to reveal the production improvement
mechanism, and the indoor experimental results for productivity evaluation verified the laws obtained by numerical simulation.
Studies have shown that the open-hole perforation completion can effectively increase the well test productivity, and the produc-
tivity improvement effect depends on the formation conditions and perforating parameter combination. Compared with the open-
hole completion, the rate of productivity improvement is about 40%~80%. Compared with the casing perforation completion, the
rate of productivity improvement is about 10%~130%. This study provides a new idea for the selection of unconventional oil and
gas well completion forms, which can provide basis and reference for the formulation of on-site production improvement plans.
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Fig. 1 Three-dimensional visualization model and grid division of open-hole perforated well
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Table 1 Calculation parameters for model validation

ZH BRARSE ST EEGHLIE
3L H 2% /MPa 10 10
R /mPa-s 0.27 0.27
AR /m 40 40
FHIREAE /m 0.108 0.108
B35 /mD 1.18 1.18
M2 EE /m 0.5 0.5
TG QX AR /m / 0.324
JE5E X JELE /mm / 13
fL% /m™! / 20
fLA% /mm / 20
AHAE /° / 90
HYLREL / 0.4
JRSEREL / 0.2

B3 EEHLARSUENRESHZE

Ay HAH IRt B/ . 35 e fLIREAI R SR JEE
SRCATRAATT R, R T AR RS Sk [17] >R A A
ARG RIEATRLE (8] 4—1&] 5) BRALIFAR/ D AT A
Ak, FoAR A RIAEAA . Hi, WEW] T ix =2
FROCES R AN SRR e B al A, Al LUR] T RRHER S £L 58
7 A= PPN o

2 BUIRGHLUIES R RLE T Xy Rext te s

TR T, IR TLIF AP RR 4 2
VL SRS IR . SR A, SR
FLAVEEHE E REZCA PRI, (LT R A4 R
P REE M R A0 (D, T3 B 25 0
{2 s 5 SRR 7R 2 AT T A
ES

B 2

BREEHA RSV RES T E
Fig. 2 Contour of flow distribution during steady-state well
test in open-hole perfect well

HEMERT

Fig.3 Contour of flow distribution during steady-state well test in casing perforation well
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solution with compaction coefficient

AR SN b AT AR (M2 1.6 m); Hii &
BT, 2SI AT H LS B AR L ) K
Re A AR TBAL, B UL LRI LR HR S L AR
BB AR, BWE R AL LR L A b L5
70%(1.1 m), EEFLHRL NI 50%(0.8 m).
XF TS I (K] 6), 764 2 LS R &
T, EE LIRS LI R & o he, (HARIR
AR = RO, P RERRRHR 5 36 4 5 40%,
WEE R 10%., XU THZ 05 4ent, 5
FLAE I ) i L T RURT R B 55 N RS A T = RE T -

22 TFTEShH (BIH) 5%

FAAERE I () T5 g pE oL, BES BB H A 1=
EFHBERTEE, SRAKN 0.4, [R5 &K
AR E, IRRECH 0.1, RIEE LRI
TG LEARARST LI ™, B, 5 heay 8By
N2 AR LTS —MORIE T AR 25
TSR 20 3 EIFIR EAE, IO FLREARERTS UL ;
— MO B AR S 0, [ O A R AR

260

238
240

— 217

<220

°

€ 200

22 180 169

bR

= 160

i 140
120
100

HRER EEHIL
Blo LiTEFHZTHAXRELL

Fig. 6 Production comparison of different completion forms

RIRSTFL

under no-damage condition



BT FROCEE B AR IR ST LSS 7 BT

157

FLIRARAES 544

XL HTE SRR (K 7. 18] 8): LA 555
S, BRI, BRIRI S BRAR A AL
RET B AL REAY 1.6 F5F0 2.3 1%, A
g M= RER R AL s geiir e, '
MR- = REfRe Ak, BRARST LI ECERIRI = fEd = 1.8
7%, LR B8R T AN 7™ BEAY RN B R

2.3 EFEBYE. KAOBRSTFLEMISHETE

ARG A 1 il D IR Wk K T A B AL
1 6 BB o Jo) b 2 05 e R S 40, i b2 08 %
PR RIS R, Wi7K B S FLAR 5 FL L
T2, HALR KIS I (7135 3 m), fLBHRAR(RK
2~4 L), fLiE# 5 (B % 100 mm A ), JLFEAFELE
JESEIX, HSL T 28 4%,

XiF H oM 25 SR R B (18] 9): BRUGREA R FHAEAE
TS RRIR I = Re, (ERH AL SE I RCR AT IR . oK )
WTAD S FLA LA B I B PR R, (H A2 L% 1) 4 il BH
i, AR BRSO, 77 RERE IR BIRRIR 5 3%

210

190
190

170
150

133
130

T/ (me-d)

110
90 82

70

50
HRER TEHA BRERSTAL
B7 HFESRAFIARFESHETNETHATXTREXILL
Fig. 7 Production comparison of different completion forms

with perforation not penetrating the damage zone

260

240
=220 213
©

236

€ 200
B 180

= 160

120 III
100

R £ELIL RIRETEL
B8 FEEsR ARSI E AR b

Fig. 8 Production comparison of different completion forms

with perforation penetrating the damage zone

HHy 1.8 1%,

L, 256 Fia 28t thas 5 (| 10), DIEE S
FLORZEBTS YA ) 3L, K H = RBHE TR S 3%
3, ATDAMS IS IS QR SCH AR SE I, R VEXT
REMEE TR I s AR SRt S FLoE I, BRER AL AN
IK I IR FLAR RE R AT A BE = 7 e (HARAR S ALY T
2K S LT R 2, IR RERS A M R
WRETR T, FRARET AL T IR AR s P RE A — A
S HE

3 PRRSHLIEREVHO M S R g M o fr

XTI LIF, mX @), @), HWzEE
B MJRIRELE AR EE AR 25 Y U 23
PRI A XHE A SRR, WA GERZ R AR
SHLARE - RCR . SHLS R B R R ROR
BNER, HUCRMZ I . IR 2 B
GBS R LR L, AR B PR P AR ik, e R
HRGT LI REVEO 2 R SR T 1 U E S

sbAlL)

XL S, S FLIR EEATS SR 252 Ml 7 i o SR
PEE, JUHSEm s, R KiEiE Tt
(11, EELN NI YA ). SIS HAE
REARIRTS Y sz, DU AR S AL AN A8 S L Y 7= 28 LU Bl
FLERRYE I T—20 (R E @Y, LT
KEEBIG YA, BRIRFL =R K bR & T B 1L,
SEBR b, BRIR LA S LAY e 25 S E R AT AL
TR EE RS YA B R [m 4Rl s B AL IR BR S 24 T (18
By geai i, AR RS FLSECT W 0 Re LT — 3K
(K11, Ml RINIAE 4.1 55 iii] .

3.1 FLRFFLE

350
— 298
< 300
©
£ 250 242 233
o
Jm
A 200
E 169
100 N N — -
B e— B e— KA KOS
1RER BB ST (2%L/m) (4%L/m)

B9 ZERBISHEEREEITMIILL
Fig. 9 Production comparison of different completion forms

and reservoir reconstruction measures



158 AmEEg 2023454 F S8 BH 2
350
300
= 250 236
©
"’E 213
% 200
i
= 150 133
100
50
HRER EEHIL RIRSTFL EEHIL RIRSTFL R RIRGTFL K7 st
(5% (FBBAE) (FEBAT)  (RFBSLE)  (RFBSLE) (B35) (B35) (4%L/m)

B 10 ErENREGETIEMITLICE

Fig. 10 Production comparison under all classification conditions mentioned above

R3 HESEFHIEZHALTREARR
Table 3 Productivity improvement effects of all completion

forms mentioned above

FEF I FERESETT L A5 /%
EEHL RGBT Y 0
IR (755Y) 62
BRAR (FRYE) 106
RRIR ST FL CREFB 15 YT 132
EEHIL (ZFB T 160
PRERSSFL (ZRB 15 Y47 ) 187
PRIRSFFL (ZFBi5 ey, BRYE) 195
IKIIESF (4 fL/m, 3 mFLIE) 263
1.6 ;
1417 i
1.2 |
g :
=08 ,
jﬁ 06 . —=— RIRHTL
0.4 ' —— EEHI—TEHTL
02 ! — BRI AEHR
° 0 0.2 04 0.6 0.8 1 1.2 1.4 1.6
SFLRE/m
B 1 BPELHF R IR T

Fig. 11 Variation of PRI with perforation depth in perforated
wells

S FLFLIR EARTE ST FL 2B b0 7= RE A 52 e d /)
LRI 2R 1 R A AR, A REAE U
TR S 0T R T R A
(1 12) SHLVEME TR A dbad S sR R FLAR

3.2 FLEMBAAIRMm

BEE S AL BE B I, 2 AR A FT A
Wz, [FmdsE R TS T LR RER WA, el
FERESEIN, {EL AR LA B I 2 L 2 0 T AR (]
13)c Ak, LR FEOFRERRA NI &,
AL I AIEBRAELF, WATE LB A B K

S FUARBL AN 7 BEA BORBIRZIE, DA o AN TR] A
BB AR IR WS 1 0 A . R4 L7t

TRmIA, BarEZE AN AR 00, 45°, 60°.
14
1.35
13/’"
E 1.25‘
= 1.2
5 115
I = RERETIL
1.05 —A— EEHIL—FEHTH
1
10 15 20 25 30 35 40
FLi2/mm

B 12 SFLHFRILBELENTHRE
Fig. 12 Variation of PRI with perforation diameter in
perforated wells



FETA BROTEUE R A RRAR S LSS 7 REVF A

159

90°, 120°, 180°, Hir 90° AH{ J& 45 & = e id B AL vk
P (F 14),

3.3 HESHREEMNZM

o215 YRR SO R AT (T8I ) B9 J 5 G
SCFRIRR . TR R, BRI S TR R R 2E
MATFBAME, NTBUEHZ B SR, His R R
3t 2 R E AN B TR P R R g A o A [T i
Ferh, KUEIEBTEA . TOURS FIEE 4] ] BE =52 31 —
Wi5h, BERE— LR LR, HALE
TES I3 JZ 1 [ b g LR Jo] LA 32 A7 TR SEA
PRI ALJA RS2 LB A AR . DL E o sl =75 4t
XEP=REPEAN AR IR 2 A il 2L o

M T EF G R A TEE AL, N
BRI RS Y RO T SR BE HEAT T BB A, B
EEPIREE CES AR ] o N S R 3] 2
A, I ELBR™ B A% 75 e 2 S Bl R iR O (18 15
Kl 16)o Tiisbr b, TS 0 FL AR G T8 e A 4
TEERAE, B A0 95 G X P A2 ma A R I i

14
1.35
1.3//
¥ 1.25
o
S 1.2
[N
$41.1514
i
105 - RERGFL
' —A-EEHIL—FEH L
1
10 15 20 25 30
LZ/m?

13 SHLAFE LA ERM T U ME
Fig. 13 Variation of PRI with perforation density in perforated

wells

4
Q 3
A:J 0.8
i \
4 0.6 - RIRSTAL
04 —A- EEHI—FEHTL
1 —o— RER
0.2
0.1 0. 0. 0.4 0.5

2 3
EEF T H R F/(kd/K)

15 SHFLAFRELESATRABHELNE
Fig. 15 Variation of PRI with damage coefficient in perforated
wells

HERGZ, EWUY T RIS ER, R
MR SHFLSE I I7 2R HERRIR AL A e 4

EATEERR, YL, fLie. fLa . H6L.
BTG Qe BUR SRR AN RN, B4 5L S ARG LY
FRREZE SN 2 A S L P TS B R R B
BRI E , TR SEORAE X225
SBETIHR/N 12 2 16),

4 BT REORPLER S BT B BB
4.1 BHLIFROLEFEHUIR S 4R

e 2 3 BRI, LIRSS A S
T, SHUIFH T RRIR I = e e b s B, H
i LAR AN R, IR BCRRIR LA G ALY
SHLSBA G TR T &Mt 22— BUELREMR BRI RS e
i, 2 RS 5 SRS = ROR e T — 2. 9 R
SEALIT AR LB F XS LB i A 0F T RERIR . £
EHHLIE T ROR, =S T — AN AT LA 4P AT R
JURERY (18] 17), BEE G A BERET HEA LR LA 708

—m— RERSTFL
—A— EEHIL—FEHTH

0 30 60 120 150 180

\90
Eky=ET
B 14 SFLHFRILBERL A EURE
Fig. 14 Variation of PRI with perforation phase angle in

perforated wells

14
1.35
13 4
E1.25.//
a
5012
4
$41.151
h 1.1 —u— RIRGIFL
1.05 —a— EEHFA—FEHTL
1

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
& SLFR I/ (ke/k)
El16 SALHTHRUBESRENTUMNE
Fig. 16 Variation of PRI with compaction coefficient in

perforated wells



160 FAIMBLEER  20234F4 H 8B 2 )

i MR STFL RIS BB FL. XF 2 Fhoe IR 7 2040 I TF JR A 421,
" P R A PRI AL S AL S O S A M, R

> FJE 4 B - (1 18) R 3 43 A (] 19) S AR —
B, WITE T M 25 S S S B AL R 9 3L
B SR (1 20), SRR FLSE I
A DL/ BRI A TR (B2 e 28 ), A
FALIRFA TR R BUNG, A, FR AT
| FLER (o5 S B AR i S T S0, R Mok B T
B FLERE S . BRI, AT RARE 3.1 5 ch ALVt 5 v et
BRHR . 8 LS RO LT — B B A
R BRI FLXT S S LSS I A B X 7 T4
T RETERL (AR RS IALET,
7 AT H T AL IR A 7 T A2 AR (161 20), ik

E17 ST _%4TFEARITER
Fig. 17 Two-dimensional planar finite element model for

perforated well

+8.300e+07 +8.300e+07
ey ey
+8.133e+07 +8.133e+
+8.050e+07 +8.050e+07
+7.967e+07 +7.967e+07
+7.883e+07 +7.883e+07
+7.800e+07 +7.800e+07
+7.717e+07 +7.717e+07
+7.633e+07 1'7/'223618;
+7.550e+07 +7'467e+07
174876407 73830407
+7.383e+07 Ao
+7.300e+07 -

(a) EBEREIFL (o) EE 5L
18 2 #EFALEHNKXHWIEREHNSHFEE (a)(b) DI ARREALINEESH L, TH)

Fig. 18 Contour of pressure distribution during steady-state well test in perforated wells ((a) and (b) stand for open-hole
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Fig. 19 Contour of flow distribution during steady-state well test in perforated wells
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Fig. 20 Diagram of streamline distribution during steady-state well test in perforated wells
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Fig. 21 Core pillars for simulating different completion methods
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Fig. 22 Experimental device for well test productivity evaluation
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Fig. 23 The physical object of the experimental device for well test productivity evaluation
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Fig. 24 Experimental results of well test productivity evaluation
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