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Study on dynamic sealing evaluation of carbonate gas storage cap rock
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Abstract: Injection-production disturbance will lead to varying degrees of elastic-plastic deformation
of micro-pore structure of carbonate gas storage caprock, and even macro damage of the cap rock, resulting
in cap rock leakage. According to the characteristics of high-speed reciprocating injection-production in gas
storage, the dynamic sealing evaluation of caprock under injection-production conditions was carried out

from geological features, capillary physical sealing and macro mechanical integrity. Taking the carbonate

55 B 87 .2022- 03-10

EETR : HK A RBR ARG 1 OB R I 522 A 57 800 S % B Bl A8 AL LB 5L ™ (42072166 ) ; BRIETTAS
FARBL R G 0 H o R AR R A 3 )2 30 03 B B @ MR i AL ML B 72 (LH2020D004 ) 5 TRFR 45 + 07 % 5 1 T TR I 58 R S 3
FEIH TR A F M T IRA BT . A AR RO 58 E 0 CBR ST ” (SKLGDUEK2001 )

TEB RN IR (1976-) 35 AL BOBON , BBz, 15, 22850 TR | By S8 9 e B 4 T/ 05 T R WF 58 TAF . E-
mail ; tzedqpi@ 163. com



F40% F 4
OIL & GAS EXPLORATION AND DEVELOPMENT | ISEIESAR 99

caprock of Q gas storage as the background, the influence of alternating mechanics on the dynamic sealing
of caprock was clarified through the dynamic sealing test under injection-production conditions. It was
found that under alternating load, the permeability and breakthrough pressure showed the trend of first
decline-stability-rise. When the confining pressure was large, the law is mainly in the decline-stability
stage; Through the stress-strain curve and acoustic emission characteristics, the fatigue failure risk and
acoustic emission signal characteristics of caprock were defined, which showed that the alternating fatigue
failure risk was low under injection-production conditions; Using AHP and extension theory
comprehensively, the dynamic sealing of carbonate gas reservoir cap was evaluated. Q gas reservoir cap is

evaluated as excellent dynamic sealing. The establishment of the evaluation system provides a scientific

basis for the dynamic sealing evaluation of carbonate gas reservoir caprock.

Keywords: Carbonate rock; Gas storage; Cap rock; Dynamic sealing evaluation; Acoustic emission
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Tab. 1 Standard table for sealing ability grade classification of gas storage cap layer
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Fig.1 Capillary pressure curve of cap rock
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Fig.2 Diagram of permeability variation under different

confining pressures
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Tab.2 Dynamic breakout pressure informations
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Fig.4 Schematic diagram of brittleness evaluation of cap rock
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Tab. 3

Rock mechanics test results of cap rock under injection-

production conditions
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G4 29.92  0.58% 148.93 1.12% 7.95  0.2288
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Fig.6 Diagram of damage,energy and time in alternating process
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Tab.4  Single factor evaluation index of dynamic sealing performance of cap rock
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Index table of single factor to be evaluated for dynamic sealing of cap rock
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Tab.6 Single factor evaluation index of dynamic sealing performance of cap rock ( dimensionless quantity)

HR U aOatE HREE HERE R HEBER HEBER MR WA O 78
el 0.75~1.00 0.75~1.00 1.00 1. 00 1. 00 1. 00 0.60~1.00 0.75~1.00
By 0.50~0.75 0.50~0.75 0.50~1.00 0.67~1.00 0.91~1.00 0.91~1.00 0.50~0.60 0.50~0.75
It 0.25~0.50 0.25~0.50 0.25~0.50 0.33~0.67 0.00~0.92 0.00~0.92 0.40~0.50 0.00~0.50
— 0.00~0.25 0.00~0.25 0.00~0.250 0.00~0.33 0.00 0.00 0.00 ~0.40 0.00

xR7 BERZFIENEGRR(ERN—HE) N WS

Tab.7 Single factor index to be evaluated (dimensionless quantity) CR=[(Ax, —n)/(n-1)]/RI (8)
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HERET) 0.93 WA iy 72 0.74

4.2 #3 AHP SN IERRINEE

AR T = B AT RE 1 B9 25K, 45 5 w28 8 PR R AL,
K 3 2B PR BARJZE R 55 2 2 R AL 5 J=
FLBRHE BCE A 12 R 3 AR AR N2, PRk 4
LR B 8 WA SE bR P-4 )2, S 3 T AHP (1Y
FI bR JZ R G RERL

i FAR)Z RS R S, X 45 TR AT B A 23
Br W€ 7 B2 R Z 0] i 8 G &, TG 3 i
PERE AL RO FIRTAE R o AR Saaty $2HIH9“1 ~ 97 4R
JE AR AT TR IR A 2R MR i 2R A
P FUAR 8 25 A 2038 0 F 2P R AT P HL A, R 40
FEB R AFAT I WA

AR T R I S g R AL e JHE X 7 8 AR A 1)
IR R 25 A PR R AR AR, I8 R
FM A PIZATH AT — 2 79 T, A BE 58 2
F8 4 T SR AL 1) R /0N, DR o S — B A b, 78R

A CR Ny — BV F8 A5 5 A, 0 fe KRR AEAR 5 24
n=3 i, RIBUE } 0.58, 24 CR <0.1 iFa] LITA g 3] e
L BT I A 0 — BV, BEMIALEL 5 B

X it S AT ) 5 VR A i e 24 5T L5
FHAVN R AL AR, WL 8
*8 WEITHILAR

Tab.8 Weight calculation summary

HENUZ ERE mme  fTRE S ZON
HhZ T 0.16  ULFEHE 0.1629  0.027
HAEME 02971 0.048
EER 0.5400  0.088
FLBFFE 0.54  HEEE S 0.2004  0.113
HAFLE 0.2404  0.130
FASLE 0.5502 0.297
HAJIFRAE  0.29  JEtERRE 0.3333  0.097
WA RAE 0.6667  0.193
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