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Study on interphase mass transfer under multi—cycle and single—cycle multi-stage pressure

conditions during reservoir conversion to gas storage
KONG Debin', YANG Xingxing', ZHANG Ke?, CHENG Yaoze®, GAO Jiahao®, LI Ao’

(1. School of Resources and Safety Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. State Key Laboratory of Enhanced Oil & Gas Recovery, PetroChina Research Institute of Petroleum Exploration &
Development, Beijing 100083, China; 3. College of Chemical Engineering and Environment, China University of Petroleum
(Beijing), Beijing 102200, China)

Abstract: Five typical continental reservoir crude oils in China were selected as research objects. Single—cycle and multi—cycle injection
and production experiments were conducted using a simulation platform for oil-gas phase behavior during injection and production in gas
storage reservoirs, which was developed based on ultra—high—pressure fluid phase analysis. Oil-gas properties under multi—stage pressures
during single—cycle injection and production were investigated for three types of crude oils with different properties. Oil-gas characteristics
during multi-cycle injection and production were examined for two types of crude oils with different properties. These revealed the
relationship between interphase mass transfer patterns and the number of construction cycles in the oil and gas system of continental
reservoir gas storage construction, providing theoretical guidance for determining the number of construction cycles for converting reservoirs
of different types into gas storage. The experimental results showed that: (1) During gas injection, mass transfer was primarily driven by
dissolution and diffusion, supplemented by evaporation and extraction. This led to a decrease in the density and viscosity of crude oil, a left—
upward shift of the phase envelope, and a shift of the critical point towards lower temperatures and higher pressures. (2) During gas

production, mass transfer was dominated by evaporation and extraction, supplemented by dissolution and diffusion. This manifested as
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increases in crude oil density and viscosity and decreases in gas density and viscosity. When the pressure of the oil and gas system reached
the lower limit, the density and viscosity of crude oil reached their maximum values, while the density and viscosity of gas reached their
minimum. Meanwhile, the phase envelope shifted left and upward, and the critical point moved towards lower temperatures and higher
pressures. (3) Within a single cycle, the gas injection process lightened both volatile oil and heavy oil, reducing the content of heavy
components. After gas production down to the lower limit pressure, the content of black oil C,+ components decreased compared to the initial
stage, while the content of volatile oil C,+ components increased compared to the initial state. (4) Over multiple cycles, as the number of
injection and production cycles increased, during the gas production process down to the lower limit pressure, the content of heavy
components in black oil first decreased and then increased until it stabilized. The extraction capacity of the gas cap for crude oil was
basically zero, indicating the completion of the reservoir construction. For volatile oil during the gas production process down to the lower
limit pressure, the content of heavy components in volatile oil first increased and then stabilized. The extraction capacity of the gas cap for
crude oil was also basically zero, marking the completion of gas storage construction.

Keywords: reservoir—type gas storage; multi—cycle; multi—stage pressure; interphase mass transfer; evaporation and extraction; dissolution

and diffusion
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Fig. 1 Experimental apparatus of phase characteristics evaluation of high temperature and ultra—high pressure fluid
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Table 1 Composition of formation fluid used in experiments
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FEIRGIEL  FEIRAMER PEIROYEL FEIRGVEL FEIRGMER
CO, 0.07 1.25 0.07 0.52 0.310
N, 0.57 1.46 0.45 0.37 0.127
G, 13.86 41.54 51.37 42.43 43.133
G, 2.66 2.52 3.35 5.30 6.578
C, 0.80 0.50 0.98 436 5.111
iC, 0.15 0.12 0.46 1.92 6.363
nC, 0.23 0.08 0.37 3.36 2.589
iC, 3.18 1.02 224 2.28 5218
nCs 1.83 1.21 1.30 2.61 0.979
Ce 4.44 2.49 2.64 2.70 1.261
C, 5.29 4.15 3.85 3.02 1.323
Cyq 4.99 5.04 4.39 3.04 1.554
G, 3.98 4.36 3.58 3.05 1.626
Cyo 3.53 3.72 3.00 3.01 0.924
G+ 54.42 30.55 21.96 22.03 22.904

x2 FENRAHSRERSE
Table 2 Composition and mole fraction of injected gas
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Fig. 2 Experimental procedure
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Fig. 4 Variations in composition of crude oil during gas injection and production under multi—stage pressures
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Fig. 5 Variations in physical properties of crude oil during gas injection and production under multi-stage pressures
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Fig. 6 Envelope variations in crude oil during gas injection and production under multi—stage pressures
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Fig. 7 Variations in composition of different types of crude oil under multi-cycle lower limit pressure
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Fig. 8 Variations in physical properties of different types of crude oil under multi-cycle lower limit pressure

SR S I8 R 2 Fof AS () P o D e A i )% 22 TR I SR S
50, 4B 7 T I DAY TR e g A g AR e SR R A [ % o
5 3 SR B 56 2R, S A [ i G e e i
fh e P TR AR L R A . AR A SRR

1) JEm g S B, AR TR A% BT AR g 80k & 28 %
B A Dl RN RN B 0N AR £ R 1 22 1 T A
B It A A e T 2 TR T R -

2) SR B, AR A5 5 DA ZE A dh 4 R
SR DI BE R R BE RS K, AR BRI BE D)
ELE IR BN T BRIE S0, i B gk B ik B ok, SR
JEE R BE SR B /N s AL 2R 1) A T 5 IS I 3 1l
TARE 7 T R -

3) BRI R b A R v B 5 il R AR
B H A AT R OR E R R R R T IR S, 2
C,+41 57 & R W >, 5 ¥ & Co+41 5 &t B
s,

4) Z R R AR e, BE A R IO I, R AR
AR TR, T o i S IS N R ek
s Rt 3, YA TR B Al A8 13 P o &, g
SE I 5 G #7 R TH E ST A 3 e DU SRS R S e TR, R
X ST 4 B ) R AR Ry ZE s, 2R S A o

5 X X ot

(1] j(ﬁi gRfR I, sRTAL A b A U G B R
HEJE[T]. KA T, 2020, 40(6): 115-123.

ZENG Dagian, ZHANG Junfa, ZHANG Guangquan, et al. Research
progress of Sinopec’s key underground gas storage construction
technnlngi?s[]] Natural Gas Industry, 2020, 40(6): 115-123.

[2] G ARBE SRR T TSR B B M BAYUAFR (D).
ﬂﬁfT\iﬁe: MR EE Tl R, 2021
ZHANG Jindong. Theory and simulation research of seepage in low
permeability underground natural gas storage[D]. Harbin: Harbin
Institute of Technology, 2021.

(3] BERIME, L, XU, 45 E A T U — R s a6
WS I, AR5 %, 2023, 13(6): 781-788.

[4]

[5]

(7]

(8]

[10]

MI Lidong, ZENG Dagian, LIU Hua, et al. Development and

application of Sinopec integrated management platform for

underground gas storagelJ]. Petroleum Reservoir Evaluation and
Development, 2023, 13(6): 781-788.

THEZAE, 48, EEU], 5. PR EURIR AR K R Tr 6
[J]. KT, 2015, 35(11): 107-112.

DING Guosheng, LI Chun, WANG Jieming, et al. The status quo and
technical development direction of underground gas storages in China
[JI. Natural Gas Industry, 2015, 35(11): 107-112.

MILD,GUO Y D, LI Y F, et al. Evaluation of the dynamic sealing
performance of cap rocks of underground gas storage under multi—
cycle alternating loads[J]. Energy Geoscience, 2024, 5(4): 125-132.
BEFIMR, B Kwz, XUAE, 45 KRNI N il SRR AR AL BOC L
AR BRI Evm 5 KIRA MR, 2024, 45(2): 581-592.

MI Lidong, ZENG Dagqian, LIU Hua, et al. Key technologies and
development trends for intelligent construction of underground gas
storage facilities[J]. Oil & Gas Geology, 2024, 45(2): 581-592.
FELLH, B a8, WEAAYT, 5F . 3R E KRR RS A fif i DA K
R RS Al RHER R, 2020, 39(6): 37-44.

TANG Hongjun, HUANG Jinliang, PAN Songgi, et al. Suggestions on
assessment and development of China’s proven but undeveloped
natural gas reserves[J]. Petroleum Science and Technology Forum,
2020, 39(6): 37-44.

K MIHE, 24, KBRS 3C, A5 . T it R Ml 55 T I F) Bk B
RN KERA Tk, 2017, 37(1): 153-159.

ZHANG Gangxiong, LI Bin, ZHENG Dewen, et al. Challenges to and
proposals for underground gas storage(UGS) business in ChinalJ].
Natural Gas Industry, 2017, 37(1): 153-159.

A SC, g IR, B, A5 .o I DR AR A 0 AR
[J]. AR Tk, 2018, 38(4): 153-160.

ZHENG ZHANG

0SS L

Dewen, Gangxiong, WEI Huan, et al.
Countermeasures and suggestions on natural gas peak shaving and
supply guarantee in China[J]. Natural Gas Industry, 2018, 38(4):
153-160.

e, RS0, BB EL, 4 b ] 2 b T A AT RO B PR
JESRBEE RS SR, AT ST 4, 2018, 45(3): 489-499.

MA Xinhua, ZHENG Dewen, SHEN Ruichen, et al. Key technologies
and practice for gas field storage facility construction of complex
geological conditions in ChinalJ].

Development, 2018, 45(3): 489-499.

Petroleum Exploration and



2025 4F

1138 FLAEME , 45 . B At R 22 S 0 5 B S I 22 R T A A A5 F15% HoW
[11] VLIRS, E5897, FIES, & N %S KRS IR r ] i i oil reservoirs[J]. Natural Gas Industry, 2016, 36(7): 88-92.

[13]

[14]

[15]

[16]

[17]

[18]

TSR] KR T o, 2021, 41(9): 66-74.

JIANG Tongwen, WANG Jinfang, WANG Zhengmao, et al. Practice

and understanding of collaborative construction of underground gas

storage and natural gas flooding[J]. Natural Gas Industry, 2021, 41

(9): 66-74.

THEA, TR, 250, 45 Bk rPORSORE T B0 v 1 i R e
HIEL] IhAU#IZ, 2022, 41(1): 1-9.

DING Guosheng, DING Yichen, LI Yang, et al. Prospects of

underground gas storage in China under the strategy of carbon

neutrality [J]. Oil & Gas Storage and Transportation, 2022, 41(1):
1-9.

VLI SC, AR, Y . KRR TIUHS & 7 aik il itk < — (A fb 2

HARDL AR SH %, 2021, 48(5): 1061-1068.

JIANG Tongwen, WANG Zhengmao, WANG Jinfang. Integrated

construction technology for natural gas gravity drive and underground

gas storage[J]. Petroleum Exploration and Development, 2021, 48(5):
1061-1068.

TR, BEBRRS, ARHT, 45 . A ST BT R R S AR T ik 5

B AR AT MRS T4, 2015, 42(5): 624-631.

FAN Zifei, CHENG Linsong, SONG Heng, et al. Fluid interface

moving for the concurrent production of gas cap and oil rim of gas

cap reservoirs|J]. Petroleum Exploration and Development, 2015, 42

(5): 624-631.

SRAGHR, R WL, AR, A 3R T b A ik AR R R
BRI [C)/2022 1 H BIR S TF R PR 2 B SCAE V. 70

LT AR, 2022.

ZHU Huayin, WANG Jieming, ZHOU Daiyu, et al. Discussion on

technical route and mode of building gas storage by using oil

reservoir in China [C]//Proceedings of the 2022 International Field

Exploration and Development Conference (IFEDC) Vol V. Xi’an: Xi’

an Shiyou University, 2022.

A, FARSC, BRI, 55 Al USR] 2R 5 ik 2 TR SR AR

HEZMARE R AL R, 2023, 45(2): 385-392.

LI Meng, ZHENG Dewen, QIU Xiaosong, et al. Stress sensitivity

characteristics and influencing factors of different types of sandstone

reservoirs in gas storage[J]. Petroleum Geology & Experiment, 2023,

45(2): 385-392.

Ih % . 86 TG B fif P 22 ol 300 R i A AR S

JRCHR: VY A IR, 2019.

MA Zhen. Study on phase characteristics of multi-cycle injection—

SR AEAEFE[D].

production fluid in S6 gas cap reservoir type gas storage[D].
Chengdu: Southwest Petroleum University, 2019.

TR, 8L, R, 4 AU T 68 U R Sl
L[ RIRA T, 2016, 36(7): 88-92.

WANG Jieming, ZHAO Kai , LI Chun, et al. A method for predicting

Sty

the injection—withdrawal performance of UGSs rebuilt from gas—cap

[20]

[21]

[22]

[23]

[24]

[25]

[26]

TANG Y, LONG K J, WANG J M, et al. Change of phase state during

multi-cycle injection and production process of condensate gas

reservoir based underground gas storage[J]. Petroleum Exploration

and Development, 2021, 48(2): 395-406.

T, A, KT, A R AR SRR A R AR T R

UL AR S TF &, 2022, 49(6): 1198-1205.

WANG Jieming, SHI Lei, ZHANG Yu, et al. Simulation of petroleum

phase behavior in injection and production process of underground

gas storage in a gas reservoir[J]. Petroleum Exploration and

Development, 2022, 49(6): 1198-1205.

I 1T 37 B A LR R, IR R A A B R DY 2 L I SRR AR )

k43T J7 i GB/T 26981—2020(S]. db5t: A BRI Ak, 2020.

State Administration for Market Regulation, National Standardization

Administration.  Analysis

properties: GB/T 26981—2020[S]. Beijing: Standards Press of China,

2020.

*ﬁ DR SRR | s L L A B i
/H 4 K A A AT A R X B e v e B A s 2 (). A

Mﬁlﬂz}ﬁ 2024, 46(2): 228-237.

LI Chao, LUO Tao, HUANG Yahao, et al. Fluid evolution of fracture

method for reservoir fluid physical

veins of Paleogene Funing Formation in well HY 1 in Subei Basin and
implications for shale oil filling[J]. Petroleum Geology & Experiment,
2024, 46(2): 228-237.
R, JUARAE, BRI,
oA A AR B 2B LIS R TR R —
[J1. A S92 b 5T, 2023, 45(1): 135-144.

HAN Jun, YOU Donghua, QIAN Yixiong, et al. Constraints on

A Al XU B SRR 3 3R A AR R R
L 2 7]

carbonate diagenetic fluid properties by microzone in situ analysis of
carbon and oxygen isotopes: A case study of Cambrian—Ordovician,
Tarim Basin[J]. Petroleum Geology & Experiment, 2023, 45(1): 135-
144.

[ 5T 3 M B A8 TR, T bR AL A8 T B 2 . KBRS K
M M 3 GBIT 13610—2020[S]. Jb5t: wf [EFR M ) ik,
2020.

State Administration for Market Regulation, National Standardization
Analysis of natural gas
chromatography: GB/T 13610—2020(S]. Beijing: Standards Press of
China, 2020.

PEDERSEN K S, CHRISTENSEN P L, SHAIKH J A. Phase behavior

Administration. composition:  Gas

of petroleum reservoir fluids[M]. 2nd edition. Boca Raton: CRC
Press, 2014.

Wik, MR iEY A, Jbat: £l Tl iR, 2004.
YANG Shenglai, Wei Junzhi. Fundamentals of petrophysics [M].
Beijing: Petroleum Industry Press, 2004.

(%hiE Hraese)



