®53% %6l BHE MRS #E Vol. 53 No.6
2025 4 6 f COAL GEOLOGY & EXPLORATION Jun. 2025

a8y, BIE B, BRERK, 5F. & A -8 A URA SRS Y BB S I T T 0], 4 H b ST S AR, 2025, 53(6): 96-108.
doi: 10.12363/issn.1001-1986.25.03.0169
Z0U Yi, LUO Qingyong, CHEN Jianfa, et al. Physical simulation experiments on competitive dissolution of helium in helium-

. containing to helium-rich gas reservoirs[J]. Coal Geology & Exploration, 2025, 53(6): 96—108. doi: 10.12363/issn.1001-1986.
BAWE 95030160

SE-EE NSRS AR EEL SRR

s 5, FHEY, MEAY, S, g A, xeeig,
RKEFY, AR, FFAEY
LR ERMAFECT) EEARR, EE =T 572025, 2. P EA@AFELR) #HERE ¥, 40T 102249;
3R EAMAFOC) A DEKKR R A dFIE, e vk 834000
BE: [#F] AABR LA RLFRR 28R TSR AARR, ERERAGIES
55 &R PRELEERD, RABFAEMBY XML ERELRRELLEPH, 4T RAKEHS
ERERRAKN, RAL A AL EEME MRS, T—IRIZWERE. EA. KTLE
BHAMAAR T F A0, BT, AT ERESHTRAL AR E SR B AL 422
ARKRABFTRAGT EH WA HERL, [Fik] w2 RKAEAHEHLINGER-F AL
W, WA EEARFRATE, KRB ERAKEBY EFFTA, KBRBRBE. EAfKY
WSt BT BT RAS AR AR E FHEMIE, ZASRAABFAATENY
v, [BRF2] (1) £EH A 10~60 MPa F2i8 B h 20~150 'C 4T, B—FEMEKT, £
AEMERBEGZHEAETRE LI, MENGIGMIEG; £EDH 25 MPaFaig i
70 C &0 T, RAEMER I ERTCHE(0~300 g/L) 4938 min B 5 HAk; E/AEH A 10~60 MPa, 2
JEH 20~150 C Fosb BRFTACE A 845 g/L 95T, AL RAWRESAKRTRARAMS, AA
BRENKFREBEMAK, 2) ERARTAAGTELINTREY R BERERENGERPA
PR ARVER G AR EAIRG E, EREEREKR T RAEMRE TR, A ER T BLE;
1B R AARBE GBS A RS R BB A, B AR P IE IR E AR ) 63— kA ik SR
WBERFPRBLE, FRBREARLIER R, RRRFLRGAALLBTHTRFRARES;
FARE ABAR X F & R AR R AL E R EBAK, AR R AR £, BRFAK
JEA AR B B B0 R ) AR, AR TRANEE, Bk, Wl 23X EFFIRERRAUBA Z
BARAE EHAH K,
X 8 G AR THEEMAUR; BB WEAER; RAT AN Wl Ak, 2KAs
RESZES: TEI22 XEFRES: A XEHES: 1001-1986(2025)06-0096-13

Physical simulation experiments on competitive dissolution of helium in helium-containing to
helium-rich gas reservoirs

ZOU Yi'? LUO Qingyong'*", CHEN Jianfa'?, ZOU Huayao'?, DU Tao'?, LIU Xiaogiang’,
CAI Xinyong'?, YU Chengming'?, FANG Zilong'*
1. Hainan Institute of China University of Petroleum (Beijing), Sanya 572025, China; 2. College of Geoscience, China

University of Petroleum (Beijing), Beijing 102249, China; 3. Faculty of Petroleum, China University of Petroleum-
Beijing at Karamay, Karamay 834000, China

Y75 HH7: 2025-03-13 HEUHER: 2025-05-26

E£TH: EFRELVEIITEQ2021YFA0719000)

FE—1EE: 485, 1996 4E4:, 5B, WimXUEE A, MAF5YE ., E-mail: zouyi 1996@163.com

EEEE: PR, 1987444, B, TR %EA, #t, #0Z, WA, E-mail: gingyong.luo@cup.edu.cn
© Editorial Office of Coal Geology & Exploration. OA under CC BY-NC-ND



% 6 H %% A8 ARRAAT FERMEENTRA T

Abstract: [Background and Purpose] Helium is widely applied in high-tech and scientific research fields due to its
unique physicochemical properties. Formation water plays a key role in helium migration and enrichment. Typically, in
the form of dissolved gas, helium is transported in pores or fractures by formation water. When helium-rich fluids mi-
grate to shallow natural gas reservoirs, helium will experience dissolution and desorption exchange with other gases.
This process is affected by formation temperature, pressure, and water salinity, as well as the competitive dissolution
between helium and other gases. However, there is a lack of studies on the mechanisms underlying the competitive dis-
solution between helium and other gases under formation conditions, along with the impact of these mechanisms on heli-
um enrichment in helium-containing and helium-rich natural gas reservoirs. [Methods] This study investigated the Jin-
qiu gas field in the Sichuan Basin—a helium-containing to helium-rich gas field discovered recently. Based on actual
geological data on gas reservoirs in this gas field, this study conducted physical simulation experiments by setting vary-
ing temperature, pressure, and water salinity conditions. Accordingly, delved into the mechanisms behind the competit-
ive dissolution between helium and other gases, as well as the impact of these mechanisms on helium enrichment in nat-
ural gas reservoirs. [Results and Conclusions] Under pressure and temperature ranges of 10-60 MPa and 20-150 C, re-
spectively, helium solubility in formation water with identical salinity initially decreased and then increased with rising
temperature but kept increasing with pressure. Under a pressure of 25 MPa and a temperature of 70 C, the helium solu-
bility decreased significantly with an increase in formation water salinity (0-300 g/L). Furthermore, under pressures ran-
ging from 10 MPa to 60 MPa, temperatures varying from 20 ‘C to 150 C, and a formation water salinity of 84.5 g/L, a
higher proportion of helium in mixed gases of helium and nitrogen corresponded to a higher helium solubility in the
formation water. The helium accumulation in gas reservoirs in the Jingiu gas field is primarily affected by the following
factors: (1) Decreases in the formation temperature and pressure, combined with hydrocarbon enrichment attributable to
hydrocarbon generation from organic matter, jointly decrease helium solubility in formation water, leading to helium ex-
solution from the formation water. (2) Hydrocarbon gases transport helium to shallower reservoirs. During the migration,
further decreases in the formation temperature and pressure accelerate helium exsolution from the formation water. The
resulting helium, together with hydrocarbon gases, recharges shallow gas reservoirs. This process results in higher heli-
um content in shallow reservoirs compared to deep ones. (3) Gas reservoirs with anomalously low pressures exhibit
lower gas recharge intensity than those with anomalously high and normal pressures, producing a smaller helium dilu-
tion effect. Moreover, these reservoirs exhibit lower pressure than their surrounding strata, thus facilitating helium en-
richment. Consequently, shallow natural gas reservoirs with anomalously low pressures in the Sichuan Basin have the
potential to emerge as play fairways for helium enrichment.

Keywords: helium; competitive dissolution mechanisms; dissolution and exsolution; physical simulation; helium enrich-
ment mechanism; Sichuan Basin; Jingiu gas field
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Table 1 Parameters for physical simulation experiments on helium dissolution and exsolution
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