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Abstract: The current methods of helium porosity measurement for continental shales tends to yield underestimated
porosity due to insufficient equilibration time. Based on the experimental principle of helium porosity determination, we
conduct an ultra-long-term (60 h) systematic test using the helium expansion method on shale samples of varying
specifications under different injection pressures, based onthe continental freshwater lacustrine basin shale reservoir
system. Accordingly, a helium porosity determination method for continental organic-rich shales is proposed. The

results indicate that the key factors influencing helium porosity measurement include pore structure , equilibration time,
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temperature, and injection pressure, which significantly restrict the degree of helium saturation. A prolonged
equilibration time can effectively enhance the accuracy of helium porosity measurement. For shale samples from the 1st
member of the Cretaceous Qingshankou Formation (also referred to as the Qing 1 Member) in the Songliao Basin, the
porosity measured under a test duration of 60 h increased by 19. 50% ~ 37. 64% compared to that measured under a test
duration of 25 min. Meanwhile, for the shale samples from the 3rd oil sub-group of the 7th oil group of the Triassic
Yanchang Formation (also referred to as the Chang 73 oil sub-group) in the Ordos Basin, the porosity measured under a
test duration of 60 h increased by 20. 44% ~ 45. 10% compared to that obtained under a 25-min test. Crushed samples
can effectively shorten the time for pressure equilibration for tests. It is recommended that the grain sizes of crushed
samples should be 3—4 orders of magnitude of the dominant pore sizes. The helium saturation can be enhanced by
extending the pressure equilibrium time and increasing the injection pressure. Furthermore, the experimental errors
caused by the deviation of helium molecules from their ideal state can be reduced by introducing the compression factor,
correction of weakly connected pores, and residual fluid correction. Shale reservoirs formed under different sedimentary
systems exhibit different physical properties, pore types, and pore size distribution, as well as varying degrees of
modification during the diagenetic evolution process. Therefore, the test conditions and experimental parameters for the
helium porosity measurement should be determined based on the specific characteristics of shale reservoirs. It is
recommended that the equilibration time should be set at equal to or longer than 36 h for shales from the Chang 73 oil
sub-group and equal to or longer than 48 h for those from the Qingshankou Formation. A helium porosity-time prediction
chart is developed in combination with numerical simulation, which can help reduce test costs and improve test
accuracy.

Key words: optimization of porosity testing, helium porosity, continental shale oil, shale oil reservoir, Chang 7°

subgroup, Yanchang Formation, Ordos Basin
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Fig. 1 Schematic diagram showing helium porosity determination using two chambers based on Boyle’s law
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Fig. 4 Microscopic pore characteristics of shales of the Chang 7° oil sub-group, Ordos Basin and shales of the Qing 1 Member in the Gulong
Sag, Songliao Basin
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Fig. 5 Relationships between porosity of shale samples vs particle sample size and equilibration time of plunger samples in the helium

JE 3.0~ 4.0 cm, HAMAR AR i LRI E o H
PR ity 394 DR AT 7 ARHEE - e 1) 2% BE 1 L B
NN o R, AR SO RL_E 34T 1 X A
A AT AN R AL B, PG =2 0 LR 5 e, B A S
R B HARBA R IEAL T 5

2.2.1 BB

ZH T AW TUA B R R AR 2 A T 0.25 ~
2.36 mm L5 NG F — B UL By iR B AR
0.38 ~ 0. 83 mm £10. 83 ~ 2. 36 mm iNRIALVL [, 5
FEFERE i 1 SR LB B 5 2R % L 2R B, DA A
FE LB BE S AR B /N, A T 3.75% ~ 5. 60%; ki 4t
0.83 ~ 2.36 mm 1 KL FF & fL B A F 4. 90% ~
6. 60%; B2 K 0. 38 ~ 0. 83 mm [ UkE AL i L B J3E 25
AR, FLBREA T 4. 87% ~ 6. 64%(F2), fEF]—5¢
GG 2 PE N JOREAE S (%) 1 7 Bsf ) 46 J 28 A ZERE T Y
40% (&l 5a) , o 0 £L Bt B 5 A ZE o 38 77 0. 12% ~

R2 MIBMBERFT -—BRUEHERSTHNELREEZES
Table 2 Differences in porosity measured with plunger core
samples and crushed samples for shales from the Cretaceous

Qing 1 Member, Songliao Basin

v LB /%
P BriRife Bk
G5 HZERE
0.83 ~2.36 mm 0.38 ~ 0. 83 mm
12 4.64 5. 14 5.12
13 3.75 4.90 4.87
16 4.63 5.76 5.77
2 5.60 5.79 5.93
23 5.59 6. 60 6. 64
24 5.16 5.28 5.44
Iy w SPTISA]25 min
10F = SEHI 60 h
9 |-
8 L
.7t
NS
w 6f
4 |-
3 |-
2 |
] N
0

L14 LI5S L7 LI8 Zl Z2 Z3 B25 B26 B7
B G

porosity experiment
a. B —BOUARE R R BE RO LB P S D0 LUA AR 5 b, 1 7732 5020 DU A — B U R 8 S AR [P )
FLBRBERS AL AR &



52 1]

XY A5 . Bl A A B B S0k LB I 5 Y S e 1) L 5 8% 409

1. 15%, AN B iR EE R 2. 00% ~ 31. 00%.
2.2.2  FHratE

Fie BRI S0 o O A 2 AL B B RN ik o
W 7 AR SE ) (GB/T34533—2017) I 5E 77 15, 43 ]
X bSO IS E] A 25 min, 1 h #1160 h 45 04F T 1Y 51
ARIEFLBE (23K 5b) o SLe R 0, - Ay st (]
25 min B 0T S0 L IR EE 25 A AR R /)N

K 7 IME WA DA ZAAE 1 h A )T, LB
AHXT 25 min I 3915 4 0. 48% ~ 10. 53%, - 27 44 I Jy
4. 45%;60 h T FLER EE AR X 25 min B34 08 Sk 20. 44% ~
45. 10%, 41408 33. 54%. H —BIIUASESAE 1 h
St AR, LB BE (AR XT 25 min B 341§ 4 4. 04% ~
14. 78%, - 27 14 i >4 10. 46%; 60 h F L B2 B {8 AH XF
25 min B HEES 19. 50% ~ 37. 64%, F-X141E K1 27. 33%.

Y F U U B4 R L5 R A JERR A LK
L, AR 58 % [R] — 5 i £ [] — % 33 o e U %0 9
B i I I QT N O s = Ly [ O =
(Fl 6a). I EFE (S)FE I B UL 2 FEA5 A 38 U
FE S, DU HRAE 5 B A RE T AT 5 KT RE S (HD 48
AT DU )2 B R AR B i, T3 A IR A
AT I B

X — B DU A 7790 J2 3 21 5T ) A
o 5 BN, 1E 60 h P 8] R, — B 0L

B25 (i 3 B AE & FLBR BE N 8. 64% , /K PR LB JE N
8. 35%; K 729 )2 W41 UL A 14 FF 5 19 3 ELRE A FL IR
JE 2 5. 35%, AKERE A FLBR BE Sl 1. 63%. AR FE
e T LB — A Ao [ i 4 7 7 0 o 3 B A 0 A
J& B8 T, K SPAE A 0 TG B R 4 A (8] 6b,—
b,)o X ETZE TR BUKAS  AE BT,
ARG T a2 B It A TS N, B S 22
15 Py 4 223 (197 138 R o 235 (] 5 T 2K P-4 o T 4% G Bt
ST RT=I O N ) - v = 52 0 7 SO R 2 i e e 3 L
R

2.2.3 AENER

RGN R 7 %6 Sk a] () 520 % ] — B
L12(S) A1 L12(H) F3 532547 4H [m] i 4 38576 )t 2 il |
A3 B E T 100 psi 5200 psi FIFPEATE S, 45R 1
7N, FE 200 psi 2508, FF Y 7 P B[R] 452100 psi
SAFGR I —2 , 2976 30 h )5 BV AT 3A 2 P (18 7) .

FAF 5T 2 B, 38 v A 7 o] ARSI 20 <0
PRI RAF R ALBREE > (ARSI & B, L12(S)
FESHTE 100 psi F1200 psi 325 2157 i 254 19 FLBRE 43
R 3. 71% 1 3. 42%, L12 (H) 7 100 psi F1200 psi
IR B 25 B FLBREE 23 5314 6. 11% F1 5. 84%., TETT
OS2 EG v H P EE S B R AR Sy e
PRARY B RIS & TR AL, A

®3 FERUESKTHEIATTESSELBREMNRER

Table 3 Porosity test results of shales from the Qing 1 member and Chang 7° submember in the helium porosity experiment
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Fig. 6 Differences in helium saturation process between shale samples perpendicular to bedding and parallel to bedding in helium porosity
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Fig. 8 Curves of porosity and temperature variation with time for shales in the Chang 7° subgroup and Qing 1 member in GIP experiment
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