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Forced imbibition in tight sandstone cores
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Abstract: Spontaneous imbibition (SI) generally occurs under forced pressure ( pressure difference between
hydraulic fluid pressure and original pore pressure) during a shut-in period. However, the experimental study of
SI is commonly performed at atmospheric pressure and the effect of forced pressure is often neglected. In this
study, the mechanism of SI in tight sandstone samples under forced pressure ( forced imbibition, FI) was
studied. A new experimental method for forced imbibition was firstly constructed based on low-field nuclear
magnetic resonance( LF-NMR) measurements. After that, a correlation between SI and FI was discussed. Finally,
a new dimensionless time model considering the effect of forced pressure for FI was constructed. The results
showed that 96.76% —97.25% wi% of the oil was distributed in nano-pores (0.1 ms <7, <100 ms) of core
samples, occupying the major pore space. The ultimate oil recovery for FI was significantly improved relative to
that of SI, which was associated with the synergetic effect of enhanced SI and compaction. The new dimensionless
time model for FI was proved to be effective and it provides a new method to calculate shut-in time at field scale.
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Fig.1 Schematic diagram for two-phase
flow regions during shut-in period
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Fig.2  Counter-current imbibition under forced pressure
in two-phase seepage zone dominated by imbibition
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Fig.3 Schematic diagram of experimental devices
for spontaneous imbition/forced imbition

()M O AR S T 1,08 (2) A0
55100 mL,2%KCl 5K e T i 28 2 b () 28 4%
(B 3) FTH g s b R ey —3m 5 (3) fii
ISCO 75 R EPRE FEEZE LA 10 mI/min (H G2 Vi 2 [ o
6] 75 o IS T R T A ZRAROK , 2 B R
W HIEH] 5 (4)1SCO B R A E RV B fE R
B R EE S D AR NE 1435108 0,2.5,5,
10,15 MPa(IAHFLERE S10 0, ] 2545 i AR &
FIBA ) 5 (5) BB — Bt ], B A0,
Mgt Rim)E , e 7,i%; (6) RE L% 2~5,
Fre 25 K, HENSEIREE 5 (7) H AN [a) i ) ) i iy
T, 7t BRUGE SRS A O LB S i T4 5, 5
T AR R AR

R, = (5)

R, B W B AR %o 5 my R B WS 50 i
OB ALBR S g m N8R ¢ I A A O R
FLBR A g,
2.6 BkiHERE
fHFH PDP—200 78 Jik i 2 5 S AR 12 155 R 1
A, M A D AEAS TR A R0 Ty (RS bR
T FHME B 22 1E, 40 38 0,2.5,5,10,15 MPa)
FRBIER(AR6),
p= (6)
A(v + 7({)

Xk, WIMB B R, 107° wm® s« R 7 5080 %o
HothZepbR, MPa/s s, A SRR ,mPa - s;L 4
OKEE  em;ye, AR RS 28 MPa™ 54 g5 O
R, em?; V, Va0l b R AR mL;
%18 KLINKENBERG ' 5236 45 B | 2 il <)
B 15 A4 R IO R 2 AR5 h 42 i)

RT
A=t | 7 (9)
PN 2M
Aok, HFCRBIER, 107 wm? ;b R AW B
T MPa; P b R S {E, MPa; A A
B AWM, pmye NLHIEE, ST 10 AT
FLBEAR, pm s R, U R 42,8314 J/(K - mol) 5
T RAERHRE KM SRS F B JR it mol ™',
3 SRR
31 LESH®
i R SR 25 5 (] 4a) BoR, LR A &
BAERYELLF 4 NIX A .1~ 10 nm, 10 ~ 100 nm),
100~1 000 nm,>1 000 nm, £ LOUCKS %% #
H LB RS 432807 BIFLBRIS A 7 M oK AL (/1

8 —

[a] —a— All
3 ——Al2
—e— Al3
6 —=— Al4
—v— Al5
s f
&
R4
3
= L
5
0 s ‘
1 10 100 1 000 10 000
LB FL A2 /nm
-
[b] —— A21
i —— A22
—e— A23
6 —a— A24
—v— A25
st
&
SN
&
E -
5k
0 L L d
0.01 0.1 1 10 100 1000 10 000
T,/ms

K4 RIS LB B A 2R (a)
SRR 1,785 (b)
Fig.4 Pore size distribution of core samples (a) and T,
by Low-field nuclear magnetic resonance (b)
in high pressure mercury injection



B & F O &

- 148 - http; // www.sysydz.net 543 %
F L Owm), WAL (1.0~ 62.5pm) Fl 4L T > A25 (0 MPo)
(62.5 pm~4.0 mm) = K&, ATLLAE H, EUH AL ol Ag%g%i
FLBRZE T B K AL (CF- 34 86.76% ) FlfsfL (F- - v A24(10 MPa)
¥113.24%) , AHRCHE, T, 350045 R s (] 4b) ﬁ A S S Teiis I e 25
B T, A /N, FLAR A0 A 4 FE LR 4 A X i T
<0.1 ms,0.1~10 ms,10~100 ms,>100 ms. 2L ‘_,-x ’

BT (2 R R TR (% 3) Bl N e
T S AL T8, D54 LOUCKS ‘54l E}*
FOFLIRUR ST Rl 4377 3500 T IR 7, B/ 4L s s w3
BRI (e 4) . or o e
32 EEE f = A2125 MPY)

HRFE TIAB 2501 B iy i 8 4 il 0 O ik, 42 s Pyt
fil A LE 0° 2825 60° ~ 75°, F 55y 7K 5 45 i f 2 | s e
25 105° ~ 120° % 180°, R GE M ; Ml /A 75° 2 v: 3
2 105°, RGP PEEE , 251 WoR, 70 il ?;1407 FEr L--"
F 40K 22.7°,27.7°F1 25.8° , B A KR - A,‘ L
33 ABEHBRE Rl

T,i% B RE TR 5 LR S & E X R NN ‘ ‘ ‘
ﬁH‘F' 0 2 4 6

: Vi/d

m=0.12534,-0.301 R>=0.954 (9)

Krrom BBUEE A OB, g; 348 T, 8
PUESIRME , a.u. .
34 BER/FGEEREBRME

H /7 He B W 8RR Bt I ] A2 A5G R th 2
(Bl 5a) 500 2 DB (43 B 2 SR/ BEFR) . &
WA, WK R B T 2 4 i SR N Y B
W B SRR BT 2 oK B A 2
W B A o R W R B AERAS  B R E R SCR B T
T Bl T R BE N, 15 WG B B A0 A Bl s ) A2 Ak

R3 PHEEREBRETEER

Table 3 Calculation results of surface
relaxation by average method

HOHT  Tyy/ms R/nm p/(pum - s™h)
A21 3.11 34.2 2.75
A22 5.49 78.2 3.56
A23 2.08 58.5 7.02
A24 1.29 55.3 10.68
A25 3.20 81.4 6.37

x4 EBETRIGEHE T,ENFLRER %
Table 4 Pore size classification based on T,
value by low-field nuclear magnetic resonance

T,/ ms FLBR E A/ nm FLER A
0.1~100 1~1 000 KL
=100 =1 000 L/ HfL

K5 A&/ RB W E AR BERTTE] ()
FE]FJ5 4R (b ) 2B R 42
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Fig.6  Effective pore radius vs. net confining stress
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Fig.7 T, distribution during SI and corresponding frequency of oil distribution in pores at selected time
intervals (a) and frequency of oil distribution in nanopores before and after SI (b)
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