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Abstract The pore throat structure of the Xingzichuan ultra-low permeability reservoir is complex, the size is small, and the
micro-heterogeneity is strong, which leads to poor water injection. In order to solve this problem, water flooding experiments
were carried out using nuclear magnetic resonance (NMR), and the variation of T2 relaxation time of core samples with different
physical parameters under the same injection volume multiple. The T2 relaxation time corresponding to long and small pores
is relatively short. The physical meaning of the T2 relaxation time spectrum in reservoir physics is the proportion of pores with
different sizes in the total pores in the core. Combining with the physical spherical pore and capillary bundle model, the T2
relaxation time obtained from the experiment is converted to the half diameter of pores in the test sample, and the pore radius
distribution of the core sample and the change of oil saturation after water flooding are obtained. The experimental results show
that: the displacement efficiency of No.l, No.2 and No.3 samples at 4.0 PV are 62.1%, 57.4% and 72.8%, respectively. Among
them, the displacement efficiency of the No.3 sample is the highest and the remaining oil saturation is the lowest. Therefore, for
ultra-low permeability reservoirs, it is not that the higher the porosity and permeability, the higher the displacement efficiency,
and there is no positive correlation between the porosity, permeability and oil displacement efficiency of rocks; on the basis of
the nuclear magnetic resonance water drive experiment, combined with constant velocity mercury injection. The micro-pore
throat characteristic parameters of an ultra-low permeability reservoir are analyzed, and the average pore radius, average pore
throat ratio and average throat radius are studied. The experimental results show that the maximum difference of the average pore
radius of three test samples is less than 3%, so the average pore radius is not the main micro parameter affecting oil displacement
efficiency. The oil displacement efficiency is mainly affected by the average throat radius and average pore throat ratio. For
hydrophilic reservoirs, capillary force is the driving force. The smaller the average throat radius is, the larger the proportion
of small throats is. The dynamic effect of capillary force is stronger, the imbibition effect is more obvious, and the higher the
oil displacement efficiency, the larger the average pore throat ratio is, the stronger the heterogeneity is, the greater the seepage
resistance of reservoir is, and the lower the oil displacement efficiency is. Therefore, for ultra-low permeability reservoirs, the key
to further improve the effect of water drive development is to understand the distribution of pore throat characteristic parameters,
optimize the synergistic effect of imbibition and displacement, adjust water injection parameters and reduce the influence of
heterogeneity on the seepage field.

Keywords
tics; average throat radius

constant rate mercury injection; pore throat characteristics; nuclear magnetic resonance; water flooding characteris-

doi: 10.3969/].issn.2096-1693.2020.04.047

RN I3 A Xk KBRS KB Tam A A TR E PEAE
R IAREA T LUE i T2 15 B4 AR AL 37

0 5l

A5 )1l X AR SRR 22 S PR AL b e, 32
THIE R 6 JE MR RB M )Z, HALBRE R 4i
ANEL/INFUME T o5 FLBR AR BR L, 52 B OUEAE 2 T
PESR BOHE L, AROR IR 1 3% XS KT R RCR,
PR JR FLIMAF A X 7K SRR B WL IS b2

T AR A BN S A RLLETERHR S fif2
HEAT T BB W, KN RGN RIS I TE S
WA, RHRE IO & AN T 200835 WA T2
JEMRAS PV X A I T 8 )2 HEAT T 7K BRI 5250
UK BRI 7 A 32 FLBR S5 4G B2 e, B AR 5 )=
Ptk SUMER A B IEA GG AR, Jhat ) R
fE . BRI VAT AR R R (OO X S 3R A 5 A
TR0 3 AT 25 T Z O 2P L IR L 3l
IKEERE L R AR R0 o BT T A B T~

o3, CLEmHIF B P A BT Y, o
WFFE il IR AL T 2R T Bz — . (HR H AR
R HE AR 55 5T R T R FLIM AR A X 7K SR B T 5T
B, T, AT TR R MAZ R AR K
R sEEe, TRAIT T LIRS RS k= 2K 3k
BRI

1 BRI R h s

11 FeESE R SEWIRT

PG A 7 N1 3 XA 6 i )2 I 4+5 £ )2 30 B
OO R eI G g R, R E R A X A A
0.052~0.805 mD, F-3S B %% A 0.28 mD; FLKEE



AT RIS i 2 AL R X K 3R s e L S LA 7Y

543

I3 IX I8N 9.8%~17.7%, FIIFLERE N 13.65%.
AT AL AN [R5 125 28R/ INE B R S A o =
Pe, 3 = Here g PO AR 2 AR o B T T R
A% 0 3 I 9K R S 6 A R R S, HL P R i S R
OK: S RE A G o sl #2 L #3, X FE
ORI FE ST o R # L #2' L #3 . ARSI
TR AR 25 AT A 7 IR T S 0 52 65 R P 9K R e
¥1°4 0.01 mL/min, BITIKEREECH 4.0 PV, FrRH
TR MR AR R ZE IR K, (PR A TR B SR FH o vk
N 6.0%. WAL N 2.5 % 10° mg/L 1) 4 4k %% (MnCl,)
B R, IR AR TR AR o (ol (R IR TS BN
45.20 mPa-s), W%REHARIRES S i SL A A A UK
HEEFEARGSEINR 1 s .

12 SSBRREREE

RIAZ RS IR A B A . K i U7 1
MG B R R PATRE RO AR5, FERE
SIS, (RS IR T, XA IR Bk A i iR
WER, EafEEm BRI R g, —A
R, I HHE SR RN SRR NS A
JEF U AR T Ak B8 FL B 23 TR R/ B FE e X — 4
P, AT LA £ 3K e i R AN ] DR/ LB R A O
PRI . Kot A5 5 St ] LIS 2 T2 3%, ek
T[RRI RIS RT 5 B He], T2 3% b b BRI a4
KA IR LT il TP R B R A, T2 %
bt R S ] AR 18 S 0 X 7 TR il R AR 5/ N LB
FRURAR B2

TR R R SR A T il 2= A OO P LR 2544
FHIE A H HBOR Z — o G 1 i S ml LA 21 e
BRRIFLER . il RN R A . fLIREE RN, BT DL
PEFLBURIGRIE i) B A T S 2, AR H 15 T FLBR A
MRIEE BB RARIR . B IRE E)Z, RER
A2 T MASE i R P ) S A FLMARAE 1219

1.3 THHE
X bR = B REIEA T K IR IR AL LB, FE IR TS
B 15 FH 6% ) MnCl, %5 A0 FIEE &, X MnCl, i

R1 BEHREREIEEREMIERIBRERR

TG HEE Mo BE 1, I 5K 7 BRI
K5 B T SRS 1R], DTSR A it R KON A%
PEALIR SIS0 0 R S 1] BRI R A
FIF [0 X st TR o i) ) S0 1, A9 el 7 00 90 57 B
FTOREscssy . HARSCRP BRI

() REPRAEMAE ARG AR N, PR R IR A
SR, EATHROOIRBTIE, BENKYE . O RS

=

5

(2) AU LS A N R A 28K, B A Tt
FPRREFER T2 M, - RE S T2 s BRI a]5 ;

) B L JE Hy 2.5 x 10° mg/L ) MnCl, ¥4 W 9K 5
Fr T ZRAR AR TR R T2 T, WSR2 A5 B
B EE S

(4)TEAJEIH L 0.01 mL/min 738 3K 25 A RE AL
B MnCl, ¥, 87 sRAK R B S50, AR5 i T
Bt e T2 M, 1058 T2 1%

() FE1E AT 1LJE M 2.5 x 10° mg/L B MnCl, I i
L 0.01 mL/min 3 B #E17 K 9K 5250 . SRR A SR
4.0 PV, [FIRFEATAR RN ARG EOEA T R A i A
JE B A RS DA EER T2 it

1.4 ARFENEEUKIKH T2 1%

I A B e I A5 A A #1 . #2 R 43 AE AN [R] B
f55%50(0.4~4.0 PV) 244 F I T2 1092 ig g, Wi 1.
B & 1(a). (b)Fi(c) T LLE th, #1 Fi#2 54 5 T2 {H
SRS, #3 SR T2 HERIEER 3, LB K
/NI BRLIEE SUE AT A LG R s K IR fE v, =
HURE i B T2 (EREE A PV AU K, X380 R 1)
T2 (EAE S 3R T REIR R, B SR A A 1
T2 N BEIR 23 B> ) a8 #3 SR
5w SRR, S#1 SHEMMEALBHE,
HJRE#3 SR S Y T2 (ERE AR T BRI 2 Rk

1.5 KIKHIREL RS

R ] P 27 B Y 4 5t 40 ek ) A 55 AL AR 23
A A OG 2 1), AT LA R il IR S B A1) T2 3
FeA LB AR A

Table 1 Basic physical properties and experimental information of NMR displacement test samples

eI FLBRJE /% BB /mD YRR B2 /(mL/min) EAMGEUPY
#1 15.1 0.805 0.01 4.0
#2 11.0 0.174 0.01 4.0
#3 9.8 0.228 0.01 4.0
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Fig. 1 T2 spectrum of water drive oil under different displacement volumes
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Table 2 The characteristic parameters of pore — throat structure in constant — speed mercury injection experiment
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#2110 0.174 179.328 1.801 159.843 0.254 28.5122 0.317
#3’ 9.80 0.228 177.005 1.217 145.430 0.384 18.8744 0.304
oy P . . .
#1° 15.1 0.805 0.495 4.306 30.38 28.52 11.421 9.333
#2110 0.174 0.462 4.293 32.19 22.01 44.208 2411
#3’ 9.80 0.228 0.453 0.123 23.55 27.52 42.209 2.526
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