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Abstract: Thanks to its obvious advantages in reservoir parameters calculating and fluid identification, the nuclear magnetic
resonance (NMR) logging method is becoming popular in reservoir evaluation. In low permeability reservoirs with complicat-
ed lithology and pore structure, however, NMR logging faces problems of low signal-to-noise ratio signal and difficulty in pa-
rameter calculation of physical properties. A series of NMR simulations of samples with different fluid properties and litholo-
gies are carried out under different acquisition parameters to recognize the characteristics and influencing factors of NMR re-
sponse. An NMR porosity correction model, based on the lithology unit and simulation results, is established to improve the

calculation efficiency of porosity. The results show that the NMR responses of low permeability rocks are apparently influ-
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enced by pore size, acquisition parameters such as the echo time and waiting time, as well as the fluid properties. The new

calculation model of permeability, established based on the echo amplitude, does not need time-consuming inversion of the

echo train, therefore greatly improves the efficiency of permeability calculation.

Keywords: low permeability reservoir; NMR experiment; reservoir parameter; porosity correction; acquisition parameter
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Fig.1 Porosity and permeability histograms of experimental cores

2 KWERSW

2.1 [EiBERERMEREE T, ST

A0, M 2R 46 1 IR A A5 5 Sk [l R S
REARE] T, 34, W & T FEEE R, H
SRR FNEHE T i B A T, A AT R G 3
PRI B R S AL, X H @ A O 5 KBS 0

A A% L IR [ 30 15 5 A0 LA 8 0 i 1) A A iR
T, W AT RS 3 e U A% G FE IR A 1T £ £ M LE
%, 155 B B /N HLAR DRl oy M P 5, T, A o
EAHR SRR, FEAEPTE 10 ms N, LIS A7
F R R A o B 7 LUK, W] Bl /N AT
K HA B R R A AR, BB Oat)s T, 157
TElREEARXT BN 2)



43K H1M TR, ARG E A AR R I S A - 55

- —— RBELEOWSRE —— WA LE NS’

T _ § 1.0 e gl
6000k 0 9-11.88%, §=0.29x 10 *pa® BB OEORA R —— O N A
—— WHE L P=21.74%, k=34.98x 107 pm?
Tw=6s, Tg=0.2 ms
xR
S~
#4000 L
|nE R
E m 0.5F
= &
2000 =
0 0
0 200 400 600 800 1000 0.01 0.1 1 10 100 1000 10000
i 7]/ ms I8 8]/ ms
()EIE (b T, %

2 EREOCSREESOHZREIEIRESIILL

Fig.2 Comparison of NMR signals between conventional and low permeability cores
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Fig.3 T, spectrums of A1-A17 core under different echo spacings
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Fig.4 T, spectrums of A1-A17 core under different waiting times
251 25F
n A 2MHz, Ty=6s, Tg=0.1ms n R 2 MHz, Tw=6s, Tg=0.2 ms
o ANEERIRE o ANERAA
20 & HRPE 20 A4 HRPE
v EERR A v SERE *
= o BRRBDH ® o BRRH
Wos| « NHEDHE sl + NEDE
& = “
10+ 10+
X &l X A
5k 5k
*
v ¢ v, ”
0 1 1 1 1 J 0 1 1 3 1 I
0 5 10 15 20 25 0 5 10 15 20 25
B FLBR BE/ % B L BR BE/ %
(@)l ] K% 50.1 ms (b) I3k ] K& 50.2 ms
25¢ 251
n R 2MHz, Ty=6s, Tz=0.3 ms n R 23 MHz, Tw=6s, Tz=0.6 ms
o ANERWAE o ANEERE
20 & HRE 20 & A 6
v SRR E v SRR E .
® o BRREPE # * BRRDE °
o5l x NEDE 5L o« NEHEDE
& & “
5 5 :
10 10+ 4
N o i ‘AA 4
A A
5 5k
<
0 1 1 1 | 0 1 1 1 1 I}
(1] 5 10 15 20 25 0 5 10 15 20 25
WU 7L BR BE/ % R 7L BR BE/ %
(c) IS IR ~0.3 ms (d) [l %% 8] k% 290.6 ms
25 25+
. RE 23 MHz, Ty =6s, Tg=0.9 ms s R 2MHz, Ty=6s, Tz=1.2 ms
o RNERLRE o RNERHE
201 4 DA 20F A diEbE
v WA - v SERE .
L1 e BRDE o L 1. BRBH .
B« NERE . sl o« NEDE .
& &
# I.. ﬁ L | "
§ 10} . § 104 .-
- ™ A « " A
= A
sk . RS sk . A AAAA i
0 1 1 1 1 1 0 < 3 1 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25
I 7L BR BE/ % R0 7L B E/ %
(e) [FI E R 50.9 ms (f) 1Bl AIREN1.2 ms
Es5 FAREKERTESOCZEERILEES EUARENXR

Fig.5 Comparison between fluid saturated porosity and NMR porosity under different echo spacings
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Fig.6 Comparison between corrected NMR porosity and fluid saturated porosity
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