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Evaluation of damage mechanism of gas field produced

water based on nuclear magnetic resonance technology
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(1. No. 3 Gas Production Plant , Changqing Oilfield Company , PetroChina , Ordos 017300, China ;
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Abstract: Produced water reinjection is an effective method for the treatment of produced water in gas fields in
China. However, due to the differences in the treatment effects of different processes, the untreated suspended solids
in the produced water cause varying degrees of clogging damage to the reinjected formation. Using laser particle size
diffraction analysis technology, indoor physical flow simulation experiment combined with nuclear magnetic reso-
nance technology, the laboratory simulation experiment of produced water re-injection was carried out to quantita-
tively evaluate the damage degree of produced water suspended matter to core samples, to clarify the treatment ef-
fects of different processes, and to reveal the formation blockage of re-injection damage mechanism. The experimen-
tal results showed that the particle size of the suspended solids in the produced water of the gas field was the main
controlling factor affecting the plugging degree of the reinjection formation. And the experimental results showed that
the particle size of the suspended solids with blockage damage is mainly distributed in the range of 7.65-52.62 pum.
The combined process of demulsification, oil-water separation, sedimentation, air flotation, cyclone separation and
filtration had the best effect. The average particle size decreased rate was 76.31%, the median decrease rate was
77.46% , and the formation permeability damage rate after reinjection was only 2.16% , the porosity damage rate was
reduced to 10.77% , While the “settling and oil removal” process was less effective. The nuclear magnetic resonance

results showed that the blockage degree of small pore throats was 24.15%, and the overall pore throat blockage de-
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gree reached 24.18%. The permeability damage rate was 26.09%, and the porosity damage rate was 13.64%. The

comprehensive analysis showed that the larger particle size suspended solids in the produced water was the main

reason for the blockage damage of the reinjection formation. According to the physical characteristics of the reinjec-

tion formation reservoir, the targeted improvement of the treatment effect of the large particle size suspended solids

was the extension of the time. Reinjection formation life is an effective method to achieve efficient reinjection of pro-

duced water in gas fields.

Key words: produced water;nuclear magnetic resonance ; treatment technology ; reservoir damage ; Sulige gas field
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Indoor physical flow simulation experiment grouping information and core parameters

A BT S ESRN TR TKAEEZE AL WIHB EHI(107 pm?) W URFL BRI /% KB Jem
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LRI+ P g 141 _

1-2 IbH S 2.18 11 10.12
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WU RE B i+ — 9 g 5241
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3-1 Kb H AT 7.32 17 9.56

LR T+ — 2 %34
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TR Bl + 9 g 5541
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Fig. 1  Indoor physical flow simulation experimental process
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Table 2 The average and median particle sizes of the two types of water samples were re-injected in each group of experiments
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Table 3 Statistics of the mean, median and maximum particle
size reduction rates of water samples in each treatment process
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Table 4  Average suspended solids concentration and oil content of water quality in each treatment process

WERT S| IR A BEY/(mg-1L7") M/ (mg-L™") BIE AR % 0T B 2/%

Aib B R 198.84 193.26

LREBR 1A 17.41 30.57
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. b H 269.64 181.78
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ER AT 1 S R e 61 06 4 56.20 53.18
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N Rl
KHK % M ZE M EiEF (30 7K 7 125 7T 8 52 V1 | ] 15 0|
LA ‘
B TR Y IZ e T 5 YT T o 2 T T | SRR I ] i{tﬁuﬂ%mﬁﬁu
2 ST HEDT EHETt
e 2 iy 17 e 15 T | {5 Y K G | BEER] pHIE ]
A
J m Tl
[EIFES ALK HE | TR A || e— K
~ m—) |5 E
R YRR — 7

) 12

2 “HELHHAKRSBHRERM-SFEERS B LR LEIZRE
Fig. 2 “Demulsification+oil—water separation+sedimentation oil removal+air flotation+cyclone separation+filtration” treatment process
JEBER LB SE A R RS AR K O TR R L, S MU I S R
x5 ENYERIRULEER

Table 5 Experimental results of indoor physical flow simulation
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Fig. 3 Distribution of particle sizes of produced
water before and after treatment in Group 1
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Fig. 4 Distribution of particle size of produced
water before and after treatment in group 5
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Fig. 5 Distribution of particle size of water samples
before and after treatment in groups 2~4

F P S AT HL, BT O AT SRR A M A AR T
25 21 52 56 R [ B IR K B TR R AR AR B AR B
i 3 3R S5 o M BB B R AR A R AR X ] I B4y
Bt SR 0 K A2 ) SR AR BN | RDE SR
I 10 T BN 5 L B 4 2 S0 06 SR HE KR AR 35 (E
/N, 0 R B O R T R B SR/ S A LS
[ E 5 O W IR B 5 2RO 6.5%107 wm?; 45 3 40 526 5%
K B BB AR R 3.33 um, Ak FRECR AR T 0T
BRI " T2 5 55 3 40 S 56 B 21 O W iR B B %
7.32x107 wm?, XF LU 45 2~4 2H 52 5 bL 42 1 45 101 0
FD BT RN TG R H K R R R R AR R
M) b )22 45 R ) R B B



Tl K A3 2023-05,43(5)

MR, % T A AR BRI R E R B K xR e 45 E L

BER TR LB T R SR A2 R E X
A 6 s .

35
30
25 ¢
20 b
15+
#)

K10}

TR

O A D0 0 A0 DN 0
%.Q %'Q f\,;" r\’b \\.\ \r{.\ \,\’\ \c;) \‘)b \Q,Q
K tH K BRIk AR um

A N 5 O 9
NN N XY 5 S
AR A

v S > D
ORI
Tt A BT R B am
Blo BBEXRTHIRIIBETERXRSEFVHEREXR

Fig. 6 The relationship between permeability decline

rate, porosity decline rate and particle size scale
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Fig. 7 The NMR curves of the produced water before and
after the reinjection treatment in the first set of experiments
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0.01~705.48 ms, {E 9.32 ms &b ik 2| 43 FLAH , 280 i 5
il 28 B R R I S a0 EE S 00 T R 2 A% g 3t
PRl 2%, & B 1-2 5 25 0 B B /I L R B 2E R
24.15% , B K AL Wk 35 JE Ay 24.23% , K 3K HE RNy
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Table 6  Group 1 experimented with the
degree of injury to hole throat blockage

HO T FLIE 2 A FUMEAM AT I il /ms SHSETRIE 1%
A /INFLIE 0.01~9.32 41.62
1-1 BRALIE 9.32~705.48 25.37
A RFLIE 0.01~705.48 35.52
B /INFLIE 0.01~9.32 24.15
1-2 R AL 9.32~705.48 24.23
AL 0.01~705.48 24.18

2% 6 nJ 0, Ak BRI Y SR H K Il S X 3 /N FL
e 1) 3 FE R B R A B R R M K Il v S5 5 A 35T AH
o, R T M B/ AL 3% JE R 1h 41.62%
TR E 24.15% , B K FLME I SE 38 B 25.37% % &
24.23%, 3% FEF G 35.529% T W& 24.18% . “ LI
Bk il T2 X ] BT SR A — a2 I A BSR4 4ib
RIS B KA 3 5 S SR — R T . Ab
BRI SR K B OE YA 5 A BN LW AL TR B
FE A PRI R K B TR ORL A R B R B R
NFLIE AL 3 FE R B T o, DA 415 8 f 49 5 7
BHTHEN TR,

3 #ig

(D FETHOCK T T SO AR T 2R
IKEFEHA TRAR 3T PR B/ IME R 3.02 pum, A
AR 2.43 pm; FERAR R KR 19.09 pm, H1{H
719.94 pm,

(2) 3 35 X AS [] A B T 20 R K B R L il
HEFT N, 25 PP AT O 2L+ K 43 B+ DR BR
T+ TR+ 2 B+ 8 7 A P T AR e, B R
YL BRF N 56.20% , &R BE R 53.18% o TLRE [
M T AR 2% BIR W A BR RN 17.41% , &
TR H30.57%.

(3) 2R H 7K v B ) RO A RT3 AR Ml e 2 6 1l
FILBREBSER TN ERENEZEZ — BFYEEY
TERINFLIGEA T iU 96 5 38 iU )2 L8 T R 2R
S FIE 7.65~52.62 pom, i 3 XF 12.99~52.62 wm [
TEYRLAR 53 A SR K AT A RO B B0 b 2 | s
M JZ 5 15 R 405 E R0 36.82% [ 2 26.09% , FLBR
155 % R 18.18% [% % 13.64% .
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(4) F1) A% 0 T IR AR X B i 250 BLA% SCH H
Y TURE BRI T 2 KRR AT 20 M7, 483 b 38U Y K
FE B /INFL G b 3% S R 3 bR 41.62% T B§ 5 24.15%,
R LMk 3% SE R B 25.37% F [ & 24.23% , B 1k
FL UG B FE L BE 1 35.52% T B % 24.18% . % T. 204k
PR A 2 X 0] 3 b )23 0 9 AR A
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