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Quality limit of effective injection water in
low permeability reservoirs
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Abstract: Injection water is the main way to supply formation energy in the low permeability reservoirs , and water quality is
the key influencing factor of water flooding effect. Related salinity index of the injection water was not proposed by the rec-
ommended specification of the injection water quality using in the low permeability reservoir. There are no standards for di-
viding the reservoir with permeability less than 10x10™ wm’. The throat distribution difference and the contribution of the
dominant throat to the permeability were analyzed through constant velocity mercury injection experiment, and the key
throat intervals influencing injection water effect in different permeability reservoirs were obtained. The effects of clay parti-
cle migration and hydration expansion on seepage capacity were analyzed quantitatively. The limits of water salinity , parti-
cle size and particle concentration with different permeabilities in the low permeability reservoir were initially proposed by
laboratory core physical simulation of water flood combined with throat distribution. The results show that if core permeabil -
ity is lower, the injection water salinity is closer to the formation water salinity ; the damaged degree on reservoir seepage ca-
pacity is deeper with larger particle size or higher water particle concentration.
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Tablel  Proportions of different throat radius and the corresponding penetration contribution rate in different permeability cores
i Wi A2/ N T 1 M T~ 2 um WA 2 ~ 4 MR T 4 pm
li)l?fn/ WEIERT I BERERM MRIERR A BER AR MRIERT S BB AR MRIEFT S BB AN
et % TR, % Hl, % DR, % He, % DUHRAS, % He, % TURE, %
0.08 100 100 0 0 0 0 0 0
0.38 84.65 41.32 11.28 28.08 4.07 30.60 0 0
0.82 57.78 28.47 38.70 55.68 3.52 15.85 0 0
1.26 38.67 8.94 46.13 44.32 15.2 37.74 0 9
2.86 40.69 9.62 42.28 48.58 17.03 41.80 0 0
4.05 40.72 8.56 40.39 34.64 10.28 30.49 8.61 26.31
7.44 21.19 5.66 24.18 17.99 42.00 45.99 12.63 30.36
9.32 15.15 3.21 20.64 12.28 48.85 50.22 15.36 34.29
18.56 8.42 1.08 15.37 7.99 35.69 31.85 40.52 59.08
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Table2 Content changes of clay minerals and each component before and after water flooding

‘ A% T
BB \ R WA A Y %4
10° ' KERET KB
JK IR i IKIR )5 JK IR i IKBR e TR BT TR e TKBR T TR e
0.08 20.4 18.0 61 61 11 11 3 2 25 26
0.15 18.1 17.9 60 62 16 11 2 3 22 24
0.38 9.7 8.8 77 80 12 11 4 2 7 7
0.88 9.0 8.1 71 70 8 16 2 4 19 10
1.26 12.1 11.5 62 63 9 8 4 4 25 25
3.05 14.0 12.9 41 45 8 8 8 6 43 41
4.81 12.6 11.8 50 50 15 8 4 4 31 38
6.23 25.8 24.5 28 34 9 5 4 4 59 57
7.44 21.4 20.5 44 53 13 11 11 4 32 32
9.12 24.4 23.1 43 52 7 9 6 4 44 35
18.56 18.1 17.2 68 73 14 9 7 2 11 16
31.55 19.9 18.4 52 45 8 9 3 5 37 41
SESE 17.1 16.0 54.75 57.33 10.84 9.67 4.83 3.67 29.58 29.33
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Table3 Experiment result of injected water with various salinity injected into various permeability cores

BIEF N 0.38%107 pm? BIBHRN 1.26%10°

3 2
pm

BIBRNT7.44%107 pm’ BIBEHE N 18.56x107 pm’

EAK  pmx g ke BsF OWE kb BER BFR kit BER B ki
B, % iE%.,% Wk.% B,% E%.% ke % E%,.% Wke 2% B%.% Bk %
HiJZK 23.4 23.4 0 13.8 13.8 0 8.7 8.7 0 52 5.2 0
347K 30.1 23.4 6.7 19.5 13.8 5.7 13.8 8.7 5.1 8.8 5.2 3.6
12MZEK 427 23.4 19.3 30.1 13.8 16.3 23.5 8.7 14.8 15.4 52 10.2
4lzK - 613 23.4 37.9 483 13.8 345 35.9 8.7 272 25.4 52 20.2
ZEARK 88.4 234 65.0 70.1 13.8 56.3 54.1 8.7 45.4 413 52 36.1
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Table4 Experiment result of suspension with various

diameters of particles injected into
various permeability cores

i T EEE N
EAK ————— DT s s
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f/um 0.38x 1.26x 7.44x 18.56x
107 pm’ 107 um’ 107 pm’ 107 pm’
0.25 30.1 13.3 9.6 5.8
0.5 48.6 23.1 15.9 11.5
1.0 74.1 43.7 27.3 19.5
1.5 95.1 61.3 36.4 24.8
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Table5 Experiment result of suspension with various

concentrations of particles injected
into various permeability cores

N % B X HooFE

BE/\ZK (;j priis }: ?J'—! e }: , %

BRI gl pEEN  BERN  BERN

HIKIE,  038x10° 126x10°  7.44x10°  18.56x10°

-1

(mg -1, ) Mmz Mmz Mmz Mmz
05 28.1 18.2 12.4 8.7
1.0 54.9 354 29 16.3
15 79.6 50.8 322 218
2.0 953 65.3 40.7 282
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Table6  Reservoir parameters and injected water quality
limits of the low permeability reservoirs

BB/ EWMEIE  FAKE UG R AN /b A gt
107 wm’ Srfilum  FREEREEL &/m JE/(mg-L™")

<1 05~1.5 1 <0.3 <0.5
1~5 0.8~2.5 0.8 <0.6 <0.8
5~10 1.5~45 0.56 <0.8 <1.0
10~50 20~6.0 0.48 <15 <1.8
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