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Table I Main physiochemical properties of tested materials

pH (uS/cm) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (g/em?)
8.6 3560.0 14.8 23.1 144.0 2.9 5650.0 1.27
8.0 59.9 0.7 5.7 473 17.8 116.5 1.13
6.4 4607.0 24.5 240.6 1791.0 335.0 1 868.0 0.33

1.2
2 mm ( 2
3 2 cm
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Table 2 Design of experimental treatments

C ) (g/em’) (G (g/em?’)
CKI1( 1) 1.27 Bl : =10:1 1.25
CK2( 2) 0.33 B2 : =10:2 1.25
CK3( 3) 1.13 B3 . =10:4 1.26
Al : =10:1 1.10 Cl1 : : =10:2:1 1.02
A2 : =10:2 0.94 C2 : : =10:2:2 1.06
A3 : =10:4 0.75 C3 : : =10:2:4 1.08

x3 BUABEMEEERE

Table 3 Heavy metal contents of different treatments

Cu(mg/kg) Zn(mg/kg) Ni(mg/kg) Hg(mg/kg) As(mg/kg) Pb(mg/kg) Cd(mg/kg) Cr(mg/kg)

CKl1 25.0 101 37.3 0.086 6.15 9.75 0.086 37.8
CK2 66.2 255 443 1.040 6.20 49.90 0.628 115.0
CK3 27.1 78 30.2 0.148 14.70 40.20 0.064 50.4
Al 29.0 112 31.8 0.165 6.77 3.68 0.215 50.1
A2 22.1 110 32.5 0.143 9.02 29.40 0.182 37.0
A3 36.7 160 36.9 0.479 6.35 3.56 0.295 56.5
Bl 21.1 119 23.8 0.087 6.89 19.60 0.207 30.5
B2 223 95.8 25.4 0.093 8.54 471 0.184 40.8
B3 19.0 89.9 25.5 0.096 8.35 19.80 0.174 42.9
Cl 26.3 130 323 0.343 7.65 5.67 0.188 48.0
c2 29.2 135 29.6 0.268 7.78 3.50 0.239 50.9
c3 21.1 116 29.2 0.205 9.19 7.08 0.184 46.1
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Table 4 Bulk densities, pH values and initial total salt contents of artificial substrates with different proportions
(g/em?) (g/kg) pH (g/em’) (g/kg) pH
CK1 1.27 14.78 8.40 Bl 1.25 13.50 8.63
CK2 0.36 24.50 6.32 B2 1.25 12.43 8.49
CK3 1.12 0.69 7.60 B3 1.23 10.75 8.42
Al 1.10 15.66 8.35 Cl 1.02 15.19 8.18
A2 0.94 16.40 8.29 C2 1.06 14.16 8.14
A3 0.75 17.56 8.01 C3 1.08 12.47 8.07
2.2
B1 ~
B3
CK1
221 1 25.59% ~36.49% C1~C3
Al ~A3
CK1 53.08% ~ 79.62% =7
[23-24] [25]
2.3

[26]
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Fig. 1 Average infiltration rates of artificial substrates with different proportions
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Table 5 Desalinization rates by leaching of artificial substrates with different proportions

1 2 1 2
(8 (8 (8 (8)
CK1 20.70 £ 1.31 7.14+0.51 Bl 17.16 + 0.41 7.96 +2.23
CcK2 2.86 £ 0.66 2.77 £ 0.64 B2 17.27 £0.30 6.43 £0.28
CK3 0.49 + 0.08 0.33 £ 0.06 B3 14.03 £0.77 6.17£1.23
Al 1533 + 1.41 10.06 + 1.41 c1 13.78 + 0.70 7.2140.29
A2 13.05 + 1.02 7.49 + 0.08 c2 1328 +1.23 6.77 +0.74
A3 9.75+2.17 6.22+0.70 c3 10.21+1.33 7.71 + 1.06
44.37% 13.63 g/kg Al ~
2 CKl1 A3
1 g/kg CK1 67.38% ~ 919.65%
94.72% CK2 B1 ~B3
CK1 2 g/kg Cl1~C3
25.00¢ Ry S g AT O Wit
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2 15.00} — M h =
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ookl BR o Led B OB e O R
CKl CK2 CK3 Al A2 A3 Bl B2 B3 CI (2 C3

b3
B2 MAMEEAEERMBERESHALEE

Fig. 2 Desalination rates and residual salt contents of artificial substrate with different proportions after two times of washing
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Physical Properties and Desalination Effects of Artificial Substrates
with Water-base Drilling Cuttings as Aggregates

ZHANG Chun', GAO Haochen®*, ZHANG Silan', LIU Guangmingz*,
CHEN Keping', CHEN Jinlin’, ZHOU Zejun*
(1 Chongqing Environmental Protection Center for Shale Gas Technology & Development, Chongqing 408000, China;
2 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3 Co-Innovation Center for

Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210008, China; 4 Jianghan Oil-field Branch
Company, SINOPEC, Qianjiang, Hubei 433124, China)

Abstract: In order to explore the feasibility of soil utilization of water-base drilling cuttings from shale gas field near
Southwest China, the cuttings were mixed with decomposed sludge and/or local purple soil with different proportions to form
artificial substrates, and indoor simulation experiment with twice quantitative washing were conducted to study physical
properties and desalination effect of the artificial substrates. The results showed that the addition of decomposed sludge had a
significant effect on physical properties of artificial substrates, with the proportion increase of decomposed sludge, the original
salt contents increased and the bulk densities decreased. Twice quantitative washing experiment showed that the addition of
decomposed sludge significantly reduced the average infiltration rate of the artificial substrate. After twice washing, the
desalinization ratio of each artificial substrate was larger than 70% except for drilling cuttings: decomposed sludge =10 : 2,
drilling cuttings: decomposed sludge =10 : 4, drilling cuttings: decomposed sludge: soil=10 : 2 ! 1; the remaining salt contents
of other artificial substrates were lower than 2 g/kg; pH values varied from 8.0 to 8.6. According to average infiltration rate, bulk
density, pH value and salt content, after twice washing, the artificial substrates with water-base drilling cuttings as aggregates,
decomposed sludge and/or local purple soil have better key physical properties.

Key words: Water-base drilling cuttings; Desalination; Soil utilization
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