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Fig. 1 The shale characteristics of Carboniferous Dawuba Formation and Cambrian Niutitang Formation

(d) BOKA BT RINA TR ZICA IR OTUE 42 AT 58 2

(a) Cambrian Niutitang Fm. black shale from Kaiyang, Guizhou Province; (b) Thin sheet black shale of Cambrian Niutitang Fm. from Kaiyang,

Guizhou Province; (¢) Carboniferous Dawuba Fm. black shale from Huishui, Guizhou Province; (d) Thin limestone with interlayer black shale and

deformation of Carboniferous Dawuba Fm. (Upper) from Huishui, Guizhou Province
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Table 2 Trace element data of the black shale of Dawuba

Formation in Guizhou
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Table 3 Hydraulic fracturing fluid formula for shale gas
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Table 4 The grow of test samples for immersion test
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Fig.2 The element separation of Cambrian Niutitang Formation shale in fracturing fluid (Abscissa for time: year/month)



5% 4 1 Wi AR 55« DN FER R AL B R TUAE SRR FREE 52 0 43— LA A B S 0 R0 T J= 3002 441) 1005
*5 NERBRTESERNVERE (/L)
Table 5 The element contents immersion test liquid ( pg/L)
ﬁ H¥A | Ti A% Mn Fe Co Ni Cu Zn As Se Sr Cd Ba Tl Pb
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t 15-11 | 2.55 |16.93 | 414.70 | 2346.45 | 44.10 | 599.60 | 5.33 | 232.00 |{10.54 | 6.28 |316.80| 132.36 | 23.19 |16.01|2.33
1601 | 2.46 |15.21 | 406.90 | 2364.33 | 45.24 | 600.10 | 5.19 | 209.00 [10.07| 5.92 |320.70| 132.31 | 21.62 |16.36| 2.10
15-01 | 0.80 | 0.01 | 54.59 22.23 16.73 95.25 2.20 4.99 |0.19 | 1.69 |283.90| 100.01 | 19.92 | 0.12 | 0.75
2 1503 1 0.93 | 0.79 | 145.80 93.92 22.34 |1 103.50 | 10.04 | 4.08 | 0.25 | 3.49 |194.80| 100.95 | 12.92 | 0.14 | 0.73
! 1505 | 1.09 | 1.39 | 143.10 91.56 26.03 | 125.70 | 9.57 9.70 | 0.37 | 3.25 |267.90| 514.17 | 13.01 | 0.22 | 0.70
| 1507 | 3.40 |14.10| 142.22 | 1563.00 | 31.82 | 508.60 | 1.59 | 91.62 | 7.30 | 4.05 |513.20| 505.50 | 89.77 |24.55]| 0.88
i 15-08 | 4.41 |21.56 | 156.40 |27860.00 | 71.98 |1080.00 | 5.08 | 263.90 | 8.60 | 3.95 |557.90| 283.49 | 48.50 |38.10| 0.77
ﬂ 1509 | 4.82 |18.69 | 147.00 |30850.00 | 85.21 |1077.00 | 83.12 | 247.80 |11.15|3.92 |320.10| 133.07 | 33.34 |33.89| 1.37
LS 15-11 | 4.29 |23.08 | 161.86 |50710.00 | 53.44 | 817.20 | 1.52 90.70 [16.47| 4.14 |198.90 | 130.47 | 19.20 |17.28 | 1.41
1601 | 4.04 [20.93 | 123.60 |45550.00 | 53.31 | 811.70 | 2.50 94.48 |14.89| 3.90 |220.40| 130.74 | 17.30 |18.20| 2.95
1501 | 3.27 | 6.55 | 108.40 | 1187.00 | 108.40 | 184.00 | 3.38 | 42.60 | 3.30 |4.97 |377.40| 0.57 32.29 | 7.93 | 0.46
3 1503 | 5.35 1 9.76 | 379.50 | 1964.00 | 379.50 | 553.40 | 6.76 97.40 | 7.22 | 6.58 |260.80| 2.52 32.14 |21.421]0.67
! 1505 | 5.55 | 8.94 | 509.90 | 2375.00 | 509.90 | 535.20 | 6.73 | 89.74 | 6.41 | 6.03 [347.20| 2.62 109.20 |30.30 | 0.65
o 1507 | 3.80 | 9.30 | 779.90 | 5935.00 | 779.90 |1038.00 [2790.00| 716.00 | 7.52 | 9.76 |731.80 |2249.00 | 26.04 |37.48|10.17
ﬁf 15-08 [26.33 | 84.22 | 1534.00 |287400.00| 1534.00 | 4179.00 |6877.00|3679.00 | 18.78 |26.95 | 651.60 | 8281.00 | 11.52 |33.43|13.74
gii 15-09 |31.57 |87.47 | 1645.00 [303500. 00| 1645.00 | 4330.00 {7175.00{3979.00 |25.08 | 26.70 | 684.70 | 8532.00 | 10.67 |30.58 |17.28
U 15-11 {32.35(92.98 | 1719. 00 {344900. 00| 1719.00 |4540.00 [6266.00|4005.00 | 14.38 |28.70 [652.20 | 8846.00 | 8.23 |26.21(18.42
16-01 [31.67 |97.19 | 1766. 00 {355500. 00| 1766.00 | 4586.00 [6378.00|4161.00 | 13.86 |28.80 [666.30|9153.00 | 8.47 |27.52(20.50
1501 | 4.34 | 6.59 | 127.90 | 1404.00 | 31.28 | 498.40 | 1.94 92.72 | 2.48 | 5.94 |309.40| 2.85 88.29 |28.441 0.41
4 1503 | 7.12 | 8.21 | 128.70 | 1810.00 | 65.45 |1032.00 | 3.16 | 163.40 | 2.72 | 6.03 [195.80| 5.41 44.64 |46.46| 0.64
= 15-05 | 6.37 | 7.76 | 191.90 | 1685.00 | 63.67 | 999.20 | 3.07 | 161.40 | 3.26 | 5.53 |204.30| 5.34 44.06 |44.36| 0.68
J 15-07 | 4.32 | 7.37 | 534.60 | 3003.00 | 110.00 | 300.40 |838.60 | 439.50 | 5.76 | 8.73 |1303.00| 128.80 | 41.88 | 0.76 | 0.34
il 15-08 | 4.55 | 8.91 | 1270.00 | 5751.00 | 61.45 | 191.60 |223.40 | 200.10 | 5.54 | 8.55 [3459.00| 324.30 | 269.20 | 1.65 | 0.33
g/iT\ 15-09 | 3.79 | 9.55 | 1309.00 | 208.40 68.46 | 133.57 [165.20 | 138.67 | 5.64 | 6.39 (3390.00| 1355.94 | 139.20 | 0.04 | 0.35
15-11 | 3.81 | 9.52 |1776.00 | 1086.00 | 67.04 | 132.49 | 7.74 | 146.98 | 8.61 | 5.78 (3770.00| 1518.87 | 107.40 | 0.13 | 0.33
16-01 | 7.07 |12.90 | 1842.00 | 55980.00 | 218.70 | 252.50 | 10.66 | 168.40 | 7.34 | 4.32 |3501.00| 1248.00 | 88.08 | 4.98 | 0.47
15-01 | 3.77 | 18.06 | 378.20 |32180.00 | 297.30 | 970.40 [2391.00| 822.80 | 4.15 |11.47 |498.30|1595.00 | 19.69 | 8.41 |10.42
5 15-03 | 18.22 [38.45 | 673.90 |104400.00| 691.60 |2176.00 [4938.00|2189.00 | 8.59 |24.31 |493.90|4360.00 | 14.32 |28.66 |28.16
! 15-05 | 16.67 |40.69 | 981.20 |99710.00 | 665.30 |2153.00 [4783.00({2104.00 | 8.31 |21.22|487.20 [4174.00 | 23.17 |29.29 |26.90
| 1507 1 4.29 [12.70| 559.40 | 126.80 | 46.99 | 122.90 | 8.43 | 111.20 | 8.37 | 4.41 [1085.00| 6.13 20.10 | 0.39 | 0.36
= 1508 | 6.13 |12.38 | 349.30 | 145.90 3.00 18.75 4.99 4.56 8.90 | 5.35 [1769.00| 2.69 56.80 | 0.12 | 0.34
3{3\ 1509 | 5.29 [12.07| 326.90 | 212.00 3.11 20.56 | 3.24 1.68 | 9.41 | 5.11 |1598.00| 1.46 54.88 10.02|0.35
LS 15-11 | 4.87 |10.65| 377.80 | 318.50 2.76 22.58 3.94 1.40 | 8.05 | 6.54 |1730.00| 0.69 48.54 | 0.06 | 0.33
16-01 | 4.56 |[15.04 | 373.20 | 531.60 4.32 49.03 4.76 4.87 6.77 | 5.70 [1689.00| 0.55 44.94 1 0.74 | 0.21
15-01 | 3.25 | 4.45 | 497.90 | 19120.00 | 96.89 | 276.80 |109.90 | 531.80 |17.60 [11.00 |694.80 | 72.75 38.95 | 0.57 | 0.12
6 15-03 | 11.27| 8.17 | 1213.00 | 5693.00 | 157.80 | 443.30 | 47.44 | 326.40 | 4.36 |31.62(1428.00| 30.00 | 46.78 | 0.57 | 0.39
! 15-05 | 3.27 | 7.42 | 1002.00 | 6592.00 | 171.90 | 490.70 |197.30 | 385.30 | 2.60 [28.55(1309.00| 184.90 | 39.42 | 1.58 | 0.32
.| 1507 | 1.87 | 2.04 | 886.00 53.36 173.66 | 503.40 | 0.75 | 339.54 | 1.53 | 5.87 [243.90| 222.63 | 69.14 | 1.58 | 0.36
ﬁﬁ 15-08 | 5.65 | 2.80 | 634.50 42.73 184.60 |1028.00 | 13.58 | 432.40 | 1.83 | 4.11 [322.90| 621.50 | 23.73 | 1.78 | 0.31
311 1509 | 5.92 | 2.26 | 551.60 | 108.50 | 158.30 | 991.70 | 12.44 | 425.30 | 1.84 | 5.43 |381.40| 618.10 | 19.31 | 1.46 | 0.39
U 15-11 | 6.76 | 2.37 | 607.10 16.79 177.90 |1028.00 | 9.68 | 448.00 | 1.65 | 4.63 [210.30| 617.70 | 12.78 | 1.35 | 0.47
16-01 | 6.31 | 2.53 | 592.90 | 102.50 | 168.60 |1010.00 | 11.55 | 429.90 | 1.73 | 5.32 |240.60 | 594.20 | 12.63 | 1.37 | 0.87
1501 | 3.14 | 4.36 | 348.00 | 2000.00 | 48.08 92.57 | 19.54 | 244.30 | 2.70 | 5.46 |612.20| 3.22 20.80 | 0.41 | 0.73
7 15-03 | 8.55 | 7.55 | 435.80 | 1261.00 | 28.90 | 150.30 | 21.44 | 29.66 | 4.59 |14.26|804.40| 1.33 21.60 | 1.32 | 0.68
= 1505 |5.27 | 7.08 | 473.70 | 1298.00 | 33.50 | 140.70 | 22.33 | 28.54 | 4.42 |14.09|822.90 | 2.29 22.36 | 1.26 | 0.48
)J 15-07 | 3.80 | 1.02 | 358.79 78.09 0.47 134.90 | 4.89 1.40 | 0.79 | 7.91 |837.80| 0.56 19.47 1 0.11 | 0.34
il 15-08 | 3.22 | 1.08 | 365.56 | 124.40 10.16 | 69.83 | 3.96 4.83 |0.69 | 1.52 |2523.00] 21.59 17.53 10.18 | 0.35
'il 15-09 | 3.78 | 1.21 | 372.49 | 132.40 1.44 46.29 3.79 0.32 | 0.80 | 1.82 [2542.00| 20.50 17.13 1 0.10 | 0.36
t 15-11 | 3.52 | 1.19 | 389.89 | 161.40 2.11 33.93 | 4.58 0.65 |0.79 | 1.55 |2818.00] 20.31 18.23 | 0.07 | 0.05
1601 | 3.47 | 1.25 | 336.18 | 164.90 12.49 32.49 4.80 16.61 | 0.83 | 3.02 |2728.00| 29.48 18.09 | 0.17 | 0.05
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Table 6 Element contents in flowback liquid form the
Cambrian Niutitang Formation ( pg/L)

& Ti s Mn Fe Co
G | 15.34 56.90 | 700.70 | 55221.00 | 200.15
TTHE Ni Cu Zn As Se
S | 812,70 | 537.04 | 734.22 | 46.45 | 1129.00
Ve Sr Cd Ba Tl Pb
i | 94460.00 | 689.09 [224000.00| 14.64 10.28
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Fig. 3 The element separation of Carboniferous Dawuba Formation shale in fracturing fluid ( Abscissa for time; year/month)
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Fig. 4 The element separation of Cambrian Niutitang Formation shale in fracturing fluid and water ( Abscissa for time: year/month)
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Fig. 7 The heavy metal element diffusion model during fracturing shale of Cambrian Niutitang Formation

and Carboniferous Dawuba Formation
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Environment Impact Assessment of Shale Gas Extraction: A Case Study of
the Dawuba Formation and Niutitang Formation, in Guizhou Province

YANG Ruidong, ZHANG Yunhe, GAO Junbo, WEI Huairui, SU Huimin
College of Resources and Environmental Engineering, Guizhou University, Guiyang, 550025

Objectives: The shale gas is the important new resources in the global, and its development growing all over the
world. Therefore, it is important issue on the destruction of groundwater reservoirs during exploring the process of
hydraulic fracturing in extracting shale gas, and the various chemicals used in fracturing fluids might pollute the
eroundwater. Hence, it’ s necessary to study this issue, so as to formulate strategies to protect the groundwater.

Methods : There are 10. 48 trillion cubic meters shale gas in Guizhou Province, according to the national
potential assessment of shale gas resources in 2011. The shale gas resources in the Cambrian Niutitang Formation
shale and Carboniferous Dawuba Formation shale in Guizhou Province are abundant. We analyze damaging effects of
groundwater reservoirs during exploring the process of hydraulic fracturing in extracting shale gas, by studying on
strata set, lithological characteristics, geochemistry and reservoir characteristics of Niutitang Formation and Dawuba
Formation shales. Additionally, we done shale immersion test by fracturing fluid.

Results: Based on the field investigation and lab tests, the main progresses of the thesis are as follows: (DThe
result shows that the mass concentration of the element in fracturing fluid rise with time and temperature, especially
significant leaching of elements such as As, Cd, Pb, Se, Co, Ba, which will have enormous effect on environment.
@0wing to aquifer and aquifuge destroyed by the extraction of shale gas, the groundwater pollution model was
established. (3)The risk of environmental contamination for flowback fracturing fluid analyzed in the paper.

Conclusions; The groundwater pollution model was established, owing to aquifer and aquifuge destroyed by the
extraction of shale gas, and the risk of environmental contamination for flowback fracturing fluid analyzed in the
paper.
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