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Abstract: The coal-rock gas represents a key domain of unconventional natural gas exploration and development in China. The
flowback water generated during the coal-rock gas extraction is characterized by complex chemical compositions and poses

potential risks to the aquatic environment. Therefore, investigating the geochemical characteristics and environmental risks of
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flowback water is of significant theoretical and practical importance for promoting the green development of the coal-rock gas and
safeguarding regional water environment security. In this study, 80 flowback water samples were collected from 24 coal-rock gas
wells in the eastern Ordos Basin. Systematic analyses of cations, anions, trace elements, hydrogen-oxygen isotopes and strontium
isotopes were conducted to decipher the geochemical properties of the flowback fluids, reveal the genetic mechanism of the original
formation water, evaluate potential environmental risks, and propose targeted treatment suggestions. The results show that the
Ca’™ and Sr'* as the

dominant ions. These samples are enriched in Ca and Sr but depleted in Mg, displaying higher total elemental concentrations than

flowback water is characterized by high salinity and high total dissolved solids (TDS), with Cl', Na'

those of the flowback water from shale gas wells in the Sichuan Basin. It is concluded that the flowback water is a mixture of
fracturing fluid and original formation water, and the original formation water in the study area is inferred to be of Cl-Ca type.
The original formation water has undergone paleo-seawater evaporation and multiple types of water-rock interactions (including
carbonate dissolution, dolomitization, clay mineral adsorption and mudstone dissolution), and exhibits significant spatial
differentiation. The intense water-rock interactions recorded in the original formation water indicate that the reservoirs are tight
and well-sealed, which is favorable for the generation and preservation of the coal-rock gas. Given that some toxic heavy metals

in the flowback water exceed environmental discharge standards, we suggest establishing a disposal framework of “source-

directed reuse, neutralization &. salinity control, and full-domain management” to effectively mitigate environmental risks.

Key words: coal-rock gas; flowback water; formation water evolution; Ordos Basin; environmental impact; geochemistry.
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Fig.1 Tectonic division map of the Ordos Basin (a) and comprehensive stratigraphic column of the Benxi Formation-Shanxi

Formation (b) (modified from Zhao et al., 2024)
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Table 1 Basic information of flowback water samples from the coal-rock gas wells in the eastern Ordos Basin
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Fig. 2 Pie chart of major component proportions in flowback
water from the coal-rock gas wells in the eastern

Ordos Basin
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Table 2 Statistics and comparison of major ion concentrations in flowback water from the coal-rock gas wells in the eastern

Ordos Basin
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Fig.4 Variations of Na, Ca, Mg, and Sr concentrations with Cl concentration in flowback water from the coal-rock gas wells in

the eastern Ordos Basin
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Fig.5 lg plots of flowback water from the coal-rock gas wells in the eastern Ordos Basin (the seawater evaporation line after Dre-

sel and Rose, 2010)
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Fig.6 Piper diagram of flowback water from the coal-rock gas wells in the eastern Ordos Basin
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Fig.7 Hydrogen and oxygen isotope plot of flowback water from the coal-rock gas wells in the eastern Ordos Basin (global mete-

oric water line after Craig, 1961)
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Fig.8 Strontium isotope ratio of flowback water from the coal-rock gas wells in the eastern Ordos Basin
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Table 3 Environmental indicators of flowback water from the coal-rock gas wells in the eastern Ordos Basin

R 4307 4 Hi 35 HE i (mg/L) ERELGEES

o 15 7K 54 HE RO I VR V 2R K
ik A (mg/L) (mg/L) AR 5 4L B T K R (i
3 A FIE GB 8978 — 1996 GB/T 14848—2017
GB 5749— 2022
pH 3.75~6.85 6~9 6~9 pH<C5.58 pH>9.0
% 53~934 249 0.3 >2.0
i 2.3~116 20 0.1 5.0 4 - >15
a 22.8~5 851 1475 0.7 >4.0
% 0.12~0.88 0.33 0.05 1.5 0.22 0.1
T 0.02~1.63 0.08 0.01 1.0 - 0.1 >0.10
f 0.06~0.69 0.19 0.02 1.0 0.19 - >0.10
4 0.000 65~0.02 0.006 0.000 1 =0.001
33 0.31~17.4 2.4 1.0 5.0 0.48 2.0 >5.0
G 3.3~281 20.2 0.2 =0.50
| 0.15~2.8 0.29 1.0 2.0 0.15 1.0 >15
1 0~0.01 0.002 0.002 0.005 0.4 - =>0.06
i 0.006~1.4 0.06 =>0.10
H 0.003~0.4 0.025 0.07 >0.15

L[ P, Hoas (] 1 52 o S H )2 K 28 g 1 i B
K5 A0 EAE 48 s W 58 X% 2 308 BB R
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R 7 e o 9 AR 2 ) R L 7 N S T TN
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(1) SRR 2 37 4 AR 2 I 25 SO IR HE WA
BE R ENR A, EEE AR CL
(58.56% ) . Na' (18.03%) . Ca’" (15.44%) . Sr*"
(2.53%) . Mg" (1.72%) . Ba” (1.31%) , M Br
(0.85%) .HCO, (0.52%) K" (0.41%) .NO, 1
SO, (0.07 %) J HoAth Aol 4 56 3 (0.5806) W o5 b 4%
i . 5 BACH KM L, R HEW 2 W& Ca, Sr %%
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(2) 5B IR 2 W 4 M 7R 2 B2 OO AR HE M2 T
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WA, Bifi B HE SR BsF 18] 9 38, D A= b 2 K LG 451
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(3) 587K 2 W 4 b AR 2% 1) Dt AR b )2 K ol Cl-
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HHE AR (B BR Eh 7 8 . 11 == A Ak J 26 0 W W By
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15 1R HE W & Ca . Sr, 3% Mg K % 3 3K fk 2% F¢ fiE .Sr
[F] 7 2 25 B R, A () b DX AT W) S 7 25 1) 90 S o
fiE . 5 ZU R 7K~ A AR A 3R B 2 B H B
iR =S SR B = R WK e 2 B S S B

(4) 3B I/R 22 307 4 b 2R 2 3 HF W 3R B I 1R 1k
MU HESZeR TR EENZEIG YR, B
A7 TE HE IO bR 0 KUBS: , W AFEXT K AE S L2 5
N A A T R E R T A R Sk LR R R
AT P A U T A AR R R e AT R
A 1 5 % 80 5 Ab HE i 2 oK AT P AT Y pH 5
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