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Abstract: Identifying the source of pollution in groundwater and understanding the hydrochemical characteris-
tics of contaminated groundwater by such pollution are very important for pollution prevention of groundwater.

As the waste water of petroleum and natural gas industry, the produced water has the characteristics of complex
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components and great harmfulness. In view of the problems that there was less research on the contaminated
groundwater by produced water, and the characteristics of the contaminated groundwater and the method to
identify the pollution source were still unclear, the paper toke a polluted groundwater site in Yan’an as the re-
search area, applied the methods of hydrogeochemistry and stable hydrogen—oxygen isotopes to describe the hy-
drochemical and isotopic characteristics of the groundwater contaminated by produced water, and compared the
sodium—chloride coefficients, magnesium—chloride coefficients, desulfurization coefficients and carbonate bal-
ance coefficients of groundwater and reservoir water to identify the produced water. The results showed that the
contaminated groundwater by produced water in this area was characterized by high TDS and depleted stable hy-
drogen—oxygen isotope; The chemical types were mainly Cl-Na type and C1-Mg-Ca-Na type, and with the de-
crease of the influence of produced water, the groundwater changes from Cl—Na type to CI-Mg-Ca-Na type and
then to HCO,-SO,—Na-Ca-Mg type. The relationship of ion proportions was more chaotic than that of normal
groundwater and had no linear law. The sodium—chloride coefficients, magnesium—chloride coefficients, desul-
furization coefficients and carbonate balance coefficients of polluted groundwater by produced water were all
within the range of Chang 6 reservoir water, indicating that the relevant parameters for judging the conditions of
oil and gas accumulation could be used to identify produced water. This study described the hydrochemical and
stable hydrogen—oxygen isotopic characteristics of contaminated groundwater by produced water, and proposed
a method to identify produced water by comparing the relevant parameters of groundwater and reservoir water,
which were of great significance to the identification, recognition, investigation, monitoring and repair of pollut-
ed sites by produced water.

Keywords: produced water; pollution identification; hydrochemical characteristics; stable hydrogen—oxy-

gen isotopes; ideal mixing
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Fig. 1 (a) The distribution of water samples in the study area, and (b) the hydrogeological profile
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Tab. 1 The concentrations of major ions and TDS (mg/L)
FE i 1] Na' Ca™ Mg* K’ cr HCO, so,’ TDS
2018 2 445 1467 103 7.78 6 795 84.6 10.9 10 871
& 2019 1150 627 37 6.63 2 853 85.4 158.2 4875
2018 1308 702 69 6.11 3540 201 7.99 5734
72 2019 669 312 26 8.04 1530 293 40.8 2733
2020 164 106 15.4 3.86 177 511 8.8 731
2018 1368 567 73 5.47 3391 153 7.7 5488
Z3 2019 1484 668 49 15.91 3721 159 83.1 6 100
2020 1460 616 55.8 4.26 3250 149 1.3 5462
2019 262 171 146 5.47 639 500 104.8 1579
i 2020 286 207 166 331 778 665 94 1867
2018 304 99 27 1.53 512 238 96.6 1180
& 2019 329 112 30 1.98 542 287 89.1 1247
2018 258 18 67 21.48 155 513 196.7 1003
z6 2019 303 104 90 25.53 195 824 228.6 1358
2020 307 111 89 21.8 272 814 237 1 445
2018 241 69 32 242 236 370 131.3 912
77 2019 150 45 29 1.62 78 427 75.6 592
2020 167 51.9 28.4 1.80 110 437 83.2 661
2018 59.5 332 18.8 4.66 35 196 59.6 309
H1 2019 135.1 52.4 39.1 10.89 107.2 305.1 133.3 631
2020 144 45.1 34.1 9.99 131 271 138 638
2018 69.3 29.4 18.6 3.54 45.6 196 64.2 329
H2 2019 157.7 41 39.8 10.61 119.2 311.2 145.7 670
2020 149 434 33.7 8.63 121 295 143 646
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Tab.2 The values of 3D (%o) and 8"°O (%) from 2018 to 2020

K RE B[] 20184F 20194F 20204
B 3D(%o) 80 (%0) 3D (%o) 80 (%0) 3D (%o) 5"0 (%0)
Z1 —84.08 —-11.32 —74.78 —9.65 - -
72 —89.64 -11.74 —80.18 -10.67 —70.65 -9.19
73 —84.28 -11.53 —88.33 -12.03 - -
74 - - —65.86 —8.55 —65.39 —8.60
75 —72.78 -9.47 —71.28 —9.84 - -
76 —64 —8.72 —61.34 —8.43 —63.40 —8.66
77 —62.32 -8 -60.81 -8.21 —61.60 —7.69
H1 =53.71 —7.38 -56.08 =7.26 —55.36 =7.30
H2 -51.52 -7.39 -55.99 -6.98 -52.36 -7.13
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Fig. 7 Comparison of chemical parameters of reservoir water and groundwater
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Fig. 8 Comparison of ion concentrations of surface water and groundwater in 2020
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2018~ 20194F T+ 4 45 R (mg/L)

B A8 Na“ Ca™ Mg K cr HCO, SO~ NO,”
PINa™il, x=0.5403  669.01 343.21 4831 6.91 1678.80 236.87 67.22 8.77
PICI 3, x=0.5835 617.92 314.52 46.66 6.98 1529.99 239.74 71.96 9.23

SaIE(EN 669 312 26 8.04 1530 293 40.8 1.86
2019~ 20204 i1 53 45 2 (mg/L)

BA 8 Na' Ca™ Mg K' l HCO, SO~ NO,”
PANa™it, x=0.9289 164.0 57.43 30.38 7.63 197.26 269.22 112.16 12.77
PLCT i, x=0.9430 156.33 53.56 30.44 7.62 177.03 268.86 113.24 12.93

S {E 164 106 15.4 3.86 177 511 8.8 0.14




SR 7 7K PR B 32 75 e b T KK Ak 2 B 2 8RR E R 3R R AE 107

%34
350 1@ = A N
HHRE Cl
300 - —— S

[} 38
(=3 W
S (=3
T T

WP (mg/L)
2

100 |
50 -
O_
Ca* Mg* K- HCO; SOX NO;
BFUASy

600

® —= HE{E Na*
AR CI
—=— SCIMH

500

400 [

WP (mg/L)
[y) [9%)
(=) (=)
(=) (=)

—_

(=3

(=}
T

B9 HHESZMNESLE

Fig. 9 The comparison between calculated value and measured value
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