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Abstract: With the large-scale development of coalbed methane industry, the environmental effects of produced water from
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HCO, and Cl and high salinity, and the

produced water types are Na-Cl and Na-HCO, . In this paper, the fuzzy comprehensive evaluation method is used to calculate

in Songhejing Formation are mainly characterized by high concentration of Na™,

that the produced water of eight coalbed methane test wells belongs to grade V heavy pollution, and the main pollution
indicators are TDS, Na' and Cl, and the elements F and Mn slightly exceed the standard. On this basis, the single factor
analysis shows that the evaluation result is heavy pollution. Two comprehensive evaluation methods show that the main
pollution indicators are TDS, Na', Cl and Ba®'. In a certain range, the pollution degree fluctuates slightly with time and has
a weak decreasing trend. The water pollution level of coalbed methane wells in the study area is high and fluctuates with
time, which is the coupling result of the superposition of geological factors and engineering factors. The high geological
background of various elements enrichment in coal measures strata is the fundamental influencing factor, which controls the
types and contents of trace elements. Secondly, the change of fracturing fluid flowback rate has a significant effect. Seasonal
precipitation strengthens the water-rock effect and promotes the dissolution of elements.

Key words: western Guizhou; produced water from coalbed methane wells; environmental benefits; fuzzy comprehensive

evaluation; grey correlation evaluation; geochemistry.
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Table 1 Basic development of coal bed methane wells in Songhe river
o S - 2 R B 7J<7']J£§x%‘?{§i‘i£/\'5i‘ i%li”ﬁ%i!‘r‘"i Eil‘r‘iﬂ(ﬁ st
(m) (m”) (10°m?) (m”)
GP-1 847.00 6/9/12/13/15/16/29 18.8 3559.2 0.52 3043.99 2014.1
GP-2 764.00 1+3/5/9/10/11/13/15/16 14.4 3616.8 0.59 2731.04 2014.1
GP-3 610.00 6/9/12/13/15/29 15.7 3538.7 0.66 1463.37 2015.1
GP-4 564.50 6/9/13/15/16/29 16 2261.0 0.60 1235.08 2015.1
GP-5 654.00 1+3/4/5/6/9/13/15/29 22.8 4 083.0 0.61 1514.00 2015.1
GP-6 617.00 1+3/4/5/6/9/15/16/26/27/29 28.1 4 688.5 0.78 1800.48 2015.1
GP-7 902.00 1+3/4/5/12/15/27/29 19.1 3782.3 0.34 2 209.58 2015.1
GP-8 977.08 1+3/4/5/12/13/15/26/27/29 25.75 4574.2 0.45 2 326.25 2015.1
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K2 2018FE1~11 BN GPHAFHKENABRS FEHRERE(10°)

Table 2 Average mass concentration (10°) of conventional cations in produced water of GP Well Group from January to Novem-

ber, 2018
e Ca K Na Mg Sr pH TDS F cl SO, HCO.
GP-1 237.90 193.91 1665.76 24.63 14.86 6.95 3 288.60 0.57 3 059.55 0.04 123.21
GP-2 34.08 103.84 1969.40 13.87 8.77 7.38 3232.20 0.63 2660.99 0.16 531.24
GP-3 21.08 132.73 2 803.51 9.76 9.37 7.60 4.024.20 0.93 3641.42 0.23 916.84
GP-4 19.61 100.23 2 283.90 6.29 8.28 7.75 3 620.00 1.02 2 853.29 0.19 779.74
GP-5 92.86 166.75 2532.44 18.47 14.30 7.45 4 046.20 0.55 3777.30 0.17 390.40
GP-6 109.19 136.81 3153.62 27.53 20.63 7.23 4770.60 0.61 4787.63 0.10 383.11
GP-7 64.59 456.61 3202.33 17.36 16.96 7.40 4 914.60 0.82 4 869.58 0.36 357.21
GP-8 88.47 181.76 3267.25 21.94 18.36 7.27 4 903.60 0.83 4787.32 0.22 403.79

®3 2018F 1~11 BB GPHATHARETLE FHREKRE(107)
Table 3 Average mass concentration (10”) of trace elements in produced water of GP Well Group from January to November,

2018

5 As Cr Pd Hg Fe Cu Mn Zn Sh Mo Ni Ba Cd

GP-1  0.759  0.301  0.039  0.262 280.000 0.819 331.100 11.112  0.098 2.395 1.953 9 248.000 -
GP-2  0.688 0.211  0.025  0.205 20.460 0.949 23.810 5.065 0.092 23.53 0.658 5417.000 -
GP-3  1.127  0.320 0.022  0.223 16.220 1.491 8.480 8.768 0.071 2.764 8.430 10 670.000 -
GP-4  0.832 0.282 0.019 0.181 21.490 1.168 21.200 5.729 0.068 2.709 7.687 6 936.000 -
GP-5 0.836  0.183 0.028  0.149 57.189 1.514 62.636 9.530 0.039 0.773 8.170 10 167.451 -
GP-6  1.217 0.251 0.022  0.125 58.588 2.083 172.186 13.041 0.095 3.939 1.332 14 739.729 -
GP-7  1.092  0.270  0.012  0.092 34.322 1.906 116.179 13.242  0.101 13.552 1.993 16 085.985 -
GP-8 1.252 0.294 0.017  0.177 54.187 1.751 187.594 11.908  0.075 8.910 1.843 15049.775 -

x4 MRARBEESHFHATREXXER

Table 4 Correlation of elements in produced water of coalbed methane wells in the study area

TDS Cl Na F Fe Mn Cu Zn Al Hg As Cd Cr Pb

TDS 1.00
Cl 0.98 1.00
Na 0.97 0.92 1.00

F 0.05 -0.08 0.13 1.00

Fe -0.35 -0.20 -0.53 -0.25 1.00

Mn 0.11 0.25 -0.10 -0.27 0.87 1.00

Cu 0.96 0.93 0.96 -0.04 -0.45 -0.04 1.00

7Zn 0.90 0.96 0.79 -0.17 0.05 0.45 0.85 1.00

Al -0.63 -0.53 -0.69 0.13 0.80 0.50 -0.72 -0.33 1.00

Hg -0.72 -0.61 -0.77 -0.08 0.80 0.47 -0.77 -0.43 0.95 1.00

As 0.90 0.88 0.93 0.23 -0.31 0.11 0.87 0.79 -0.41 -0.50 1.00

Cd 0.37 0.29 0.27 0.17 -0.12 0.18 0.25 0.21 -0.45 -0.47 0.15 1.00

Cr 0.13 0.07 0.16 0.75 0.09 0.17 0.10 0.08 0.24 0.09 0.40 0.20 1.00
Pb -0.68 -0.57 -0.76 -0.04 0.85 0.50 -0.71 -0.34 0.93 0.94 -0.53 -0.43 0.16 1.00

PEPRR K AT BB R (LR K R AR E) (GB/ T 14848- Pb X 14 Fh T Z VE N P 8 br 8 S0 PE A R 7 4 (3R
2017) W55 3 28 3 T A MR fd B — K iR v, #6 B 5) , B) U= {Fe, Mn, Cu, Zn, Al, Hg, As, Cd, Cr,
TDS.Cl.Na.F.Fe .Mn.Cu.Zn.Al . Hg . As.Cd .Cr, Pbi, FFAR 5 (b AK B & FR M) 43 M 5 P S g 3
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KE G F B FALE GP-4 FF 77 K b Rk &
i Yk T 9, R R RO B R A, B
b F & ¥ & & BWAERS BT K&
bR E ) (GB/T14848-2017 ) " /) 1 94 b5 #E DL T .

R A 45 T i 0 2R 15 e AR BE 4 (&1 5) AT,
HILE P Hg i B F B S NHES = K d Y
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x5 GPHAKRIFEMNIEIR(107)
Table 5 Water Quality Evaluation Index of GP Well Group (10)

TDS Cl Na F Fe Mn Cu 7n Al Hg As cd Cr Pb
(10°%) (109 (10°% (10°%) (109 (109 (10% @0’ @0’ @do’ (@1o% @1o% a0’ (109

GP-1 3288.6 3059.55 1665.76 0.71 280.08 331.101  0.819 11.112 8.082 0.328 0.759 0.024 0.301 0.098
GP-2  3232.2 2660.99 1969.40 0.63 20.46 23.810 0.949 6.331 4102 0.205 0.688 0.024 0.211 0.041
GP-3 40242 364142 2803.51 0.94 16.220 8.480 1.491 10.959  5.340 0.223 1.127 0.012 0.320 0.055
GP-4  3620.0 2853.29 2283.90 1.02 21.495 21.199 1.168 7.161 3.919 0.181 0.832 0.038 0.353 0.049
GP-5 4046.2 377730 253244  0.55 57.189 62.636 1.514 11.912 3.171 0.186 0.836 0.025 0.183 0.047
GP-6  4770.6 4787.63 3209.70 0.62 58.588 172.186  2.083 16.302 2.734 0.155 1.217 0.030 0.314 0.037
GP-7 49146 4869.58 3202.33 0.83 34.322 116.179  1.906  16.553  3.036 0.116 1.092 0.032 0.270 0.029
GP-8 4903.6 478732 3267.26 0.83 54.187 187.594  1.751 14.885 3.645 0.177 1.252 0.037 0.294 0.029

F6 MTKIKERERE@OT)

Table 6 Limits of groundwater environmental quality (10°)

E=RN 12 S I % V2 V%
TDS< 300 500 1000 2000 =2 000
HCI< 50 150 250 350 =350
i Na<< 100 150 200 400 =400
F<< 1 1 1 2 >2
B Fe< 0.1 0.2 0.3 2.0 >2.0
i Mn<< 0.05 0.05 0.10 1.50 >1.50
il Cu<< 0.01 0.05 1.00 1.50 >1.50
B Zn<< 0.05 0.50 1.00 5.00 =5.00
B AL 0.01 0.05 0.20 0.50 =>0.50
K Hg< 0.000 1 0.000 1 0.001 0.002 >0.002
i As<< 0.001 0.001 0.01 0.05 =0.05
i cd<< 0.000 1 0.001 0.005 0.01 0.01
B Cr< 0.005 0.01 0.05 0.10 0.10
£ Ph<< 0.005 0.005 0.01 0.10 0.10

RT WUHFAKREMERITNER

Table 7 Fuzzy comprehensive evaluation results of water quality of Songhe Well Group

IS 1 4 I % [T &% V& V2% it I 4531
GP-1 0.024 15 0.013 01 0.029 86 0.003 48 0.929 50 V&
GP-2 0.024 67 0.007 57 0.001 00 0 0.966 77 V4
GP-3 0.023 44 0.007 46 0.000 95 0 0.968 15 V&
GP-4 0.005 01 0.006 16 0.028 39 0.000 69 0.959 75 V&
GP-5 0.016 98 0.007 60 0.001 35 0 0.974 06 V&
GP-6 0.013 85 0.004 98 0.006 85 0.000 36 0.973 95 V&
GP-7 0.016 85 0.004 01 0.004 64 0.000 05 0.974 44 V&
GP-8 0.017 51 0.005 33 0.007 40 0.000 47 0.969 30 V&

F I BT YOK AR AE , B AR AL o B AR, 7 K oK B bR E L SR T gk
Hg It Z TE M I 2 rp SR A S L L & Ik, BT, Al I R AR T — K BT RRAE 5 As T
7 T B B 75 Y B 4R AE s Min DT & & R E CP-1.CP- A GP-3.GP-6 ,GP-7 f1 GP-8 1 i 7n Hi#E H —
6.CP-7 F1 CP-8 Jf 7 ti /K Hh 34 5 i s 11T 97K Joa b oK AR AT SRR F oK B, AR A R K
HE AR E T PR, R A o & h 55 78 CP-5 o 388 s 0T — SR I R A
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GP-3
GP-2
GP-1

0 0.5 10 0.5
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Wy
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T
WV
10 0.5 I m vy

K5 Mn. Hg Asi5YeF8 43 9%
Fig.5 Grading diagram of pollution degree of Mn, Hg and As

T W5 KB IR ALK IR R A AR AR L
B, 58 HE— A X R X B 8 2 R R
AN TE A Gy oK R I B0 HE AT O A, A5 R LR 8.

g5 bR BB 25 A PR 45 SR b R i A K AR
Y&V 9, EETTEIT M 18 458 TDS V840 2 M
FouE, 0% g IV 9w oF o 15 43 o1 ik 3 2208
FFest® FILE Hgt & MnitZ UK AsTLE,
HAh e R A 1 BT 45 R 5 5k 5
322 BREEREMZE ORI K B K BT R
B4E OF 45 5 (b R K BT & Ar i) (GB/T14848-
2017 ) M9 56 3 28 T N AR i R — M K T AR U,
X B 5T FE AL K K B B AT B R TE A
7 PF f ik 50 858 & OF M o gL £ 9. AR IR 8
O 52 5 5 7= K B9 3 f 45 3R 3 10.

o o B CCH R K BT & bR AE ) 3 28 K T AR
e, EM S I Kk # & T Najt & . Clot
F M BaJgt £ H B AR, 5 BOK AR B AR K
T 5, Won 5 SR M TS g, W R P K
TDS /KR E I KT 3, W A G G .

B30 2, AR X K& R
JE ok s o R (B T Mn  F) &8 78
E RS AN I VR

255 T R K T A O 1 R 2T T BT T4 8
P12 S 7= K B K B PE AN 25 SR 3 8 T E S
YeoK T, B2 By ik 35 R R e o A 3 K A
15 YK U5 TDS . Clot % \NaJ o Z D K Bat %,
Horb Ba o & 76 (b F 7K i bR i) (GB/T14848-
2017) " )@ F R K BT i AR E LIS AR, L R S
5B 28 A E A AR B T b o R,
M T H o0 R & ok O 5 A, Bon ™
Y5 G YRR AR, o 0K B Sy 32 s L oR U
3.3 HEFE

HERA =K TR 2ok A T2 KR B s

JZ TR I D G R M )2 T T 3R AR AR K X 7 K
JCE 1 U KSR S AR AR
MR 5 M Z RO R R AR T R T SEL TR
i KSF A >2 ot % A Cd .Hg . Sb, R 5t M
RE T E X M 1.5~2.0 0% A As .Cu,
S E R IEN T 15~120W TR EEA
Pb.Zn.Cr Ni %, b St M 8 @ 15 5 X (B kA,
1999) ZMME XN EF As T2 5B Z P iMoo E =
B0 IR Z R AL W Y w A B 7 K b Ba
JCER Y aE, He i B 8 A6 T 40, B &
B A M P B AR A O (2R OR AR, 2019).

WZE 8 11 FH: 77 H AK K I Af 25 1 i s i) 25 A 4
fECHE 6) , H P YAk b S R PEAN A543, T WL« &k 2
A Bt 3R HE o [R] ZE 4G ¥ G TR R A I A, AR
MA ARG, &2 A 25 08 KRR
Hed KW R R (& 4%, 2022),
FETE 24 B v i AT K 24, HE SR i
K R R LR K, 7 KK B O R R
B 2 HE SR AT, 7= KB Ak B R R 5 B8 18 R IR
BRI, 2019; Yang e al., 2021) , J5 0 18 i
HE K T4 56 43 1 2480t )2 P R L R A R IR E
FRAEAE 25 IR HE RN £ 5 306 R &, Kl
W0 B . ER R SR A VAT A AR 2 S K
% R LW, 5 Na 6 2 LA K Clot & i ik
JE A =, 8 AH G M A B A3t TDS 5 P Aot R
B A IE AR e, B TDS — @ B E 2 X
LRSI R A TR RS N R € R NS

Ve IR AR 3 A AE T MR KO B 0 45 A B B
ZH TER UEAE T 52 R B AE T ) O & =
PR AR AN K A VE R SR 5 20T 4
JCE R MR 8 O, GP-1 = ks
YU AR BE B AR, K BTG B B i, X 5 GP-1JF7E 2018 4F
ITHEREZ I3 582, I RHERA X WHER )
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x8 201I8FEMAHALEEMESTINER ®9 MEREBTMHSRE
Table 8 Fuzzy comprehensive evaluation results of Songhejing Table 9 Grading table of environmental quality evaluation
Formation in 2018 £ KR RA, RSy
iR 1 A= PREEC
Aty 5 19 I %% 1l %% V& V&4 il 5 l<A<2 i
GP-1 0.00079 0.008 75 0.043 28 0.021 65 0.948 85 V % 3 2<CA<3 RIS
GP-2 0.02520 0.007 44 0.00017 0.00000 0.967 19 V% 4 3<CASS RREREES
GP-3 0.003 83 0.00907 0.00142 0.00000 0.98567 V% 5 A5 SRS
GP-4 0.017 81 0.009 86 0.00259 0.000 00 0.969 74 V %

! GP-5 0.004 82 0.008 75 0.011 14 0.00089 0.974 40 V % %10 SORKBHAFTHKEEFETINER
GP-6 0.002 51 0.007 28 0.008 05 0.000 32 0.98185 V% Table 10 Evaluation results of produced water of 8 test
GP-7 0.002 13 0.007 18 0.001 73 0.000 00 0.988 96 V £ wells by single factor method
I Ta i

' R ’ ' , . Na™.Cl \Ba 5 TG
GP-2 0.02597 0.01387 0.014 30 0.000 00 0.947 12 \Lz& GP-1 M TDS X —
GP-3 0.001 26 0.009 68 0.030 55 0.002 76 0.955 74 Vré& ‘ Na* .CLBa . pe——

S aps ootoss 000052 000115 om0 osmezs Va8 L
T e BN B i Na".CI".Ba 5 G
L (N
’ : SO e I Na'.Cl \Ba 5 HEIIG Y
b s s oo s b
(;P-Z o.oz‘% ‘%4 0.005 92 o‘ooo 50 o.ooo 00 0;70 25 V&4 ) ’ PRI

e ’ ’ ’ Na .Cl \Ba 5 G Y
GP-3 0.023 98 0.004 70 0.000 39 0.000 00 0.970 93 V % GP-5 DS . —

. GP-4 0.00373 0.00505 0.024 80 0.01188 0.954 54 V % Ne* I .Ba - -
GP-5 0.018 10 0.000 00 0.000 00 0.000 00 0.98190 V % G DS . —
GP-6 0.01572 0.00000 0.00581 0.000 25 0.978 22 V % . ) —
GP-7 0.016 92 0.000 00 0.000 00 0.000 00 0.983 08 V % Na* CT Ba - e
GP-8 0.016 70 0.002 96 0.005 32 0.000 19 0.974 84 \%( Gpa DS . ——
GP-1 0.02581 0.000 22 0.021 33 0.006 11 0.946 52 V@i n ) o
GP-2 0.024 26 0.000 00 0.000 00 0.000 00 0.975 74 V%( Na* .CT Ba - p———
GP-3 0.01989 0.001 71 0.000 06 0.000 00 0.978 33 V’%'( . DS . —

. GP-4 0.03158 0.00000 0.00000 0.00000 0.96842 V % Vi ) ——

GP-5 0.01580 0.000 00 0.000 00 0.000 00 0.984 20 V %%
GP-6 0.01185 0.001 36 0.008 21 0.00083 0.977 76 V %%

GP-7 0.017 45 0.001 35 0.016 57 0.00504 0.958 21 V %% 1007
GP-8 0.020 23 0.001 53 0.011 14 0.001 44 0.96567 V 4%

GP-1 0.03369 0.001 60 0.000 00 0.00000 0.964 71 V %% 0987
GP-2 0.024 64 0.000 00 0.000 00 0.000 00 0.97536 V%% -

GP-3 0.024 14 0.001 60 0.000 03 0.000 00 0.974 24 'V %%
GP-4 0.004 79 0.00169 0.02516 0.007 42 0.960 94 V %

11 0.94 4
GP-5 0.014 79 0.001 44 0.000 17 0.000 00 0.983 61 V %%

GP-6 0.01310 0.001 81 0.00511 0.00009 0.97988 V %%

; 0.92 4
GP-7 0.016 45 0.001 46 0.000 06 0.000 00 0.98203 V %%
GP-1——GP-2—A—GP-3—v—GP-
GP-8 0.01554 0.00515 0.004 85 0.000 06 0.97440 V%% —0—GP-5+GP-6—>—GP-7—0—GP-§|
090 T T T T T
1 3 5 8 11
VER:

> = A s fH 1L i
WK R S ) s %f;ff Tk 16 20184 8 F1IF ™ H KBRS A VA48
INFRJE, P e H A 0 58 0 T e R P I 5 T i 2 Fig.6 Fuzzy comprehensive evaluation results of produced
HE SR TR0 6 590 10 K A PR SO 95 e B 4 ater o 8 el in 2018
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S BE AN, 8 TR SR B 3 A 1 15 Y B 3 A A A0 PR
RIS A iy s iR R b X5 2017
A1 K B AR A B — 30 (Yang ez al., 2021). %
HAEI R S R REOKA X R KR TR
Wi 78 XS5, T K 76 5~10 A M X b, fE 2 T
B, KA R K SRR, e R4 53T T
KR ] K Al K G VR s B Al A R A
HETERMZPWALITEETEA K,
SEGFHOKMBEIOC RS KRR Z T .
25 LA T AR B 58 X2 R kT g
S G e LB S U] AR i O sl AR Ak, 2 b BT
TR R S s e B R S AR )R b & R oo
FEEEN M RO ARAEmEFE, 6 S
Tl o0 YRR 2RO 6K )2 ol o AR P
A K i KCLJ2 18 B ™ K 8 TDS \Na™ . ClL Y
3 P [ G 3 o (SN A S S R < =
M B K B SR AR B 2L, R R R b
— U E T RE M, i Baot % LD
g Gm TEBE IR R EY

4 e

DL SN PG S50 AL T 3 4 8 1 2 R I
RS T I a1 S R D BN A NP i S o e N O
2018 4F 5 4t R M2 A K AT A, R AR
O o b, A B DLR 28

(1) 82 S JF 7= K Hb Bk A 2% FEAE 32 2
F B A Na' HCO, .Cl ¥k & & , 0 b JF &
# o, 77 K B Na-Clfit Na-HCO,-CL B fh . 3%
 E M GP-1 M GP-2 g0 R & & 8k, GP-
6.GP-7f GP-8 L & & & .

(2)FEF 20017 4F v [ 1 [+ 5% 558 & A 14 55087
CHb R 7K I R AR E ) (GB/T14848-2017) , 2R F B ]
ZEAVEM RIS 8 T2 AR 6 = ok ¥ R
TV R E GG, I IS Y BR 8 TDS \Na©
PLKCL L FefUAE GP-1JF = ik hdzia if sk e 7 11
FoK T, AE A = K R B R B AR T — oK
B, Mn* & 5 7E CP-1.CP-6 .CP-7 #l CP-8 #}: 77 Hi 7k
R fORE T K T b o, TSR JE T T4k i,
F 76 GP-4 I h R B R O AR, Hg B As 353 77 7
R /SCP AR Y =Rt B v N A (E B B PP
B, PR a5 R PR X A S % L 5 e
J3E E — s 3 1R P i ] A5 Ak 26 0 R e By, L
GP-1 17 th K 15 Yo A8 3 Je AR, /K B A 1 LAt 3 7™

K8 H I K B AE 3 H iy ik 875 Je fe (R AH . fE L
PR 45 SR BE AL T (R K R AR 1) A 5 3
BTN AR i R — i K AR HE O T B A AT
LU S S T e VIS o - I LIV N VA
Ba, oA o0 3 VA 45 2R 5 B 28 45 0 A vk — 2
(3) 58 DI 2 UH ™ ok 75 B % 2 N R
=)A= LTV I NSRS
RS B i [N ER ) A R 0 R 0 R A N Rl
2, HOWR T SR HE AR L HE K A 5 AR T
T 2 A R EAME T, K Ca R T AE S B o
E DI e U R S U S S o (S
[ N N (S 5 B AT Sl R T
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