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Fig. 1 Distribution of groundwater monitoring wells in the water-

receiving area of water diversion project
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Fig.2 Hydrogeological profile in the water-receiving area of water diversion project
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Tab. 1 Water quality index classification
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PE S . TDS MAEF- (A ER LT WHO ™
HETREE TH A HEE KT 264.56 mg/L
RN N R T T e 2 Qv s o
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Mg">K', DLk Ca® Ry 5, 43 51 i BH 35 1 R o i e
) 63.8%. 46.7%. 44.0%. Hi T 7K H HLB & 11
Jo B B HE o8 HCO,>S0; >CI>CO0;, L HCO;
F 5, ol B S B s R Y 74.1%. 71.6%.
68.8%. TE 200741 2013 4, NH,-N [J4F - 34 i i
WP R T WHO A5, 1M 2018 4R NH,-N B4EF
Y 5 i vk B RT WHO A5 #fE o 4R 1T, NO,-N Al
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Tab. 2 Statistical analysis of hydrochemical parameters of groundwater samples

- WHORRHE 20074F 20134 20184
(2011) Avg+S.D. max min Avg+S.D. max min Avg+S.D. max min
TDS 1000.0 601.39+136.53 875.00 338.00 548.43+£189.49 917.00 273.00 489.96+165.69 953.00 192.00
TH 450.0 438.48+95.50  609.00 278.00 327.57£151.09 640.00 113.00 264.56+137.48 552.00 65.30
pH 6.5~8.5 7.60+0.27 8.12 7.05 7.74+0.25 8.25 7.26 8.02+0.42 9.56 7.26
Ca™ 200.0 110.55+65.83  270.00 0 80.06+36.43  163.00 21.60 66.74+41.30  171.00  10.90
Mg* 150.0 28.39+16.70 57.80 0 29.78+14.21 66.00 11.20 23.8549.94 41.20 2.72
K — 2.48+1.98 9.60 0 2.78+1.86 9.41 0.69 3.53+2.39 11.80 1.46
Na' 200.0 31.92+20.87 93.30 0 58.64+17.04 99.20  30.30 57.71£17.75 96.40  20.60
30 mEK)E
Cr 250.0 49.27+£28.75  141.00 15.00 73.20+26.33  136.00 30.40 76.96+21.88  125.00 31.90
SO; 250.0 84.91+48.13  179.00 11.00 70.16+41.58  151.00  9.99 59.13+42.23  169.00  0.13
HCO; 250.0 386.43+192.11 634.00 0 363.83+162.31 674.00 102.00 303.10+150.38 640.00 48.60
co; — 0.58+1.65 7.82 0 0.89+1.64 5.44 0.15 1.13+4.60 22.70 0.15
NH,-N 0.5 0.85+0.96 4.63 0.02 0.58+0.67 2.74 0.03 0.45+0.68 3.10 0.03
NO;-N 20.0 1.00+1.63 5.22 0.03 3.02+7.49 36.40 0.03 1.21+2.16 9.38 0.03
NO,-N 1.0 0.01+0.02 0.07 0.00 0.02+0.08 0.42 0 0.03+0.06 0.23 0.00
*692 £ X 5m%



Wi, % 5l AR K H T AR SO R A AR RO R R %

=280
Tab. 2 (Continued)
- WHOEE 20074F 20134F 20184
(2011) Avg+S.D. max min Avg+S.D. max min Avg£S.D. max min
TDS 1000.0 453.22+126.88 780.00 273.00 475.65£95.33 669.00 311.00 440.96+151.89 704.00 128.00
TH 450.0 334.65+100.21 646.00 208.00 295.65+74.85 427.00 137.00 269.26+115.10 499.00 48.00
pH 6.5~8.5 7.77+0.18 8.16 7.41 7.85+0.17 8.22 7.59 7.93+0.24 8.26 7.43
Ca™ 200.0 85.08+35.20  156.00 0 69.61£26.50  126.00  25.80 64.33+£34.05  135.00 11.60
Mg™ 150.0 27.5349.33 43.90 0 29.67£7.96  49.50  16.30 26.85+8.68 38.00 5.78
K’ — 2.17+0.85 3.68 0 1.8440.59 3.10 0.61 2.03+£1.25 6.52 0.33
Na’ 200.0 33.76+11.48 52.00 0 49.15¢1521  80.10  27.10 43.06+17.46 78.80 7.02
50 mK)Z
Cl 250.0 33.19424.39  114.00 3.49 59.22426.83  104.00 14.10 61.28+32.99  151.00  2.00
SO; 250.0 48.28432.79  124.00  1.28 49.69+30.75  109.00 291 44.02£36.56  123.00  0.13
HCO; 250.0 379.39+108.16  622.00 0 343.61+£99.82  536.00 149.00 302.11£107.65 474.00 90.50
co; — 1.18+2.48 9.20 0 0.85£1.42 5.44 0.15 0.15+0.00 0.15 0.15
NH,-N 0.5 0.32+0.31 1.20 0.02 0.56+1.01 3.76 0.02 0.33+0.72 2.78 0.03
NO;-N 20.0 1.42+2.82 12.40 0.03 0.87+1.38 4.48 0.03 0.89+1.30 5.03 0.03
NO,-N 1.0 0.01+0.01 0.05 0 0.01+0.03 0.15 0 0.02+0.06 0.28 0

TE: AveREIRFRAT- 2 H; SORFAETRIFRIEZE; maxfRSAEFR I IR (E; minfRRIRPRAG e/ ME; BrpHoy Tot 405, HA AR me/L.

1E 50 m & /K ZH, 4E-F- 34 pHH KT 7.77.
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B, 2 8.16, RV F /K & rh o 2 it . TDS Y 4F:
SEHE AL T WHO A, Fo vk i 2 5% BIHR
TRER S 4E 75 TH EH KT 269.26 mg/L &
RS K RIBHES FPMREEHET A Ca®>Na™>
Mg">K", DA Ca® A 5, 4351 i PHES 7 A i i e
) 57.3%. 46.3%. 47.2%. Hi T K% M IH & 771
J Bk HE N HCO,>S0; >C1>CO; , L HCO,
F &, 4ral b B S B W Y 82.1%. 75.8%.
74.1%, £ 2007 5-H1 2018 4F, NH,-N 434 jot &
e FE KT WHO A5 4E, 17 2013 4F, NH,-N Y 4F-F
Yy 5t Wk BE v T WHO A5, #8177, NOs-N Al NO,-
N AR 25 o vk B AR5 i BEER A T WHO AifE
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AT R H Piper = £k K48 78 Hb T K fb 2= 4,
GUR W 3, ANFEEKZH S EE 0 mE =M
X JEC B MR ] Ca” il 2k, BH B8 1 0 A 78 = ff X 1Y)
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FH S T B Y 20.12% . 49.84% ., 30.04%, I E T CI',
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58.81%, KAk 242 £, HCO,-CasMg #2013

AEHE T K I B 251 Na'+K ', Ca™" . Mg™ 4351l o B 9
T B 30.94%, 42.62%. 26.43%, B T Cl.,
SO; . HCO, 43 1l 5 B B F B B Y 11.46% . 13.57% .
74.97%, KA F IS EF K HCO;-CasMg B, 2018
AEHE R K B9 BHBS T Na'+K', Ca™ . Mg™ 23 1) o FH B
T B 81 35.77%. 39.57%. 24.66%, & + CI,
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56.46%, K fb % 25 A E F S Cl -HCO;-
NasCasMg %!,

T 50 m & K )2 2007 4E b R K 89 BH B 1
Na'+K', Ca™", Mg" 43l o5 BH B 1 B it ) 22.39% .
49.68%. 27.58%, 185 CI'. SO; . HCO; 43 ] i B
BT R 11.46%. 13.57%. 74.97%, KAk 225 7
FEH HCO,-NaeCasMg I, 2013 4F# T /K i FHES
F Na'+K', Ca™", Mg” 4l /5 PHES T B i 19 27.58% .
41.76%. 30.66%, BAES ¥ CI'. SO; . HCO, 434 /4 B
B M 20.63%. 11.99% . 67.38%, KAk 25 Y
FF N HCO,-NasCasMg K, 2018 44t 7K A4 BH =S
T Na'+K', Ca™. Mg 75 1 BH 5 7 B & 1) 27.35%.
41.61%. 31.04%, BHES ¥ CI'. SO; . HCO, 434l /4 B
BT M 23.40%. 10.62%. 65.98%, 7K Ak 225 Y
FEH HCO;-NasCasMg B, fiff 53 I T [/l — &
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Fig. 3 Piper diagram of groundwater hydrochemistry
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Tab. 3 Determination of groundwater quality index

- 20074F 20134 20184F
30 m 50 m 30m 50 m 30 m 50 m
DS 0.08  0.08 0.08  0.08 0.08  0.08
TH 0.08  0.08 0.08  0.08 0.08  0.08
pH 0.08 0.8 0.08  0.08 0.08  0.08
Ca™ 0.08 0.8 0.08  0.08 0.08  0.08
Mg" 0.08 0.8 0.08  0.08 0.08  0.08
K' 0.08 0.8 0.08  0.08 0.07 0.8
Na' 0.08 0.8 0.08  0.08 0.09 0.8
Cr 0.08 0.8 0.08  0.08 0.08 0.8
SO; 0.08 0.8 0.08  0.08 0.08  0.07
HCO; 0.08  0.08 0.08  0.08 0.08  0.08
co; 0.04 0.5 0.04  0.04 0.00  0.08
NH,-N 0.07  0.07 0.07 0.5 0.06  0.05
NO;-N 0.05  0.05 0.05  0.05 0.05  0.06
NO,-N 0.06  0.05 0.03  0.04 0.05  0.02

TE: BrpH A TEt AL, HA A mg/L.
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Fig. 6 Classification of groundwater quality at
different time and aquifer depth
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Fig. 7 Average sensitivity of removing each index (parameter) on the MIWQI score
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Hydrogeochemistry characteristics and groundwater quality change trend in the
“from Wenyu River to Chaobai River” water diversion area

YANG Hongbian1 , LIU Ran®, LI Binghua3, GE Yinxin’
( 1. Shijiazhuang Water Supply Co., Ltd, Shijiazhuang 050011, China; 2. Beijing Chaoyang District Water and Soil Conservation and Science and
Technology Management Center, Beijing 100024, China; 3. Beijing Water Science and Technology Institute, Beijing 100048, China )

Abstract: With the acceleration of urbanization, groundwater has been overexploited for a long time in order to
support the development of Beijing, groundwater recharge and drainage are seriously unbalanced, and groundwater
level has been greatly reduced. Dry years have resulted in a sharp decrease in the amount of surface water resources.
The good infiltration conditions of the piedmont alluvial fan have made the river with a sudden decrease in flow
rapidly infiltrate and replenish the groundwater, resulting in the interruption of the river flow. Artificial recharge
engineering is the most convenient and effective means to solve the shortage of water resources. However, once the
shallow groundwater quality tends to deteriorate due to the infiltration of surface pollution components, the affected
shallow groundwater will continue to advance to the deep layer, and the potential pollution risk of groundwater will
intensify.

Based on the groundwater data of “from Wenyu River to Chaobai River” project in 2007, 2013 and 2018,
descriptive statistics were used to analyze the variation characteristics of water quality parameters, Piper trigram was
used to analyze the groundwater hydrochemical phases of different aquifers in the water receiving area after
ecological water replenishing, and Gibbs diagram and ion ratio diagram were used to analyze the controlling factors
of groundwater hydrochemical characteristics. The water quality of the receiving area was evaluated by the
improved comprehensive water quality Index method (MIWQI).

The results show that the pH values of different aquifers are neutral to weakly alkaline, and the main cations and
anions are Ca’" and HCO, . The groundwater chemical type changes from HCO,-Ca-Mg in 30 m aquifer to HCO, -
Na-Ca-Mg in 50 m aquifer. The samples of different aquifers mainly fall in the dominant rock zone.The overall
quality of groundwater is good, with medium, good and excellent water quality accounting for more than 90% of the
total number of samples. Sensitivity analysis showed that HCO; index had the greatest influence on the score of
MIWQI, and Ca®" index had the least impact on the score of MIWQI, but their sensitivity values were not exceeded
2%. It was verified that MIWQI did not overly dependent on one or several parameters, and all parameters play a
role in water quality evaluation.

The index concentration of 50 m aquifer is basically lower than 30 m aquifer. The dissolution of rock salt and
silicate, cation exchange and human activities are the driving factors of the change of main ions in the water body.
Water quality index method based on entropy weight (MIWQI) method could describe the overall water quality
reliably, accurately and stably. These findings can provide reference for groundwater management and sustainable

development of water resources.

Key words: from Wenyu River to Chaobai River; water-receiving area; hydrochemical characteristics; water quality
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