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Fig. 1 Sketch of geological profile of Yufuhe river
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Fig. 2 Recharging water quantity of Yufuhe river in 2015

2 HEMAE

2.1 TARESMEMKIEREAKREERREKIEIR?
B3 B AT ] TR R S A AT B K KU T
Moo 5 EEPR AT AR 1] DX S T b R K T S (B AR
FK CHETR] K FTER B2 LUK R KO I 7K JBRR B, TR 57K
XoF fi R R B 45 7T R e B 1Y) S5 R KU TR L R as AT AT
KBTI DAY [ 9 AR SR RS i S R B A KUK L
AR IS AT SR LA JXT 3
2.1.1 EHALTALS LHENRTRKARXEAE
FHOCHRTT 2013 48 7 75T R 7 4R 7K [0 9 #h 5

TR B R T R AT B R O U
FACEER 5 AR K B 2 AFLBR K W 5, %f 3 2
1 15 A8 bR FEAT P L 45 R R B i X B s i KK BT
SVARBLE A A MR K BT TIT 28 AR o, (2R 3R 265 1Y
FALBRK T AN R 23 7 b TG Y,

2014 4 11 A#RaE T B4 _E i Bp €=k = %
MEBO 9 A K BT Wi - (E PSS E
) ALFE A I 6 A R L RIB S P88 598 R
B PP AT S R B ) MALERIE 3 AN (BRI Sk VAR
T8 A ) 25 W DU 43 A an &1 3 T

~—y A
T 62001 — sl
® \\ BB RERESS
BER A 4
£ U
R Y EER \\::::5555;::‘::‘
EFEHR
ﬁ e
= 4 XER
;ﬂ w WFE
N BKEERT
RS
RS P
%ED S
&k
4 RS o =EHOEH

3 ERARERE T KNS5 E
Fig. 3 Distribution of groundwater monitoring wells in

strongly permeate areas along Yufuhe river
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Table 1 Changes of monitoring indexes when Yellow River water recharges aquifers
B 7K FLER K (3 B ER Y NCE ) WEK  HTFK
b R B EB/ME S HME e BRME BME HME FEr BARME B/ME BH - -
Bt Bt Bk L Fr i
Wy
pH 10 8.408  7.479 8.210 18  7.823 7.153 7.495 36  8.056 7.076  7.227 6~9 6.5~8.5
WA /mg- L7110 13.57  9.21  10.78 18  13.62  4.16 9.03 36 13.80  6.80  10.18 5
ME/NTU 10 7.5 2.0 4.2 18 16.9 1.6 5.0 36 10.5 0.5 2.8 3
BAERE /mg. L 8 320.4  302.6  308.5 6 338.2  298.4 320.8 12 534.0 306.0 366.5 450
AL i A/
10 —63.4 —87.5 —76.1 18 —16.3 —69.6 —33.2 36 —6.8 —49.3 —21.9
mV
TDS/mg-L~! 10 964 901 825 18 808 600 683 36 1073 504 732
SR 8 4.1 2.0 2.8 6 4.3 3.2 3.7 12 5.1 3.2 3.9
FEEF/mg- L1
5 8 84 66 76 6 104 86 96 12 182 92 115
B 8 37.8 22.5 28. 8 6 25. 6 17.3 20. 3 12 28.1 15.4 20. 6
#h 8 80.0 30. 8 48.3 6 52.8 19.1 34.1 12 53.1 18.5 28.7
FEHE T /mg. L !
#p 8 5.30 3. 60 4.35 6 2.70 1.75 2.41 12 3.20 1.38 2.21
£ 8 119.0  40.0 74. 8 6 70.0 30.0 45.5 12 107.5  28.0 56.2 250 250
2 8 0.56 0.25 0.39 6 0. 30 0.13 0.21 12 0. 40 0.16 0.23 1.0 1.0
i AR AL 8 290 185 233 6 340 130 224 12 300 113 183 250 250
MR AR 8 195.2  146.4  176.9 6 256.2 195.2  221.2 12 310.1 195.2  232.5
HFY/mg. L1
NH;-N 8 0.100  0.050  0.074 6 0.020 0.002 0.010 12  0.020 0.003 0.014 1.0 0.2
NO:-N 8 0.018 0.005 0.0105 6 0.0015 0.0004 0.0008 12 0.007 5 0.0002 0.001 9 0.02
NO;-N 8 2.4 2.0 2.2 6 4.5 1.3 2.8 12 9.7 1.7 4.0 10 20
BA 8 4.20 3.78 3.97 6 6.23 2.18 4,24 12 37.30  2.02 7.45 1.0
HHIAEY /mg- L1
BOD;s 8 2.7 1.5 2.1 6 1.8 1.4 1.5 12 1.9 1.4 1.6 4
AR IR 8 3.54 2.35 2.84 6 1.33 0.95 1.11 12 1.29 0.86 1.13 6 3
SA LR 8 4.8 3.3 4.3 6 3.8 1.4 2.3 12 3.5 1.0 2.3
3.2 IEITHIRKERRITEN S0 SER AR A R 1.4, B TR K T 2K AR
3.2.1 BATHFH AR SR W R FLBR K v i 32 R U, R 43 ok A b
TTREIB AT, B KRR S [ e 25 SR SR B L fL DRk A AL B &G 0 . R T BT K Y 41 R

Bt rr - 24 kB A HE i RO 1L 7 M TR A B T
1 o e K R R R AR HE SR BOR 0. 93 AL BRK A

JT ok 3

o PATINCA L 2Y H H T JK A H TR K

B W R /N3 B IR A BILA) 0 DR A = X A

LIPS Y/E e

AT AR

iﬁ%ﬁﬁﬁﬁfu%@%%ﬂ%fﬁﬁﬁ—%,
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Table 2 Changes of monitoring indexes when water of Wohushan reservoir recharges aquifers

il B2 L1 7K J3E 7K FLBRIK (3 B A K6 IR WEK K
b R B m/ME HME FEr BARME RB/ME BH FER B EB/ME HE - -
Bt Bk Bt i T
LY/BL iRy
pH 22 8,395 7.538 7.786 18  7.920 7.225 7.683 36  7.848 7.044 7.471 6~9 6.5~8.5
WA /mg.- L1 22 12.4 8.42  10.73 18 8. 67 3.13 5. 62 36 9.53 5.25 7.32 5
hEE/NTU 22 15.7 3.0 7.3 18 8.8 1.5 3.3 36 6.6 0.2 1.3 3
MRS /mg. L1 14 249.2  160.2 222.5 12 338.2 267.0 304.6 24  498.4 249.2 335.2 450
SALE A/ mV 22 —47.4 —82.8 —69.7 18 —21.2 —73.5 —54.6 36 —13.6 —60.8 —34.6
TDS/mg . L! 22 628 513 567 18 805 621 726 24 1262 609 781
A 14 3.6 1.2 2.3 12 4.5 3.2 3.8 24 5.6 3.0 4.1
FEETF/mg- L1
5 14 90 46 70 12 120 73 100 24 190 82 116
B 14 32.5 8.5 20. 4 12 46.3 7.1 23.0 24 52.2 2.1 16.6
i} 14 33.1 26.6 28.9 12 46. 3 15.2 31.2 24 49. 4 16. 2 31.6
p 14 5.24 3.72 4.29 12 4.67 1.96 2.92 24 3.82 1.18 2.42
FEET/mg. L}
A 14 30.0 22.0 26. 8 12 80. 1 20.0 38.5 24 85.0 15.0 40. 5 250 250
o 14 0. 30 0. 20 0.24 12 0.52 0.27 0.37 24 0.50 0. 20 0.32 1.0 1.0
T R A 14 270 145 188 12 320 135 211 24 270 90 164 250 250
i 2 AR 14 219.6  73.2 1429 12 274.5 195.3 232.5 24  341.6 183.1 247.3
HIEY /mg. L
NH,;-N 14 0.320 0.072 0.228 12 0.470 0.200 0.294 24  0.464 0.020 0.270 1.0 0.2
NO:-N 14 0.011 0.0001 0.0025 12 0.0300 0.0015 0.0132 24 0.0280 0.0005 0.017 1 0.02
NO;-N 14 14.0 0.3 4.4 12 7.5 2.3 4.5 24 13.2 1.8 5.3 10 20
BA 14 8.22 3.15 5.02 12 7.52 3.34 5.79 24 48.2 2. 60 9.82 1.0
AP EY /mg. L1
BODs 14 6.0 3.4 4.2 12 2.7 1.5 2.1 24 2.8 1.7 2.1 4
[ AIE R R 14 4,12 2. 04 3.15 12 1.22 0.72 0.96 24 1.32 0.70 1.02 6 3
A B 14 6.9 2.8 3.8 12 2.9 2.0 1.8 24 3.0 1.2 1.9

i R R A~ 34 3 i AR FLBR K h s E 5 202 0. 9,
FU KR 0. 73 B AF A 1T K I 2845 o L FL B K
T R ERAR A 3T [ bR A PR K b AR HE{H 0. 93,
LUK FUE W K 8 A B AR TR B2y y 0. 4,
K2 N TR K A B R £6 1 6 Lk B — 2 A i
ER S BA WKL T ALK . 2 iAoy, i ok
TR E Bk B UK, R WA @R, (BB
543 LR

o i T 6 i 5 1 B o 48 B TR K 2 0. 95, FLBR K
FEZ 0,37, 717K 0. 38, A HLEK T ¥ & & i JE K
4.3 mg. L "B FL UK AUA B K B FEARE] 2.3 mg -
L iR e Y S i koK 10,78 mg - L' 43 il B
#9.03 mg-L '"F110.18 mg-L ', Mk Ebon

WA )= XA ALY AT — 8 R R VE R A K
JE XA ALY B A B AR T AU T A7 R0 4 2k T
K,

AP E R K 74. 8 mg - L BIFLEKIK
45.5 mg. LV FIA A K 56.2 mg - L', 35 S LR
KM 26.7 mg- L ' A K 30.5 mg- L', RE
GBS T R R K TIT 2 A i B 2 B K P A
HOEH N KSR 2 52, BIEG ., Tie LB KIS &
FK GZAE N BT T 70 X84 Yo, BN
SR X MR KA T TE AR A KU

TiAh T A A OKE KT B K, B 5 Pk
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Assessment of water quality risk from karst aquifer recharge
with multi-source water in the Yufuhe river, Ji’nan

LI Fengli', WANG Weiping', XU Qiaoyi*, WU Shen®,ZHANG Zhengxian'
(1. School of Resource and Environment » University of Ji’nan/ Shandong Provincial Engineering Technology Research
Center for Ground Numerical Simulation and Contamination Control » Ji’nan, Shandong 250022, China;
2. Ji’nan Qing yuan Water Group Co. LTD, Ji’nan, Shandong 250011, China;
3. Ji’nan Management Office of Wohushan Reservoir, Ji’nan, Shandong 250115, China)

Abstract Ji’nan is well known for Spring City, while facing huge challenges of spring protection and securi-
ty of water supply. The aquifer recharge with multi-source water is one of the effective measures to solve
these problems. However, the quality of source water is still poorer than karst water, which would caused
some risk of health and safety. Comparing the standard of groundwater quality and the background value of
karst water quality, this work chose the risk monitoring indicators that exceed the standard in surface water
sources or are inferior to background values. And adopting the Australian Guidelines of MAR, we assessed
the water quality risk of the aquifer recharge with multi-source water in the Yufuhe river. In 2015, monito-
ring and index analysis were performed to the water quality of source water, pore well water and karst deep
well water when Yellow River water and Wohushan reservoir water recharging the aquifers many times. The
results show during the Yellow River water recharging., respectively in source water, pore water and karst
water, the standard indexes of average turbidity are 1.4, 1.7 and 0. 93, the standard indexes of sulfate’s av-
erage content are 0. 93, 0.9 and 0. 73 and although the content of chloride ion does not exceed the groundwa-
ter class I standard, it in the source water content is more than 2 times the groundwater content; during
the Wohushan reservoir water recharging, respectively in source water, pore water and karst water, the
standard indexes of average turbidity are 2.4, 1.1 and 0. 43, the standard indexes of sulfate’s average con-
tent are 0. 75, 0. 84 and 0. 66 and the standard indexes of ammonia nitrogen’s average content are 1. 14, 1,47
and 1. 35. We draw conclusion that the turbidity, sulfate and the movement of pollutants in the aquifers are
at critical points for the whole Yufuhe aquifer recharge project. In addition, the risk of salinity should receive
attention when the Yellow River water is used as the recharge source. Similarly, the risk of nutrient is also a
concerned issue when the Wohushan reservoir water is the recharge source. Based on the above analyses, this
paper offers some suggestions, such as limiting the proportion of karst water resources.

Key words managed aquifer recharge, multi-source water, karst aquifer, risk assessment of water quality
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