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Fig.T Location of sampling sites in Nansi Lake
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Tab.1 The hydrochemical data in the Nansi Lake basin
B 2 Atk iﬁr;/ oH EEEH:/ SO.2~ Fidmike s/ | 0C!Se,)/ 0804 )/
C (ps » em®) (mg+ 1.1 %, %,
St MR N 34°35'14. 8",E 117°23'8. 9" 3.2 .22 820 142. 06 7.54 8. 00
N VAL N 34°45'39. 6", E 117°11'38. 1" 4.3 .76 992 350. 14 7.99 8.97
S &) N 34°57'38. 8",E 116°58'43.1" 4.0 11 1011 263. 02 7.87 8. 87
S W N 35°0029. 1",E 116°53'53.4" 4.3 .14 768 170. 49 11.78 8. 60
Se il N 35°04'33. 6",E 116°50'59. 4" 3.8 .05 867 194. 66 14. 63 9. 88
Ss EHE N 35°08'28.0",E 116°41'42. 0" 1.8 47 1,448 477. 82 9,47 9,32
S; ZRtag) N 34°59'56. 5", E 116°43'57. 5" 3.5 210 1474 381. 17 7. 60 9.17
Sy HRUK N 35°18'43. 2", E 116°42'2. 7" 16,2 .02 1988 286. 42 5.51 5. 24
Sy K N 35°18'19. 0", E 116°43'47. 0" 2.6 .13 1185 309. 65 4. 62 6. 27
S EFE# (NE) N 35°16'2.3",E 116°37'59. 6" 2.7 .42 1001 631. 50 14. 10 9.45
Su EiEw N 35°19'59. 4", E 116°37/13.2". " 5.9 .19 1144 559. 69 14. 42 9.51
Siz BRI N 35°20'7. 7", E 116°37'13.2" 4.8 .19 1191 229. 61 11. 07 8. 04
Sis KT N 35°15'34. 6"5E1116°33"19. 8" 3.7 .19 1794 288. 23 10. 77 11. 74
Su o PRBRUBT N 35°12/21.8",E 116°34'45. 8" 4.7 .25 1886 671.32 14. 55 11. 81
Sis JIAER] N 35°103.5",B-116°35'11. 1" 2.6 .52 1650 445,71 12. 84 11.13
Sis P (SW)  N.35%6'24. 5", E 116°39'4. 6" 3.5 . 40 1150 273.19 12. 86 9.43
Siz BITHER N 35°05'13. 9", E 116°37'40. 6" 3.5 .67 1967 524. 67 13.55 10. 09
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Fig. 2 Piper ternary diagram of sampling in Nansi Lake basin
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Fig. 4 The end source of sulfate in Nansi Lake basin
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Fig. 6 The dividing area in Nansi Lake
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Tab. 2 Contribution rates of sulfate from each

direct source in Nansi Lake

R 8C S50, ) /%o FMI8C Ss0,0 /%0 TEmk R/ %
TLAAZK 7.54 11.78 5. 34
095 i ) 7.99 11.78 5.65
ISR 7.87 11.78 5.56
H i 9. 47 14. 63 2. 86
AR A3 7. 60 14. 63 2. 20
7Ky 4.62 14.10 1. 20
HiB 14. 42 14. 10 7.54
LI 11. 07 14. 10 0. 80
K] 10. 77 14. 10 1.21
PR 14. 55 14. 10 7.12
T3 12. 84 12. 86 8.10
EVE ) 13.55 12. 86 0. 24
FRATERRCED 15.70 52.18

T VU B BR SR 5K U5 32 B 28 R A TR e L DTk R
B35 52. 1806, TR HEH R AR AL 1 DTk R AR 2
PR JCHSZ RSB | 33 ] A1 T 4 30] , 3X 3 25T
Xof 1 DU )R R 6 STk R B R S ik 22. 76 %, TE R P
WL 3X 3 A%T0T I HE AT B AR £R 14 BTk R i K TR K
AR VLI RK A B SR X R DY A ) TRk
{2 5.34%.,

3.3.3 RO AR R AT

Il 75 7K R S » A FaYR] L 45 Jf I3 T
TRV 515K A XA SRR i
2T Tl DX JE 1 35 43 rh /N BRI ) 75 7K HEA
S SRR o XoF 308 295 7K I 3l 2 M 5 T g A A
R S T B R R Y ¥ U I O ¥ M KGR A A AR
IR TE A T L AT BOE K SO, T
ik 357. 60 mig/ LAk Je e SO, ° (1 5T 5 e
JE R 350. 14 mg/Tu, &5 4 [ 17 85 /K HE BT
FERRARL 5 AR fa T gl oK 22 AR FPAE L ol 3 15 A
T2 3 R 28 0 B A b R R B 1 35 K
KRS g e, L A K IE R R L Rk, W
BE. IR 4 S5 I A IR £ 1Y 32 BRI AT BE A = A
I B3 A T IR K

AL 4 T LA B A K 3 ] R4S 3830 DRI
T 2T AR T ARl K Bz B 7K s B e
XA BB R £ 1) 3 BRI BN AR R T R VA R
WAL F 78 K A T A it 5 5 /K K I I T X
$of o VA A KT PR R A7 3] 2% S T A RS K Y
WU S o I 7] ASFE AT ] — 4> AR g » SR IR LR
F s EEATRESZ KA DMLY B, R

+ 578« A A L5mH%
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A RESZT5 KA
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FRER . T HL B 5 MR A1 52 7K 7 ) 7 7K 1l G Y
TR BRER AL A G

(%7K 1181 T DY 98 378 o b 28 7K 0 522 55 i
MR K . B SO, B E A M AR
Wik Fem il 631,50 mg / L, M RKKALA#IE
Jy Ca*"-HCO,  -Cl” A, FZE5Z Bl h XL 52 M 5
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52. 186, FLFE PHISGT Rk SHe 5 ) = B2 I i 45721 »
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Analysis of sulfate apportionment during water diversion period in the Eastern Route

of the South-to-North Water Diversion Project in Shandong Province
XIE Wenlong' s/ TIAN Weijun'?,ZHOU Jianren® ,ZHAO Jing' , WANG Liang' , DU Zhaoyang'
(1. College of Environmental Science and Engineering ,Ocean University of China ,Qingdao 266100, China;
2. China Key Laboratory of Marine Environment and Ecology ,Ministry of Education ,Qingdao 266100,China;
3¢ Department of Ecological Environment of Shandong Province , Jinan 250101, China)
Abstract; China is fdcing with water shortages,and the per capita water resources of China are below the global average. There-
fore, to solve the problem of water shortages in the northern region, the Chinese government launched the South-to-North Water
Diversion Project (SNDP) in 2002. The Eastern Route Project (SNWD-ERP) is an integral part of the South-to-North Water
Diversion Project. The SNWD-ERP diverts water from the lower reaches of the Yangtze River to Shandong and Hebei Prov-
inces,and Tianjin municipality with a complex hydraulic system of interconnected lakes, rivers, and canals, which provides im-
portant guarantees for the socio-economic development of the northern region. Nansi Lake (NSL)which is located in Shandong
Province, China, is an important storage hub for the SNWD-ERP. Since the SNWD-ERP has officially been in operation, it was
found that the concentrations of sulfate rapidly increased after water transfer from Jiangsu Province to Shandong Province, espe-
cially in NSL, where the sulfate concentrations reached 400 mg/1.. This was a huge impact on the water quality of the SNWD-
ERP. After sulfate was dissolved in the water, it was stable and easy to accumulate in the water body. Excessive sulfate concen-
tration not only limited the use of water transfer but also had adverse effects on the human body. Therefore,accurately identif-
ying the source of sulfate in lakes and channels and related biogeochemical processes are important conditions for protecting and
managing water resources,
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more serious, especially in the pre-release stage, where the pre-release period was short and large.

(3) Due to the "precision" water level control of the improved stage-wise trial-and-error method and the full utilization of
the adjustable flood control storage capacity, the peak reduction rate was 16. 2%, which was better than the 14. 3% peak reduc-
tion rate produced by the original stage-wise trial-and-error method,and the peak reduction rate was increased by 13. 3%.

To address the poor performance of the original stage-wise trial-and-error method applied to reservoirs with low regulation
capacity under weekly regulation,an improved stage-wise trial-and-error method was proposed, which had the following advan-
tages compared with the original one:

(1) Tt could better adapt to the characteristics of reservoirs with small storage and low regulation capacity. It may overcome
the shortcoming that the upper and lower limits of reservoir storage capacity and discharge capacity were frequently broken in
the original one, which brought a good stability performance to the algorithm.

(2) The calculation principle of the improved stage-wise trial-and-error method was simple,and the segmentation iteration
process was complete and clear. A reasonable and operability operation solution could be easily obtained.

(3) The case study in Fuchunjiang Reservoir proved that the improved stage-wise trial-and-error methodiachieved good ap-
plication results in the flood control operation,

Key words: flood control of reservoirs; optimal operation; the principle of maximum flood peak.réductionsimproved stage-wise

trial-and-error method
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To ascertain the source of sulfate pollution during the water diversion period in the SNWD-ERP in Shandong province,
monitoring points in NSL and its surrounding rivers and groundwater distribution were sampled to analyze the characteristics of
hydrochemical and sulfate concentration distribution in NSLeThed(*! Ss, ) value was used to calculate the contribution rate of
each direct source in the diversion water period,and combining with the 6(**Oso, ) value to explore the sources of sulfate in NSL
and the major sources of sulfate in inflowing rivers in the diversion water period. The variety rules of sulfate sources in NSL are
analyzed to search for the potential sources‘of sulfate pollution and appropriate treatment techniques were investigaled to reduce
sulfate concentration and ensure the safety.of water supply,and provide data support in the SNWD-ERP.

The main result were as follows; (1)in the diversion water period, the pH of NSL and its inflowing rivers was alkales-
cence,and groundwater was neutral. The sulfate concentration in NSL gradually increased from south to north,even as high as
631. 50 mg/L in the Nanyang .$ub. laké (NE). The main water types of NSL were Na™-SO;* -Cl™ and Na®-SO,* -HCO; ,
which was mainly affected by carbonate weathering. But the water types in groundwater were Ca?*t-S0,* -Cl™ , which was
mainly affected by the dissolution of evaporite salt and the weathering of silicate. (2) Evaporite dissolution has the largest sul-
fate contribution/rate in NSL, reaching 52. 18 %. But the direct source of sulfate in Nanyang sub lake was mainly carried by riv-
ers, especially Zhuzhdoxin River,Old Canal,and Wanfu River. The contribution rate to Nanyang Lake sulfate was much higher
than that of evaporite dissolution.and contribution rate of water transfer in NSL from Jiangsu was only 5. 34 %. (3) For the in-
flowing river, sewage inflow was the main source of sulfate in the Baima River, Chengguo River, Panlong River,and Dongyu
River,and the main sulfate source in Zhuzhaoxin River, Wanfu River, Old Wanfu River, Guangfu River,and Old Canal were
evaporite dissolution,while the Zhushui River sulfate was affected by both sewage and evaporite dissolution. (4) Based on the a-
nalysis of the source of sulfate in the Nansi Lake basin during the water transfer period,a reasonable sulfate prevention and con-
trol system was constructed. For rivers with a high contribution rate, the "river chief system" should be adopted to assign re-
sponsibility to people,and reasonable treatment measures should be taken before the water is transferred and used.

Key words: Nansi Lake; sulfate; diversion water period; 5(3'15504 ) ;5(18()504 )
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