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The impact of the operation of Eastern Route Project of the South-to-North Water Diver-
sion Project on water quality in Lake Nansi
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Abstract. Lake Nansi consists of four lakes: the Nanyang, Dushan, Zhaoyang and Weishan Lake. It is a lake in the line of the
Eastern Route Project ( ERP) of the South-to-North Water Diversion Project (NSBD). After the project supply water in 2013, the
water quality of Lake Nansi will be affected significantly. Based on the existing theories and methods, a three-dimensional hydrau-
lic control and water quality model of the lake is presented. The model is developed under the Environmental Fluid Dynamics Code
(EFDC) model. It was calibrated and verified to hydrodynamic and water quality data, using two sets of observed data from Octo-
ber 1 to December 31, 2006 and January 1 to June 30, 2007, respectively. The observed data including water surface elevation,
water temperature, chemical oxygen demand, dissolved oxygen and ammonia nitrogen from five stations is used as forcing for simu-
lations. The model results show that temporal and spatial patterns for hydrodynamic and water quality components are consistent
with observed data in the reservoir. Because the direction of the water supply and natural flow is converse, the Lake Nansi is divid-
ed into the upper-lake and the lower-lake by Erji dam in the Lake Zhaoyang. Two scenarios of whole supplying water term of the
lake were simulated using the model. By the analysis of the variations of the hydraulic control and water quality of the upper-lake
and lower-lake, This paper proposed three advices of the ERP operation, which can help the project to give full benefits and im-
prove the water quality.
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Fig. 1 The water system and the water diversion projects in Lake Nansi
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P — R
(mg/L) (mg/L) (me/L) 3 He B BB A S (L, XK 3 0 HEAT T S,
WHo 7.8 36,0 2.2 6.8 REFR A 40,020 ~ 0. 025, /K7 AH X R 250 3% . i F X3
(e 7.9 27.0 1.8 7.4 T EA R, SCHORTEAN R K BT B O R L L R
=HA 79 3B.s L9 76 g AR S A K I AT AL 9 COD NH, N i AL A
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Tab. 2 Comparison between the simulated and observed data of COD and NH,’ -N
in water quality monitoring sites of Lake Nansi
COD
Fisf ]/ d CIAENS] EaLE -t/ 3 KA B
Sim. Obs. Err. Sim. Obs. Err. Sim. Obs. Err. Sim. Obs. Emrr. Sim. Obs. Err.
30 24.8 25.0 0.8 25.7 26.8 4.1 22.5 23.0 2.2
60 34.5 34.0 1.5 31.3 32.0 2.2 29.6 22.8 29.8 25.3 250 1.2 21.2 24.0 11.7
90 27.8 24.0 15.8 25.1 22.0 14.1 21.6 20.0 8.0
120 28.1 26.0 8.1 25.2 23.0 9.6 22.3 22.0 1.4
150 28.2 25.7 9.7 24.9 23.0 8.3 22.3 22.0 1.4
180 35.4 34.3 3.2 36.4 38.0 4.2 26.3 22.0 19.6 25.1 23.0 9.1 22.5 21.3 5.6
210 35.1 36.2 3.0
240 35.2 36.0 2.2 34.2 350 2.3 31.2 28.5 9.5
270 35.3 34.0 3.8 24.8 22.5 10.2 19.5 19.4 0.5
NH, -N
A/ d HIEH 7 B -2 KA B7R
Sim. Obs. Err. Sim. Obs. Err. Sim. Obs. Emr. Sim. Obs. FEmr. Sim. Obs. Err.
30 1.6 2.0 20.0 2.2 2.0 10.0
60 2.4 2.5 4.0 2.5 2.0 25.0 2.1 2.0 5.0 2.5 2.0 25.0
90 2.3 2.2 4.5 2.0 1.8 11.1
120 2.6 2.3 13.0 2.1 2.0 5.0 2.1 2.0 5.0
150 2.4 2.1 14.3 2.3 1.8 27.8 1.9 2.0 5.0 2.0 2.0 0.0
180 2.1 2.0 5.0 2.4 2.0 20.0
210 2.4 1.9 26.3 2 2.0 0.0 2.1 2.0 5.0
240 2.6 2.3 13.0 2.3 2.3 0 1.8 2.5 28.0 1.9 2.2 13.6 2.2 2.4 8.3
270 2.4 3.0 20.0 2.4 1.9 26.3 1.8 2.5 28.0 2.5 2.0 25.0

# Sim. FIRBHME (mg/L) ; Obs. TR SHME (mg/L) s Err. FRAHXTR2E (% ).
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4, TGS AK E K BTAER], NH,-N B2 0. 8 mg/L, COD ¥k £ 16. 0 mg/L, DO ¥ Ji 8. 0 mg/L;
T A B B KA Sy B B AR K BT S T 5 T AR T AR IR K T, S A
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e 3 10 X T W) A ST 74 R
3.1 T4#
3011 KA BN TR RIS ATK OB A T T, 8 7 A2 i A K 11 RO I IX 35 3 16. 0 ~
17.0 em/s ;T ZEMATK B A X 3.0 ~4.0 em/s. LT REFE IX E B2, 29 0.5 ~ 1.0 em/s;
A6 X R F AL S AR, T R DX B S AR X TR AR /N TR R, TR 1.3 ~ 1.5 em/s;
PUOREE R 0.8 ~ 1.2 em/s. W BRI 55180 LL1 8 AH 22 Ab 8 AR, 1230 IX 43 B 9 4 TR0 3, WP AVAT AL 1 A
H4.6~6.8 co/s, BT LIAE] 7.5 ~8.2 em/s; ZRMTFRA AT 1.4 ~2.3 em/s, WL H N
3.2 ~6.8 cm/s; W 25T PRI AHSS AL 5y 3.3 ~ 4.2 em/s. — 2R3 BT A9 I X 37 33 K, 36 3 15,0 em/s
ZiA s B U IAE M K DR, 35 31 53. 0 em/s. T G FE IR 7K 391 18] 98 DX 3 3 oA i 90 R 1]
FIRFRELG , KA TR, FObRKES 90 d rE— i WA 2a.

05 R ARG PR AR T T S R A S oK AR S B = AT 1) R B AR 43 B D S

RV, 575 7 — PO 1) VB ) SRR 3ty 1) PR P RDK S i/, W X R A I € —/N 0.3 ~ 7.8 em/s,
TERIZE K DR T /N 23,0 em/s. I X R B KGE BRI S, WK AR, T R
PRAKEE 90 d R % LK 2b.
3.1.2 KFEEASH TR AEVEAKIG 90 d P, Sl I PEFRF W X DO WeFEAE 3.0 ~5.6 mg/L /244 B
TR IR B B K T i G, I DX PYHE DO Wk BEAR T AR, 7658 90 ~ 210 d Z [H], B & 1K B8, COD
e KRR WIRRAR, T 21 DO & EERWIIG &5, i5 % 8.0 ~ 10. 0 mg/L 247, 756 210 d ZJ5 , WI/K IR & [1]
T, BE PRI R R WIIX. DO Mk FERE RN 29 4.5 ~ 6.0 mg/L, 1L 6. 0 mg/L 2245 JE/K BN, R i R 4381
X DO Fr&454 MKk pRiE. 45 270 d iF, DO % i 434 WLIE] 3a.

TEVEIKAI , S0 K S B A b, ARSI X COD e AE 4 30 d B[] P i 30.0 mg/L FFEZE 16.0 mg/L,
PHERIHIX. COD ¥k BEE 2T 35 d B[] P 30. 0 mg/L R Z 17.0 mg/L. 7K 38 d ZJ5 , B Ll 8138 X3 7K 42 3
SERCTERT, R IX R ETE 16. 0 mg/L, FEIRHIIX A 17.0 me/L. 87K 50 d ZJ5 , T 21 i R BRI 180 IX 5¢ ) B8
B, T2 0T GO ZR R BT B TRT B3RV VT | /N U YRR VG 2 A R YR A 95 KR A T TR IR A T B
IF COD e BT, 45 270 d B, COD ¥ i 434 VLI 3b.

WX AR NH, -N ¥k AR 2 25 d P 3.0 mg/L FREZ 0. 8 mg/L, Wl X PHEFAY NH, -N ¥ AE 2 36 d
AFMEI PN FR 3.0 mg/L FEEZE 1.0 mg/L. 7K 38 d 2ZJi5 , f LLiil1 DX 1 /K A3 BE A S8 i, ZR B0 X NH," -N £2
1£ 0.8 mg/L, PHERIHIX 4 1.0 mg/L. J87K 50 d 2 J5 , BE FH 1 X 58 58T, [R1RE 32 S 30 A ), 3] 3 A i)
FIBRE NH, =N #e e85 45 270 d B, NH,-N B2 437 DL 3c.

FEVRZR TG B B, 80 X 0% S K OR W 4R 21 i, 3% X COD il NH, -N ¥ BER M B 7. 7K
30 d ZJ5 MK B K% X, H COD 1 NH, -N ¥R BEFF 5 F B 7K 60 d 2 J5, COD £25E 7€ 16. 0 mg/L,
NH, -N ¥ £ 1.0 mg/LZe 47 DO ¢ BE AR fL ML 32 COD Al NH, -N e B i1 7K I BE 5% e K. G 33 iy
DO .COD NH, -N ¥ A= fb i ¢ UL K] 4.

FE T A TG EM 200 m’/s Jgi/NE 80 m’/s, 15 Ye ) B 37 32 211 (19 40 FLAE FH R A1, B0 B 1)



928 J. Lake Sci. (#a#F3),2012,24(6)

e/ (cm/s)

%ﬁfﬁ/(%m/S)

10 ]
9 9
8 8
7 7
6 6
5 5
1 1
3 3
2 2
] ]
0 0

a g — bR

2 K 90 d oA
Fig. 2 Distribution of the flow field in the lower-lake on the 90th day
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Fig. 3 Concentrations distribution of the water quality parameters in the lower-lake on the 270th day
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Fig. 4 Variations of the water quality parameters at the Erjiba pump site



AR K AR AR LR d w3 K R 6 % e 929

3.2 ki
3.2.1 KA ZARH T LIRS X RE S 0.8 ~ 1.8 em/s, FEES AJK OBGEMIIX 1.7 ~
2.8 cm/s s J 1L 55 I BB AR AL A IR /N, 24 0.8 ~ 1.2 em/s ; JIL R 2P X E3ER 2.0 ~ 4.5 em/s, L
2P KRN ALK 0.4 ~0.5 em/s ; Tl 1L -5 R BHIETAH $2 AL A9 3R BE R, O 2.0 ~ 3.5 em/s 5 g BHIBI e 2
WIXWHH 0.6 ~0.8 em/s, JL2PHIX Ky 1.0 ~2.0 cm/s; g FEIHT /K F BT A9 AR, SH5.0 ~6.5 cm/s.
YA TR KA X A ) BRE E  R REA, WK R AR LGOI EOK AR 90 d r R iR L
5a.

5% R T RARR K TOL B AR RN, F & I O T —/N 0.2 ~3.5 em/s,
X TR A IS AR IR A, WK IR A AR, IR K 58 90 d J5 2 — s WL 5b.
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Fig. 5 Distribution of the flow field in the upper-lake on the 90th day

3.2.2 XFE AN J5HR— TGS ORI F oK AR S e, 7E TR K TT 4R 2K 120 d, DO ¥R EEAR
FHABH X, HIUREAE 4.0 mg/L A7 AKX AE 5.0 ~8.0 mg/L 2245 s EIHK 150 d 22 ), e /K TE 3T,
K5 WIX DO W IR F] 9.0 mg/L A 473210 d Z )5, WK [T, 11X DO Ve B SCREAG, I 43180 DXk i
£ 7.3 mg/L 2247 s AEVRK RN, 200 DO 5 8 HB 43 B [ 45 & T 287K A5 M. 270 d 15, DO ¥ & 43 7 UL
6a.

b

a c
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Fig. 6 Concentrations distribution of the water quality parameters in the upper-lake on the 270th day
BEE VKT iR WK 1] R F R ) e D R T, T SIS W e — A v 1) B 2 K. AT 7K

43 d Z I, Wk 2 K T EN R GUbE K KB s K 43 d Z 05 RAKOK BB #i e i s ik 60 d 2 5, b
) T 4 I B8 5 R, COD ¥R BE iy 30. 0 me/L R 2 17.0 mg/ L /K 115 d 22 J5 Al 1L 8 R0 23 ) X 58
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JIEHT, COD ¥R AN T 17.0 ~24.0 mg/L 2Z[A]. 7K 160 d J5 5 FH IR 2311 DX 58 BT, /K Bl TR AE , 9
FH AL 21438 DX B 7K 332 2 3 3T DR TR0 DAY | P 9] ok K 9] 25 S 00 Y 52 0 B, 32 DX 2 COD R B2 oy
19.3 mg/L, & T LG AL M X 7K 270 d i1, COD ¥R 4341 WLIE] 6b.

JK 43 d ZJ5 NG A LG KK BT NH -N YR BT AR AR 0K 55 d 2205, I 8
NH, -N ¥&EEH 3.0 mg/L RS 1.0 mg/L. J87K 115 d ZJ5 , 2 L S840 X 58 L8 , 16 K I ia ifF A
T PH. LI R 2 X N -N e B2 il Nl SR AT A ) X, Al 3.0 mg/L FFEZE 1.6 ~2.5 mg/L.
FEAbA L0 DR AR SR R, NH -N YR B R AR ETE 1.1 ~ 1.2 mg/Ls JHK 160 d 2 )5, #g FH R 23 )
DX S M, dr S i P N -N R EERSGEAE 1.2 ~ 1.3 mg/L. 37K 270 d Bk, NH, -N 9% 5 53-Ai UL AT 6c.

FEZKAIII E ) DO e BE R, BEH 1K SRR IR A, DO R BEIT 463 hn , 219K J5 91 (200 d 2 )7)
KIIE AN, DO #e LI URREAR , K G5 sRINTE 5. 2 mg/L ZeA7. MIEZK T AR FITR /K 120 d Z [i) COD ik Ji 4 45 1E
30.0 mg/L,120 d ZJ5 HR B B A LM X, H COD ¥ BEIFIRFEAR, 160 d 2 J5 W1k BB 455, COD g Jm e
£ 23.0 mg/L 747 NIRRT UG ZIRK 120 d Zef7, NHY-N R EE4ERF£E 2. 3 mg/L, POk 160 d 2 ) FEAR )
1.5 mg/LZEA IR ORAFRGE . 199 DU Hh 9925 7K B Ak BE 8 AL I 22 UL I 7.

D7 G TR R T KGR A T ARG, b G K AR ST S8 AR [ 4R 28 230 ds phy T A IR By
22 FAE S A W X COD I NH, -N e BEmt = 777 58—, 705 i 4. 0 mg/L F10. 6 mg/Ls /K 875 58—
w2 (E 7).

N 7K 8 BE S R AR g K AR A R, 5 W e G 981 K 7 S Y 3 D R AT 0 R K AR ) K BRI K
S RETT, W DX AR TR B 5 o3 A KA S 48 0 B N\ S 7K B4

— % IR
12 40
10 gg.g-ﬁ
S8 £25
E6 220
S 15
g ; Z1.0
05
L 1 1 1 1 ]5 Il Il L Il 1 1 1 L L L
0 50 100 150 200 250 300 O 50 100 150 200 250 300 O 50 100 150 200 250 300

it il /d it fa)/d it a)/d
Pl 7 P DO L 98 2 v A Ak il 2k

Fig. 7 Variations of the water quality parameters out of Lake Nansi
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