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Analysis of water level variations during dry season and its impact on water
supply of gate-pump system in northern Dongting Lake
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Abstract: [Purposes] This paper aims to clarify the adverse effects of prolonged dry seasons and
low water levels in northern Dongting Lake on the water supply efficiency of the gate-pump system
within the area after the operation of the Three Gorges Project and evaluate the recovery of water
supply efficiency of the gate-pump system after the completion of the second phase of the Zoned
Water Refill Project in northern Dongting Lake, so as to provide a reference for the decision-
making of the rectification and construction plan of the gate-pump system and the optimization of

the regional major water resources allocation project planning. [Methods] Based on the daily
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water level data of main hydrological/water level stations in the study area from 1988 to 2017,
cluster analysis and trend testing were used to study the duration and variation of low water levels
during the dry season before and after the operation of the Three Gorges Project. The differences in
water source structure, water supply types, and water supply efficiency of the gate-pump system of
each embankment before and after the completion of the second phase of the Zoned Water Refill
Project were compared. [ Findings] After the operation of the Three Gorges Project, the dry season
of the study area is advanced and extended by 1.4-13.7 d, and the average water level during the
dry season decreases by about 0.30-0.42 m. After the implementation of the second phase of the
Zoned Water Refill Project, the water supply of different water sources will be more balanced. The
average water supply efficiency of the gate group increases by 2.8%, 2.1%, and 12.9% in normal,
dry, and ultra-dry years, and the average water supply efficiency of the pump group decreases by
74.2%, 45.5%, and 47.3% respectively. [ Conclusions] Since the operation of the Three Gorges
project, the hydrological regime of the study area during the dry season has changed significantly.
The implementation of the second phase of the Zoned Water Refill Project can alleviate the regional
water shortage problem. It is suggested that the inefficient gate-pump system in the study area can
be removed later, and the water storage project and cross-embankment water transfer project can
be supplemented.
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Fig.1 Geographical location and water system map of study area
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Fig.2 Variation of dry season duration in study area
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Table 1 Dry season duration variation trend in study area
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Table 2 Characteristics of dry season in study area

il R SWEETHT | ClkiafTIE | 2R
ik FREEmt | 177.3d 186.9 d 181.8d
Zy | RAKBITG BN | 11A2H | 10H20H | 10H27H
HiKWLER AW | 4 H200 | 4A25H0 | 4A27H
ik W2t | 186.2d 187.6d 186.8 d
MO | HKIFER A 10H 208 | 10A 100 [10A 15H
Miokgssk HiY | 4A25H | 4H17H |4H21H
MK HRFEn < | 183.3d 187.6 d 1853 d
JNETRE | BRI A | 10 15H | 105H |10/ 10H
HiKIEER AW | 4A17H | 4A11H | 4H14H
KRR | 172.3d 186.0 d 178.7 d
F | KK A | 116l | 10A25H [10A31H
MiKZ5sR AW | 4280 | 4H29H |4H29H
ik FrEent | 212.8d 219.8 d 216.0 d
B | Mok WITER AW | 10A 248 | 10A9H |10H17H
iKWK AW | sH248 | SA18H | 5A22H

2.2 tHKHEAAKMIELEBE S

A SCGE 1B AR GRS DO 7K 1P 38 KA N
S5 i H AKASE 53 AT 45 0 3 7 A R AF Ay K A2 AR Ak 1%
W, 3 R . 7E 1988—2017 4F[a], A 1 3k 14
il 7K I S 2 KA AR A e B e L D A e v 5 R I
) Aty 7K 30 S 34 7K 67 22 3K 1,62 m s /N TR 3 B A 7K
WP Y K 7 AR R RS E D3 AT i 8 5 SR AR K A6E 25
0.80 mo AHE A A5 K A7, Al 7K 01 B v H 7KAoL

) A I A5 T I 3 B A, 5 I 3l g A e v L e IR
2 223976 2.00 m LA I, B 30 M 5 ol i e i
H oK A7 28 W43 91135 4.19 .3.79 m., 3@ 3 404 = T
PRI AT BT DA 7K 3 0457 27K A S de R A 7K
P B, AW 5T 45 R R W], 7 =k TR is 17
J& AFFE XA A KA 17K A T B 0.30~0.42 m,
1R B 249 0.35 m 5 e H K A7 43 00 R B 0.39~
1.15 m, P2 R 25 0.85 mo 3T 30 4E 20, BT XA
ISR ATE I Y S VAN S A TS A [ ETE S
i T ARSI TAERCR .

32r — %y —— K0
o e By
------ SRR
£ 31 4
&30t
a2
Y PN S R e
a Wt /NN T AT e
E 285 A‘. Py /"/\\ A A
jE 27 A, - ot .‘y‘, ‘\"A\“A\‘/A\‘\{’l
26 L 1 1 1 1 1 1
1985 1990 1995 2000 2005 2010 2015 2020
Ay
(a) A Bk A28 1k
36 — %% —— Kl
35 - - e BUE
Eo3af AR
5 33t
~ 32 L
m
aE 31f
¥ 30+
E T
) 29
= 28t
i
27}
26 L L L L 1 1
1985 1990 1995 2000 2005 2010 2015 2020

AE{R
(b) A7k S f5e e A KA A2 Ak
3 R XA KA R ACHLAE
Fig.3 Variation law of low water level in study area
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Table 3 Variation trend of monthly mean water level during dry season in study area
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Fig. 4 Proportion of water supply sources for each embankment under different working conditions

AIF 5% DX LK T 5B AR A B it o 7 3 30 B RS- 7K
A 370 3 RIL T Aty 7K A ARG 3O R R R AT BE P A
K i K B L o AR T 11.0% . 11.4% F
11.5% , 3 FEAIG T T 2 R e X6 T8 SN 3 51 K 4K
. AE I R T K AR B 5 X 32 A KO R
7R SRR VG AR S R AR S B R ] S AR AT HL
AN TRV 7K SR Y5 ) A oK A7 far B Ry 494 . e Ak K
54 10 38 2o WA AR SR R K B A 43 ) B AR X sk
55.1% .24.8% 1) 75 /K 5, T A R0 2% fff 38 3t 7K
R MK IR T O & o R, Z2 W ALK 4 4% ) 2
e 1 XA K B | 5 K BE 2R 0T )R A
A B B K R BUIR TR AR A AR 1 R R T 0.67%~
69.81% 43 F A K 0 T2 04 S0 0 T 22 il i o
DX A 7K 3 190 21 P ik ) LA B 2 R

HEACKR IR B A TE— B R L RRAR T X sk
R KU o A2 T G AR R R AR Y R
M), DX 38 A 38 40 I 2 TR A9 S PR B | K S 5 i 1T
IR A — 3, W3R 3R G2 I ARAR b & #5 FLAE
AR SR o R AR R XS K e 4 AR g it — 2
B o DX 388 55 W) 3R G ) R K R0 R G e PR 3R T
3T o

AR T T 45 7 25 2 468 (1 K 3 n 5] 5~6
JiR o FEBUR TR KAR R 5% X i B R 40 F- 3
KRR 13.8%  MKHE ALK R IR A AS 7], i)
R GLF- 24 H B KA W] Y 22 Sk R
K FR VR RS- 35 H K R0R 58T HoAth ok R
i) 1 34 1 oK 3 AR B IXCH0F 35 7 Rk sk
R 67.6% . Bl X IR K & kD R K
RN B [R) R 04 B, 7E Rl 7K AF FVRR A AT,
T 5 DX ] A A 1 57 35 B K RO 43 1) F [

10.3% 1 24.1% , H: A 3 b /K 22 0 5 R0 BE 14 146 /K 2L
BRI B, 530k 26.4% 5 56.0% ., X5k
TR BN DA TR TR, =K s 0938 R 7 L
FEREALIK S K AR S BE 0 ¥ A UK BOR A
2.8%. {HFEZE X R AK B A, W1 H R 51K EE
FIBA e AR K A FURE Ay A A0 5 22 T R A it
IR F A9 B K AR 43 il $  1 36.3% 55 170.0%,
T4 o T DX A K AR 3 B A K AR

TE 5 Ak W) TR St i, #F 9T X IR BT
SFRARE KA REAR AR 1 ST 24 A KRN 53 )
P 2.8%.2.1% . 12.9% ., [R] i, 1] BE A4 K %R 52
AR 3 Aty 7K ASE 5% WA UK 553, AR AF T 1 el B AR K AT
BEAR AE SRR K AR 1Y 83.6% , K Rk S B 458 2k L A9]
BBUR TR T B> 7.4% , DX 38 ] #E 3T 5 ik
T PEETE, Ak, R KRR IR A W5 X
MR 2 3l LK Y B G T B Gz B RSP K A
FliKAE CREAR AR ZERE 7259 7 K OR B R AR
B3 00 T B 74.2% 45.5% 47.3% . 43 Fr 4k 0]
TR B 52t X T A AR X AR K A [ R FR AR
EH

2 L& RN 5 XA 2 LK RCR AR I 8] 20 A1 1
WA 21 M A 5% 45 A TR 90 0 KO0 (B K 80
JEFF AT, LAATE 0 1 1 IR (K sk e g 22, HLAE 4y
Fr AR K O TR S S B K 8RR BE K & 1 Tl
T o X I Al 2 R T LU O SR Hoft mT AR AR
SR E1 = W

FEIUR TR IK AR, 2805 17K 1 17T 76 327K
RE A% I b R R KRR BE 1L  IX 15 R A
BE 145 51K AT 35 R ] HEoK 340 2 2 5 Xk
[ 37K T RS T 1], EL7E 3 R S it e

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



kI RFEFER(AAHFR) 2024410 A

I B I LER A el 1]

BoKeeN | RE2IELEYICI &S , - FNELEY S VES
BRE2E R €194 @19 e 4 5 e 2 6 7 ® 3182 @20 0 ® 48 ® 29 15 hvoow 3
BRI - @388 @3888 (0 14 12 9 14 12 0:952 @48 @4 @5 @5 @50 Hok ed1/Tim
Brie B2 W - 2333 @233 0 5 5 6 ®3 @4 @ 1@ 12 12 12 10 9 6 ® 5000
FEEE1EE - 92333 023330 3 @ 2 ®0 €3 @3 5:@ 6 10 ® o0 9 10 10
AN 3 F - @3105 @3600 13 1 6 13 10 7:@50 @40 @ H @45 O4 @38
ARMRH oS W - ¢ 389 ¢+ 3894 ¢ 33 ¢ 29 ¢ 27 % 35 ¢ 26 ¢ 39 e 54 <+ 8 <+ 8 ¢+ 8 + 70+ 100 ® 4000
BRI B LIS 0 - * 1037 1037 ¢ 13 18 o 28 17 « 28 ¢ 321638 o 44 o & ¢ 36 o6 077
B X35H - @259 @3000,® 20 & 21 1 @22 @ 2 3:1®@51 @53 @53 @49 @46 @ 56 @ 3000
BHILFX25 - < 259 + 4201 5 50 ¢ 60 62 * 36 * 9. 8 <+ 100 <+ 100 + 100 + 71+ 100
BUFXIEE - @446 02400@ 0 @ | @0 @2 ! ®2:@2 ®4 2 5 @ 3 6 ® 2000
BHNIEIS - 92 #9294 11 @ 0 & 0 ° 6 & 4 @ (i@ 48 ®w | @ 2 e 34 @20 = 0 « 1000
B EB2E | - e 92 . 2! 4 - 0 0 10 8 =+ 0!-17 < 0 < 0 « 35 =7 - 0
MW IS @268 @26188 0 6 T 9 9 ®7 96 ®0:®16 ®21 @ 2 19 19 ® 22
HRBEISF - ®1270 » 1270 6 6 o 4 7 6 m 4 1020 20 » 20 =& 2 e 21 e 21
LIS E - €204 ©20040@ 4 @ 1 @ 1 5 €3 @ 0'!® 19 ¥ 0 28 28 @0 Ik %k %%
ERBISF - @252 @259 5 6 @ 4 @ 4 5 5:1@18 @28 @ 20 4 @2 @ 30
HERBEAS ] - ®1581 ®1581: 8 20 ® 20 13 13 @ 10 5:974 @8 ®@ 6 ® % @75 @8
HREISH 311003110090 1 ® 1 @ 1 @ 21 5 ©25'®@3 @4 @3 @35 2 @37
25 W - @2074 @20740 @ 31 @ 3B @ 27 924 @ X 2:05 €5 @5 @6 @6 @35 90
RS F - ® 1555 @ 1555 10 6 @1 e 2 @2 ®»2:87 @48 7 3 e 22 12 80
LS/ - 1814 @ 1814 7 8 6 7 8 ® 6'®2 25 @31 26 &2 & 33
ARG+ 570 « 5703 6« 3 <0 9 v 3 v 0 1. 45 19 « 0 =« 6 9 - 0 70
KiBEW 25 1 - @440 @a406@® 9 @ 4 @37 @4 @2 @ 0 : @100 @ @0 @0 @10 @ 10
KBEWIEIS - ©2333 €2333'@® 27 @ 3 15 @26 © 23 6'@100 ®100 ® 8 ® 88 @100 ® 89 60
FOERME 15 15 - :6 143 :6143: 6 6 @ 4 6 6 @ 4+ :@ 13 18 18 19 19 19
ZHE52E W - @4614 @42000 7 @ 4 @ 4 6 0 @ 3:®@28 &23 “u @3 18 ©®10 50
GBI - ®@2618 ®@26180 0 14 © 21 14 ® 24 4 02105 @77 @6 @6 @5 @ 8
ZE ol g - ¢+ 415 ® 10800 ¢ 20 5 3 14 6 + 2 .@ 83 19 15 ® 50 ® 65 8 40
LIS - ®1166 ® 1166, ¢ 28 & 31 @ 27 823 8 20 4 29 :a 8 8% &N s 68 aB o097
AL B R - ®235 @23590 0 5 @ 4 ® |1 5 €4 @1 '@34 ®28 @4 @35 @29 5 30
ZELE ] @190 @1970, 6 © | € 0 @ 4 ® 3 @ 0 .® 47 13 €0 25 25 & 0
RZEBIEE | e 78 siose e 10 e 2 17 13 16 5ia7 8 o8 o8 a5 77 20
ZARLE3S 5] - @2462 @ 2462 8 @ 1 10 6 6 @ 3 .:@ 33 9 @5 & 20 @2 17
ZREL2EE @50 @is0@2 @3 @18 019 04 0507 @71 @7 @6 @6 @7 10
ARER1S - @2514 @2514 8 @ 4 ® 4 17 @ 2 6 1@ 34 9 7 @8 @& 12 0
SR/ e I S I 2 R SR T I R I B T
PR S TN i

5 R e AL 3R BB A T AR AR
Fig. 5 Water supply efficiency of each gate of embankment in northern Dongting Lake
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Fig. 6 Water supply efficiency of each pump of embankment in northern Dongting Lake
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