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Abstract

The upstream cascade reservoirs have changed the hydrological regime in the middle and lower
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reaches of the Yangtze River. Based on the 2012 terrain data of the river, the one-dimensional hydro-
dynamic model was used to analyze the influence of combined operations of the Xiangjiaba, Xiluodu
reservoirs and the Three Gorges Reservoir (TGR) on the downstream water levels. The results show
that: the water level of each station in the middle and lower reaches of the Yangtze River was dropped
due to the impoundment of the upstream cascade reservoirs during the storage period. The water lev-
el changed most in September and less in October and November because of impound operation of the
Xiangjiaba and Xiluodu reservoirs. For example, the contribution rate of descending water level is
27.5%~88.4% due to the impounding of the two reservoirs. The water level of each station in the mid-
dle and lower reaches of the Yangtze River dropped with maximum change in October and minimum
change in November due to the operation of TGR.
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AT AT IR E S I A SO B i 1 — € BIREIAL3] [4] [S]. 734k, BB AR URAL I M) = A X -5
REFEE, KT E UGEE R RRS RIS K OK B A BB K BERERE A B K AT g S iYL A
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BB K e RE R BB AT X UK SCIE A2 i 70 £ B4y =2 B — R T K SC B R 7T, = BR A
Guit oM 7, X = IRIE AT R R IR 2 B ) s KT AR E DL, Zhang 25 [815K F Gu it 46 i o At
TRILH UK ARAAE B, 15 =k TRAS @S R K SF A A RAE . 2 KBFEE)5 8 1 & KM
FVL TR R I8 3 X 7K SCA 3B RRAE , DA 2D B4R A7 A8 3 AR VL TSk K 5 PR 1A B SR 7K B Al 7K R 13 0L
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TLREX T U KA, BFFE 2 B8 th AR =k R TV T I BOK SCIE S RE R, 2014 45, RIBTE .
I KWK ESE JG &K, KL Rk SO At — 8, =ASKERCE & KR T Mgz i i A2 H fid R
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2.2 IRRIEE

TR KT A S T S o AT A R T R A 32 s sk 2003~2015 AESE KA . E RN, SR 2003~2007 4F

K SC BT 3R g, MR 0] B T8 T 285 SR AL B S Bk, AN [EK AL 20 = Bt 8 7kt R K8 AT
FE[12] [13], Blanss T 5 B K, KAET 40 m B2 7 2% n 4 0.028, 7E 40 m 5 49 m Z Al 2 7 Z% n
4 0.025, & 49 m i 27 REn N 0.020, HAWFEBLRIRES R ILE 1,

Table 1. Manning roughness coefficients in the coupled model

X 35 R e puib 3
Al B2 T X 0.021~0.034 0.032~0.059
KT 0.018~0.035 - 0.025~0.046
= RkIE R UK R 0.019~0.033 - 0.023~0.042

2.3. HEBIGF

HEH 2003~2007 EAE AR SHCR E W], 2008~2015 E/E NI SH AR . RIER e HRFISH,
Biftl 2008~2015 4 & Al s R Hi L 2, JE 5SmSR xitt, 2R WE 2. HETLUES, &4
St DL B AR S S R UL PR P A TR S 1) Nash RELASF MR ZE ST 45 L7 2, T LLE
#uh1) Nash 250576 0.91 LA E, “FHMFHEZHE 0.1%2 N, BAAFEERLF. MRYEE 2 BRI R IE 5
RS, FITAT U 5 Nash RECRISE MR Z A BT B . A RAUA SR BT, 7T F T B K PRI 5 0t
K ST E B R R R PRk [14]
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Figure 1. Conceptual sketch of network of waterway in the middle and lower reaches of the Yangtze River
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Table 2. Checkout of water level fitting degree of each station in the middle and lower reaches of the Yangtze River
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Figure2. Model simulation and verification flow hydrographs for each station
2. BB R IEIRBIIGIE R 2 12 E

3. BB EMEZRINIK EEE KT Z RN Bt M

AR 145 I 0 i) ZR K P 2014~2015 4 (1 SEFRag AT 0k}, SR FH /K &P A i 20 5l JR 49 31 /K FE 1Y) 6h N PEIR
i, SRR RN (], SR 3 AR S 7 VR N IR T B R e ) S X (R KRS, RIS 3B L
3 2014~2015 SE[E )5 S5 6 h R o K BF LS 5 IR I i R B K BN S IR, S5 BRI~
B XA KRR SN, SR ERIEIE . FZ UK S R =R IR P B .

W IR S5 21 = e 7K B (RN P i 6 5 S ) =Dk N JE S R EAT ST LG, e 3. HRERATDAEH, RIEIE. W
FIN 9 AU &KL Bgb T = WK ERINFER . 2014 4E 9 H, T HE/K B & /K345 = e N P 840 T 030
B> 1300 mfs, 2015 4F 9 H P RE/K & /K 15 =0 A #5401 S 4 Sl /b 1800 m¥s. 1500 m¥/s LA K
1700 m*/s. 10 A4y, P K AT =g N JZE 3 B R/, AR 2015 4F T A1) =0 N ) AU 44937 484 i 2000 m¥s,
FoA (] B )P AR R . 11 Ay, WK RIS AT — B RR BN T = WOK N FEE, RN 2014
=k 11 A B AR RSN T 400 m¥s, 2015 4E =k 11 A E A A) IR E 2 BIHE I 1100 m¥s F1600 ms,
M A3 &> 500 m/s.

Table 3. Analysis of impounding impact of the Xiluodu and Xiangjiaba reservoirs on TGR (unit: m%/s)
3. RIGEMERIVKEE K ZIENEREF MO FREBAL: ms)

9H 10H 11 H
A TH

A Ay T ot A T kA Hfy N
©) 32,200 40,600 27,000 19,800 13,800 14,600 11,600 7600 7300
2014 4 ®) 30,900 39,300 25,700 19,900 13,800 14,500 12,000 8000 7300

®~0® -1300 -1300 -1300 100 0 -100 400 400 0
@) 23,200 28,000 24,200 19,200 15,400 11,300 9300 7100 6600
2015 4 ®) 21,400 26,500 22,500 19,200 15,300 12,300 10,400 7700 6100
®~0® -1800 -1500 -1700 0 -100 1000 1100 600 -500

H: © RRFHRELFHRSIEMARIUKES KM SN ERE; @ KFERE LIRS M FHUK E B K =\ ER .
4, IKEEBR S B KT RIKALAIR G
41 fIRIR
AR E 3RS, SHERXAFELEM IR EEWRESE, EMiaRAEeArZ, 53 3 H
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Figure3. Mind map of the analysis of techniques
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V42 FEIK PER A B /K IIE SR KA AN 5 8 =0k 5 /K I S /K A7 AR S K A EAT 0 B, e 4

ALLEH, 2014 429 H, HEui & A)FKAL AR E 1.09 my 043 m BLK 0.76 m, AR, 5K
TKPE 7K AS B B il B350 KA 43 9 R B 0.35 my 0.38 m L A% 0.35 m, =k /K P &5 /K A B B ol &) T B KA 4y
SR F% 0.74 my 0.05 m PAK 0.41 m, 5388 A1 ] S & /KO0 BB 3l % A0 KA B B DTk 2 43 7R 32.1%.
88.4%L) Iz 46.1%. 2015 £ 9 H, HEW &R FEIKA 77 N 0.84 m. 1.60 m LA 1.71 m, H A&, )
F K B 7K AL B B il &2 7K A4 3 R % 0.58 my 0.44 m BLA 0.53 m, =k /K B &5 /KA B B i & F) T3 7K
Py R R 026 my 1.17 m DLJ 1.18 m, RIEUEAN ) KNG & KR T 5 & 3l & F KA B B sTmk 293 51l
69.0%. 27.5%A % 31.0%.

2014 4E 10 H, HEW&ATHIKA 25 N 1.33 my 051 m LK 0.15 m, HARig . m 50K EERE
FEIE W B KA LB AT, X3 B B vl KA, X 2015 4F 10 H N E Bk BT 0.40 me B E 5 10 H
B KA 2 B2 = /K /K I

2014 4F 11 A, ®= B4 FAPESKAL B 0.72 m, AR R AZKAL TR 0.05 m L& 0.16 m,  H RIS E
A FHUK BT E B b 11 A & KA BTk, 2015 4F 11 F, B S A ArdhagKe BTk 0.87 LU
0.99m, NAJZKAL FFE 0.22 m, HABi& i m X IUK s T | Sub 11 A B a4k Az EF+ 0.50 m. 0.31 m,
THEIKALFBE 0.27 m, ZWoKEEIEATEE Bl 11 H &8sk A5 5] T 0.37 my 0.68 m L% 0.05 m. 11 A
B H B KA 52 = P B 7K SRR FE AL/

I CAEH, RISV SN R K B I AT BB Sk KA R S B R AR 9 A, PIEEKEIZ AT E B
i 10 A A 11 A0 KALRE M N e = I8k /K BESE 4755 B B sl B S A R R 9 H R AT 10 A4y, =KX
HE G 11 H 0 KA N o
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Table 4. Impact of the Xiluodu and Xiangjiaba reservoirs impoundment on water level at the Yichang hydrological station (unit: m)

® 4. RFEAERIUKEBKNE S WK FREBA: m)

9H 10/ 11 H
GR TiH
et Ay T s} HfY T st Hf) !
©) 47.42 47.96 46.69 43.88 41.12 40.97 40.74 38.49 37.96
® 47.07 47.58 46.34 43.91 41.09 40.94 40.90 38.68 38.01
2014 ® 46.34 4753 45.93 4255 40.62 40.82 41.46 38.44 37.79
@~0 -0.35 -0.38 -0.35 0.03 -0.04 -0.04 0.16 0.20 0.05
®~0 -1.09 -0.43 -0.76 -1.33 -0.51 -0.15 0.72 -0.05 -0.16
@) 44.04 45.73 45.04 43.33 41.82 40.01 39.39 38.18 37.79
@) 43.46 45.30 4451 43.30 41.77 40.42 39.89 38.49 37.52
2015 ® 43.20 4413 43.33 41.98 41.01 40.26 40.26 39.17 37.58
@~0 -0.58 -0.44 -0.53 -0.03 -0.05 0.40 0.50 0.31 -0.27
@~ -0.84 -1.60 -1.71 -1.35 -0.81 0.24 0.87 0.99 -0.22
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Figure 4. Influence diagram of joint impoundment of three reservoirs on the average ten-day water levels in the main stream of the
Yangtze River between September 2014 and September 2015
4. KEBRAEKIHOGT TR &5 2014~2015 £ 9 B & A FHK A E2NmE

(=]

A (m)

WAL (m)

TRAE

2015494
)

HIE 4 ATLAE H, 2014 £ 9 H L A), SIS M S HUK XS T R 978N b a5 7K AT B2 i FE 2/ =ik
PR R 7K 8 KA TR R O TR & 3 K S R AR B AE 0.00~0.35 m, = TR B /KA T I i ZK ST TS R A
0.25~0.74 m; 2014 £ 9 ), XEE. B, vomii LLACBR L, VI AN a) SK B T3 2Lk fK AL
M P TR T =K e, 000 LT BA R ORI h, 38R 3 Y R ) SR/ 20 %) T 3K il e 7Kk A 5 1 i 58 22 /8T
SRR s IRIEPE S T S K JEE S KA R TR KA T BRI FEAE 0.01~0.38 m, =k TR B UKAE T
WA S KA R B EETE 0.05~0.26 m. 2014 £E 9 H R ), IR IEIE AN 1) FKK BT T 55 AN 3l s KA 5 Wil 5 /N
ZURAKPE s KV KA AR Ak A2 = ko, VRIS 1) SN SRR K PR B KA R R U TR Al KA T B
[ B2 7E 0.04~0.35 m, =k AR & /KA It & i 7K A Pt B2 7 0.23~0.41 m.

2015 £ 9 H ), BRIEVE. [ FIUKZEST T R8N0k s K LR e B BT =0k e, 196 AR /K 28 B 7Kk A
AR TR A S KA R B RIEBEAE 0.21~0.56 m, =k TFE & /KA T &3k K7 T PR IR FEAE 0.07~0.26 m; 2015
B9 AR A], BRI AN ) SR T T 1% el 2 KA S AR B N T =K s 2015 4F 9 H R A), BRIETE .
1) X IR PR 7K 22 s KA PP U AL A5 St KL R BRI BECE 0.27~0.44 m, =g TR E5 7K A T30 53t KA Pl 5
7E 0.27~1.17 m, 2015 5= 9 H NA], IRIEVE . 7 IR 7K 2 B8 7K A H 1 3 T30 25 3 7K A2 T B A M FE 7 0.32~0.53
m, =g T AR E K AE T3 K AL R Bl B2 7E 0.60~1.18 m.

5. &

1) £T mike BEAUHE 7RI AR B 2@ — 4K T E R, 8T TSI M RILL R =Rk
PR A B 7KR T N TE K AL g, RIS B, A3 3 T S Bk} R AP S IE .

2) WA, ZAKEBRE EK—ERRE LRRR T B RS KA BIETE . 7 I R K PR iB AT
XYL RN KA 2 E ZE R E 9 A4, PIREKEEIZAT AT 10 H A 11 F 43 BI7K AL LN
PLE BN, P EEK AT B 9 H M Al /KAL I TTRRZETE 27.5%~88.4%, — /K EEIEAT 5T i+
WKALREI FZREPTE 9 H R A 10 A6y, =KX T 11 A /KA mER

3) LA 2014~2015 M6, 73BT T /K T B & /KK T o R Ui & AN KL . 2014 4F 9 IR 1)
FIK 5 R 9T KAL RS e R A g, RIS 1) SR JRE /K 26 B /KA b R T % 2 K A7 B R T
FETE 0.01~0.38 m, =k T A2 & /KM T & i ZKAL T B FEAE 0.04~0.26 m. 2015 4F 9 HBIKIEE . 1l FKHUK XS
R P T IR AKASE RS MR B R AR 0, SR 170 SR R 7K J2E 5 /A H I T T IR 25 AK A R B BT £ 7 0.21~0.58
m, = TRE & KA TR A sl K A7 T B i 5 72 0.07~0.26 ms
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