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Fig. 1 Topographic map of Heishazhou waterway Fig. 2 Layout of regulation works in Heishazhou waterway

2 HREITE

2.1 #ERgE

AR SCHEMF I R A R G HIRCAE T R VDU AKGE K SCRTIE ek, Horp K SO R dE . BV K GE
1960—2005 4E 1S40 4300 b s O 7K S0k 1951—2012 4E42 3 & S b &, DL &% 2003—2012 4E 1% H
SEE D B H P U (R K SO A T RV UK E L 64 km &b, 5 BRI K EE 22 ) TG R I ST A
iC) . HIEZORMUEE 2004 452 A 2 2013 48 1 H 46 31 AR A E K, HrpA 2009 4 DRI KGR S> B Xbr i
f9 CAD i1 K 2009 4E LR K A AR CAD ALIE K, LA KR S-57 # A TALE 1,
2.2 MRFE

Xt FIK SCRFAE A3 T , R GE 7 36 50 B SR VD N K T8 D7 50 4337 40 Y0 b AE Ak, B HEC-RAS ' 7 22 vb
KB —ZE7K JIBERY 38 3o —4E /K TR 5 B ARV UK B A TS 43Tt L AR A S A

X TR RIS 3BT B W B A A [l A AL L B8 8 — 7R b BR{E B R S8 (GIS) “F- &5 F A T4 b 3
5538, B4, NV YNZKIE /Y CAD Mt (5] K i A i 1 v 3 BCEAT 23 8] AR A A 5L 1 285 0 R 50, A
GIS 55, M B 1 KU s PR B (DEM ), PR FH GIS X BRI K 18 R AT — 4 2 0 = 48 1 2% 8] Bcds 4 3
Soprt o — Ay G T B B A R K R RN 1 A A Ak S A B R G RS A AR 4
BT 5 =2 AT AR5 AT B — AR A A 57 R 7 A 1 0 4 TR0 3 2 057 AT, A S A 57 A — A58 1 i SR AR
RIS

3 EDMAKEAFER

3.1 EPWKESESREEERVEETH

Bl 3 Ry YD INEE K IE 1960—2005 4F (1 S 439 te AR Ak 28 . iy [ AT I, 20 22 80 44X LATT, JE Vb Ui
B P A= I AR AT | R KT AR R E TR 30% 25 AT 580 AEAR LUR , KB B W R TS, MK AR
FEANBEE K, M 30% 351 5] 35% ,1992—1997 4 Ja HE K 5 45% ., 1998 4F K UEK G , REIR N Sk B A7 Zk vl il g
1B, FEKGE K B 9, R RN, 433 HE s 2 50. 4%, 2003 4 =K EEE KR, 2004 4E 53 R
WG K ZE 57% ~63% , NI o5 45 F2 A

Kl 4 S BYPUNEEAKGE T S U H R 56 &R .l IR AT, BA VDI e 7K 9 40 U0 55 43 Tk ELAREE B, PR



86 K OF oKk B T OB ¥ W 2015 4F 4 H

[

HREMAICCR WA BN 0. 933 9, FHCHE R AT, MRIE =K EZEIKIG 2005 41 F0R 38 &30, B 1D
FAZKIB B4 LA 62% , 310 F 2R 57% , 38 W] = WK B 27K I T Bk Vb i ORI I8/ (B 530 e 5 0 v L oG
ZARARFFAAE 20 4D 60 AEAR LA, By YN AKE A 32 | S'Z&E]u 33 b R RS AL B R KO 1Y 4310 L i
2 %ﬁmttﬁ‘ci‘ﬂﬁ G, R, AT RAHED 2007—2009 4F A9 %G T RS , i ZKGE B0 L 5 20 10 HUAT AR AR 3 %
PEAH B PRECC R

651
60
70 55F
60 | 50
35 50+ £45
g 00 - 2 1.084 8x-8.351 2
{h 30 L. SRR ".."’—o—éﬁ}"bﬁtt <$:35: .o 9;_. N
20 - N 30 R?=0.9339
10 | - P 25k .
1 1 1 1 1 1 1 1 1 1 J 1 I 4 1 1 1 1 1 1 1 J
200 25 30 35 40 45 50 55 60 65 70
\\\ At \\\ MUY \\\\ \\\\ UL \\\\ N
O (90 (o (1 (10 ot (ot (o (oM (o St SYIRH 1 %
Bl 3 HEYDYNEEIKIE S 40 T AR AR AL Bl 4 BYPINEEIKIE SR T e R
Fig. 3 Changes in flow and sediment diversion ratio Fig. 4 Relationship between flow and sediment diversion ratio
g g g P

3.2 EBRIEXMEDMNEKESSRILE M

I HEC-RAS #A4%T BRVDUKE AT T — 4K 3B, BERIR ) 2004 4F 8 H AYHLIE | DL b3 KGE il
T BRI, DU WSS KA N KA 21 5, 3R 2004 47 3 H 2 2005 4F 3 H SRV YIKIE Lt
S KA GERRIEATIRUE . SRS SR ANE 5 F7R IR ZETE 0. 1 m DA B ik 45 R 5 SCMHE AT &0 [ A R
it 2004 A BYDYNAKGE 7K SCI B FERE, MR 11 741 m’/s B, B KB 43I LRy 62. 5%, db KB é}/mttjz/
37.5%, HUiwh 41 737 m’/s B, K IE S0 Eis /N3 58. 3% , AU /KE 43I E 3 R B 41. 7%, — 4K Sk
M 5 L PR EEAAAT

BEA 2l IR JS , XA AT R AN R T SRV YN pg KB 43 L AT TSR, Herp | S8R T AR 4R
2004 4= 8 HHIIE IR 2636 5 AL 551K F 2010 4 5 H 2011 4F 7 H } 2012 4 6 A ryiiEid, & 6 B ki
IAHT 2004—2005 4EAN A T RgZKIE S L. B 7 AR S 2010—2012 AR AR T m /KB /3 L

" - ~ 70 — ik 64
? STk “ 60 S MAKIEMRE 463
£ 7 - BHEK AL B
= 6
£
% 4
3
2 1 1 1 1 1 1 1 1 1 J 0
1 R I Y I S
oo bp\ b}b\"o \«\ @ %&0\‘1 ® %\\\ \m\g}ﬂa\:\& o \v\ \‘>\Q\b\°<\\ SIS \\\\ SO
P N NN
@@wa@q’@w@%@@g%e %%’»WWW%WQ(\,Q”W’\»
K5 SRR R UL Kl 6 2004—2005 4 AR T R /KE 730 L
Fig. 5 Water level verification by a HEC-RAS model Fig. 6 Flow diversion ratio under different discharges from

2004 to 2005

ML 6 H A BEIG T 2004—2005 4F, FEVD YN R ZKIE 1Y 530 b2 it i A2 A2 i AR Wi 220 i e 61, 5% K
TP L 59% , ik K A e B 3 2 348 Jn 4 3 ttaaz/l\,y%7ku;ﬁﬁfﬁﬁ§@m\ﬁmb e, Al 7K R 7K 43
T 61. 5% , ALK L) 38. 5% , N ETEAS 1B R 2R FFE T, By IR KE K, iR M 5
L, VTSV RR B 7388/, A5 ) T 2K ST R 7K A8 4 D 5 1 /K 30T RS 7K 43 O LR s/ B 2 59% , AE KB 43 i L
R B 41% , FL)FHAETAOKE FBAS 5, AT SR, Hoor Ui HeBE G PE K 3 U0 it S i 38 i oK



552 Wr 2, % KU e300 R /K 8 L R 2 i 87

_ 10 —yiA 64 10—y 64

T 60F - ---FAAKGH MR L 63 T, 60 ----FKIH ML

62 . 50

615 £40 613
g

60 = =30 60 iz

0 1 1 1 1 1 1 1 1 1 1 1 57 G 1 1 1 1 1 1 1 1 1 1 1 57 () 1 1 1 1 1 1 1 1 1 1 1
AT TN TN TIALTE RN TR AR SANTA T T AN BTN TR AR O AN NN NS N N S D DN
O R RN A R e R ™
v
A SRS oS A S A A A A A S S
(a) 20104 (b) 201 14F: () 20124F

K7 2010—2012 AFAN[RI AT B /K 70 3 H
Fig. 7 Flow diversion ratios under different flow rates from 2010 to 2012

AT 7 % H AT QOVER LA 15 A R A A Tt B 8 A PN A AR RE D8N, B3R R 1 R K GE A3 T EE A
58. 5% ~59. 5% , 4 9% 5 N R KIE I USSR K FAb K, Q436 TR A /K W RS 7K G843 H 2 s K
177 X P K i KT 3T L S A0 A K B e K 233 NIRRT LY 61. 5% 8/ 38R 5 2 58. 8% .
TR B 7K A8 533 B/ Y = R R P A0 P 38 B AR T R 7K U i K 1 A K DT T 5 A K A R A Ak e K
WA /D 149% ~21% 38K T 3L B 7, 1k /K 303 B 25 K A7 A4 TP 8, Pk 30k 1 7 a7 R T 49 52 i /S, %o 4
RIS} A IRGRIEE

P U] T B T AR AR T SR VDY KB AF P9 40 T L I IR e R | V& /K i 7 R 7K 433t L B 1R R R
PR Bt 5 3L D/ N TR 0, 3 T 8 2 T 5 7K 3 A R 7K T 14 7K SR B VD B T, AT 52 i v i Y A2 ) LR

4 R KR R AT

4.1 FKEEMERIE ST 250 o LR
7 S U K T A WU R e R A :gfgg T

(DEM)J& A SCRLH] AreGIS B{F, L DEM il = (01

PRI T K B R, 8 Y 2 sof et aan, L

I R K e TR AR T A

MAEFRZE LR ,2004—2009 422 75 I g 7K 18 1 v SN AN SO I O ST N ,\90

TR BN, I 2004 42 H 21 HAY 160 J7 m?,
Uk/NE] 2009 4F 3 A 3 HAY 112 J7 m® AFF 3R %
H}9-9.6 J m*/a, SEVLINEE K E HIE B IE TR,
J&i ,2009—2012 A= AL i Kot 4 R M AL 2009 4F 3 A 3 HAY 112 J7 m* 38K 5] 2013 45 1 H 18
HEY 157 77 m? AR K20 11.3 T m¥>/a,

MAENAEA KT, RV N e 7K T P MG < ML U A op ™ A28 AbdRs i . i IEL 8 AT, ZE K 5—10 7%
P AR R BUR TS K, 2006,2009 F1 2011 4F R /0 V0 A%, PRtk ok v /0N P 1 B K AE 25 7 m* L
P, KR A /1N 52004, 2005 ,2010 F1 2012 45 Z2 V04, RBEK SR VD K, vl T AU KO AT 40 J7 m? ikl
Ko MAETUGHIAI 11 2284 4 7 JRREEFRE vp RSBz, o, 2009 F1 2011 4F BIAS K 1 5/
EUS R MR AR AE 25 U7 m? LN B /DN 2004, 2005, 2006 1 2010 4F RS KA R E RO ST E
AR, Ve TE AR/ IV AT 50 0 m® IR R
4.2 FEKEXRMERETN

2004 4F-2 H 21 HZE 2009 453 A 3 H , BUIrE AGE 5 il #2430 Rl vl 82> 417 7 m® | SE344F o
FREE 7.9 em/a; B THR)S 2009 4E3 A 3 HE 2013 481 A 18 H, Byb I /K8 S IR a3 1 a] Ly R
549 1 m’ ,fﬁﬂ]{ﬂﬁg 15.6 cm,

[€1 8 DY K E ek T AU AL

Fig. 8 Area changes of shoal in Heishazhou waterway



88 P/ L I . N 201544 A

4.3 BEKEXREMLETH

FRUD YN B 7K T8 10 e S A A6 (B | 3 MR S | v
B LI O B E KRR sk 2 & AR TR
LR MR Z LA N RE , MK 0, Mk 2k
A Pl R MR 22 &R vl 4

FRVDYNFE 7K T HE G 15 AT 2 X L ULIET 9.,
2004—2009 4F-H[a], A S 2004 4F 2 7 KA 6L
BT AR A, AR EFE 20° () 7 i1, 2009 4FE 3G
TREZJE, BT m 7K 8 Al 7K 43 3 ek 2D, 7K 3l 7 ik /
55, WSk [ L UE AR R TR TR N, v T IR % B9 SRYD YN R K B3 i S 1 R 2 0 L
iﬁjtﬂ;ripc’ R & R R DL R B , HRMEM K-l Fig. 9 Axial contrast of shoal before and after the regulation
757 £ A FT 9 2 20088 K3 26° 447 project

5 TAEMNREETWND W

5.1 =lskEEE kX ks & R 3T RO R

IR ATRIAT, 2004—2009 A SR VD YN RS AKE A A ], 3225 PR R =gl K PR B K 2l As T RR VD U K E |
Tk VPR GEiH T T Sk EE K, K u 2003—2012 AERUAESE I A SE AR TR TbE,
SRR U, Gl B 2003—2012 4R F-H48 i 5 B K BT 245 XA Ll > T 3%, 28 iR AR K (K e
U ATE K BEZ P, KGE 3 2003—2012 4R F- 4510 & 5 & /KT 245 3 L T 63% , siEAR K. [F]
B, R 3l 4F P A K3 A L B K AT A R R R BE 3G, 1,2, 3 A Rk i A i 4r s K T 2 410,
3 109F1 4 361 m*/s, ¥41E 5351k 24% ,29% F1 29% , L UiEA -8 i /0 L BTV Ot s 385, 335 0 K 7 Al 7Kk 44
TR PRRIVE T PRIk, S D U i 7K T Y AR B A
5.2 BIKEMERSIENLEETEIE

2009 4F5¢ A ) S YOI /K TE 96 T AL, AN T R /KT8 194307 FE AN 2010 He el 28 T R 7K GE 8 7K I 2%
i, P MG AR 0 A — BT AR

PP T ARASUE TR, R G 1 VAN A 3 M S T ) SR R 9B/ IN T RIS T AL T S 5 SR AR W Sk SE AP T
FERE T RS AP 25 DL T S VDU A (R3] 5% s 20 Al PN A B0 100, ek /b T 2 R 00, 363R 5 228 Y
TABA SR X LG 2012 4F 6 J 5 2008 4F- 7 H BYHIEE AT, 2R - 15 m SFUREETT #4435 500 m, IR LA R
PAFENIDE] ;A S A v A R D B =7 m SRR N HEZY 650 m, {HAKIA TREMLA ASFIRE IR, A &
/N T R K TE 9 533 L, A5 me KB E K Bl 08055 , B /K GE R 2009—2012 4F 8] 1) 13 = A4 T 8 R mi AR
IIRF,

———— 20044F2 F LN B
—— 20104E9 1 i s 4
— MO E :

6 % iE

YUK BT  BRCEOT 43R LR LA H B 220 4D 80 AEFRLAHT, SEYbINEE Ak = AN KB AR
SRR R | AU 1 g KB A K 22 18] 11 5 5 80 AR LG, Tk B B #i i AR EE T, M9 /KAl 70t 73
U HEBE R FFAE 2004 4R LUREREAE 60% 7oAy, EHUIE — FAREFE R /KIE , =K & KR /9 2004—
2009 4, _E e v (R0 LSO KU I B0 R, (7 S VDU e K ) P A A 2 TR A L P L AT AT
SRORFEE “ LIRS i (Y A PR RFE . 2009 AR5 TR )G , i KB WA T 45 0045 2090 4 k3 | R Th TR
B SILAR B B RS O T R K T R KB A B, (75 B KT T RS 2K 20 O E BB IE TG 61. 5% 7o A /b 31 4%
IR 58. 8% a7 , AT KK IR TE iy bl HE36 TREJ5 RE /K T8 A T A2 S B 3 e Y T
BT T R



552 Wr 2, % KU e300 R /K 8 L R 2 i 89

25 LTI IS R R YN K HER 5 AL 035 A A T A 5 23 A, B ISR IR i, S E 1 ZKGE B9
S PRIER B ATAT AR P ROFR e o A  FEXRS IV T W A 70 0T BEEA T AT B IR I, T R
0 T RERGE 73 L RSEIE |, By 1 PGE 7K 3 ) A s | B TUs A BRSO

Z £ X #:

(1] B AT H R W BSOS F AR R S R g [T ] . K RI2EH%,1989(6) :10- 18. ( LUO Hai-chao. Characteristics of fluvial
processes and stability of the braided channel in the middle and lower reaches of the Yangtze River [ J]. Journal of Hydraulic
Engineering,1989(6) :10- 18.(in Chinese) )

(2] /N ARAHR , SRR AT R i 2000 E £ S AR ERF ST [ ] A ALK K L, 2006,24 (1) :55- 58. (LIU Xiao-
bin, LIN Mu-song,ZHANG Zheng-quan.The characteristics study of the exchange of mainstream and tributary in the middle and
lower reaches of the Yangtze River [ J]. Journal of Northeast China Water Conservancy and Hydropower,2006,24(1) :55-58.(in
Chinese) )

(3] 0] IRFEFS 4% SOR A5 ARVTH R RS Sk 28 53 B 38 i AR AL N K e R A oE [ ] /K ke g 2741, 2013,32( 1) : 174-
180,186.( LI Ming,ZHU Ling-ling, LI Yi-tian, et al. Study on evolution mechanism and development trend of the goose-head
pattern braided channel in the middle and lower Yangtze River [ J]. Journal of Hydroelectric Engineering, 2013,32( 1) ;174-
180,186.(in Chinese) )

(4] VLW, 2K, B, S5 RT3 70 DO ME ) K U S A% B i PRI [ 7] sRBUR A 7 4k T, 2008, 41 (4) ¢ 10- 19,
(JIANG Ling, LI Yi-tian,GE Hua,et al. Discharge and sediment transporting and riverbed evolution in slightly curved and multi-
branched river reach in Jingjiang reach [ J]. Engineering Journal of Wuhan University,2008,41(4) :10-19.(in Chinese) )

[5] XUPRIL [ B ZE. =0k TR 135 m & /KaE X YT A il i sz i [ 1] KA Kz TR 224 ,2003 (1) :49-52. (LIU Huai-
Han, HE Ming-xian. Influences of 135-m-height storage of Three Gorges project on the middle-reach channel of the Yangtze River
[J]. Hydro-Science and Engineering,2003( 1) ;:49-52.(in Chinese) )

(6] REH VFAxe, 5dhh, 55, =K ERII IS FHW KT b R i K SCIGE S 52 w3 M [ 1], 7K 5 & i 2741, 2010,29(1) £ 120-
125.(XIONG Ming,XU Quan-xi, YUAN Jing,et al. A study of the influences of Three Gorges project’s initial operation on river
regime of the middle and lower Yangtze River[J]. Journal of Hydroelectric Engineering,2010,29( 1) :120-125.(in Chinese) )

(7] AR, BRST SR A T AN (5] A 249 SRS P TR T o 3 B LR 5 ] VDR BEBE 41, 2009,26(5) +5- 8. (HE
Juan,CHEN Li, GUAN Hong-lin. Research on erosion adjustment law of braided reach in downstream reservoir in different
constraint conditions[ J]. Journal of Yangtze River Scientific Research Institute,2009,26(5) ;5-8.(in Chinese) )

[8] VP& i M3CR 5. =k TR E /Kos S KUl A2 9B AT 58T ] . YR iTFE,2011(2) :38-46. (XU Quan-xi,
YUAN Jing, WU Wen-jun, et al. Fluvial processes in middle Yangtze River after impoundment of Three Gorges project [ J].
Journal of Sediment Research,2011(2) :38-46.(in Chinese) )

(9] Trbelf , 5kATHS , B3k 0. HEC-RAS Z GRS AE P oK S gEBLAD0 P Y B AT ST [T ], =R ~a 274k . A AR BR# R, 2011, 33
(2):12-15.(FANG Yuan-hao,ZHANG Xing-nan, XIA Da-zhong. Research on application of series of HEC-RAS model to flood
routing simulation[ J]. Journal of China Three Gorges University ( Natural Sciences) ,2011,33(2) :12-15.(in Chinese) )

[10] Bt A7, £H Are View GIS #54 HEC-RAS BRI B FIBFFE [ )], ALt 50 T A2 Be 244l , 2009,27(2) :5- 7.
(CHEN Jian-feng, YANG Guo-li, WANG Ying. Application research of Arc View GIS coupling with a HEC-RAS model [ J ].
Journal of Hebei Institute of Architecture and Civil Engineering,2009,27(2) :5-7.(in Chinese) )

[11] ZEBEZE.GIS =5 [a) 3 My e 5T [ D] WYL @771 K 2%, 2007. (LI Xiao-jun. GIS research on spatial analysis methods [ D].
Zhejiang ; Zhejiang University ,2007.(in Chinese) )

[12] ¥F4 =, TR 50 4F K KT KU AL AR BF 58 [ J]. 7k 3¢, 2012,32(5): 38- 47, 76. (XU Quan-xi, TONG Hui.
Characteristics of flow and sediment change in Yangtze River in recent 50 years[ J]. Journal of China Hydrology, 2012,32(5) :
38-47,76.(in Chinese) )



90 koOF ok B TR ¥ R 2015 4F 4 A

Evolution characteristics analysis of Heishazhou southern
waterway of the lower Yangtze River

CHEN Dong, CHEN Yi-mei, HUANG Zhao-biao
( Transportation College, Southeast University, Nanjing 210096, China)

Abstract ; In order to study the riverbed evolution characteristics and trends of the braided waterway downstream of
the Yangtze River after impoundment of the Three Gorges hydroproject and construction of the regulation works, the
measured flow and sediment diversion ratio from 1960 to 2005 and a total of 31 topographic maps from 2004 to 2012
are collected in the Heishazhou waterway studies. A one-dimensional hydraulic model of HEC-RAS is used to
calculate and analyze the flow diversion ratio of the Heishazhou southern waterway before and after regulation works.
The geographic information system (GIS) and a digital elevation model (DEM) are used to calculate and analyze
the changes in the area, volumes and location of the shoal of the Heishazhou southern waterway. The analysis results
show that the shoal of the Heishazhou southern waterway was scoured from 2004 to 2009; and the shoal still keeps
the characteristics of erosion and deposition after the impoundment of the Three Gorges hydroproject. The flow
diversion ratio of the southern waterway during the low-water season is reduced by 1. 5% and the shoal evolution
trends toward deposition after completion of the regulation works. The research findings can be used as a reference

for design and maintenance of the similar waterway works.

Key words: a HEC-RAS model; a digital elevation model; flow and sediment diversion ratio; shoal evolution;

regulation works



