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Estimation of sediment amount from ungauged area and analysis of sediment delivery ra-
tio of Three Gorges Reservoir
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Abstract. The Three Gorges Reservoir with huge comprehensive benefits of flood controlling, power generation and navigation is an
important project for Yangize River. The sediment delivery rate is also an important index for the degree of intercepting sediment in
a reservoir. In the view of the current research of sediment delivery ratio without consideration of the sediment from the ungauged ar-
ea, at present, the result of calculation was larger than that of reality. On the basis of the measured hydrological data of the Three
Gorges Reservoir area hydrological station from 2003 to 2016, the amount of sediment from ungauged area was calculated by the
hydrological method. Meanwhile, the sediment delivery rates and main influencing factors were analyzed. The results were shown as
follows: 1) the annual average sediment yield of the ungauged area was about 1775x10* t, accounting for 10.3% of the total annu-
al average sediment yield of the Three Gorges Reservoir. In recent year, the ratio of sediment from the ungauged area has in-
creased, and that of annual average was 26.9% from 2013 to 2016. 2) The annual sediment discharge ratio of the Three Gorges res-
ervoir was 21.6% , and 34.1% in the cofferdam storage period, 17.0% in the initial storage period, 15.4% in the experimental wa-
ter storage period. 3) Because the operation of the Three Gorges Reservoir is " store clear and discharge muddy water" , the sedi-
ment delivery rate of 7—9 mouths in main flood season is generally greater than that of the dry season. But after 2013, the sediment
delivery rate of main flood season is less than that of the dry season. 4) The sediment delivery ratio of the fine sediment in the reser-

voir was larger than the coarse sediment, and the sediment delivery ratio of the particle size d=<<0.062 mm, 0.062 mm<d< 0.125
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mm and d >0.125 mm was 23.4% , 5.5% and 11% , respectively. 5) The main affecting factor of sediment delivery rate in flood
season was V/(, but that in dry season was sediment content. When V/(Q was about 170x10* s, the effect of sediment delivery in
the Three Gorges Reservoir was the worst. At last, the empirical formula of sediment delivery rate of the Three Gorges Reservoir was
established for flood season and dry season, respectively. The result of this paper could provide reference for optimal operation of
water and sediment in the Three Gorges Reservoir. The results of this paper can provide reference for optimal operation of water and
sediment in the Three Gorges Reservoir.

Keywords : Suspended sediment; sediment delivery ratio; sediment yield; the ungauged area of the Three Gorges Reservoir
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Fig.1 Layout and distribution of water system and station network in the Three Gorges Reservoir area
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Tab.1 The basic situation of water station in the Three Gorges Reservoir area
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Tab.2 The basic situation of each section of the Three Gorges Reservoir
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Fig.2 Correlative relationship between g, ; and ¢; ; of different hydrological stations
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Tab.3 Water and sediment into the Three Gorges Reservoir

APRHID R/ (%10* ) ey ks A e ARRIE/ (X10° m®) ) g Ape R R/ (x10% 1)

i Wi gy WORILEY% o gy BERBEEEY g
2003 4F 6—12 A 1538 20811 6.9 177 3254 3.8 8399
2004 4 1679 16600 9.2 229 3898 5.5 6370
2005 4F- 1671 25400 6.2 293 4297 6.4 10300
2006 4F- 901 10207 8.1 175 2790 2.6 891
2007 4 3001 22047 12.0 338 3649 8.5 5090
2008 4 1561 21779 6.7 365 3877 7.3 3220
2009 4F- 1382 18300 7.0 353 3464 9.2 3600
2010 4F 1689 22900 6.9 316 3722 7.8 3280
2011 4 2231 10200 17.9 376 3015 11.1 692
2012 4F 1061 21900 4.6 477 4166 10.3 4530
2013 4F 1876 12700 12.9 350 3345 9.5 3280
2014 4 3071 5540 35.7 616 3820 13.9 1050
2015 4 1140 3200 26.3 459 3358 12.0 425
2016 4F 2050 4220 32.7 536 3719 12.6 884
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Tab.4 The runoff amount of the two methods
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tr.94
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(x10°m?)
A2/ % 733  -0.88 034 -6.71 088 267 056 -0.96 0 -2.14 -0.86 -2.84 477 -3.45
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Tab.5 Sediment and sediment delivery ratio in the Three Gorges Reservoir

R B ke R I DKV
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I EL (x10*t) NFEV R/ (x10%)  HEP /% AJEVER/(x10%)  HEP /%
2003 4 6 H— 2006 4E 8 A 25882 75831 34.1 70050 36.9
2006 4F- 9 J—2008 49 H 8311 48908 17.0 44357 18.7
2008 4£ 10 H—2012 4 12 A 12180 82119 14.8 75736 16.0
2013 4E 1 A—20164£ 12 A 5639 33797 16.6 25660 22.0
2008 4E 10 H—2016 4F 12 A 17819 115916 15.4 101396 17.6
2003 4F- 6 H—2016 4 12 H 52011 240655 21.6 215803 24.1
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25511 ,2013— 2016 A = WK R B HEVD BRI 43 501k 5475%10°F1 26940% 10° ¢, JE TR 1 HEVD &A1
TAFRE R 173x10° 1 1209%10* t.
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Tab.6 Average sediment delivery ratio (% ) of the Three Gorges Reservoir in different periods

A Bt 1A2A3A4ASA6A7TA8AYHI0A11AI12A 7-9H 11—12.1—4HA
200346 H—20064:8 4 10 13 14 5 5 12 32 39 52 19 13 13 41 11
2006469 A—200849H 8 8 4 3 2 6 14 32 16 3 7 6 21 6
2008 4F 10 H—20124E 12 4 7 16 12 9 4 4 18 24 7 3 2 8 16
201341 H—20164E12 4 37 38 13 5 7 7 24 15 11 10 26 32 17 25
2008 4510 H—2016 4512 H 14 22 13 6 6 5 20 22 8 4 4 13 17 12

3.2.3 FRAAHED b Z 0 =K 2 X 8] 3 U0 A DU ABRL 2 L, M50 e YD R 5 A 2 42 1) S B A ). = sk
AJEER TR IR KN d<0.062 mm ,0.062 mm<d <0.125 mm .d>0.125 mm 3 41, 43581tk
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— TR U 1D

T ZWOKIERFIRAR A HEVD L

Tab.7 Sediment delivery ratio of different sediment size groups

d<0.062 mm 0.062 mm<d<0.125 mm d>0.125 mm
gt ANEW R WED R, 0, AREDR WEDE, b, AEDE/ BEDE, H s
(x10* 1) (x10*1) % (x10* 1) (x10*1) % (x10*t) (x10*t) %
Rl 3E 25 K 48 67636 24216 35.8 4136 400 9.7 4060 1269 31.3
WIS TT 42577 8183 19.2 3331 50 1.5 3000 80 2.7
Rl = ] 102200 17313 16.9 7110 351 4.9 6606 160 2.4
=REIKE 2016 4EJEE 212406 49701 23.4 14581 800 5.5 13668 1510 11.1
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