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ABSTRACT

Flushing is most effective in preserving reservoir storage when a reservoir is
completely emptied. However, large volumes of water is needed during empty sediment
flushing operations, which might not be well suited in areas of high water demand. In
this study, a physiographic soil erosion-deposition (PSED) model was applied to simulate
reservoir operations for empty sediment flushing and reservoir desilting. The method of
sediment sediment

flushing operation began with empty flushing from the

commencement of rain for a duration of 12 hours. The outlet gate was closed at the
thirteenth hour when the water level reached 30, 31 and 32 meters, respectively.
Computed results indicated that the efficiency of operation for reservoir desilting was
lower than the efficiency of sediment flushing of empty flushing. The efficiency of
operation for reservoir desilting when the water level reached 30, 31 and 32 meters were
50.13%, 50.02% and 50.00%, respectively. On average a sediment flushing difference
of about 10% between the operation for reservoir desilting and empty sediment flushing
was observed. The findings in this study are of great significance in the management of

water resources and in reservoir desilting operations.

Keywords: Physiographic soil erosion-deposition (PSED) model, Empty sediment

flushing, Sediment flushing operation, Efficiency of sediment flushing.
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W - PRI AT R P AR A R s SR HE A A R
Wit o ANWFSeR ki BN HR EL e R A B 2 YD =

#J 46.4 B S ARCARIBELE 1.2 H8) - KE
R MR ELBE R R (2010.06) B MLAR LLIRE %
(2010.10)5G L T/K BRI & - i FHRE R R
AR S AS SR HE /K B E R A Ry 58.3 BT ST
AR BERRAERHE - (HEER 2010 4 7 A{vE
— RN R A WEBIRZ 583 BN
REG7K R AR Bl 2 PR EE GRS R -
AN FE A H iz PR L JRU A B AR B/ NS B
W SR o 5 BT L -

4.2 JKEEZR EEHERS 2 HFR SR ET G

HR &SNS RN E - R - R
FUAERY ~ FERNIURESEE A TR - KILA OSSR
JKEEAE/K I 10 £E(2001 ~ 2010)FrERERT &AM 30
mm ZBER S - 3t 104 15 - FH AT Hh
SO R T 22 R B R E Z HED K
REE - BEREEL 104 BRERNEARERE 7K
JEEAW R ELE I E D & - BB SR DIEK
HY 11 SREHERERN B - 203R 4 JeZR 5 v -
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&4 TERRAK 11 IZEFENBSMZERRTEER

. e F 1 P 7 32 B K IR L XK M 58 A A B R EMBHE
4 3
He 3L 0¥ H] (hr) (mm/hr) (hr) (mm)
1 2005/06/12~2005/06/16 120 73.22 33 831.38
2005/07/1/~2005/07/21
2 L 96 70.53 63 951.49
(R ReR)
3 2006/06/09~2006/06/11 72 61.77 29 497.80
2006/07/13~2006/07/16
4 96 46.39 43 461.97
(Z A 7 186 JR,)
2007/08/08~2007/07/15
5 192 38.84 83 708.45
(M~ ABAREEIA)
2007/08/18~2007/08/22
6 j 120 34.11 19 545.24
(e hajReJR)
7 2008/06/14~2008/06/17 96 28.35 67 421.49
2008/07/17~2008/07/19
8 72 108.53 17 636.25
(F 3B
2009/08/06~2009/08/10
9 s 120 50.45 56 879.62
(E 42 LR
10 2010/07/26~2010/07/30 120 46.23 22 438.64
2010/09/18~2010/09/21
11 48 69.50 30 579.38
UIR LB,
x5 &A1 BEEBSHFERENSE - RWE - RIAEHVERZTEEF MR
4% ¥ & (mm NEE ERBEEF 2 R HERY 2 R
Bk F () _ o . i
Rl TR (m”) (m°) (%)
2005/06/12~2005/06/16 844.5 790.5 391803 220846 56.37
2005/07/1/~2005/07/21
. 964.0 912.5 478412 299809 62.67
(B ERER)
2006/06/09~2006/06/11 499.5 492.5 241930 135741 56.11
2006/07/13~2006/07/16
461.0 465.0 212081 115472 54.45
(R 7 e J2)
2007/08/08~2007/07/15
702.5 727.0 325951 208097 63.84
(MaAT ~ ABFRIEIR)
2007/08/18~2007/08/22
553.5 519.5 287051 174392 60.75
(kIR
2008/06/14~2008/06/17 425.5 409.0 201633 122410 60.71
2008/07/17~2008/07/19
640.5 623.0 181154 111058 61.41
(F AR
2009/08/06~2009/08/10
s 862.5 933.0 514079 329610 64.12
(42 2 He8)
2010/07/26~2010/07/30 439.0 437.5 291992 167718 57.44
2010/09/18~2010/09/21
558.0 646.0 205509 103094 50.17
(LPR LB,
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4 R HEFERR 11 BReHEEFF (MRt
HUF) - HHZR 4 ATA] 1] SR FEA 2 BRI AR
[E - HEZR 5 ZEHBERR T 11 SReIt S
Bt Z2EHERDRAA 50.17% ~ 64.12%[E] » g
L2 EHDEE Ry 58.90% © #KHE 104 BT F22
JEHFRD SR Z AF TSR AT AN » 2P RCR R
Ry 50.17% (JLAPLLEE R ) ~ M By 65.22%
(20060805 [ERN) » I HEBED SRy 59.91% -
1 T AR $5E 25 T K BB i 22 R HERD 3R &SP BE
W R B /K T ARG S 2 A5 ER (65.34% DI E
FHBIHENY) EHL - BRI SOk SRR - Ui s 22
R RSB

4.3 AREKMHRBRIEFR ZHRBER ST

FH A RN SR o P B2 AR R i i PR
HEATAD A RENF R AR - 7ERENRE
bhi 12 /INFEY - B — A - F5REHRRE
FFTHA S ORI ARTEIK » 1 B /K EEHERDRL
HAFEF o RIBLASCLAC Ryt - T TRERNBHLAZ
12 7NRFRZEEEHERD » NEHASE 13 /NREFREAREEARM
Lk IR EIRE KK GSEITHERDIRAE -

ASCEIKHD R E 2 DI BRtA . 12 7NEE
WZEEEHERD - B RN FIAB HEAEHEK 12 /)N
AR 13 /NRFRAPARIFTE K » @ BIEE 2 A
KA RE FBHRRFAM T THRRD - #E 2 ORI 5
AR 30 AR~ 31 AR 32 R =FHE - 226
HED B S B EHERD & HERD R GBS R LLER - 40
F6EFI5HUR -

&6 2001 FENBHZTEHFUERIFIN B LLE

vy, [RERHEMm)| KB E | ERIEE | ERIDEE | BlEPE (%) [BAEPEEY F (%) [HAEHEE (%)
[ESE 2 S - 3 3
Rl |#r A7 (m") () (%) (30m) (31m) (32m)
20010519-20 | 226 | 265.5 125,287 73,862 58.95 54.89 54.85 54.85
20010522 118 | 106.5 110,466 68,551 62.06 55.09 55.09 55.09
20010528-31 | 340.5 | 355.5 218,079 129,793 59.52 41.12 41.05 41.05
20010613-14| 151 158 48,408 28,517 58.91 40.13 40.03 40.03
20010615 51.5 | 70.5 41,040 25,749 62.74 62.74 62.74 62.74
20010623-24
1155 | 117.5 37,179 22,366 60.16 44.10 44.08 44.08
2 PLEE R
20010711-12
e 262 232 109,000 65,747 60.32 55.50 55.50 55.50
B
20010725 37 29.5 25,177 14,646 58.17 54.95 54.95 54.95
20010726 78.5 | 73.5 63,322 40,190 63.47 63.47 63.47 63.47
20010830 38 33 26,635 14,698 55.18 54.93 54.93 54.93
20010905-06 | 150.5 | 142.5 | 1,812,671 112,958 62.32 31.05 30.81 30.81
20010918-19
o, 329.5 | 339 128,034 78,092 60.99 54.95 54.92 54.92
49 7] JR6 8
K7 2002 FENBMH 2 EEHWEREHEN  HEW MR LR
o |BEREmm)| RBARE | B R | BRI RE | B F(%) [P F (%) B F(%)
[ 3% ; - B 3
Kb | A7 (m’) () (%) (30m) (31m) (32m)
20020517 59.5 50 27,365 16,229 59.30 53.70 53.70 53.70
20020522-23| 68.5 | 74.5 47,455 28,926 60.96 44 .45 44.45 44 .45
20020531 44.5 56 27,765 16,293 58.68 58.53 58.53 58.53
20020709-12
" 242 | 255 121,825 76,104 62.47 24.07 23.97 23.96
R 52, 31 186
20020804-06| 199.5 | 184 75,817 42,158 55.61 51.60 51.52 51.52
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&8 2003 FRENBHZZEHWREFIN IR LR

- WIERF(mm) |KREANFE|EEPEDE | T RPEFY 3 T HRVEHERD F (%) 4RV HED F (%) HRAE HER) F (%)
55 X
K| AT (m’) () (%) (30m) (31m) (32m)
20030408 64.5 64 37,543 21,334 56.83 56.57 56.57 56.57
20030518 61 54 93,459 59,304 63.45 63.44 63.44 63.44
20030606-07 | 211 203 105,877 63,942 60.39 54.47 54.36 54.35
20030612-13 | 165.5 157 126,443 79,813 63.12 40.52 40.45 40.44
20030626 61 44 72,300 46,537 64.37 57.95 57.95 57.95
20030804
i | 202 171 84,090 49,973 59.43 59.41 59.41 59.41
20030819
e 67 35 51,859 32,267 62.22 62.22 62.22 62.22
20030920 30.5 28.5 19,590 10,852 55.40 55.40 55.40 55.40
RO 2004 FIRNBM 2 EEHW R EHEN  HEWRZR LR
I HERTMm) | KEAE|E RIS E | T RIEEY R IRE R F (%) R PERY T (%) HRAEHERD (%)
WLk
K| A (m’) () (%) (30m) (31m) (32m)
20040520-22| 169 148 141,882 86,309 60.83 37.33 37.29 37.29
20040702-03
gl | 3545 | 3635 184,307 118,834 64.48 55.79 55.71 55.71
20040718 415 39.5 29,363 17,170 58.48 58.37 58.37 58.37
20040828 38.5 39 24,134 13,361 55.36 53.44 53.44 53.44
20040910-11
BEgE | 2435 | 2455 118,109 69,078 58.49 38.32 38.27 38.27
20041203-04
g | 1085 101 55,577 35,157 63.26 45.80 45.63 45.63
K10 2005 FRERNBHZEEHW IR Z P BRLLR
I HERTMm) | KEAFE|E RIS E | T RIEEY R IRE R F (%) A PERY T (%) HRAEHERD (%)
WLk
K| AR (m’) () (%) (30m) (31m) (32m)
20050327 104 101.5 102,029 55,462 54.36 54.36 54.36 54.36
20050509-10| 70 61 20,472 10,828 52.89 4735 47.35 47.35
20050512-13| 39 39.5 11,971 6,334 52.94 47.87 47.87 47.87
20050601 445 45 64,508 40,342 62.54 62.53 62.53 62.53
20050602-03 | 210.5 | 204.5 115,349 66,483 57.64 41.94 41.80 41.80
20050612-16| 844.5 | 790.5 391,803 220,846 56.37 36.42 36.36 36.35
20050623 475 51 48,973 26,977 55.09 51.82 51.82 51.82
20050625 76 69.5 67,527 43,497 64.41 64.40 64.40 64.40
20050627-28 | 39.5 46 9,441 5,379 56.98 52.58 52.58 52.58
20_.05?,711‘8'21 964 912.5 478,412 299,809 62.67 59.50 59.48 59.48
RS
20050814 485 43 37,073 23,003 62.05 60.30 60.30 60.30
20050816 38 495 24,584 14,900 60.61 60.61 60.61 60.61
20050818-19| 76.5 76 16,715 9,922 59.36 49 41 49.41 49.41
20050820 53.5 475 36,732 22,107 60.18 56.46 56.46 56.46
20050901
S AR 189.5 188 116,386 69,597 59.80 59.80 59.79 59.79
20051002
. 2. 27,401 16,1 94 4. 4. 4.
T MO 62.5 65 7,40 6,150 58.9 54.09 54.09 54.09
20050327 104 101.5 102,029 55,462 54.36 54.36 54.36 54.36
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T 11 2006 FFENBHF ZEEHFDELERIF D2 BEV IR LEBR
Mg | () | RS | SR | 2 AR R (R R (00 BRAF D (06) RAEHERS (%)
88 IN
R | stm | @) (m’) (%) (30m) (31m) (32m)
20060413 | 73 86 57,149 | 30,626 53.59 53.59 53.59 53.59
20060415-16| 445 | 495 | 10,200 6,614 64.85 59.05 59.05 59.05
20060529 | 78 | 655 | 56,695 | 35357 6236 62.24 62.24 62.24
20060602 | 545 | 495 | 33,049 | 20,140 60.94 56.44 56.44 56.44
20060603 | 41 525 | 32,687 | 19,167 58.64 57.64 57.64 57.64
20060609-11| 499.5 | 492.5 | 241,930 | 135741 56.11 4117 4112 4111
2006070809
137 | 1435 | 50915 | 31559 61.98 45.65 45.65 45.65
LA RIR
20060713-16
461 | 465 | 212,081 | 115472 54.45 14.53 14.45 14.44
A 17 B,
20060725-26
1965 | 194 | 99197 | 60,460 60.95 45.06 45.00 45.00
SRR
20060803 | 435 | 635 | 42,943 | 25271 58.85 58.85 58.85 58.85
20060805 | 67.5 55 52,528 | 34,261 6522 6522 6522 6522
20060818 | 133.5 | 1015 | 104,035 | 60942 58.58 58.58 58.58 58.58
20060913 | 41 175 | 30,571 18,176 59.46 59.46 59.46 59.46
& 12 2007 FREMBH 2 ZEEHFDELRFHIY IO ER
s | TR R s A | R | SRR 2 BRAE SR () BRAE U R (%) RAE DS (%)
88 IR
Rl | artEm | (m) (m’) (%) (30m) (31m) (32m)
20070520 | 655 | 665 | 23,995 | 14455 60.24 46.53 46.53 46.53
20070606 | 435 | 505 | 12240 7,349 60.04 53.87 53.87 53.87
20070608-09 | 53 525 | 19278 | 103868 5638 4836 48.36 4836
20070612 | 435 | 425 | 16,027 9,250 57.72 41.86 41.86 41.86
20070715 | 1185 | 106 | 98,061 | 63,627 64.88 56.66 56.66 56.66
20070716 | 44 44 34425 | 19,132 55.57 55.54 55.54 55.54
20070808-15
WATBGR | 7025 | 727 | 325951 | 208,097 63.84 31.63 3154 31.53
BRI,
20070818-22
553.5 | 5195 | 287,051 | 174,392 60.75 21.04 20.90 20.90
T A,
20070924 | 1165 | 128 | 203,012 | 110,110 5424 29.62 3043 3043
20071006-07
o 167 | 156 | 54957 | 33787 61.48 3637 3623 3623
T 8 35 R
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K13 2008 FREMNBHZ EEHERIFHH < BE R LR

g R AR AS | RN | RN A | RN | RS E R R (%)
85 IR
Rab | AR (m’) (m’) (%) (%) (30m) | (%) (31m) (32m)
20080529-30| 56.5 40 33212 | 20429 6151 49.62 49.62 49.62
20080602-05| 287 | 2785 | 123204 | 74338 6034 2556 25.50 25.50
20080614-17 | 425.5 | 409 | 201,633 | 122410 60.71 2521 25.11 25.11
20080626-28 | 290.5 | 261 | 180811 | 106,071 58.66 24.58 24.50 24.49
20080709-10| 64 635 | 43202 | 27935 64.66 61.46 61.46 61.46
20080717-19
640.5 | 623 | 326,565 | 200,555 6141 6141 6141 6141
FHR R
20080728-29
235 | 227 | 110780 | 70421 63.57 47.01 46.94 46.93
BRI,
20080828 | 65 36 52467 | 30360 57.86 57.86 57.86 57.86
20080914
‘ 114 | 108 | 38748 | 22555 5821 4475 44.67 44.67
FEARA
20080928-29
s 190 | 189 | 74719 | 45992 61.55 54.68 54.62 54.61
HERA
20081017 | 38 67 43,529 | 25574 58.75 58.75 58.75 58.75
R 14 2009 FFENBAF 2 ZEHERRIFHER 2 BERV TR LR
sy | REEREMM) | KRARE | R RIS E | E R BRI R (%) RAFHEE | IRIEHER (%)
A . : : 9 30 % (31 32
Rl | A () (m) (%) (30m) (%) (31m) (32m)
20090422 | 54 | 665 | 74224 | 46592 6277 6276 6276 6276
20090604 | 46 48 21,762 | 12,679 58.26 41.38 41.38 4138
20090611-13| 118.5 | 117 | 71,089 | 41,081 57.79 34.13 34.11 34.11
20090618 | 63 26 | 101285 | 63225 62.42 62.42 62.42 6242
20090621-22
e 81 845 | 46208 | 27,695 59.94 53.74 53.74 53.74
7R
20090713 | 565 62 26595 | 15591 58.62 49.44 49.44 49.44
20090716 | 885 | 985 | 63179 | 33465 52.97 52.97 52.97 5297
20090725 | 605 | 665 | 54706 | 34807 63.63 63.59 63.59 63.59
20090806-10
e, 862.5 | 933 | 514079 | 329610 64.12 4121 4120 4120
R B
20090816 | 36 | 315 | 28785 | 16932 58.82 58.82 58.82 58.82
20090905-06 | 108 98 65728 | 40,581 61.74 12.51 12.44 12.44
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K15 2010 FREMNBHZZEEFERIFH < BFBRLER

i | RO | S| R | AR BRI () RIS RAE I R (%)
88 IN
ol | sfEm | () (m’) (%) (30m) | (%) Glm) | (32m)
20100423 48 44.5 35,068 21,683 61.83 61.54 61.54 61.54
20100523 100 104.5 78,840 50,606 64.19 64.19 64.19 64.19
20100528-29 |  54.5 60 15,432 9,568 62.00 44.57 44.57 44.57
20100613-14 93 97.5 40,592 22,335 55.02 46.43 46.43 46.43
20100625 57 51.5 29,813 19173 64.31 63.82 63.82 63.82
20100715 70 50 54,420 34,408 63.23 63.23 63.23 63.23
20100721 33 37 20,378 13,167 64.61 64.61 64.61 64.61
20100724 43 28.5 51,164 32,373 63.27 63.27 63.27 63.27
20100726-30 | 439 437.5 291,992 167,718 57.44 24.72 24.64 24.63
20100901-02
" 122 109.5 67,186 40,492 60.27 44.87 44.81 44.81
B LR,
20100909-10
R 131 135.5 57,589 36,157 62.78 49.51 49.47 49.47
M AR
20100919-20
558 646 205,509 103,094 50.17 35.75 26.11 25.48
JUAR Ve Be TR

H# 6 £ 15 AJA] » RHFFTERE 2
BERAR A 22 HE 2 B R - tHER R 22 HE
W FAFHRIE < BRI 2 [ B /K B SR /K
Z ERRF IR (PR RV AE R B RN 200 ) R 5 PR
RERF = SR N PR AR AR 12 /NP &=
E/NPRRER T~ 2= EH - HIRFTE E 2 HD R &
/N o

AT = HE DR 2 A TN
% 0 HHEHE 12 /DR - RERBILEE K - EREFK
M AE 30 AR 31 AR K 32 ARG EH
FARAFAMTHERD - 76 104 B5REULRERR T - 5 68 85
RERV R (RIMG 65.38%)E 7K R IR & 7k 7 5 A i
30 AR DIEFFIANERBERS - H 30 2R -
31 AREE 32 SR EREH R e —5 - F 25
RN (R 24.04%) % 7Kk B2 B W /K (37 3 508
30 ANREARSE 31 AR - f) 31 AR 32 AR
EREHED R — 5 HAER 30 AR #
TEHERDREE - B 11 BRENEREIMG 10.58%)%
IKIR R /KL R 31 AR - #1032 AR H#ME
HERDIS/ N 31 AR EEHED R -

TEFTEEERY 104 BRERNEAF » FKE 30
AR 31 AREL 32 AR FIgH
53R Ry 50.13% ~ 50.02%5%2 50.00% H LLSFE5 22 6
HERDRE(59.91%) K 9.78% ~ 9.89% 52 9.91% »
HURKZ BN B 2 R EHED RR A 22
HERDBERAT 10% o BAEEEHE BCREN 22 EHE
WRERZIE - THRIEE 13 /NEFERZBARARITTE
JKIE > KRR 30 AR SFERRFERTHERD -
DIER A ER AR E R E P - [ES5EEN
& 0 I 104 SGRER B R R RERAR AL - B
2R TE R R S R T 22 B - T
ERVEHED AR R AR 30 AR~ 31 A REd
32 S REAPARIFTE 7K » SR EIRDSERIE AR
ZE RSO RAR

H1 104 SRV EAEBERR - BE R
RARAZE R Z HEWD R 5% ~ 30% » sk Lk
W R R R RN FLG . 12 /NRFIAE —
EWEREEE - (HIA—ES SRR - 5k
FERNBAZA 12 /N BN BEE S —aWERS
I » ThRERSBRLG 12 /NRfs% HOK KA ASE 30 2
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R - FFT2RAPARIREE - [KILterd A& g A
FURBRIR M BHAGTE I - FEKEKRALE 30 AR
FARFAFTHEIHERD - SRR IR KB el 2
AR

ESR

AL JFE P il 2% R 52 il o2 ST - 3 e A
HAEITAFIREN R ~ FERVIRE - PERVAEHRY - FERN
HURERE RN FH 22 FE DR E 2 R R 4K
18 104 SN EF B SERZ TSR]
H o ZEEHEWRERER 50.17% ~ &R
65.22% * VIZE PSR Ry 59.91% » HhEL/K T
REHU RS & A SRAERT o #E— I TR EIK ALK
SR - DIERBAAAZ 12 ZNFERZZEHERS
A 13 /NRFREPARIFIE K » S EIE e L
TR BRI THEET THIRD - B EZ B AOKLL 53
Ak 30 AR~ 31 AR 32 AR =FEEH] - 104
BN EET - R E B ERE R 4
JEEHED Z HERDRER - [RERNBALE 12 /NRFA 22 HE
B EKE 30 AR ~ 31 2ARE 32 AR
SEITHERD SRS Ay 50.13% > 50.02% 52 » 50.00%
eI Z2 BEHERD SHR(59.91% ) 9.78% ~ 9.89%
B 0 9.91% » BURKZ BN B Z R EFD %
B 7 FEHERD CRIEAHZER 10% © R IR ERE
WRERRHE 2 R R R FERNBaLG 2 12 /N —
EWEREEE - (HIA—EESWEREE - Bk
RERNRALE 12 /NRFZ RN E S —E W R
I » TRERNBELE 12 /N HK KA RSE 30 24
REE - FFZ2RIPARIRRE - KIBLIe AR &R
TR BRI T AR IR - FR/KEZKALE 30 AR
FHERFAMTHELHERD - R /K 2 e 2
EHEH o B AR B2 B R R AR Y
10%:Z A5 OIE Ry /K B HE 8 BERD IR E SRS IRF 2 1k
wRBH -

Ed

SR AR B P BB A
2 - KRBT T2
> WS BELUERSERR » F—OFEGE -
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