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gﬂ/ L MJ?E Introductionj' o

YRIHR

O /NEEKESERL2T. 544m, FH PPt EAR40. 542m3. KBV FE

FEER10/Zm3. FEYPEERZITH42m® o The initial storage capacity in Xiaolangdi Reservoir
(XLD) is 12.75 billion m3. Among them, the flood control capacity is 4.05 billion m3, the water and

sediment regulation capacity is 1.0 billion m3, and the sediment storage capacity of is 7.5 billion m3.
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g! I M‘ N Introduction

YRIHR

O KEED R HHEERZH TN ZEH
TRV, HPEKAR" , BI—BOKIb &4
R, EEXRREZ S R TT, BRK 226m
KRR AR EE AR AL R, TS DT, B2
T FR R MERAETRAR LS o The operational mode of

multi-year sediment regulation and man-made precipitation

254m

washout at right occasion is recommended as reservoir

operational mode in later sediment retaining period.

> [ 7 I R /N YRR K P20 J5 B B B HEYD /53 Precipitation washout is

an important way of sediment ejection of Xiaolangdi reservoir in later sediment retaining period.

>E. l j@%ﬂ(ﬁ%%i%%@gﬁﬁ%%aoluﬂon of high beach and deep channel in Sanmenxia Reservoir
> /J\ ?E)ﬁé7}(%5{%?’/")5ﬁﬁ*ﬁﬂiﬁ%smulaﬂon test of XLD in later sediment retaining period
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YRIHR Evolution of high beach and deep channel in Sanmenxia Reservoir

& = TURIKEE R BRI T e 2 B 2R — JRE AR A E ISR & A

j(ﬁbkﬂ*ﬁéﬂ o Sanmenxia Reservoir (SMX) is the first comprehensive utilization
project built in the Yellow River and its development mission was oriented to flood control.

%7}@%1&"5@,}% ﬁﬁ (1960359}% ~1962£|53H ) Period of water storage and

sediment retaining (Sep., 1960-Mar., 1962)

[%Y;jiiﬁlf///l‘@ﬂa ﬁﬂ (1962353}% ~1973$10H ) Period of flood detention and

sediment ejection(Mar., 1962-oct., 1973)
o WA TR, KEMMAEMA, ERELTEXMR, KEME

ﬁ" o With the reconstruction of project, discharge capacity increasees, reservoir
below tongguan scoures and and channel storage recoveries.

%%ﬂﬁ%?ﬁ?ﬁ%ﬂ@.ﬂq ﬁﬁ (1973$1 IH ~ E ﬁﬁ) Period of storing clear and

releasing muddy(Since Nov. 1973)
® /ﬂﬂ}ﬁﬁﬁ/ﬁ%ﬁ[f/’/l"—?/ﬂﬁﬁﬁ,f/’/l‘ o Sediment ejection of large flood in flood

season and preflood season
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YRIHR Evolution of high beach and deep channel in Sanmenxia Reservoir

/‘%fﬁﬂﬂ&"@}%,ﬁﬁ Period of flood detention and sediment ejection

W LR EEXORAE T 61BN 5

F Rl

Six times intense scour have occur downstream tongguan section.

1. 19644E10H9
2. 19662E10H5
3. 19684E10H8

H & 19654E3 H 18 F
H & 196745 H 13 F
H £ 19694108 8

4. 19706 H1HZ19704E10H 12
H & 197247 A 31

5. 1972456 H 25

6. 1973 E7TH1HZ1973E8H19E

Oct. 9, 1964 — Mar. 18, 1965
Oct. 5, 1966 - May 13, 1967
Oct. 8, 1968 - Oct. 8, 1969
Jun. 1,1970 - Oct. 12, 1970
Jun. 25,1972 - Jul. 31, 1972

Jul. 1, 1973- Aug. 19, 1973
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YRIHR Evolution of high beach and deep channel in Sanmenxia Reservoir

N —

/%/ﬁﬁ[i)‘:@ﬁ%ﬁ;ﬁ Period of flood detention and sediment ejection

" it TEL1ow>3000m3/s TELf1ow>2000m3/s TEf1ow>1000m3/s
b |MB e | R o | wE | pn e | WE | FK o | Vi
] peri ZKE. . . 7J(5 . 7J(i )
stati Peak | durat sedime | durati sedimen | durat sedimen
od dischar . water water . water
on ge i10n (108 m3) nt on (108 m3) t 10n (108 m3) t
(d) (108 t) (d) (108 t) (d) (108 t)
1 5210 24 79. 35 1. 17 14 29. 25 0.42 25 34. 60 0.41
by 2 3310 10 27. 36 0. 56 19 35. 66 1. 28 68 77. 41 0.95
3 3 5680 14 47. 98 3.18 16 34. 05 2.96 115 126. 90 5.03
Ton 4 8420 13 44. 19 8.19 20 40. 20 3.25 53 61.75 3. 60
g 5 8600 1 4. 18 0.71 1 1. 80 0.04 27 32.92 1. 52
guan 6 4840 1 2.85 0.32 2 3.93 0. 40 15 20. 67 1. 56
—s
ﬁjﬁ{ 63 205.91 14. 13 72 144. 89 8. 35 303 354. 25 13. 07
1 4350 25 84. 97 1. 23 12 25.54 1. 51 27 37. 30 1. 81
= 2 3430 12 33.54 1. 01 21 43. 77 1. 46 94 111. 68 2.00
1] 3 5080 16 54. 52 2.43 25 54. 52 3. 66 126 143. 96 6. 45
Uit 4 4930 9 31.12 4.72 23 48. 65 6. 44 48 58. b4 4. 69
San 5 5000 2 5. 65 0.76 1 1.81 0. 50 28 33.76 1. 70
Men 6 3350 0 0 0 4 8. 36 1. 17 17 21. 15 1. 69
xia
ait
sum 24 209. 80 10. 15 86 182. 65 14.74 340 406. 39 18. 34
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YRIHR Evolution of high beach and deep channel in Sanmenxia Reservoir
fﬁ,\ﬂF¢i@ﬁﬁ% Period of flood detention and sediment ejection
MR E Scour and silting amount  (108m3)
R ey [ oww | omw | omw | omw | 4
01~12 12~22 22~31 31~36 36~41 01~41
section section section section section sum
1 —-0. 3627 —-1. 2133 —0. 9380 —0. 7455 0.0182 -3. 2413
2 —-0. 1740 —-0. 4419 —0. 4591 —-0. 0641 —0. 0254 —1. 1645
3 -0. 3128 —-0. 7360 —0. 5984 -0. 0999 0. 0902 —1. 6569
1 —-0. 1868 —-0. 2351 —0. 40060 —0. 3545 —0. 3087 —-1. 4910
5) —0. 2528 —0. 1497 —0. 0636 —-0. 1573 0.0001 —0. 6235
6 —0. 1550 —-0. 1146 -0. 1463 —-0. 1533 -0. 1128 —0. 6820

& 6/l B O LT RIS, 8642m?, FEAEFIEEIR12~ 3670 B,
I B LR 7. 0842m3, 5 ETHRIEKIS0% . The total volume of six scour

downstream tongguan is 0.886 billion m3. Scour is mainly in reaches between Huangyu 12 and
36, and the volume of scour is 0.708 billion m3 and acounts for 80% of the total.

Yellow River Institute of Hydraulie Research;

A A aYaVal




2~ =1IBOKEE m MERTE AR AR
Evolution of high beach and deep channel in Sanmenxia Reservoir

\J

/‘%/ﬁﬂ[i//l‘@ﬂa ﬁﬂ Period of flood detention and sediment ejection

348
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313
308
303
298
293
288

283

% b B&’}E’ﬂﬁ%% %ﬁ{ﬁfi%ﬁj( o The longitudinal gradient increases gradually.

—a—1960. 4 —a— I B
s B —— 5 W B
e BT BER 5= ELY
5= BOR —a— S5 DU By
seea s PR B R —a— S LR BLY)
e R BER ENIIEE )|
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YRIHR Evolution of high beach and deep channel in Sanmenxia Reservoir

fﬂ?{ﬁiﬁ[i///l‘@ﬂ% ﬁﬂ Period of flood detention and sediment ejection

b6 AR BRI EE  sono .

*’:I‘Ejﬁ%j(ﬂ:].BOOIHB/SE{] 800
BT ER 0, 83 2 eo
é};gﬁﬂ‘é% _t: Base on the :22

500
measured data of six scour, we choose 200

Qss @ (t[s )

data with discharge more than 1500m?3/s 100
i : : 0
to make regressive analysis and obtain 0 100 200 300 400 500 600 700 800 900 10001100

empirical relationship which is as QX8 I%

follows:
Q. =1.1Q9%s%73°
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YRIHR Evolution of high beach and deep channel in Sanmenxia Reservoir

%%iﬁlzﬁi{i N ﬁﬂ Period of storing clear and releasing muddy
INRIRKEBHZ RIS — R /MNRIR/KEEHZ &K ERET A

7K il 3 According to data of the first open K Y’/I‘/EQBy analyzing data during

discharge sediment ejection in each year, We preflood water and sediment regulation period,
obtain empirical relationship which can be used ~ we obtain empirical relationship which can be
to calculate sediment ejection process of scour. used to estimate amount of sediment ejection.
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YRIHR Test on precipitation washout in Xiaolangdi Reservoir

IR MR K PEAR R %
BRSO RIR AL, R
R 5 e R B I 5
RICR 2 %R, o

means of physical model of XLD, the

relationship between scour timing,

methods, scour flow and continuous scour

duration and scour effect are studied.

Yellow River Institute of Hydraulie Research,
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Test on precipitation washout in Xiaolangdi Reservoir

WA & 1 FEX100% KT A& SCRAH 2 B FE R

7 285mEE R 15omm AR Z P47, NI AK £9420m, =2)2. 5m.
Xld Model includes 100% of the main stream and the most of tributaries. The elevation
range is from 155m to 285m. The length of model 420m and the height is 2.5m.

tER K #EH | WE /Ih%: SVEWR | THE fisf [8])

AR tER EER | BER tt R Sediment tt R AN

Scale Horizontal | vertical | Velocity Settling concentration | Dry density | Time

name scale scales scale velocity scale scale scale scale
e R E 300 60 6. 71 1. 34 1.7 1. 74 45. 8
scal value

Yellow River Institute of Hydraulie Research,
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YRIHR Test on precipitation washout in Xiaolangdi Reservoir
(1) B%K‘/EFEU?’%E@EQ%??%&;&\%E{E Scheme and eigenvalue of test
. \ 5 NEEE
WRE | EHKA Fint NFERLE Inflow sediment conc;ntration
amountof | Control | "= A (TR (m/s) (kg/m)
. uration g/m
sediment | water level scheme — —
(108m3) (m) (d) 35 ¥6 Bl F35 v [
average range verage range
210 16 1 (32/210/16) 2962 | 1240~4660 | 103.22 | 43.0~189
32
210 12 2 (32/210/12) 2210 | 677~3410 | 179.66 | 75.5~340
210 12 3 (42/210/12) 2210 | 677~3410 | 179.66 | 75.5~340
42
220 12 4 (42/220/12) 2210 | 677~3410 | 179.66 | 75.5~340
(2) %7K?¢E'Jiﬁ%)\$7kl’/l‘ﬁ%§ Incoming water and sediment process of test
wl o T ERD e e C 7SN
|5 ] VAN
ﬂzﬂ 2000 ¢ e * 1200 E@ - 2000 1 200 z\;

HIF (@ B ()
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YRIHR Test on precipitation washout in Xiaolangdi Reservoir

(3) M™WhIEFE Scour process
(a) WX EG AR RIS, FREATHR] Scour starting (c) >ZVVA 0573 il R B 4 55

point is on the edge of funnel before dam, then channel scour follows. Main stream scour is followed by scour
IR R B3R Retrogressive WAVR R R 2 K at tributary estuary.
Multistage drop water occurs. ' i,

erosion is extending upstream.

o el @ FoE ok

deformation lags behind channel and plane form adjusts violently. The hyper-concentrated flow

{T@Ttﬂ}: METH M B After erosion JRE BRI FEAFE Two discharges from reservoir.
. rivers occurs n some rea__ces. ﬁ/&"ﬂ(ﬁ&ﬁ 1

Yellow Rlver Instltute of Hydraulie Research
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YRIHR Test on precipit
WLFE Sl fo7 St FE
(4) VKA ZAITFE Change of water level
270 270
FIHK 1 -3 4 -8
%60 - 11 -13 ~15 16 260
(32/210/16)
250 250
2 240 . 240
§ 230 |- = 230
h %
220 |- 220
210 210
200 200
70 60 50 40 30 20 10 0 70 60 50 40 30 20 10 0
970 r-----------—----—-- EE@T\E%%,USIH), ,,,,,,,,,,,,,,,,,,, 270 Q N EE@_\IE%EEE' (km)
YH W 4 6 -8 4H 7 —~—4 —6
260 |- g;3HX B B SHAHEIK 4 —6 8

(42/210/12)

210 0
200 200
70 60 50 40 30 20 10 0 70 60 50 40 30 20 10 0

B (k) BEHLEER Ckm)
N r Institute 1
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YRIHR Test on precipitation washout in Xiaolangdi Reservoir
(5) ?Yﬁ%%ﬂﬁﬂf%mngitudinal profile of mainstream
255 255 9 Vv
, Z 32/210/12
HIH KR (32/210/16) R2ALIR (32/210/12)
235 - .
2 \/\.»\)\\ —
B 215 M\ \’J/v\v\\
n —— PRI G —— Pl s
195 g@é}:ﬁuﬁ 195 20064F11 /]
175HH|40 HH35 HH30  HHZ5 HH2OHHIT ) 5 HH10 HIHS HIL HHA0 ~ HH35 HH30 HH25 HH20HHI7 s HHIO HH5 HHI
T T T T T T T T T T 175 I ‘I ! I‘ I | I I | I | | I
70 60 50 40 30 20 10 0 0 0 50 40 30 20 1o 0
BEIUHEFE (km) PRI ELFE (km)
255 X 255 -
| HIHIK (42/210/12) | AR (42/220/12)
235 |- 235 T
E E
o215 |- H215
I e RRIRG iz —— PhRIRT
— MhlE e MR A
HH40  HH35 HH30 HH25 HH20HH17yy15 HH10 HH5 HH] HHAO ~ HH35 HH30 HH25 HH20HH17 15 HH10 HH5 HHI
175 I | | I | I\ | I\ | I | I \I | \I | I | I 175 I | | I | , | I\ | I | I \I | \I | I | I
70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
FEIHEEE (km) FEAUHEFE (km)
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YRIHR Test on precipitation washout in Xiaolangdi Reservoir
(6) FurikEWrmEmaS4r (HH1) Crosssection of mainstream
250 . . . 250
_._%2 _._%4 %6 —— %9 — Y 6
240 7 -8R HIOKR - FI2R 240 7 _X_§;8§ _x_;;l?; _._2;1;?
230 + —RUR —RI6K 230 |
E 220 = 220 +
Eﬂ210 %:nof
iz iz
200 200 |
190 190 +
180 180
500 1000 1500 2000 500 1000 1500 2000
E){—iﬁﬁ (m) E){—i EE (Hl)
250 " P 250
—.—%2% . 49& 5 [§) e pe Sope
i — 2R = AR H6KR
=40 HEK o HIOR —— 12K 240 | HER — HIOK ~ H12K
230 | A , 230 .
. ’ \ =
2220 | w £ 220 | A”"E“\. 2
O Q! e
w210 | %‘\f i% o | _\V.,//
200 | 200 N
190 | 190 |
S AH IR
180 HIHN ‘ | 180 FAHRK
500 1000 1500 2000
5 B () 500 1000 4 gy 1900 2000
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Test on precipitation washout in Xiaolangdi Reservoir

(7)) FEXMIRAE Scour and silting amount
E:F ZY&%%Y*wé%ﬁ%ﬁﬁ‘ﬁ&%% ( Hﬁﬁ%) Distribution of scour and silting amount (section method) 10%m3

o, [ [ [ e [ T T | x| 7 | e
1 -1. 37 -1. 47 -0. 59 —0. 50 -0. 01 -0. 01 -0. 16 -3. 96 -4.12
2 -0. 89 -0. 82 -0. 46 —0. 38 0. 32 0. 46 —0. 09 -2.11 -2. 20
3 -2. 89 —-1.97 -0. 39 -0. 00 0.11 0.33 —0. 35 —4. 82 -5. 17
4 —-1. 46 —0. 83 -0. 21 -0. 20 -0. 14 0.14 —0. 13 -2.70 -2.83

FEX IR ETTHRRR (DETEER

Distribution of scour and silting amount (Sediment balance method )

A FEreservoir inflow i EEreservoir outflow HEOH | e

Scheme water sediment | = centration water sediment concentration rate amount
(108m3) (108t) (kg/m®) (10%m?) (108t) (kg/m®) (%) (108t)

1 40. 945 4. 226 103. 22 48.672 9. 157 188. 13 216. 7 —-4.930

2 22.911 4.116 140. 28 28. 511 6. 744 236. 52 163. 8 —-2. 628

3 22.911 4.116 179. 65 31.962 10. 248 320. 62 249.0 -6. 13

4 22.911 4.116 179. 65 29. 023 7.433 256. 10 180. 6 s v/
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YRIHR Test on precipitation washout in Xiaolangdi Reservoir

(8) ﬁ*ﬂ%%’ﬁﬁﬁﬁ”;&%?ﬁuﬁ Enfluence of deposit characteristic on scour effect
¢ B TRBYIRESER, ERE T UIZ)E, ERELEMNE R

AR =] L : :
W(ﬂjlz\ *R%iza s Because of consolidation of deposit, after channel erosions, only some
block deposit on channel wall collapses.

‘:(':IJE'JWE' ISE%EJHJ“ |j‘] ’ i%ﬁ%ﬁfgﬁ‘mo Erosion is limited in the

channel and the velocity of retrogressive erosion is very fast.

AT RS T RS
Some block deposit on channel wall collapses. After erosion of channel, beach slumps.
e ~ " P ' 2 e

Yellow River Institute of Hydraulie Research,
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YRIHR Test on precipitation washout in Xiaolangdi Reservoir
.

(9) & M4 Analysis of rationality

¢ HHARK

Qi-wei Han formula

_ QSqgty,
2

¢ =B R

Transport rate of suspended load

a Q1.6J1.2 Si «
QsO =Y B¢ (Quj

WO,M

Yellow River

S (1Zm®)

L.

L.

B&HE (2t)

-0.

0.

0.

6 [

5

1

7

3

1

-0.

1 2 3 4 5 6 7
HEAE (1)

A F1IHR /
HE2HI A
A 2 3ZHIK ‘/
A AR A

A ERRR /(:

1 0.3 0.7 1.1 1.5
EAE (2
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&R T =TT EEA R B A T Bk Rl B2 2

The formula of precipitation washout in different operation condition are put forward.

RAES S GE

0.32¢0. 7 0.3
Period of flood detention and sediment ejection QSHj =1 1Q S

TVHT B K el 3 - AW, = 0.69AW M1 AW S5 AW 025 3 08
Period of preflood precipitation washout

NN . Awl.11J1.46

BT KRS - AW, =2. 83—

38
Period of preflood water and sediment regulation T

¢ EEL N T /MRE/KEEZW G BRFEKRIE L. 53 R
%'ﬁﬁ&bﬁﬁﬂ)ﬁﬂﬂ”—ﬁ‘{q’ﬁﬂ &&%ZI‘E—"' E‘J?‘%/ N o The relationship between scour

effect and precipitation washout timing, way, scour flow and continuous scour duration of
Xiaolangdi Reservoir during later sediment retaining period are put forawrd quantitatively.

& NHE— IR TR RIAR AR e SR AR T E

1&*%&-—?% o Itis necessary to make a further study on similarity theory and simulation of
retrogressive erosion, simulation dry density of deposit, etc.
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