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Tab.1 Sediment scour-and-fill of Longmen, Huaxian, Hejin, Zhuangtou and Tongguan-Shanxian during 1950—1953
HA7 10% ¢
Kk (I0ESHYBRWs  (10ES5 A)EHWs  (6EIH)MWs (629 H)EY Ws B Ws AR W
JeEETTAR 4 3k 5.017 3 1.672 4 34.046 2 11.348 7 39.063 5 13.021 2
S 7.6353 2.545'1 27.299 2 9.099 7 34.934 5 11.644 8
Be B 9.4559 3.1520 28.829 9 9.6100 38.285 8 12.761 9
4 B3R -2.6216 -0.872 7 6.7470 2.249 0 4.125 4 1.375 1
T G- B -1.820 6 -0.606 9 -1.5307 -0.5103 -3.3513 -1.117 1
LA S TN S IE = el A W R RS T p LI RUIRE SRR N U K/ S @
xR2 B EX 1980—1990 £ AMED d, S
Tab.2 Monthly mean suspended load distribution of Longmen-Tongguan stations during 1980—1990 A mm
H 1 2 3 4 5 6 7 8 9 10 11 12
yARED 0.081 0.073 0.051 0.038 0.037 0.020 0.021 0.024 0.029 0.036 0.042 0.054
TR 0.049 0.046 0.042 0.035 0.022 0.016 0.015 0.016 0.021 0.030 0.038 0.045
*x3 REWHAFHKBEELE
Tab.3 Monthly mean variations in water temperature of Longmen-Tongguan stations HfT, C
i A 1 2 3 4 5 6 7 8 9 10 11 12
1958 4 pARY S/} 0.30 5.20 13.30 18.90 23.50 25.50 23.20 20.60 12.40 4.90 0.50
T8 K IR 0.40 3.40 8.20 14.30  18.30 22.90 25.60 23.50 21.20 14.10 8.40 2.70
1959 4 p NP/ 0.30  1.10  6.40 11.90 18.00 23.00 25.70 24.00 19.30 14.80 4.70  0.70
T KK IR 0.60 3.80 8.70 14.40 18.10 24.10 26.30 25.30 20.90 16.10 7.60
1981 4F Jer K 0.38 0.90 5.61 13.80 16.80 24.20 25.00 23.30 19.30 9.50 2.46 0.42
TG K IR 0.44 1.92 8.70 14.40 19.60 25.80 26.10 24.10 19.70 11.50 5.04 1.37

3 KEAFHOEHD EKEXSE

3.1 EXRE=VEEEX DR
= DA 2 DX 45T B KAV LU R T ST SG T Q MUSC R LI 1. IR 1 AT L, BB -
J-Q BIE AR L, A A 0. 26%0 ~ 0. 3%0; B G -2 R 5 - LAY J-Q T R AHC K R, HAETE 0. 3% 42
Ay FBER-BE B =Tk b - =1 R AY J-Q B HEIC R, HAE R 0. 34%0 ~ 0. 38%0. B AN FHE FE Hi 5

P

KA



5 4 1] W B, A AU AR BRI HED FEARR G R A A TR E 117

PORLS Wi Q-0 TS R R (W 2) BB g
et R I TR R AR, T = T TR R PR A R M o % v
E A==

\ N . N — LN EE-XE
BRI F o7 RO E R AR 1, =0T ¢ L, e T
~ .. ° *;.ﬁz - ]
WS DV A B S, R SR ST TWOk T A T
EoN > T} N r N .25 x/E -= NN
B T PR DX R R I . SRR A S T oK IR
JKPE 1973 4E 11 H 2 2006 4F 10 H 4 FE XA *Ho 1000 10000
Q/(m3st)
307 NS — Ml A 3
U116 2 m'( LR 4) , WX =T 1B 1. 42 2 ', R R = I I AL J-Q X5
B BB 12. 7% , (RO IR B R 4 Fig. 1 Relationship between J and Q of reaches in Sanmenxia
#OCLAT 20 km y [ , H T B A vl ’ XV S reservoir before construetion
T ] BTG A BV 1 A Ak iiE.
1000
3
2 100 y 2
< =& <
N 168 S
o 5 ¥ + BB
g oEFER/
o
1 lIO 160 10100 101000 0.11 IE) l(l)() I(I)OO IOIOOO
016712508 016712508
(a) W X (b) =17 b2

Pel 2 JE G | =1 skl R i S VR V0 B K O R 22 TR 6 R
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Tongguan and Sanmenxia stations before and after construction of Sanmenxia reservoir
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Tab.4  Sediment scour-and-fill during various operations of Sanmenxia reservoir B, 42w’
‘ B — .
e WM Tk 137 Tt 123 2 it B
1960-09—1964-10 35.752 6.343 1.873 0.481 44.449 K
1964-11—1973-10 -9.225 12.028 8.470 0. 800 12.073 piidate
1973-11—2006-10 1.421 5.228 2.817 1.696 11.162 EiEHRE
1960-09—2006-10 27.948 23.599 13.160 2.977 67.684

3.2 EittHED T RABRE
FH T 18 5 — = i 2 DX VA P ) o) 247 i HE D R0 385G e R A BT I, T AN REAIK A2 30 At P26 i 19 K

SRIRZS. TP S = T e B 2 — WO (LK A o e wor
th}%ﬁ?ﬁﬁ?ﬁ%?ﬁﬁ% sor =T JIAR A T i 2

[ 3 WERIERT =1 T |- FACSCHAK R B C R S A 2 0
I ek AT RV RK GRS 10 ~40 m. BECTEEAREE 20T
SUREPERT RN AR REVRAS LUl Pk |
BB R R L £k Je /I e T A L LR 0] B o A L.
EP R A THAR ), B U4 e T RN A IRE. R

H RZNE R ZETR R = A T0 5 & HEA AT, = Tl pite 1813 =T b DK it e 5 28 Atk g ith 2k
HEVD =R IR VYD A MBI K , K E B M DL & 57 , BT L Fig.3  Relationship between water level-dicharge and
APV PN Y vy discharge curves of Shangkou station



118 KoOHooJk B T R ¥ M 2011 4F 12 A

4 FAEHYEETEERELSE

BHEDEREHED R T

HED IR 2D 3 A~ el BE - 5 —AURRIE Dy TS B I K AL, JRRIE HEV DI | 7K L7 2R S b e
A B HAAE T, SCHEVD AR A, FEK R 5 28 —AUBRIE 2 i 2R, ©F 20 22 R AR M T Lok i vl iz
PSR pR T R TR R0 AL, ke A R 28 = AUBRE BRI 3 HE VD R, D i MR A L A A W R, B
B PG48 7R B Al B DT ke TR T IR YRV I AR IR R, AR O 7 5 — AU IS s HEb IR S S e koK
TE VT (R H R = I RGN, A ER S RE , [R]I HEVD IR BB = AL KA JRRIE. P50
T RiAE d<0.04 mm BIJRVD ABEVEHERS A2 3l , — HAR S RI_L 8ok h SUe R itiz 3l 3 J2 i 1 HERLYD fiE
TIRBEIA 2 —. V% B TR R A A e g 20 ok B VD BRI (BT 4 ) 50T KM ABE A A A 3 i 13
H AR HE R A PV D BB E LTI 2 ~ 3 A

4.1

HEh A i

R IR

L= — ———

7] [ 1= AV 4 4l 1=
—

UBERiE 7

&) IH
1

P4 EHED R 4548 18 7R 2 1A
Fig.4 Structure layout of the flushing gallery

4.2 BHPBEFERREPREREXSES N

FHEVD RS TE o T R, SRR KRS RE A, B R A28 1 P68l TOUTA0 AL /K A dme O e o . T %, IX
Sy F oMLY § R ORIV R B A1 RS 0 Jey A T B of o JE B A i B bR K B bR B i
). w030 R TR A LR RO, B R AR LU TZ I IEAL , 24 LU AP N iR 5 1. =ik K R

1962 AEBHATZEZK A 05, B = AP0 T3 7™ A B B U o] DL &L 5.
330 040
325 035
E 320 .
=t & 030
% s 2 e
K 310 023
305 020
300 015
1T 31 61 o1 121 151 181 |5 91317 21 2529 33 374145 49 5357 61 65 69 73
(01-01) i /d ©301) e /d
(a) RNOIARfETFE (b)  TEER-KZE -l 2R KA R
o 330
S e 1962.3.20 25
’>>>7>>>"‘5§L 1962,3.2
A - 320 20F
_ = SN
g
1961 S5 v 310 @ 3T
[ 3 g
== Lo
2 a0
)>>>- B 0.5
&
% |w% | Am |#Ew sl o
20 100 80 60 40 20 0 . \
1135 94 742 514 1 05 10 15 20 25
PEIMERFE / km 12(Q!€J1:2508)
(c) 9L &I 1 (d)  KZuli B RE5E K IETHXER
5 il AR

Fig.5 Process of sediment scouring



5 4 1] W B, A AU AR BRI HED FEARR G R A A TR E 119

M A K2 Gt 2R OGE w H 5 (RIZK A 20y H ) & AR I A6 09,1962 45 3 7T A, BT
B2 e KA I3 H 20 H R KA 2R TFFE0.06 m, 2 3 H 29 HEiHFRE3.05 m,3 H 27 HKfiZR
R H I m AL Al 4 H 4 HAR SR ENE G 5 18 5 (b) Sy i) ek B e OG- R G — il KA L R
(AR AT A, R T H R 32 ST S ()

T W R P YR KRR B T 0GR SRR L A B 203 0 = 2 e

n
=} Y . (7.) - 1.)0>3
A T 5 0= (o k) oo 0
gn” w, Bn
K on WEER B AT 0, AVEK IRV BEARDTHE ; o HE TN b REG 7 = . _”U co RV 50, N
0

Beghi . T Se i v R T EE T R YD S bk vh A iR N A dE Ll S vb s S, B

Qs = (%) 01.6]|.ZS(i).8 — kol.sjl.zs?.s (2)
gn”w, B"°n

Bl 5(d) Akl fEdh K2 HYHWERS5ESEKTNFHER, HEBEREN RN Q, =
0.958 30"°J"*S"* R* fHik 0. 92, B Fh s B 5 R A 3 2 v R AT RO POR]E B T U RR IR, i 2 A5 B
5 R SR R B B U RRAR A (B JE SN B R , R T G — K2 B H S KR TS

ﬁu*ﬁé{éﬁﬁ%ﬁﬂﬁﬁd\. AYR W 5 29 d T % [R] ey [ 1’ T EEEEN zzz
T KA T RE 1,94 m. BEESSALS SRS =tRE o ] >
BTG A 7 4 28 T O L 60 ~ 120 m/s, T e PR E T T T P
SLBRAI K TRAL 1.5 ~40.0 m'/s, B3l W 0. 29%0, PP PP T H ke -:r?'}‘fwx I e H zzz
WL, SR UL 2.0 ~4.0 m, i pARRaE -
K4 m, RV ARE M E 3 m JE IR, N 20 ™
MET 44 m K# HHPEREHD S, 100 m i FER T 260
g1 310 m 3G YD EFEV/N 0.5 m. 250
Pl 6 S = "1k [ HEVD R 7 2 1 b RN TV
BRI T IS RS B Ak R Aeq 0 B0 a0 om0 %0
PR O v A R A S JE 0. 3% T3 1 A%, P Sy T Bl6 =1 Tk i [ HEVD R A 7 2 I
A 43.5 km. Fig.6 Outline of the flushing gallery at Sanmenxia reservoir
5 4 &

(1) ATt B M R =T R AR RN A RS2, T8 5 0O 1) B Tm] N K 28 Tl e ik e V0 iy - 5%
F7 DR AE =TTk 2 A st 1 HEVD R 8 BEA 280 B ELIT AP A E A/ NI K R AL D

(2) EHEVD R B A B TG LT 40 km JEGA PR LR HA0KAL | ml A7 R4 i 5 2 8538 1 #F Y LR,
JRRIE HEVD I 7 A AR 0B A R R A T BRI AR AR S | TR OC e AR A PRI K

(3) A AR ERE 7 S A B T HEA/INRER K 2R RORLTD , /N TR 7K 2 Al 3 < 28 42 Y K e b
38 SPRSZIEIG NN T =1 Tk 28 (R 19 R 2, (88 =1 Dbl K J28 M R 20 e A A i ooy 5 T8 S w8 A Ik O 28 A 2 i K
SRAF, T LMARAS _Efif BRI ] 1 gt 07

Z % X #.

[1] $PRER, UEAR, SR, BOMT B HED L IR BUR S5 R ERFSE (1], AREEW, 2009, 31(11); 6-11. (FEI Xiang-



120 KoOF ok B T OB ¥ W 2011 4E 12 A

jun, FU Xu-dong, ZHANG Ren. Study on sediment delivery ratio, rate of silting and characteristic of sediment transport of the
lower Yellow River channel[ J]. Yellow River,2009,31(11): 6-11. (in Chinese) )

(2] ZEETE. WRACHI[T]. ARTEM, 2009, 31(11) : 3-5. (LI Guo-ying. River ethics[ J]. Yellow River, 2009, 31(11): 3-5.
(in Chinese) )

[3] BRepbg =1 TR XA H R, Blepid = T X GR [ M. JbE, A EUKFIK B kL, 2007, (Shaanxi Province Sanmenxia
Reservoir Area Administration. Shaanxi Province Sanmenxia Reservoir area annals[ M ]. Beijing; China WaterPower Press, 2007.
(in Chinese) )

(4] VTS, 2205, SKIEAE, A5 WK PEAEHE S Sl R EI AR AS [ M. S . SRR AL, 2006, (PAN Xian-di,
LI Yong, ZHANG Xiao-hua, et al. River bed evolution of the lower Yellow River after Sanmenxia Rreservoir building[ M ].
Zhengzhou ; Yellow River Water Conservancy Press, 2006. (in Chinese) )

[5] EnEF. G R THE R B HXE R RS2 [ C1 7/ KRR 2 22, B0 = 1 TR Vb (). Jbat. v EKFIK
B AL, 2006, (CAO Ru-xuan. The reason of Tongguan elevation lifting and the influence to lower Weihe River[ C] // CHES.
The Sedimentation Problem of Sanmenxia Project on Yellow River. Beijing: China WaterPower Press, 2006. (in Chinese) )

[6] sKbEfe, WLLET, MM, % BT KEUK B #5E B W r s R R [ M. AN B0 KR i piAt, 2008.
(ZHANG Xiao-hua, SHANG Hong-xia, ZHENG Yan-shuang, et al. The fluvial process of Yellow River's upper and lower
reaches after large reservoir building on the main stream|[ M ]. Zhengzhou: Yellow River Water Conservancy Press, 2008. (in
Chinese) )

(7] EAEF, THAARM, SR, 2 =1 10K ER A ESEDLBEAYRFSE[T]. JRVPHFST, 2001(2): 3740. (CAO Ru-xuan, LEI
Fu-zhou, FENG Pu-lin, et al. Analysis on mechanism of backwater deposits extended upstream in Sanmenxia Reservoir[J].
Journal of Sediment Research, 2001(2) : 37-40. (in Chinese) )

(8] HHAR. “HHVEE TR ARELRTMEEX AN H[T]. PEIKF, 2006 (8): 39-40. (TAN Pei-gen. Patent
technology of self sand relieving corridor applied in Donglei Pumping Irrigation District[ J]. China Water Resources, 2006 (8) ;
39-40. (in Chinese) )

(9] Mitds. EHVDIERE K 7 2 Ak RO v AR IR IR TS5 [ D], FE4. PELHE T k2%, 2008. ( YANG Hong-yan. The test
research of hydrolic and sediment transporting property for the auto-desilting gallery[ D]. Xi’an: Xi'an University of Technology,
2008. (in Chinese) )

[10] BV, [HEVD ERE (ML IR 56 B o8 S HEHLBEAX A [ D], W22, V%P T K2, 2011. (HAN Hai-jun. Generalized

experimental study on the auto-desilting gallery and its mechanism analysis[ D]. Xi’an: Xi’an University of Technology, 2011.

(in Chinese) )

Tongguan elevation reduction by using flushing gallery

CHEN Chen, CHENG Wen, QIN Yi, CAO Ru-xuan, QIAN Shan-qi
(Xi'an University of Technology, Xi’an 710048, China)

Abstract: This paper expounds the project’s background and seeks the measure to replace the original approach of
storing clear water and releasing muddy flow in Xiaolangdi reservoir, so as to lower the Tongguan elevation and to
reduce the flood disasters in the Weiluohe river's lower reaches. Analysis shows that in Tongguan reach, bed
elevation increases when scouring occurs in the upper reach at low temperature, and bed elevation declines when
silting occurs in the upper reach at high temperature. Both situatious would transport a lot of silt to the lower
reaches.

Authors deal with the layout and optimization of flushing gallery by analyzing two examples. One is the drop of
Sanmenxia Reservoir level which causes headcut scour, and the other is drawing water from the Yellow River to
Donglei to lower the bed elevation. The project of using the flushing gallery in Sanmenxia to lower the Tongguan
elevation would intercept coarse sands before entering Xiaolangdi reservoir so as to lower the Tongguan elevation and

increase Sanmenxia reservoir’s total storage.

Key words: flushing gallery; base level of erosion; Tongguan elevation; headcut scour



