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Abstract

Reservoir flood control is one of the most important measures to ensure the water safety of the river ba-
sin. However, the continuous change in the external environment has brought more serious challenges to
flood control during past half-century. The Shuangpai Reservoir, a large reservoir in the lower reaches of
the Xiaoshui River basin, is selected as case study. This paper evaluated the impact of design flood (un-
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der the same standard) on reservoir safety in the changing environment. Firstly, it is verified that the
historical flood series is still stationary based on the statistical tests. The Pearson type III distribution is
adopted to fit the samples. Compared with the previous result, the estimated 100-year return level only
is decreased by about 5%, and the design flood hydrograph is determined by the peak and volume am-
plitude method. Secondly, we analyzed the influence of sediment deposition on the reservoir capacity by
measuring the surface and underwater topography in the reservoir area. Finally, the design flood level
(100-year return period) would have an increase of 0.95 m based on the reservoir routing, suggesting
that the accumulation of sediment is the most direct influencing factor. The results indicated that al-
though nonstationary statistical theories should be considered in the changing environment, the poten-
tial impact of environmental change in the reservoir area is of great significance.
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Figure 1. Overview of the study area

1. X E

2.2. SCEE
ASHIF TR K SC BB G N ZE LI 7K SC ok 8 Eevnk o BRI K Sk XURBah £ 1959~2017 4 SZifiz H 13

DOI: 10.12677/jwrr.2023.123034 298 IK ISR 5T


https://doi.org/10.12677/jwrr.2023.123034

ARACIREE T KUK BTt K R 73 #

WEVORL, FFIRECT A R 2 3 KK BHE (1915 AT 1946 4F).

N FEAR NIRRT P X A (R 52, ASHIF 7 43 B FF R T UG /K 28 122 [X FRO 3B T A K R MBS 28 T4, JRoe ik
814 /s b T 0 B8 T (% T U B AT 20 m, A BT BT 76.28 km). LR, BETHIHIESR A GPS 5 &
SERK: KR HEZSR A EM 3002 3% 7K 284 i 70 1% 256 22 O R R AR B

I, AR A X KA AR R, A SO T K ) A TR B IR KA - R R R STt
VRl TR, AR BN (1959~2017 4F), EHsd Ry a2 TRM AR E T, I REAKSTINE 5
T 25 B i 7K TR S 6 I Tk K PR A

2.3. A E

1) Wl Gsit oy i

AT T34 FH 51 52 Aol 5250 FH 10 B R T 280430 ot /K PR B EAT A, 1250 9 — S S B0 0 2%
B FETIA X = {x,x,,,x, ) » FHETRERE R EA

f(x)= rf;)(x—r)‘“ e/t (1)

ReP an fo r SBRAIIGIR. RIE. SLBE S, TC) A DR

B BE T, ATLUE T REA KR =B ERAGTH =A S, WSKTE AR FIME T | A%
RHCon MRAS AR CORIHL, 0T LUBIDELR R WA TR, B2 A, T B & T Re i 2%
FEA AT SRS AR AE , AS B FURRAR 22 FIBE T 36 A 0E T K DI B — B B TR RS R A
ik, SO R B R R R

2) Mg Btk FEEL

AT S A K, SR RS BORVE R BT R, %7 v ORI R o i
FORIRIIN B S B 40 B T 0, BBt Sk 1 FIRRE . K 3 A O URS (K VSR AR T £ b fi i
IS, BRSO

-
R =1 2)
M (
Ry, = " =Py

W3m _VVlﬂl

i, Rp NBETCRAE AR, O, 1 O, 209t BETH kg 5 i R Ry WK 1 HEBORE R, Ry,
HERK 3 HE BRI K 1 HAN, HRPR B, w, MW, 2309 TR RO 1 H B0 RS S 3OK
R H R, W, A W, 58 SCGREL, BAHSEHERT IS 218K 5 H L 7 Bkt . BRI 5ok Rk
FEAAR o

3) FEARFFBIRAF T S — B S

ARSI ] — e A1 757 - Mann-Kendall (M-K) 775K 70 Bt A2 S0 8] PP 91 R B AR AAF L . — et
BB G PR P A X SIS ¢ Z (B RYEENADRE X = a- 0+ b RTINS PR LS, Hrh R4
a P HRFORAZERMA R, B 10 AN . M-K 7518 1 4 £ IR AR HE TEZS 200 1 AR & Z R Wi [) 7
BT, 2 Z KT 0 I BLHI 6] 7 51 B B TR, SR R s T e MR E KT o 4|22 2,
I, B R FUTE o W3 KT A RE MR ES . MK sl W iE s R ra), KR T E ER

DOI: 10.12677/jwrr.2023.123034 299 TK YR 5T


https://doi.org/10.12677/jwrr.2023.123034

AR MUK P kK I R 23 #r

STV 6] 50 AP R
3. REISTHR
3.1. BUKFFI—HiERE

TR T EE R FEAR T AR — BB, AR TR AT M-K K58 T E VPG REA T 51 12
WFRRE . [ 2 BT XK L e K — H N PERE SR AEBR AR B, MEARE, FEAF S 2B ST
Biadh, HASEA A2 -0.137 /4 m¥/10a (P > 0.05); k3 H. 5 HANEREZIHRPIERRE LS, B
M-K #3546 56 (1) 2 M P B I XHE S 58 0.739. 1.001, /T 0.05 535 P AKX 1.96 $64K.

AR R M-K TSR0 7702 FI TR A 5 41 (B oK — H N R ) 75 R AR I 2 R R AR (1] 3) 0 25 2R
R, FEAFE BRI S AL, {H ARG 2 525 (548 i, DR AT R LR K 22 [ sk 3N P 36K 7 31
R —E AR E . BTALERF L RTa i, B MEEEZNSH, FEE RS BT KA E N,
ROEAE FHAE— B LA REARTF A 25 b, i ORI T BY S04, RA ) V238 F G b RE A 7 21 i3k 4T
E{/NE

8 T

~ [*)
T T

[\
T

FRAN—HRE (dmD

0
1960 1970 1980 1990 2000 2010

Figure 2. The changing pattern of annual maximum daily flood volumes
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Figure 3. Abrupt changes of annual maximum daily flood volumes using Mann-Kendall test
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Figure 4. Pearson type III distributions fitted for annual maximum flood peak and volume
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Table 1. Design values for annual maximum flood peak and volume

= 1. FRAHEFHERITRRER

e LS A o GJ/C, P=1%
0, m’/s 4917 0.43 3.5 11965
W, ¢ m’ 3.19 0.51 35 8.87
W, 2w’ 6.81 0.53 35 19.55
Ws, iz m’ 8.98 0.50 35 24.57

DOI: 10.12677/jwrr.2023.123034 301 TK YR 5T


https://doi.org/10.12677/jwrr.2023.123034

AR MUK P kK I R 23 #r

14000
12000
10000
2 8000
E
6000
]
B
4000
2000
0

0 20 40 Rt (h) 60 80 100 120

Figure 5. Comparison of typical flood hydrographs
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Table 2. Statistics of sedimentation in the Shuangpai Reservoir area
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Figure 6. The water level-storage and water level-area curves in
Shuangpai Reservoir
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Figure 7. The variations in water level-storage curve in Shuangpai
Reservoir
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