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Experiment on characteristics of saltwater intrusion

in river channels affected by branch river diversion
WANG Yanping, LIAO Jianghua, XU Keqin, ZHANG Peng, YANG Shengfa
(The College of River and Ocean Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: In order to clarify the changes in the intrusion distance and movement speed of saltwater as the
flow velocity and salt concentration change, we carry out a study on the saltwater intrusion characteristics in the
riverbed of Qingnian reservoir area, and analyze the influence of river inflow conditions and salinity changes on the
saltwater intrusion process. We conduct experimental research by simulating the process of saltwater intrusion along
the riverbed in Qingnian reservoir area in a small generalized flume. The results show that under the restriction of
upstream flow, the intrusion distance of saltwater remains stable under the action of runoff, and the intrusion process
is significantly affected by the tributary diversion. Due to the impact of the upstream flow on saltwater at the branch
point, most of the saltwater is dispersed and flows out of the branch point, while a small amount of saltwater remains
stable and continues to intrusion along the left bank. As the water depth increases, the sensitivity of the intrusion
distance to the concentration change decreases. Under the same water depth condition, the increase in salt
concentration will accelerate the intrusion velocity, and the shorter the intrusion time required; under the same

concentration condition, the increase in water depth can significantly improve the intrusion velocity of saltwater.
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Fig.1 Experimental flume
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Tab.1 Experimental conditions and corresponding parameters

RIGH  AKEhmm FHRE S/% W Q/(mPh) R THIFE v, /(m=s™")  FRIFEEL Fr T Re Jehi(ms™)
h6S1 60 1.0 0. 40 0.026 5 0. 066 3 1599 0. 024 251
h6S2 60 2.0 0.39 0.025 8 0. 066 3 1548 0. 034 293
h6S2.5 60 2.5 0. 40 0.026 5 0. 066 3 1599 0. 038 341
581 50 1.0 0.42 0.033 3 0.083 1 1 665 0.022 136
h582 50 2.0 0. 40 0.0317 0.080 0 1585 0.031 305
h582.5 50 2.5 0.41 0.0325 0. 080 7 1625 0. 035 000
h4S1 40 1.0 0.41 0. 040 7 0.096 0 1628 0.019 799
h4S2 40 2.0 0. 40 0.039 7 0.095 3 1588 0. 028 000
h482.5 40 2.5 0.41 0. 040 7 0.096 0 1 628 0.031 305
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Tab.2 The R values corresponding to different
water depths under various salinities

AERREY R (8

S1%o

h=40 mm h=50 mm h=60 mm
1.0 11. 05 8.23 7.68
2.0 11.38 8.89 7.70
2.5 11.53 9.16 7.71

1E MATLAB B rhift 47 2 e e e &
KK b, VREE S FIHAE R BOMERE . Rk IR Ak B
HA—1H A E%ﬁl@x i regress PRI ﬁz
JTCEMEAIA pREL, TRV QAR R
@B%ﬁ,#@ﬁ&ﬂ%ﬂ%%ﬁ,ﬁ%&m%
R, RITEARKNN(2), RP#MZI1, &£
VN EilF g SN

@ﬁ

Y (R, -R)’
RR=1-"F (2)
;<R,- -R,)’
Aoh. R HUcERBG R, SR, B
Bt S B ST IE ;R W WO E A, B
SRR TN 45 3] 6 F IO B AR B R, SR
SR I 3 SR 0 B
EEIBA AR RR(3), AT R =0.93,
F IR R 93% (BRI A AR 5 [N B 4
SRR 7, B ORI TR
JFYE

R=17.726 2—-1. 811 7h+0.322 45§ (3)

*

b & o Jsatdn
— )R
11 p
L ]
10 |
L 2
A or
L ]
8 I . 5
7
6| .
5 2.5
40 2.0

50

55 2 §l%e
4/mm 60 1.0

B7 REEFHIEEE
Fig.7 Regression fitting model of R

2.3 AR T Eh oK Sk s Bl S e
IIPSER

HACKHRIZ B E SRR SC R LI 8, Al LA
AL, $RKAYIE Bl 2 32 B B X L
9 AMRKIGAL T, WBEBOR, FR7K K0 L 99 3 32
Ky AKERBR KO, bW A2 fl
N

I . s7)

1 1 1 1 1 )
1.00 1.25 1.50 1.75 2.00 225 2.50
S1%o

a) 7K %40 mm
10
..
9l e
= e
g
,]E( 7
b= ~
=
E 6} .
4 »
5_
4‘r 1 1 1 1 1 1

1.00 1.25 1.50 1.75 2.00 225 2.50
S/%o

b) ZKIR50 mm



- 152 - K oiE L A2

2025 %

13

S
T
2

¥ (mm-s )
.

>
T
LN

1 1 1 1 1 1
1.00 1.25 1.50 1.75 2.00 225 2.50
S/%o

c) 7K¥60 mm

B8 HAKSLEEWEESRERNEXE
Fig. 8 Correlation between saline head intrusion velocity

and concentration

TREF KRS B S5 F T, R oK Y vk B2 B
LG b R R, AR, YRR R
PREFEE RS, KR A RGN 25 T 3R /K S 36 9k
R ERT, JFHE, KR 60 mm HIFL T,
ER KU JEE B 0 X A R 1 5 e A AT KR A
40 150 mm FIAEZH R H B NVEAIR B, AR
TR RN, SR, KRN 60 mm FEE
ERIK Y b 099 B BCMEATS i T HA K TR A il g 4
ZE LR, MAKIRHE e, oKk AR
0= ARE ST TN WA

FE X n RERKCLES EWEEE v 5T
v, BIHAE, B n=viv, . B EREE T ARRIK XS R
M n EILF 3, ATLUEH, YK UR [ i Rl h
MUK n R, TEMREEREARBRIIEILT n HE h
iz ok, XA AT 3 FORRREE TR
WIRHST . AH A Fh KR BE T 7K 60 mm B AHAR T
HAKER n H K, KR 40 mm B A X {E 5/
HORTAS Y, B BROK MR B R n (RO, BPERIK
SR A AE T 32 St R i A R B 3 K

x3 BHETARKRMEE n &
Tab.3 The n values corresponding to different
water depths under various salinities

ANFIKEREY n
S/%o
h=40 mm h=50 mm h=60 mm
1.0 0. 106 0.133 0.339
2.0 0.193 0.264 0. 443
2.5 0.226 0. 300 0.476

RAR G AR (4), BAIR P50

R*=0.94, K UIBIBIRE i BE 94% 1 [H 728 578 57
WAL E BRI DL 9, A S AL & B5OR i — 20 Bk
TRALE

n=-0.511 5+0. 122 24+0. 096 18§ (4)
o JRIAEUE
— YT
.
0.5
. L] .
0.4
L] L]
03
=
02 .
0.1¢,
e 25
00y 2.0
43 50 1.5 go
~mm 35 60 L.O

B9 n@EFMARE
Fig. 9 Regression fitting model of n

3 i

1) A RERN, Rk B ry KRRk B
A EWiRe Ty, EA BWRREEREI T, $hok Bt
FEAEAR AR T B FE B AR, 52 S 43 Ui 52
B

2) UL T TS 2 K A R R R TR
R ZRZE, MR RWAHIKEPERIKEFE,
B R KRR E R TR IZ KA, EhK%
KK, TR T P FER IRz 8, 7830
P4 Bkt K AT T4, R #hK 9ok
BOF M S0 AR, /AR 2 R K 08 35 58 4k 2
a8

3) MEE KRB, ERKLERAK A YRR
U AR A Y BURR BE BN, R MR B IR RS
RPEOL S, KR N2 T30 R AH B W81
XA AT R K ¥ R — 2, ek
AR ER K AT oAy 1) 3k 52 )

4) ERAKAPH XS FWAT A WA e, R
IR FE 8 LW%W%N@@@,MA AR
AR, FEARRIK RS TS, ER KV B
m,ﬁi%%%mL PR T TE AR [R] VR BE R
IR HG ) 25 & e TH K By E s



% 8 4

F: AR ARHY A

T

- 153 -

SE

[1]

[2]

[31

[4]

[5]

[6]

[7]

H R, 253K 0%, ABHUE, 55 BT K AR IR 2w
RERIBFFE] J]. H RS K240 (A ARFHFA IR L 2024,
43(5):32-37, 45.

XIAO Y, LI D H, DENG ] H, et al. Prediction model of
saltwater intrusion distance in the Qinjiang River estuary|J].
Journal of Chongging Jiaotong University ( natural
sciences), 2024, 43(5): 32-37, 45.

Wk, Wi, )1, PRl as i 255 T AR 5T (]
JK3ZE T, 2024(7): 6-10.

YANG B, PAN H T, SU C. Comprehensive development
model of Pinglu Canal[]J]. Port & waterway engineering,
2024(7): 6-10.

EE UK, BN, R, 4. BURLER K AR R
M SERE A BRI A K T RE S R I Y
S [J]. SRR 2], 2023, 43(11) : 328-337.

YAN R B, HU M J, WU H, et al. Short-term effects of
simulated saltwater intrusion on soil phosphorus forms,
phosphatase activity, and the functional gene community in

estuarine wetlands [J]. Acta scientiae circumstantiae,

2023,43(11):328-337.

T, AR, R AOR, A AR AT I By S A
LMK PR BT HE S S R B[], th [EKF, 2024 (14):
18-26.

DING L, CHU M H, ZHU J R, et al. Research progress and
prospect on flood and tide prevention and water supply
safeguarding in the Yangtze River estuary under changing
conditions[J]. China water resources, 2024 (14): 18-26.
X TSPl I TR i O i ) R 5T 5 B [T,
& T, 2024(6): 1-11.

K

LIU N. Research and contemplation on key issues in
construction of Pinglu Canal project[]J]. Port & waterway
engineering, 2024 (6): 1-11.

IR . ERAK AR R Fifi 12 107 5 4F 2 XK o
UBTFE[ D], BEER: R ACH j:%,2024

WU H H. Simulation study on the impact of saltwater

5] F) A

intrusion on water quality in the Youth Reservoir area of
the Pinglu Canal [D]. Chongging: Chongqging Jiaotong
University, 2024.

TS, AT, VR, S5, TT T S TR X 9
BRI [ ]]. KiE T2, 2024(9): 105-112, 116.

YE HP,HU J,XU Y Y, et al. Influence of salt collecting

pit depth of estuarine ship lock on effect of mitigation salt

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

intrusion[ J]. Port & waterway engineering, 2024 (9): 105-
112, 116.

WIS, WAV, VIR, 5. ARV RS R K S I S AR
RIS []]. Kiz T, 2024(6): 12-17, 31.

YE H P, HU J, XU Y Y, et al. Experimental study on
movement characters of low concentration saline density
current[J]. Port & waterway engineering, 2024(6): 12-17, 31.
INCOM W G. Ship behaviour lock
The

in locks and

approaches [R]. Brussels: World Association for

Waterborne Transport Infrastructure, 2015.
TR SCE RV A E K AR EEAR IS D]. E K
i PRASH R, 2023.
ZHANG W W. Numerical simulation of saline intrusion
in Qinjiang River estuary [D]. Chongqing: Chongging
Jiaotong University, 2023.
23R G IZ TR 2K WAL B ek 1
PR H1PACIH R, 2023,

LI D H. Study on the mechanism of saltwater intrusion

WAsE[D].

and mitigation measures in the Pinglu Canal [D].
Chongqing: Chongging Jiaotong University, 2023.

4, Tk pe. BRIV O ERK AR 55 m E R 1
AR J]. WK AR, 2024, 52(1): 13-20.
LI R H, MA ] X. Study on the correlation between
saltwater intrusion and influencing factors in Qiantang
River estuary[J]. Zhejiang hydrotechnics, 2024, 52(1):
13-20.

BOWDEN K F, SHARAF EL DIN SH. Circulation,
salinity and river discharge in the Mersey Estuary[J].
Geophysical journal of the Royal Astronomical Society,
1966, 10(4): 383-399.

CHEN W, CHEN K, KUANG C P, et al. Influence of sea
level rise on saline water intrusion in the Yangtze River
Estuary, China [J].
54:12-25.

SR AR ARG R TR B3 0 E K AR PSS 56 R
FE[D]. )N AR TR, 2017.

ZHANG P. Experimental study on the mechanism of

Applied ocean research, 2016,

saltwater intrusion in estuary with runoff and tide [D].
Guangzhou: South China University of Technology, 2017.
SCHULTZ E A, SIMMONS H B. Fresh water, salt water
density currents: a major cause of siltation in estuaries
[R]. Vicksburg: Committee on Tidal Hydraulics, Corps of
Engineers, U. S. Army, 1957. (KX pmig E38)



