/—J J. Korea Water Resour. Assoc. Vol. 56, No. 12 (2023), pp. 871-881 pISSN 2799-8746
@ doi: 10.3741/JKWRA.2023.56.12.871 eISSN 2799-8754

Numerical analysis of geomorphic changes in rivers due to dam pulse discharge
of Yeongju Dam

Baek, Tae Hyo® - Jang, Chang-Lae®* - Lee, Kyung Su®
Ph.D Candidate, Department of Civil Engineering, Korea National University of Transportation, Chungju, Korea

®Professor, Department of Civil Engineering, Korea National University of Transportation, Chungju, Korea
“Research Officer, National Disaster Management Instiute, Ministry of the Interior and Safety, Ulsan, Korea

Paper number: 23-013
Received: 15 February 2023; Revised: 16 November 2023; Accepted: 17 November 2023

Abstract

This study investigates the geomorphic changes and Bed Relief Index of the river downstream of the Yeongju Dam by Nays2DH, a
two-dimensional numerical model, in order to grasp the dynamics of the downstream river while applying various flow patterns such
as pulse discharge. It shows that the geomorphic and the bed elevations changes are the largest under the condition of the normalized
pulse discharge. The total change in the riverbed is 29.88 m for uniform flow, 27.46 m for normalized hydrograph, 29.63 m for pulse
flow and 31.87 m for pulse flow with normalized hydrograph which result in the largest variation in scour and deposition. The Bed Relief
Index (BRI) increases with time under conditions of uniform flow, pulse flow and pulse flow with normalized hydrograph. However,
BRI increased rapidly until 30 hrs after the peak flow (14 hrs), but decreased from 56 hrs under the condition of normalized hydrograph.
Therefore, the condition of normalized hydrograph gives greater dynamics than the condition of a single flood or constant flow, and the
dynamics increase downstream than upstream, resulting in an effect on improving the environment of the river downstream of the dam.
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Fig. 2. Discharge hydrograph for numerical modeling conditions

Table 1. Flow conditions for numerical simulations

Cases Time (hrs) Q.ax (m’/s) Qi (M/s) Note

Run-1 72 153.6 153.6 Uniform flow / Fig. 2(a)

Run-2 72 483.0 80.6 Normalized hydrograph / Fig. 2(b)

Run-3 72 213.0 92.7 Pulse flow / Fig. 2(c)

Run-4 72 285.2 100.6 Pulse flow with normalized hydrograph applied / Fig. 2(d)
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Table 2. Mean verification index (Observed value-Nays2DH)

AER (%) | MAE (m) NSE RMSE (m)
Mean 0.055 0.056 0.967 0.060
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103
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Fig. 3. Result of unsteady simulation (Observed value - Nays2DH)
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Fig. 4. Result of unsteady simulation (HEC-RAS - Nays2DH)

Table 3. Mean verification index (HEC-RAS-Nays2DH)

AER (%) | MAE(m) | NSE | RMSE (m)
Mean 0.055 0.056 0.967 0.060
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4.57 mZ Run-4 ©] 7} 31, Run-10] 3.93 m=Z 717 234tk
(Fig. 7(c)).
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Table 4= 7 E| A gt 2 A o] gk ot Al
HE5 RS v Wit Artolct Section 1, 3914+ Run-1, Run-2,
Run-3, Run-4 =2 2 Run-4°j|A A slgFo] 7 2. 2]qt,
Section 4, 59141+ Run-22] At¥H-5=°] Run-17 Run-35.
o & A& SRlsteirt.

0.8
08 - Rin-1 < Run-1
0.6 A e ~ 06 ¢ Q/ ®Run-2
’é‘ ° Run-2 E 4 un
S 04 e B Run-3 o %4t Of o fRun—S
{7\ & Run-4 =) A Run-4
o \ E A @
5 0.2 o g o "",0 % 0.2 \ﬁ Q ®0 %_8_9_ o
< 00 @ B- —ﬂ-ﬁ-g—-g 4. A 3 S o008 R 5| 8 B
o o 28 ¥y & 8 0 b & y
S -02 ) i o 02 f i
= \ g q .ﬁ A
S 04 3 82t : 04
i .06 2 Y
o 0 o ;o o 150 o 1;0 o 200 o8 I ' '
: 0 100 200 300 400
Distance from left bank (m) Distance from left bank (m)
(a) Section 1 (b) Section 2
0.6
o5 L <Run-1 A
T ©Run-2 &g B [o)
s | s o e
o =) .
£ £ AatagRaEa
< <
(w) v}
c c
;% g <-Run-1
g g ©Run-2
o £ O Run-
o o un-3
& Run-4
02 . . . . . . . .
o 50 100 150 200 250 300 0 50 100 150 200
Distance from left bank (m) Distance from left bank (m)
(c) Section 3 (d) Section 4
0.4
A “-Run-1
g 03¢t A8 ©Run-2
-~ T Run-3
g’o ARun-4
c
©
=
o
s
% g
>
L
w
02 . .
0 50 100 150

Distance from left bank (m)

() Section 5

Fig. 7. Comparative analysis by simulation
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P CL e

e A3t whE s e] e A o2 mjot
517] 913l ZF T o] 547 2]4~(Bed Relief Index, BRI)S
=4 519tk BRI= @ 9] o141l A= & o]-8-6to] Ht
sl gt Zt o] REHARE UEhH, T3 Ao 2
A o] = tH(Hoey and Sutherland, 1991; Jang, 2013).

n—1
‘21 [(Z? +Z?+1)/2]0”) (241 — ;]
BRI= "=

(In - xl)
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BRIZ}Z 22 apd o] Hislrh 2 2= owleitt. Fig. 82 1.9
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(3.34)5 RAF3It} 2 2 o7} 2 uf Run-17} Run-42]
73-%-BRI=2YZ} 2.95, 3.78 2 UFEFHITE. mhEbA], -5-7(Run-1)

Table 4. Total change by section (m)

Case | Section 1 | Section 2 | Section 3 | Section 4 | Section 5
Run-1 3.68 2.90 3.93 4.78 1.41
Run-2 3.70 2.80 4.20 6.28 2.11
Run-3 4.34 2.87 4.20 4.85 1.97
Run-4 4.65 3.23 4.57 5.81 2.41
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g. 8. Bed Relief Index (BRI) due to flow change
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7+ 586 SRR -3 ST 0] ASHHA] 56 hrsTH
B = A Askel]. 2 o7t (72 hrs) BRI= Run-1
o A=2.95, Run-2°41=3.31, Run-3°4+=3.34, Run-4
of A= 3.780|t}. wHatA], A4t eheE AR (Run-4) &
7o) sigare] |t 7 2 A v &, ek

AR 24 o Ae] 21de5 HdSret 57

o} @ SR ekel B A9 HIE F 4 AT, F54e]
AR AA B LS 1A 5 ek

2 avee o Al e s el e e 7t
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TH(2022003610004).
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