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Channel Changes and Effect of Flow Pulses on Hydraulic Geometry Downstream

of the Hapcheon Dam
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Shin, Youngho / Julien, Pierre Y.

Abstract

Hwang River in South Korea, has experienced channel adjustments due to dam construction.
Hapcheon main dam and re-regulation dam. The reach below the re-regulation dam (45 km long)
changed in flow regime, channel width, bed material distribution, vegetation expansion, and island
formation after dam construction. The re-regulation dam dramatically reduced annual peak flow from
654.7 m*/s to 126.3 m’/s and trapped the annual 591 thousand m® of sediment load formerly delivered
from the upper watershed since the completion of the dam in 1989. An analysis of a time series of
aerial photographs taken in 1982, 1993, and 2004 showed that non-vegetated active channel width
narrowed an average of 152 m (47% of 1982) and non-vegetated active channel area decreased an
average of 6.6 km® (44% of 1982) between 1982 and 2004, with most narrowing and decreasing
occurring after dam construction. The effects of daily pulses of water from peak hydropower
generation and sudden sluice gate operations are investigated downstream of Hapcheon Dam in South
Korea. The study reach is 45 km long from the Hapcheon re-regulation Dam to the confluence with
the Nakdong River. An analysis of a time series of aerial photographs taken in 1982, 1993, and 2004
showed that the non-vegetated active channel width narrowed an average of 152 m (47 % reduction
since 1982). The non-vegetated active channel area also decreased an average of 6.6 km® (44 %
reduction since 1982) between 1982 and 2004, with most changes occurring after dam construction.
The average median bed material size increased from 1.07 mm in 1983 to 5.72 mm in 2003, and the
bed slope of the reach decreased from 0.000943 in 1983 to 0.000847 in 2003. The riverbed vertical
degradation is approximately 2.6 m for a distance of 20 km below the re-regulation dam. It is
expected from the result of the unsteady sediment transport numerical model (GSTAR-1D) steady
simulations that the thalweg elevation will reach a stable condition around 2020. The model also
confirms the theoretical prediction that sediment transport rates from daily pulses and flood peaks are
21 % and 15 % higher than their respective averages.
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Table 1. Measured Non-vegetated Active Channel Width (m) by Digitized Aerial Photos

Reach 1932 1993 2004
Sub-reach 1 364.1 297.9 (82 %) 190.1 (52 %)
Sub-reach 2 365.5 285.7 (78 %) 210.8 (58 %)
Sub-reach 3 232.7 193.3 (83 %) 109.3 (47 %)

Entire 321.4 258.2 (80 %) 172.3 (54 %)

* () = % of 1982
Table 2. Width/Depth Ratio for the Each Sub-reach in 1983 and 2003
Width/depth ratio
Reach
1933 2003

Sub-reach 1 370.47 248.77

Sub-reach 2 353.46 328.87

Sub-reach 3 113.75 170.36

Entire 278.78 258.13

* The bankfull discharges of the pre and post-dam periods were applied for non—uniform flow simulation along the
study reach. Applied bankfull discharges (1.58 yr discharge frequency) were 509.8 and 86.3 m3/s at the Hapcheon
Re-regulation Dam for the pre-dam period and post-dam period respectively.

Table 3. Variation of the Active Channel Areas (km?) by Digitized Aerial Photos

Reach 1932 1993 2004
Sub-reach 1 3.92 3.13 (80 % of 1982) 1.95 (50 % of 1982)
Sub-reach 2 6.90 5.42 (79 % of 1982) 3.88 (56 % of 1982)
Sub-reach 3 4.11 3.42 (83 % of 1982) 2.51 (61 % of 1982)

Entire 14.93 11.97 (80 % of 1982) 8.34 (56 % of 1982)

Table 4. Variation of Island Area (km?

) for Each Sub Reach from the Aerial Photos

Reach 1982 1993 2004
Sub-reach 1 - 0.32 0.73
Sub-reach 2 - 0.26 0.50
Sub-reach 3 - 0.22 0.25

Entire - 0.80 1.48

Table 5. Variation of the Vegetated Area (km? for Each Sub Reach by Digitized Aerial Photos

Reach 1982 1993 2004
Sub-reach 1 - 0.38 1.27
Sub-reach 2 - 0.40 2.09
Sub-reach 3 - 1.06 1.66

Entire - 1.84 5.02
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Table 6. Cases of Unsteady Simulations by using the GSTAR-1D

Case Flood Period Type of inflow Maximum Minimum
type hydrograph discharge(m®/s) | discharge(m®/s)
1 Daily pulse 92.9 13.2
Typical | 7/2/2005 07:00 - 7/6/2005 10:00 ayp
2 Daily average 33.0 33.0
5| Extreme | 8/30/2002 01:00 — 9/3/2002 04:00 Flood peak 2010 749
4 Flood average 275.1 275.1
586 BEKERBEHE
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Table 7. Simulated and Measured Sediment Transport Rate (tons/day) for the Four Cases
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Case 1 Case 2 Case 3 Case 4
. 1,594 1,316 11,876 10,331
Simulated o o
(121 % of Case 2) (115 % of Case 4)
T 12 g ¥
é 10 F (a) Casel - Case2 . é 30 * (b) Case3 - Case4d
.
g .1l g 5L .
g : H el e
o _ oL a _20 LS
E n‘o“ 4 F ¢ . g = - ¢ .. ”’. ‘.}
E® R Pown, E20 s .l
5 - o %o . . . p LA . . .
R S AP R S 3 st M =
s o k2 CRAEAF . ':.o“...,s.o L. ° R . . .o/&, .“‘1“
8 M * %o o 0 T4
2 £ M v WAt
g 27 : . g 5 o2
= T
45 35 25 15 5 -5 45 35 25 15 5 -5

Distance from the confluence with the Nakdong River (km)

Ei

3 Minus Case 4 (b)

ofste] Ak FAle] Hul R FHAfEe
Casel®] 7% 062 mol Case39] -9+ 1.37 m%
t} B3k Table 7 2 Fig. 1004 HojF+= Z3} 2o
AF7]3HCase)oll ©Jgh fFrAlo| & (E/Y)S o]
o] Hitzk(CaseR)oll &3t FAlolE R} 21%7) Zith
GSTAR-1DEHEZE 2H3st fAlolsHe] F7he 21%=
A oz A 20%9F vlwste] wl$- A

g Ais BTt

ol Aol

[ol;
nlru

5. HHof| 2jst X|aistx] wisiof| CHst
framework

A% BTk 20094 7H

Distance from the confluence with the Nakdong River (km)

g. 10. Difference of the Cumulative Sediment Load (tons) of the Case 1 Minus Case 2 (a) and Case

2 AFAAE A5
@3} fFAHwater and sediment)2h= T 7FAe] Fo.5
Rl 9]ste] o] FoJF KXy, 1990; Schumm, 1969;
Petts and Gurnell, 2005). ¥ A 7+ A,
shxde] wsh= 3 2AA ] ol oste] wAs
= 55T s et FR AR ATt
83 92l otk olg ¥ x| W=
Qdste] 53] 2AA ] AshrolAl shdel Al e
5o 293} = AskE 7 gkem, s AARS
22, RFEE(sinuosity)©] 4 B SFEX T A 1
(Width/depth)©] 7tA4E 7St o] § HA e =%
2 WA o] ZFASIAA RIE A E AA)e] WAL
S7Fekath oled AL HEFH 0w AL
Azl A7) A v At E %] Wt} kA sty =

# A3 2ol Yol oJF FBL §

_l

ol
Ok
ox

587



Re-regulation dam construction

Qpeax decrease (-)
Flow pulse

Q, decrease (-)

Clear water

Scour bed elevation

Particle diameter, d, increase (+)
Bed slope, S decrease (-)
Sinuosity, P decrease (-)

W/h decrease (-)

Active channel width, W. decrease (-)

Islands area, |, increase (+)
Vegetated area, V, increase (+)

............................................... R R R T R R R PR T RS

Constant variables
Bed slope, S
Particle diameter, ds
Active channel width, W,

Stable State

Fig. 11. Flow Diagram and Framework for the Downstream Channel Adjustment by Dam Construction
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