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Abstract: To estimate the sediment discharge controlled by sediment-filled check-dam and thereby enhancing factor
for check-dam design and dredging criteria, we surveyed slope failures and stream-bed fluctuation caused by
geomorphic disturbances (i.e., landslides and debris flows) in Inje, Gangwondo. In general, check-dams play roles
for restraining and controlling sediment discharge within a section under the design equilibrium gradient and a
section under the design flood gradient, respectively. The results in this study showed same pattern: that is, the
closed type check-dam, which has a design restraint sediment discharge of 2,111 m’, estimated to control a
sediment discharge of 3,996 m® in the stream section within 250 m right upper area immediately after the
disturbances occurred in 2006. As a result, a design control sediment discharge of the check-dam was larger than
its design restraint sediment discharge. This represents that the check-dam is still having an own function for
controlling sediment discharge although it exceeded the designed capacity by the sediment discharged from
upstream during the disturbances. Our finding suggests that the sediment discharge controlling of check-dam may
need to be evaluated separately from its sediment discharge restraint. Currently, the country, however, does not
consider the design control (or restraint) sediment discharges, based on the actual field survey, as criteria for check-
dam design and/or dredging work. Therefore, the accumulation of the quantitative data is required to support that
check-dam has functions for both restraining and controlling sediment discharge. This would be a way to develop
our erosion control technology to the scientific technology equipped with a more objective and systematic aspects.

Key words: geomorphic disturbance, closed type-check dam, design equilibrium gradient, design flood gradient, design
restraint sediment discharge, design control sediment discharge
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Figure 1. Location of the study basin originated from Mt.
Ki-ryong in Inje, Gangwondo. Dotted line denotes drainage
boundary. Within the boundary, the narrow solid-lines and
the wide solid-line represent all channels including small
tributaries and study section surveyed in main stem channel,
respectively. White-shaded parts and black-filled trapezoid
display the areas collapsed by landslides and the check-dam,
respectively.
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Table 1. General characteristics of sites collapsed by landslides.

Sediment input Mean slope of Depth of site  Sediment

No. location* site collapsed  collapsed  input volume

(m) ©) (m) (m’)

1 1,865~1,885 41 0.82 225.50
2 1,720~1,745 35 1.16 399.62
3 1,475~1,490 35 0.94 648.60
4 1,430~1,470 17 1.23 2,467.38
5 1,330~1,365 27 1.01 656.50
6 1,095~1,120 23 1.00 3,303.20
7 1,030~1,045 35 0.87 665.55
8 945~975 24 1.05 1,598.63
9 800~825 40 0.87 1,106.64
10 735~750 35 0.92 540.96
11 630~650 25 1.11 1,415.25
12 550~600 35 1.05 1,209.60
Sum 14,237.43

*All values in the column ‘Sediment input location’represent the
upstream distances from the outlet (i.e., the lowest survey line) of
study reach.
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Table 2. Stream-bed fluctuation caused by disturbance along the upstream distance of the study reach.

Upstream distance*

Stream-bed fluctuation** (m?)

Note
(m) Pre-disturbance Post-disturbance Difference
1,900~1,950 1,396.73 1,397.87 -1.14
1,850~1,900 1,688.19 1,384.49 +119.09 — No. 1 landslide
1,800~1,850 1,721.57 1,454.98 +104.54
1,750~1,800 1,220.04 127278 5273
1,700~1,750 89930 834.14 +65.15 — No. 2 landslide
1,650~1,700 1,033.56 817.95 +215.61
1,600~1,650 1,183.00 1,091.45 +91.55
1,550~1,600 1,253.76 1,353.98 -100.22
1,500~1,550 1,180.65 133133 -150.68
1,450~1,500 238033 2,716.64 336.32 .
1,400~1,450 2,511.56 3,110.57 -599.01 | No.3, 4 landslides
1,350~1,400 1,618.91 2,172.67 -553.76 .
1,300~1,350 1,650.51 2,196.31 -545.79 ] No. 5 landslide
1,250~1,300 1,305.99 1,909.64 -603.65
1,200~1,250 1,248.25 1,604.77 356.53
1,150~1,200 1,264.72 1,479.47 214.75
1,100~1,150 1,138.71 1,561.53 42282 .
1,050~1,100 1,517.74 2,033.49 -515.76 | No. 6 landslide
1,000~1,050 1,547.42 1,873.49 326,07 — No. 7 landslide
950~1,000 1,401.74 1,627.86 226.12 .
900~950 1,381.35 1,728.99 347.64 | No. 8 landslide
850~900 1,159.64 1,449.79 290.15
800~850 1,293.20 1,488.02 -194.83 — No. 9 landslide
750~800 1,294.00 1,421.62 -127.62
700~750 1,190.15 1,230.49 4034 ~ No. 10 landslide
650~700 1,206.98 1,082.48 +124.50
600~650 1,251.16 1,010.64 +240.52 — No. 11 landslide
550~600 1,198.68 1,006.89 +191.79 — No. 12 landslide
500~550 1,376.48 1,285.51 +90.96
450~500 1,705.43 1,913.02 207.58
400~450 1,766.94 1,769.45 251
350~400 2,11443 1,571.30 +543.13
300~350 2,707.54 1,876.79 +830.75
250~300 463737 2,602.81 +2,034.56
200~250 5,026.00 2,874.76 +2,151.23 — Check-dam site
150~200 1,32837 1,278.94 +49.43
100~150 1,42137 1,457.50 36.13
50~100 1,448 51 1,449.19 -0.68
0~50 131111 1,344.67 33.55

*All values in the column ‘upstream distance’ represent the upstream distances from an outlet (i.e., the lowest survey line) of the study reach.
**Negative(—) and positive(+) values in the column ‘stream-bed fluctuation’ represent volumes of the eroded and deposited sediment,
respectively. In addition, these values include volumes of not only sediment supplied from hillslopes by landslides and from stream-banks
by bank erosions but also sediment stored on stream-bed by interaction between stream width and in-stream obstructions.
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Table 3. Sediment budget along the upstream distance of the study reach.

Upstream distance* Sediment input Sediment input Sediment output Sediment .e?osion

(m) by landsshdes from upst}ream** to downstgeam*** aqd deposition l33y

(m’) (m?) (m?) disturbance (m”)
1,900~1,950 0.00 1.14 -1.14
1,850~1,900 225.50 1.14 107.55 +119.09
1,800~1,850 107.55 3.00 +104.54
1,750~1,800 3.00 55.74 -52.73
1,700~1,750 399.62 55.74 390.20 +65.15
1,650~1,700 390.20 174.59 +215.61
1,600~1,650 174.59 83.04 +91.55
1,550~1,600 83.04 183.26 -100.22
1,500~1,550 183.26 333.95 -150.68
1,450~1,500 648.60 333.95 1,318.86 -336.32
1,400~1,450 2,467.38 1,318.86 4,385.25 -599.01
1,350~1,400 656.50 4,385.25 5,595.51 -553.76
1,300~1,350 5,595.51 6,141.30 -545.79
1,250~1,300 6,141.30 6,744.95 -603.65
1,200~1,250 6,744.95 7,101.48 -356.53
1,150~1,200 7,101.48 7,316.22 -214.75
1,100~1,150 3,303.20 7,316.22 11,042.24 -422.82
1,050~1,100 11,042.24 11,558.00 -515.76
1,000~1,050 665.55 11,558.00 12,549.62 -326.07
950~1,000 1,598.63 12,549.62 14,374.36 -226.12
900~950 14,374.36 14,722.00 -347.64
850~900 14,722.00 15,012.15 -290.15
800~850 1,106.64 15,012.15 16,313.62 -194.83
750~800 16,313.62 16,441.24 -127.62
700~750 540.96 16,441.24 17,022.54 -40.34
650~700 17,022.54 16,898.04 +124.50
600~650 1,415.25 16,898.04 18,072.77 +240.52
550~600 1,209.60 18,072.77 19,090.59 +191.79
500~550 19,090.59 18,999.62 +90.96
450~500 18,999.62 19,207.20 -207.58
400~450 19,207.20 19,209.72 -2.51
350~400 19,209.72 18,666.59 +543.13
300~350 18,666.59 17,835.83 +830.75
250~300 17,835.83 15,801.27 +2,034.56
200~250 15,801.27 13,650.04 +2,151.23
150~200 13,650.04 13,600.60 +49.43
100~150 13,600.60 13,636.73 -36.13
50~100 13,636.73 13,637.41 -0.68
0~50 13,637.41 13,670.97 -33.55

*All values in the column ‘upstream distance’ represent the upstream distances from an outlet (i.e., the lowest survey line) of the study
reach.
**Sediment input into study reach was negligible and thus zero was applied in this estimation.
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AF HAZ B2 649 m*e] EAK1,475~1,490 m HEH F5she o] UEsom, AP ol Al E
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Table 4. Differences in stream-bed fluctuation and gradient after disturbance in the stream section within 250 m right upper

area of check-dam.

Stream-bed fluctuation** (m°)

Stream-bed gradient (%)

Upstream distance* Difference between

Difference during

Immediately after Two years after
m . -

() p(rleis ;?gaﬂ(éset wz(i)s}tﬁfbrzr?cf;er disturbance disturbance
400~450 -2.51 -280.55 4 6
350~400 +543.13 -511.47 5 8
300~350 +830.75 -778.89 6 7
250~300 +2,034.56 -1,523.40 5 3
200~250 +2,151.23 -902.11 6 3

Sum +5,557.17 -3,996.42

*All values in the column ‘upstream distance’ represent the upstream distances from an outlet (i.e., the lowest survey line) of the study

reach.

**Negative(—) and positive(+) values in the column ‘stream-bed fluctuation’ represent volumes of the eroded and deposited sediment,
respectively. In addition, these values include volumes of not only sediment supplied from hillslopes by landslides and from stream-banks
by bank erosions but also sediment stored on stream-bed by interaction between stream width and in-stream obstructions.

o 3] 200~250 m TZHE] 400~450 m 7R 9] oF
250 m AoJe] 7kl A AA hAshe 73 EFe] YT

S, AR Qlale] AlFE SYE TEALEE(14,237 mP)
of val], AAle] A7 FollA 3R] 550~600 m
7ho A o] & EARS-E (19,091 mP)e] AtiFo g o w
o Aoz YehtEd(Table 13 3), o= A Z7171H)
AX Aol FA =] A B S AVFAE T AFALE]
A Al AFE AEA F9E BEANES 3 A2E
s Ae deoz Fyditia o 4= gl

MAZIIMS] EAL El4
2HA mgho] WAt o] Sof] ABIe A4 0.5 km Al
% 9F 5,557 m’e] EAPF EAS 250 m AlFTHE
Ao 2 AXAFES Joldt 43 Table 49F 72t} 4F
o] ¥rAgk A& t) A A7 7] AAARE A
4~6%Z VFERS WhH | 2R g vy & odo] A
0081 10¥ 8¥dll= 5ds 250 m +7F F 3HF

(i) Design flood gradient
(below 2/3 of (iii))

Check-dam (iv) Surface-to-water

(iif) Original bed gradient

AN
N

100 m 7244 2357 150 m 73ke] AVAE 242t 3%}
6~8%= UEISITE B9, B Fe] BEAPL H2E A
2 Aok &) 20080l = 23] oF 3,996 m*e] EAF
AO= YERRT

CRE

n #

TR AR Ak BAL 3 oAl 24 )
olu] | 3}5} A Figure 29} 2t} Z@A ()A1YHE
BN ] BAMTE 2lsto] HAsh= HA
=2 (i)A8T7E7E TFEDFSE g5

T = HAPA S 7187 E EFEADF T
= %—’F«] 2ol olste] Azt eRteiA= 7127
Lol A2 A e AR 7=
A& EUR sto] ARHY7E7E o
A71&719] 172 o138k, A EL718715 A AY7187)

=IO
] 2/3 o]5tR dh= A& 71RO Bl glon, o) )

Design control

sediment discharge
/
/

/

N

Design restraint

~

sediment discharge

(i) Design equilibrium gradient

(below 1/2 of (iii))

Figure 2. A generalized conceptual diagram representing sediment restrained and controlled by check-dam construction in

mountain streams (modified by Chun (2011)).
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oﬁt

g7 EA 3, 4
e 77 718715 a2 AASIAL dthe.g., Crisis-
Management Division in Hiroshima Prefecture, 2012;
Erosion Control Division in Tottori Prefecture, 2014). &=
sk, (i)eF A AP AlE A9 iy A2, (v
W gAle] 4R, o)4ke] Al wo] olF k] o5}

o A]QQXJ]EA}H(EA}WE AA o] A=, sLat
Al @), (i) F i)l Al tﬂo] o] F= FZe| gJste] T
(EADF A o] 5ol x 'rrgﬂ% AYZHEALF

EAHE 4% 7“45@

AT RN A o2 WY A =
Fe] BEARE ARE A2 (Table 1), fF9E EAL
= HA A7 DA AGel FHH A- BARS
S BAITHEA o2 AR ARt ofs) of7]E B4
o Fo= Hxo| fFYAHe] ofd SFAHOR &
Z== 7 Fo] UERStH(Table 3). ol2] gk AFA g Ay
# % 250 m7kx 2] A&7 =
4~6%%, o] Pl 9 A ] F HAF 6,853 m*9
oF 81%¢l| o} 5,557 m*e] EAV} A 313 tH(Table 2
oF 4). WP AP AlgA o] sk 711 150~200 m
T AR7N1E71Q] 9%E APER Al o)l A A%
71712k 7S o, o o] APl of 3 AgE

71871 & AE71L719 2133 oF 6% °lstE YERY
g Apgo] o3t § % E/\P} dfshs 77k 4
o= 250 mol] E38tE A FAAEUT. o1& HS3]

flote] AbAl e Ay ? 2de] ek 20083l 3 g
AASF A3, APTE 23F2] 100 m 73ke] AFAL
= 3% UER ARae 25l s ehvksislon, B
th AF2] 150 m F7He 6~8%= Ve 2R wE A%
o] Blsf Fsixl 22 e th(Table 4). ©]= APgH ol
A3 FEE BAR] AFE] SRE fEH AE
71717t ARR 7127190 7SI o= AR dE
AEE AAshe @ Wl A Aol Euwly] Mees &
chEl,

g, sje] BRak FaEARTY AARES o
oz 3 FxA ek, & ATl It A
F2 97} glo] 2-3% F =] ﬁlﬁlﬂfﬂﬂgﬂ% 5~7% %
=] ABET7E71E BEH R Al WGl 3o
o, oA A E AgHG71=27] olste] WA, = AR
A Al sfgshe WS ArtFoR S8k ISl
b S AbgH o] Al A EAFE 2,111 mo] =,
o] T °F 30% =7 20061 =] A wgte] WAYsL] o]
Aol HAH Aoz vpetE i, 2ot o= R Hd
CERE G RIE V|EOR B gor, d AKX =
4 FEAA BEAPT ARSI e 1]
LA FFE FAH R ot 5 gl wel s
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Zrel A o] A wghel] o)t AA| FEEAL A H HstE
Q5] A 7 fiddch oheh, 250 me] AlY 2 EEALF
< g FRolA ] F HA o] 5557 mPYUS IHE o,
AR gk 2] 9o] WhALE AP o) o3 2 E FEZEARF
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