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Mountain disasters in Korea have caused massive social and economic damage. During the period 2005-2014 there has been an
annual average of 7 deaths and disaster recovery costs of 79.8 billion won in the country’s 4393 ha of mountainous areas. The pri-
mary mountain disasters are landslides on mountain slopes, and secondary debris flows can spread along mountain streams, dam-
aging facilities and settlements in lower areas. Typhoons and local rainfall can cause such disasters, while anthropogenic factors
include development that damages the mountainous terrain. The study area was divided into three basins. For each basin, a debris
flow vulnerability assessment method was proposed considering FLO-2D analysis results and the local topography, geology, and
forestation. To establish an in situ investigation, analysis, and evaluation plan for potential mountain disasters, we selected moun-
tain basins that are potentially vulnerable to mountain disasters through analysis of their mountain slopes and streams. This work
suggests the establishment of a comprehensive plan for disaster prevention based on a mountain basin feature.
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Fig. 1. Fatalities and landslide damage areas in Korea from 2005 to 2014 (Korea Forest Service, 2015a).
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Geological Map
Kad{Cretacecus Acidic Dyke)
| KaviCretaceous Acidic VoiCanics

Ka7|Sageok Formason)
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0375 075 :

Fig. 2. Distribution of geological formations and basin
classification (A, B, C) in the study area (red line : basin
boundary) (KIGAM, 1976).

A2l A S vlsle] kAT AR08 Ao
Fgaien 2 240] g,

=27
AFAGE PdE D AP B Ao A
4370]e], Jge) ALY
FPigko = oF 9000m o] We] 458

Ajoko. <
[ = =1 A -
delaL slek. HE2e) g3ile] g Tl FaiE )
Bxjojglon s Py sjulo Yol 54

o] Ut} Bt S3|2 vlwA XD Asl] whiEel 33}
o st FEe AFE o] FaL slont ofF FhdY] A
445 drt wdsle 7)ols
TZE Holx 5AE ZH JTHKIGAM, 1976).

Fig. 29} Zo] & Aol tiafl 2ot FAIE 7ee=
Z Il9l A, B, C fHo2 st AdA X 54
AT ARG SIS A0l 60%, E=AREY
o AP o] 31%, SIYT ARFEel 9% w3l Q)
on, BRHL 1S ATl 13%E 7P SAlEH,
FRST AERRT0] 20%, YT AFFEO] 7% £O 2
AT CRe F35 APdskete] 60%, st
A 15%, StdE AR 25% 7HF BEska Qi

Hwang et al. (2013)°] Aol w=ZH 2011~2012d A
o] HAE 4hAtE] WHARe] A 542 SQt 21.4%,
HAL 64.9%, BHY 13.7%2 B E9en, x2AHE o)
H] 2RALE A EHE-2 3P 15.8%, HAAY 61.5%, H14
& 22.7%= A=A olHg Axe} vluws)] 2 o, &
ARG AHL A shieke] g3t HA¢tew
xlo] 2o} Al ASEL thh e Flo= WUk
T Ak AT 2R L] HA FAFo] ARA] AdellA

Wind power ¥ et H
o Faclty N, _ -7 |1 Section of Feasibility
S ’ investigation

'
\
'
- a for forest land
'
i
i] ¥
i #
H 5 Py
I L P
"y ot i Vulnerability
LI R B e area
i W, f
i i
4 f
'
stre,

use conversion

Section of disaster ™~ Watershed
prevention
facility planning
(Need) . :
Erosion control s

' dam “a :
: -
i £
i H
] i
'
'
i
i /
! ;
' g debris flow

& [SOFIDM -'/ vulnerable area

Fig. 3. Patterns of occurrence of potential mountain hazards
(slope failure, landslide, and debris flow) on natural/artificial
slopes and along mountain streams.
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Analyze Existing Data

- Landslide risk map,
- Debris flow prediction map,
- Geological map, and etc.

I

|

Basic Investigation of mountain
slope and stream

- Selection vulnerable sections in the
whole investigation area

!

Precision Investigation for
vulnerable section

- Vulnerability assessment in
mountain slope and stream

Safety assessment of vulnerable
areas

Analysis of potential hazards in
vulnerable areas,
Evaluation of mountain hazard types

¥
Establish a hazard prevention
facility plan

hazards

Estimate location, size, and etc. of
hazard prevention facilities
according to type of mountain

Fig. 4. Flowchart for evaluating the risk of mountain hazards and establishing a hazard prevention plan.

Table 1. Investigation sites and basin status.

Basic investigation of | Basic investigation of . Existing erosion .
. . Basin area L. Potential damage
mountain stream mountain slope (ha) control facility facilit
(place) (place) (place) Y
A basin 9 9 270.0 Erosion control dam (3) Reservglr, facility and
residence area
B basin 10 10 126.8 ) Reservglr, facility and
residence area
C basin 6 4 178.9 ) Reservglr, facility and
residence area
Totoal 25 23 575.7 Erosion control dam (3) -
RA A NZEARE QUHEQ] ABAAZA} e @ o 7T}
AL B2 a fo) U] FARS AT Jebab
o] el % SHelE T2 vefslo] 5 AAA A A S0 e FE 24
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4ol WA 1A e FREAE Fal A ae)
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E45e] T WIS AR $Iske] S
olel zA}, B4, W7k A%E BUE 7t fold w4
5 e Weleh AR B AR ANERE B
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°l EHEHHb AR ApE S A
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Agejolch. Biele
7HAe, 242}

AT U AP 3740t AlE
Ao] 126.8ha, CH9L 178.9 hadl
9 skl

il AR, A, FAA7E
98 UTHTable 1). o]} 7o) T 41l A4,

AR, FAA Fel ﬁxlsﬂ o] Ax|AN S 7 2 75
ol 9 AN A7 Aoz AR o] vls)dAy
el &l ek

2 AFAAel thaliA Fig. 59 7ol A e] A
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Fig. 5. Landslide hazard map from the Landslide Information
System of the Korea Forest Service.
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Fig. 6. Distribution of mountain streams in the study area (basins A, B, C) and field survey status.
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Table 2. Status of basins A, B and C of mountain streams.
- 10 etrem Drift | Maxodrift Lot Rioht BSnG | popositional | JMeanwidihof | XSEAO |\ ication
; 2 t : mountain stream :
Ilaa?_a;gle l.bpe{l_ T"IB Lmefr_ a;\nla wood "ﬁsd cos“;n:ad Pelope strean water pockion (m) E:Cnilmly gras
[RA-1 2.8 4.5 21 ¥ 22 2 1 % Y 5.6 danm (3} A
RA-2 | 16.2 15.8 16 6_ ¥ 10 0 0_ N Y 2.1 = C_
RA-3 | 1.9 13.1 10.7 ¥ ] 0 1 N Y 4 = B
| RA-4 | 21.6 )8 ?!’ 3 ¥ ] 0 0 N Y 1 i H_
RA-5 | 234 21.8 25.3 ¥ 10 1 0 N Y 1.6 = B
RA-6 | 11.0 14.5 1.5 ¥ 10 2 1 ' Y 14 A
RA-T 15.2 17.8 12.6 ¥ 10 1 1 ¥ Y 4 A
B8 | 59 9.1 2.8 ¥ 15 2 1 N ¥ 3.3 - A
R | 290 30.1 28.0 ¥ 8 0 0 N ¥ 11 c
RB-1 | 10.6 17.7 36 ¥ 15 4 5 1 Y 5.3 - A
2 | %8 %.5 .2 N 0 0 0 N ¥ 1 c
RB-3 | 24.8 18.7 30.9 ¥ ] 0 0 N Y 4 =L c
B4 | 121 19.2 5.1 ¥ 14 0 0 Y ¥ 36 8
5 | 16.6 18 15.3 ¥ 12 1 1 Y ¥ 35 - A
6 | 238 86 14 ¥ 6 1 ¥ ¥ 25 - A
R8-7 | 20.5 23.9 7.1 ¥ g 2 1 N N 3 - A
e | 153 7.1 75 N 0 0 0 N ¥ 1.6 - c
R8-9 | 17 20.2 13.8 Y 20 1 0 ¥ Y 2.3 B
RE-10 | 2.2 0.2 14.3 ¥ 6 0 0 N Y 2.5 = B
RC-1 | 6.6 10.9 2.4 ¥ 24 1 2 ¥ Y 3.1 - A
RC-2 | 12.1 14.1 10.2 Y 24 2 1 N ¥ 2.8 = A
RC-3 | 14.7 20.1 9.4 Y g 0 1] N Y 2.5 = C
RC-4 | 121 16.4 7.8 Y 7 2 1 f Y 2.3 A
-5 9.4 13.5 5.3 ¥ 7 0 1 ¥ ¥ 4.6 B
Table 3. Input variables for FLO-2D analysis of debris flows
DEM Grid size Simulation time Bulking Viscosity Yield stress |Sediment specific
(m) (m) (sec.) concentration (poises) (dynes/cm?) gravity
Ix1 5x5 6 0.4 9791 259.22 2.65
ARl el Qo FAFEME w2 AFAE Boli 9 FLO2D ZERIHS S8sie] EAsi. 53 fdee
ok Bfrd2 & 10709 AFE FA7<1 RB-19] AR ¥ F=FE Aol w2t casetﬁi sl 28sisien, o
PP 100 NFOE A L CRAS FAR BAET 8 918 Table 331 2] DEM, A7), EARIASE, 4
=) Qo] glom, AR AR BFANE 2 AN 4, B8 5O casedlR AP A83ATHFLO2D
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AAARRS] SR v RS S
o WA ol Y fAEC] AR sHel o AXd
Zo2 Hol AAAE WA HzPgH o BARF Al
HhAl 7heAdo] =g Ao wrkdEnh wul ollg A% 7|
2 ALzAl Aol e B W AlF FAFEM 2
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Table 4. Flow characteristics according to sediment concentration (FLO-2D software, 2009)

Sediment Concentration o
- Flow Characteristics
by volume | by Weight
Landslid 0.65~0.80 0.83~0.91 | Will not flow; failure by block sliding
andslide
0.55~0.65 0.76~0.83 | Block sliding failure with internal deformation during the slide; slow creep prior to failure
0.48-055 0.72-0.76 Flow §V1denF; slow creep sustained mud flow; plastic deformation under its own weight;
Mudflow cohesive; will not spread on level surface
0.45~0.48 0.69~0.72 | plastic deformation under its own weight; cohesive; will not spread on level surface
Flow mixes easily; shows fluid properties in deformation; spreads on horizontal surface
0.40~0.45 0.65~0.69 | but maintains an inclined fluid surface; large particle (boulder) setting; waves appear but
dissipate rapidly
% 9 Marked settling of gravels and cobbles; spreading nearly complete on horizontal surface;
Mud flood 0.35-0.40 0.59-0.65 liquid surface with two fluid phases appears; waves travel on surface
030035 0.54-0 59 Separation of water on surface; waves travel easily; most sand and gravel has settled out
and moves as bedload
0.20~0.30 0.41~0.54 | Distinct wave action; fluid surface; all particles resting on bed in quiescent fluid condition
water flood < 0.20 < 041 Water flood with conventional suspended load and bedload

Landslide, Mudflow, Mud Flood, WaterFlood2} 7ro] thi&
Aoz 4dAe] &5 UERHTKTable 4). Landslide 3El
= A 32 ¥on, Mudflow FEl= Landslide®} =13t
T2 A 3EA &1 IHZ FYE vepdcoh
MudFlood FEl= fAFY] ol wl vkt E48 714
3 e, WaterFlood= EAMF A9l A ¢k e
o] EAL 7IKE AoZ BaEF YTHFLO-2D software,
2009). W= 2 A-ollA= MudFlood2] A& fFAFS=7F
04~045 o o ENFS FARE 558 Z2H7] wiol 045
o] fFAFEEE EAIR EA4 A&313it)

2 ATelA ARSE FH-5EI JA 2 IA A+
H BExbeed mE JAH 358 3 5 ARG 7t
2 frAFeE Aspen Watershedoll ] EAF A HFE 7 oF
452 olgsle] FA 9791 poises, -3 259.22 dyne/
m’] 7+ A3t o5 EdE 37 fd sl =
Z} Al7re] Bz (case 17} case 2)S Table 59 UFE}
BbA=

Al WAL 270.0 haZ £ P& AlF7E RS U
om, AlF B AMH AP A3} EQPESE HoF R a4
(RA-1, RA-6, RA-7, RA-8)3 Zo=Z EAEFUTE RA-1
AFels AP 37047 AXEe] Jom, Aptde] e
1526 m, FEZE 1.6~3.5me TFEolth o|E APl
AAFEE oF 60~80%= Al o] G FHC] ARFET
H EAF7E 7 s o] there] EAF Bl gho] i S
Aol AX =] = dejoltt.

=

Q

B9 WAo] 1268ha AEE AR/ 2 1014271 9
A&l ok SARAL Aol w2 E9PgSE Ho ke &

47}4(RB-1, RB-5, RB-6, RB-7)¢] Zlo& EAFt}. E
AFE WS F e ARHeY AREA 5o ARAIA
2 A= A o} titE ARAE] BAYA] SR B

Table 5. Analysis conditions for basins A, B, and C in FLO-2D
simulations

(Case 1: all mountain streams, Case 2: vulnerable mountain
streams)

Classification Outflow (m%s) | Travel time (s)

Case 1 33.534

A 1300
Case 2 11.601
Case 1 15419

B 925
Case 2 3.886
Case 1 22.689

C 837
Case 2 3.761

25l ofst a7t BAE 7hedS WEskaL Utk CRY
o] WAL 1789ha® AlF7F F INarE RS e,
Eobgdt AlFe] FH7he 374 (RC-1, RC-2, RC-4)%]
Ao = FotE I}

7} 99 FLO-2D #4243 = BEAR feisel BN
F AER st 9 A FARFe AT A
FoA A= HA BEXFE £4¢ A7} Case 19
slgsi, 2 fod FHekrgtel tigk ¥ A= Case 290
A4S YERIATHFig. 7 and Fig. 8).

Afrel tst FLO-2D ¥4 A3}, Case 19142 #HE+
TAEE B 030 mE EAR] 5 HAE dF A5
2] 7R FiEE Ao g YERTE Case 20014 B4
ol fre HA7E AFA A St 2o B
ATk Al RA-1 ATl ARgde] 4 AX=e] A,
EXNFO FEHA7E s FAA B AEA7IA] SHatkE A
e Blo= A mEbA ARl tisiMe F7H
1 A EAA ] AR HEE AEHAR] 2] - AR
W3S A71HoR AEshs Zlo] 483 Z10= dArhdr)
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Case 1 - All mountam streams
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Fig. 7. Analysis of the maximum flow depth of debris flows in each basin.
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Fig. 8. Analysis of the hazard range of debris flows in each basin.
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