ISSN (Print) 1226-5268  ISSNS (Online) 2287-7169
The Journal of Engineering Geology, Vol.27, No.4, December, 2017, pp. 393-403
https://doi.org/10.9720/kseg.2017.4.393

MR J|io] ENR Hop BME S8 MUK HELY A7

Disaster Prevention Planning through Analysis
of Debris Flow Vulnerability Based on Mountain Basin Features

Man-ll Kim*, Moon-Se Lee, and Kwan-Pyo Hong

Forest Engineering Research Institute, National Forestry Cooperative Federation

Received 6 November 2017; received in revised form 28 November 2017; accepted 1 December 2017

2 1097H2005~2014) AAA s A s B A 2l WAL 4393 ha, QBT AFIEE 74, 9
o ARA Bl 798U oz AL - AAE F&fr SASIATE AR e 1R 02 AR|APH A ARALE7F A E o
22HH 02 AFE wEt BAFE olF 2 FAEHA 4z RG] AMdR|e} AKX o TS BAYAIZITE o] e AR A
o] EARIQle 1}01140 8 i HZ, IX4 73 5ol o, A9Ad 2loZ kK] AR Qg AXR|ke] F& Fol

1

ot} B ApoxE AFAGL ) foz e, AR XF, AA, A EAS v#ste] FLO-2D ¥4 ARE
W B4R Aok Jm Wekg NS R A AAlo] e A, 4, %7 el mek Ak 9 A
el b B Fa) A4 AAS] A SRS Bt ofE Fal Aehe] Sl EHA AR

mzé

AlBle] 9 Wtke AA ST
F20]: A, AR, Fkd A, AHEAAY

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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Fig. 2. Distribution of geological formations and basin
classification (A, B, C) in the study area (red line : basin
boundary) (KIGAM, 1976).
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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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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 o Potential damage
mountain stream mountain slope (ha) control facility facili
(place) (place) (place) ty
A basin 9 9 270.0 Erosion control dam (3) Reserv91r, facility and
residence area
B basin 10 10 126.8 i Reservoir, facility and
residence area
C basin 6 4 178.9 ) Reservgir, facility and
residence area
Totoal 25 23 575.7 Erosion control dam (3) -
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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;ule l.bpefl_ a]nnle Lme[r_ a;\nla rﬁsd Wslmwd Wslmmd sl portion (m) ﬁ::nil.rﬂly orade

| RA-1 2 3 4.5 | 1 ¥ 22 2 1 Y_ Y 5._6 dam ’.3'I_ 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 Y B 0 1 N Y 4 | = B
| RA-4 276 )8 ?!’ 3 ¥ B 0 0 N Y 1 i | H_

RA-5 23.4 2.8 25.3 ¥ 10 1 0 N Y 1.6 | - B

RA-B 11.0 14.5 7.5 ¥ 10 2 1 Y Y 14 A

RA-7 15.2 17.8 12.6 ¥ 10 1 1 L Y 4 - A

A8 5.8 9.1 2.8 Y 15 2 1 N Y 3.3 _ - A

RA-D 2.0 30.1 28.0 Y 8 0 0 N Y 11 - 3

RB-1 10.6 17.7 3.6 ¥ 15 4 5 1 Y 53 | - A

-2 %8 2%.5 2.2 N 0 0 0 N Y 1 [ - C

RB-3 24.8 18.7 30.9 ¥ -] 0 0 N Y 4 - C

] 12.1 19.2 5.1 ¥ 14 0 0 Y Y 3.6 _ - [

85 16.6 18 15.3 ¥ 12 1 1 ¥ Y 35 = A

[ 2.8 33.6 14 ¥ 6 1 ¥ Y 25 | - A

RB-7 205 23.9 17.1 b § g 2 1 N N 3 | - A

[a] 15.3 2.1 75 N 0 0 0 N Y 1.6 | - c

RB-9 17 20.2 13.8 ¥ 20 1 0 Y Y 2.3 | = B

RB-10 22.2 30.2 14.3 Y 6 0 0 N Y 2.5 | = B

RC-1 6.6 10.9 2.4 Y 24 1 2 Y Y 31 | - A

RC-2 12.1 14.1 10.2 Y 24 2 1 N Y 2.8 | = A

RC-3 14.7 20.1 9.4 Y ] 0 0 N Y 2.5 = ¢

RC-4 12.1 16.4 7.8 Y T 2 1 Y Y 2.3 A

RC-5 9.4 13.5 5.3 ¥ 7 0 1 ¥ Y 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
1x1 5x5 6 04 9791 259.22 2.65

AP F3l] %01 FAFEORE =2 AR R Bl 9l FLO-2D ZT2a#S 3edlo] BAa9r) 23 $a59)
o, B%oq 1) AR FAR RB1S] AR B 5292 940 0k cosctl2 2 p3te] AG AR, o
#73AT 1 }ELE A9 CRYe] FAF HaARET £ 98l Table 37+ o] DEM, AA27], EARIASE, A
A ﬁo*éﬂﬂ uow, AR AR A E E AL g, FE-58 T2 casedE Y3 FL3ATHFLO-2D
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Table 4. Flow characteristics according to sediment concentration (FLO-2D software, 2009).

Sediment Concentration .
- 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
0.48-0.55 0.72-0.76 Flow .eVIden_t; 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
N % 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
030~0.35 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, WaterFlood®} 7ro] tii
Aoz 4AAe] 58 YEPHTKTable 4). Landslide el
= A9 32x o, Mudflow FEE Landslide®} =13+
M2 Aol 522 ¢ AYPEZ FEHE Yedrh
MudFlood BEl= AR sl we} theet 5248 714
3 9om WaterFloods EAP} 79 E3Ex] ¢k dy)
o] EXAS 7RE Ao® HiEal QJTHFLO-2D software,
2009). WA £ Aol A= MudFloode] A% FAFEE7}
04~045 & of EARS} fFARE 555 28] w2l 045
o] FAFEEE BEARF 4 4838t

B AFelM ARE FESEI A S AAA AF
H BExbsrdd wE A 3E5-8Y o T AR vt
2 HAFSE Aspen Watershedol| 4] EAF A HEE 7k oF
0452 o]g3l] HA 9791 poises, I3 25922 dyne/
em??] 7 FHE3it) o2 EUZ ) ol el 7=
3} A|7ke] BAZ7(case 13 case 2)2 Table 59 LE}
BIPs=

AFS] WAL 270.0 haZ F PHAe] AF7E SR8 S
on, AR 2 AMH AP A3 EQPFSH H ok oA
(RA-1, RA-6, RA-7, RA-8)Cl Zoz EXMEt}. RA-1
Afelle AP 7HA7F AX =] 9o, Aptde] Fo
1526 m, FFE+= 1.6~3.5me] JrRolt) o]E APyl
AAFEE oF 60~80%= Al ©]F T 19 AFTE
H EXF7F 7 E o] Thee] EAL B o]t
Hell Ax]=]o] Q= “dEfoltt.

Bfole wzlo] 1268ha AEE AR & 10747} 9
28 Ak, AL Aol w2 B9 FoFke &
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2 AREo] A] kol iR AAfE] HAYA] SRR E
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N

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 15.419

B 925
Case 2 3.886
Case 1 22.689

C 837
Case 2 3.761

A5l o3t eyt BE 7edS WAL vk CRY
o] WHE 1789ha AF7E F FHA7E X Yo,

72t 9 FLO-2D ¥4 2%+= BAF fe4=9 EY
F AR st 19 A FARFS AR T
KoM M= WA BENFE 4% A3} Case 19
39 o FE7bel sk #2494 3k= Case 200
4395 JePATHFig. 7 and Fig. 8).
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Case 1 - All mountam streams

basin

basin

basin

Fig. 7. Analysis of the maximum flow depth of debris flows in each basin.
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Case 1 - All mountain streams Case 2 - Vulnerable mountain streams
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Fig. 8. Analysis of the hazard range of debris flows in each basin.
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Fig. 9. Correlation between the risk grade of areas vulnerable to debris flows and investigation grade.
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