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Hazard assessment of debris flows in Kongpo Gyamda, Tibet based on FLO-2D

numerical simulation

Abstract. Kongpo Gyamda is located in eastern Tibet, where debris flows occur frequently in the rainy season,
which has a serious impact on local people’ s daily life and hinders regional economic construction and
development. In order to study the hazard characteristics of small to medium-sized debris flow in eastern Tibet
and potential dangers to urban residential areas, the FLO-2D software was used to study five debris flow gullies
with relatively concentrated residents around Kongpo Gyamda. The scouring and silting characteristics of debris
flows were simulated. Based on the simulation results in terms of depth and velocity, the intensity and hazard
zoning of debris flows were determined. By analyzing the topological relationship between the debris flow danger
zone and the residential area, the debris flow risk around the county was evaluated. It provides technical
reference for the town planning, and disaster prevention and mitigation in Kongpo Gyamda.
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Fig. 1  Location of Kongpo Gyamda

(a) Location map of Nyingchi; (b) Location map of Kongpo Gyamda; (c¢) Topographic map of the study area
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Fig. 3 Plan view of the debris flow gullies in Kongpo Gyamda

(a) Jiedigang debris flow gully and Dicun debris flow gully; (b) Genianglang debris flow gully; (c) Zhexizhefengpu debris flow

gully; (d) Karepu debris flow gully; (e) Distribution map of debris flow gullies
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Table 1  Characteristic parameters of the five debris flow gullies

W ig? EW A, W

iy R/ ;4 T YIRSV

km? km 5 % / %0 x10* m®
HoF 2.71 3.30 102 979 80
45K BT 6. 66 5.46 282 1690 110
- YR 53.90 15. 80 102 1558 300
PP XEE 33,59 11.80 223 1970 300
RS RG] 11.20 7.00 219 1622 60

DI A R T A R R B YR A T (S
P, 2019), 78 FEFE & A B Y A R 3 i S
W, BRI 2 A% U Sl W 3 MR SR AN 2% A B
Ji i N A K, I IR B A R BB R PR
HAM AR GE 8 A U AE A E PR I gl i R

o FRE R R 73 RE i B 0 BU A U IAL B 3 R A S
T8 PR B 3 38 P A0 84 390 1) A e, S A D8 A O A U B
AR R AEEE T, U RS KI5
ANWT S U8 A b T TR B TR, I R R A 3 Y
A

3 RE RN

FLO-2D %k 14 5 4 J& 1988 4E 1 O’ Brien 2 i1}
0, R R AR (DEM) X2 9 AR R )N
FILIU) 4 b T8 A X, R AR A I A S e RR 22
G3VE SR U A T as B i O R, DUBUIE E
J7 V5 R LU A i ot 0 U B ok R L HE R
PR X, Z e SRR G, R LR
B LLT RR R R & 45 4 (O'Brien, 2009;
Castelli et al, 2017; MPLEE, 2019) . OfF & i f&
R QOCER NS S5 (mERE .
HlKE R 80 R FF— 2 O BE koK P8
WAFR R 2= 43 B 8] 18] B P9 o [ T, O A % R
BRI G, ©AN % & sh it 7 b iy Bk KRR 5
MG, ORZERAFXN T TRLSEHNHRBEIL

Wis gy B UL R sy R, A LU B
RO I (1 S | IRy [ S O BTN % N T | B AR N
i T = 5 o1 T N R ) I B B 1 PV 2 o
[ R/ A TN s N 11D E B o) Iy R = N e
o A% [0 g A 1) R AR A, B AR 5 RR AT



: //journal. geomech. ac. cn 2022

93°15'0" %

93°9'0" %R

B4 A AR A AR E B

93°12'0" %R

29°48'0"Jk

G wERRR [

- T
93°18'0" % 93°21'0" %<

Fig. 4 Location map of the large potential loose material sources of debris flow
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Table 2 Data description of the numerical simulation
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Table 3 Basic parameters of the five debris flow gullies in Kongpo

Gyamda
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Table 4  Values of basic parameters of debris flows in Kongpo

Gyamda
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Fig. 5 The flow-process curves of the debris flow gullies in Kongpo Gyamda under different frequencies

(a) Dicun debris flow gully; (b) Jiedigang debris flow gully; (c¢) Genianglang debris flow gully; (d) Zhexizhefengpu debris flow

gully; (e) Karepu debris flow gully
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Table 5  Comparison between simulation results and actual
conditions
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Fig. 6 Simulation results under the heaviest rain conditions in recent 20 years

(a) Velocity; (b) Depth
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Table 6 Table of simulation results of the debris flow gullies at different frequencies

¥ ap ROEA HA 35 S5 % 1418 5 13 P74 41 K 7 R
T RS a 10 50 100 10 50 100 10 50 100 10 50 100 10 50 100
G/ (m/s) .02 1.21 1.27 0.74 0.90 0.92 1.25 1.71 1.78 1.34 1.57 1.67 0.56 1.15 1.17
- HE B BE/m 0.20 0.28 0.30 0.16 0.19 0.32 0.65 1.06 1.15 0.30 0.40 0.42 0.36 0.54 0.67
AR TA/x10* m?>  7.97 11.50 12.99  3.84 14.26 16.89 4.27 6.58 7.62 11.37 37.53 43.05 0.16 3.23 4.19
Wb 7 /% 10" m? 1.59  3.22 3.90 0.61 2.78 540 2.78 6.97 8.76 3.87 15.01 18.08 0.06 1.74 2.81

3.2 IHiLiEEEREARER TN

H BT e A 3L B e 43 b E 19 52 i P - 32 B
AT | U DL K 2 TR AR MR R A T
AP (b)), B G REFREG R (vh) X537
AR (R 7)), 456 A B B 4k e A
T R DO S s R X R E R I, IR e K
X =AM 58 AreGIS Xt 45 i [ X 3F 47 TG {8,
WA EREZECR (K 7)), JFeh A
VLA B A A T8 o g iy fa e X R 1 (1 85
JI|Z | 1994; Chang et al, 2020)

4 HERAM

FEAS [R) B3 () o 19 2% PR T, % AR T 3k B ik

x7 RARBEISR
Table 7 Table of debris flow intensity

Ve A 5w PRI/ m P3¢ %wgijiﬁ
P/ (m?/s)
[ h=1 OR vh =1
0.5<h <1 AND 0.5<vh <l
th 0<h<0.5 AND 0.5<h <1
0.5<h<l AND 0<h<0.5
i 0<h<0.5 AND 0<uvh <0.5

PA MR AT AL (R 6), A, HIs
SUCAT A B A AN TR HUBE vp il 25 R BT A R R
W R TE 100 4 — 38 1Y [ I 25 10 T4k HE AR 1 43 S
H4.19 km® F17.62 km®, BA —EEWERH,
B2 238 N # B 25 10 52 ma A L REIA BRAE &R, R
T RAT &b i, %R O R R R AR X i A I T g
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Fig. 7  The risk assessment standard for the debris flows in
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Fig. 8 Zoning map of the debris flows
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Table 8

Risk zoning table of debris flow accumulation areas

under different rainfall frequencies

i R X T B X

iR s X

v 2y
(ﬁ'f;ﬁ/}m HRL 5/ HRL e/ HR N4
YAJZ 4 2 9 4 2 9 4 2 %
x10" m X10" m x10" m

R 2.28 17.48 2.53  19.40 8.23 63.11
255 1 0. 96 5.79 1.80 10.86 13.81 83.34
U I 5.15  67.59 0.96 12.60 1.51 19.82
PR 13.32 33.14  10.20  25.38 16.67 41.48
EL SR 1.83  42.66 0.62 14.45 1.84 42.89

T A G B M o X P X 3 4% i G VR A T A 3 B
PN T B b YR X8R 0 AT X e () 9—A]
11), Geit st e A v He AU | J7 e R IX 52 e A
JE(R9), SR, MR 2 g R, R
A e fa B X N SR AR XL ] Gk 80. 6%, HL
Ao nTaE, 45 b 1 R BT 7 1 R
Z R XI5 W N 33. 7% 1 62. 7% , 45 )i 5 14 Al
oG 4 R 78 w5 75 B X 7 N E SR 4R DXLk ] 43 0l oy
M 0.5%H 18. 4%,
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Table 9  Proportion of the affected areas in densely populated area

AN RERX
5 X 35
WAWES MR, — == F W
" 1t e FEIREE AR MR
bitb/% /% SH/% N
oA i 1.34 80. 6 18.7 0.7 0
255 1 21.15 0.5 2.8 30.4 66. 3
G 3 R 1) 3.70 18. 4 14.1 30.2 37.3
5 %k
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FLO-2D 0 {f A5 5 {4 5 B8 4 Bl AN [) 5% 2 470 3 1)
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Fig. 9 Comparison of before and after the disaster in the densely populated area of the Dicun accumulation fan
(a) Before the disaster; (b) After the disaster
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Fig. 10 Comparison of before and after the disaster in the densely populated area of the Jiedigang accumulation fan
(a) Before the disaster; (b) After the disaster
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Fig. 11 Comparison of before and after the disaster in the densely populated area of Zhexizhefengpu accumulation fan
(a) Before the disaster; (b) After the disaster
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