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ARTICLE INFO ABSTRACT

Article history: Debris flow is one of the most common geological disasters in Vietnam,

Received 12 Sept. 2024 occurring in mountainous areas and causing catastrophic impacts on
Revised 29t Dec. 2024 both the economy and human lives. This article shows the results of a
Accepted 08" Jan. 2025 debris flow simulation that took place on August 5, 2023, in Trong La
village, Ho Bon commune, Mu Cang Chai district, Yen Bai province,

K :

D?;)Vrvizrgzw through an empirical model called LAHARZ and digital elevation model
Ho Bon ’ (DEM). The debris flow also was assessed for damage to the built-up area.
LAH AR’Z The LAHARZ model is based on empirical equations that were derived

) from historical debris flood statistics. The equations include A = 0.05
Mu Cang Chai. VA(23) and B = 200 V*(233), in which A is the cross-sectional area, B is the
planimetric area, and V is the volume. This study uses drone images and
digital elevation model with 0.5m spatial resolution, which were created
on August 12, 2023, by using the Phantom 3 Professional drone. The
debris flow's source area is roughly 78104 mZ, corresponding to a volume
of 8,000+10,000 m3. For this reason, the LAHARZ model is simulated with
volumes of 5,000; 8000; 10,000; 15000 and 20,000 m3. LAHARZ
simulation results were validated by comparing them to field survey
evidence. The result shows that the model results are quite similar to the
actual inundated area with TPR and TS values being 0.717 and 65.9%,
respectively. This study also demonstrates that the false irreqular edges in
the delineated inundation zones supposedly originated because of a lack
of DEM accuracy. The LAHARZ model simulation has many advantages in
terms of time and the few parameters used, which enable rapid evaluation
of debris flow scenarios.
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DPanh gid pham vi anh hwdng dong 1i bun da bang mé hinh
LAHARZ - Truwong hop nghién ctru tai lwu vwe dadu nguén ban
Trong La, xa H6 Bon, Mu Cang Chai, Yén Bai
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THONG TIN BAI BAO TOM TAT
Qud trinh: N Sas A . i ” s 2 trea .
Nhan bai 12/9/2024 Lii bun dd la mét trong nhikng tai bién dia chdt pho bién ¢ Viét Nam, xudt

hién & cdc khu vwe doi niii gdy ra nhiéu thiét hai vé kinh té€ va sinh mang con

Stra xong 29/12/2024 ngudi. Bai bdo nay trinh bay két qud mé phéng mét dong I bun dd tai xa HO
Chap nhan dang 08/01/2025  Bgn, huyén Mu Cang Chdi, tinh Yén Bdi xdy ra ngay 5/8/2023 sir dung mé
To khéa- hinh thwc nghiém LAHARZ trén mé hinh sé dia hinh, dong thoi st dung két
H5 Bén qud nay danh gid thiét hai véi cong trinh xdy dung. Mo hinh LAHARZ duoc
LAHARZ xdy dung dua trén cdc phwong trinh thuc nghiém dworc tinh todn tir cdc

thong ké cdc sw kién i bun dd trong qud khit. Cdc phwong trinh siv dung bao
gom: A=0,05 V"(?/)’) B=200 V*(23). Trong do A la dién tich mqat cdt, B la
dién tich trén mdt phang, Vla thé'tich. Nghién ctbu st dung dnh drone va mo
hinh s6 dia hinh v&i do phdn gidi khong gian 0,5 m dwoc xdy dung tai thoi
dzem 12/8/2023 béing drone Phantom 3 Professional. V&i dién tich viing
ngudn xdc dinh trong khodng 78104 m2 twong img thé tich dong
8.000+10.000 m3, mé hinh LAHARZ dwoc mé phdng theo cdc thé tich 5.000;
8.000; 10.000; 15.000; 20.000 m3. Déi sdnh vdi cdc vi tri khdo sdt thuc dia
cho thdy két qud mé hinh khd twong dong véi viing dnh hwéng thuec té. Viéc
ddnh gid mé hinh dworc tinh thdng qua phdn dién tich chéng ldn cho gid tri
TPR va TS ldn lugt la 0,717 va 65,9%. Bai viét ciing chi ra hién tugng cdc
canh khong déu ctia két qud bi dnh hu'(yng nhiéu bm dé chinh xdc ciia DEM.
Vlec mé phong mé hinh LAHARZ c6 nhiéu wu diém vé thoi gian, it cdc théng
SO st dung va co y nghia thuc tién trong viéc ddnh gid nhanh cdc kich bdn It
bun dd co thé xdy ra.

Li bun d3,
Mu Cang Chai.
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1.M¢ dau

L bun da thwong thwong chiva khoang tir 10-
15% dén 40-60% ham lwong cic vat liéu ran
(tdng, dam, cudi, san, cat, bun, sét). Lii bun da
thuong xuat hién dot ngot véi cwong do cao va tée
d6 16m trén cac song, subi nhé & viung nui. Pac
diém cta I bun d4 13 thoi gian xuat hién rit ngan
véi ham lwong chat rin cao va cd sitrc tan pha 16m.
N6 c6 thé dwoc hinh thanh do mwa 16n, hoac khi
khong c6 mwa do v ho, dip tw nhién do hién
twong trugt 1 chan dong séng, subi.

Lii bun da 1a m6i hiém hoa d6i véi co sé ha
ting, tinh mang con ngwoi va la thach thirc 16m doi
vGi sw phat trién kinh t€ xa hdi & nhiéu nwéc trén
thé gidi. Tai Viét Nam, 1 bun da 1a mot trong
nhitng thién tai tan khdc, hay xay ra dac biét & cac
khu virc mién nui phia bac. Mot s6 tran 1 bun da
lom da xay ra gobm Muwong Lay (8/1996); Nam
Coong, Sin Ho, Lai Chau (10/2000); Tan Nam, Xin
Man, Ha Giang (7/2002); Du Tién, Yén Minh, Ha
Giang (7/2004); Khen Lén, Pic Nam, Bic Kan
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(7/2009); Nam Luc, Bic Ha, Lao Cai (9/2012);
Ban Khoang, Sa Pa, Lao Cai (9/2013); Mu Cang
Chai, Yén Bai (3/8/2017); Nam Pam, Muwong La,
Son La (3/8/2017); Ta Ca, Ky Son, Nghé An
(10/2022); H6 B6én, Mu Cang Chai, Yén Bai
(5/8/2023),...

Vi sy xudt hién thwong xuyén cla cac dot
mua lén do bién ddi khi hau, tin suit, quy mo va
murc d6 phirc tap cia dong I bun da c6 thé tiép
tuc gia tang trong twong lai. Do dé, viéc xac dinh
chinh xac vi tri, dwdng di va pham vi &nh hwdng
tai cac khu vure c6 nguy co 1 bun da co thé giup
giam sat dong bun da hiéu qua va thyc hién cac
chinh sach kinh t€ x4 hoi kip thoi. DA ¢6 nhiéu tién
b6 dang ké vé qua trinh phat trién cadc mé hinh mo
phdng cac dac tinh cta cac vu 1 bun da. Trong dé
nodi bat véi cac ki€u mo hinh chinh 13 mé hinh
thong ké thuc nghiém, mé hinh déng. Cac mé hinh
nay da dwoc hiéu chinh lai trong nhiéu nghién ctru
(Bang 1) va trong mot sé trwong hop ching dworc
st dung lam cong cu duw bdo tai bién I bun da
trong khu vuec.

Bdng 1. M6t s6 phdn mém mé phdng li bun dd hién nay.

Pllan Phuong phap Uu diém Nhuwoc diém Ngubn
mém
Khu vyc bi anh hwéng phu thudc lsgif;grﬁl
LAHARZ,| Théngké |- Giao dién dé sir dung vao mirc do tin cy cta thé tich dong 201 4_’
DFLOWZ | thwc nghiém |- Dw doan nhanh viing anh hwdng [bun da. Do d6 thé tich c6 thé dwoc Schillir;g
danh gia qua cao hodc qua thap 1998,
- C6 kha nang tich hop nhiéu loai|- Cac phan ti lwéi dai dién cho mét
. 1~ .~ |dit liéu khong gian trong mot md|gia tri do cao duy nhit, hé s6 nham
Sai phan hitu |, , , g . N aA A s 2
.. |hinh don lé (shape file, anh UAV,|manning va d6 sau dong chay.
han (Finite R R PR fow Cesca &
i DEM,...). - Dong 1D (khéng c6 dong thi cap,| ., .
FLO-2D | Difference Ww g . o R A 2 - '| D’Agostino,
Method - | Phan mém cé thé dwoc két hoplhodc sy phan b6 van toc thang 2008
FDM) véi SWMM, MODFLOW. ding).
- Khong can dir liéu sy phan bd|- Phin mém c6 thé tinh todn qua
khéi trieot ban dau. vung anh hwdng thuc té.
- Khong yéu cu gid trihé so nham| e 0 g vao can 6 sw phén b6
. manning (n) va hé sé nhét pa " .
Debris- N w1 v an a1~ |KhOitrrot ban dau. Liu &
FDM - Thoi gian két thuc, do sau dong| ., . A w
2D A N Y . 2|- C6 giao dién phan mém nhwng| Wuy, 2018
chay tdi da va vung bi anh huéng NP
PR DA R chwa hoan thién.
khép véi quan sat hién treong,
Thé tich hitu |- Pugc sit dung dé mod phong ap|- Can hiéu chinh thong s6 ma sat va
han (Finite |sudt, chiu cao dong t8i da, sw x6ilhon hop. Bartelt &
RAMMS | Volume |mon & cac phan khac nhau cual- Do khong str dung (rng suit cat nén nnk,
Method- |dong bun da. dong chdy c6 cung van toc trung| 2017
FVM) - Phén tich gin thoi gian thuc binh & moi diém.
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Cac phwong phap mé hinh dong phat trién st
dung cac mo hinh vat ly, cic dinh luit bao toan khoi
lwong, dong lwong va nang lwong cling nhw co ché
dong bun da. Mot s6 mé hinh thwong dwoc st dung
dé mé ta dac tinh cua dong bun da 1a mé hinh luc
can ma sat Coulomb; m6 hinh Bingham; Coulomb-
Viscous va md hinh kha ning chéng ma sat-hon
loan Voellmy. Cach ti€p can ndy cho phép xac dinh
dac diém hinh hoc duy nhit va dac diém vat liéu dia
phurong dwoc tinh dén mot cach ré rang va n6 cung
cap cac woc tinh vé van téc va do sdu dong chay tai
cac diém khac nhau trén dwong di. Cic mo hinh nay
thuong dwoc phat trién tir cdc mo hinh thiy dong
lwc hoc trung binh theo dd sau (dong chay néng),
mo phong chuyén dong i bun da trén mo hinh s
dia hinh véi nhiéu cac tham sé co ly dit (Bang 1).
Cac mdé hinh dién hinh dang nay nhw FLO-2D,
Debris-2D, RAMMS, Massmov2D,... CAc m6 hinh
vat ly yéu cau kha nhiéu cac tham s6 dau vao nhw
DEM, hé s6 nham manning-n, hé s6 nhét, gi¢i han
chay (Pa), nong do thé tich (Cv), sw phan bo vatliéu
ban dau,...

Cac phwong phap thong ké thue nghiém khong
quan tAm nhiéu dén cic qua trinh vat 1y cling nhw
dd phtrc tap cta cac dong i bun da. Chiing mo ta
dong bun da nhw mé hinh vatly 1 pha dwa trén cac
chi s6 théng ké tir cac tran bun da trong qua khtt.
Mot s6 phwong trinh mé td moi quan hé khoang
cach dich chuyén khoi trwot, It bun da va thé tich
(Li, 1983; Nicoletti & Sorriso, 1991; Fell va nnk,
2007) c6 dang log(H/L)=-a log V+b. Trong d6 a la
hé s6 goc ctia dudong thang, b 1a giao diém cla
duong thing tai logV = 0, H va L 1a chiéu cao va
khoang cach khdi, va V 1a thé tich khoi. Cac gia tri
cta hé s6 a va b khic nhau véi tirng cich tiép cin
va khu vuc khac nhau. Li (1983) da thu thap mot
tAp mau gom 76 vu truot 1 dit dé€ tim ra twong
quan gitra thé tich va H/L, cling nhuw gitra thé tich
trwot 1& va dién tich lan rong. B qua tit ca cac sw
kién véi thé tich nhoé hon 105 m3, thu dwoc cong
thirc log(H/L)= -0,1529 logV+0,664.

Ngoai ra mot s6 phwong trinh thwc nghiém
khic mo ta moi twong quan thong ké gitra thé tich,
dién tich anh hwdng va dién tich tiét dién dong
cling da dworc dé xuit (Iverson & nnk, 1998) véi cac
phuong trinh hoi quy thwong c6 dang A=cV*(2/3)
va B=d.V*(2/3). bién hinh 1a cAc m6 hinh nhw
LAHARZ (Schilling, 1998), DFLOWZ (Berti &
Simoni, 2014),... Ty 1&é 2/3 c6 dinh va da dwoc
chirng minh béi Iverson & nnk (1998) bang su

twong déng hinh hoc. Tuy nhién hé s6 ¢, d c6 sw
khac biét trong cac nghién ctru nhw ¢=0,05, d=200
(Schilling, 1998); c= 0,07, d=18 (Simoni & nnk,
2011),... Nhitng khac biét nay dwgc giai thich baoi
sw phan tan cda dit liéu do sw khong chic chan clia
cac phép do. Do trong thuc té, tinh di dong ciia dong
bun da chic chin bi 4anh huéng béi ham lwong
nuéc, phan phéi kich thwéc hat, hodc sw c6 san vat
liéu. Tuy nhién khong tim thiy sw khac biét c6 hé
thong gitra cac bo dir liéu thu thip trong cac moi
trwong dia chat khac nhau (Simoni & nnk, 2011).
Cac mo hinh dong cho két qua dang tin ciy nhat, la
mot trong nhitng cach tiép cin hiéu qua hién nay
trong nghién ctru tai bién dia chat nhw trwot 1& va
1t bun da. Tuy nhién ching yéu ciu vé nhiéu tham
s6 dau vao nhw hé s6 nhét, gidi han chay (Pa), nong
do thé tich (Cv), sw phan bd vatliéu ban dau,... hodc
cac thtr nghiém trong phong thi nghiém & ti 1€ nhé
hodc ti 1é thwc ngoai hién truedng rat phic tap va
tén kém chi phi.

Nghién ctru nay xac dinh dién tich anh hwdng
dong 14 bun da st dung mo hinh thyc nghiém
LAHARZ tai lwvu viee dau nguon ban Tréng La, xa H6
Bon huyén Mu Cang Chai, tinh Yén Bai. Khu vuc
nay xay ra tran lii bun da 1on ngay 5/8/2023, gay
thiét hai vé ngwoi va tai san véi nhiéu cong trinh
nha ctra ruéng vweon bi vii 14p va cudn tréi. Nghién
ctru mang lai nhiéu y nghia thuc tién trong viéc ap
dung m6 hinh LAHARZ trong quan ly ri ro 1t bun
da tai Viét Nam.

2. Khu vwrc nghién ctru

Khu vire nghién ctru thudc ban Trong La, xa H6
Bon, Mu Cang Chai, Yén Béi nam & ria bon triing Tu
Lé -dworc coi la rift noi luc, 1a bon déc 1ap dang hinh
mang, hinh thanh trong Mesozoi (Tran & Nguyén,
1988). Cac thanh tao néi bat trong khu vuc nghién
ctru thudc phirc hé nui Itra Nam Kim, phtrc hé Ngoi
Thia, phirc hé Phu Sa Phin (Hinh 1) bao gom trachyt
porphyr, ryolit porphyr,.... Cic da nui ltra phtrc hé
Nam Kim bi bién d6i khd manh nhw albit hda,
berezit hdéa, thanh phan nhiéu khodng vat sét tao
diéu kién thuan loi cho cac tai bién trweot 1&, 1t bun
da xay ra. Vung nghién ctru c6 dia hinh nui cao véi
d6 cao dao dong tir 400+2042 m. Pia hinh khu vuc
HO B6n c6 dd chia cat siu 16m, dd ddc swon trung
binh 16n (> 459). Do d6 cac sudi nhanh thwong
ngan, ddc, 10ng sudi hep, phan bd doc theo cac dit
gay 1én trong khu vire. Do anh hwéng cia mwa 1om,
hién twong trwot 1& hang loat xuat hién tai hang
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tram vi tri trén mot khu vire rong tai xa H6 Bén vao
ngay 5/8/2023. Dang trwot 1& chinh gom trwot
chdy va trwot tinh tién trén vo phong héa méng.
Tham thuc vat kha thwa thét chi yéu 1a rirng thuwa
tai sinh, ... Lwong mua trwdc va sau thoi diém xay
ra li bun da tai khu vwc kha lén tir 41,8 mm
(03/8/2023) dén 163,4 mm (ngay 06/8/2023).
Truwot1é hang loat trén dién rong xudt hién da phat
sinh nhiéu dong 1 bun da va li quét tan pha nhiéu
khu vuc din cw va san xuit clia xa. Pang chid y 1a
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2420000
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dong lii bun d4 xuat hién doc khe sudi phia sau Uy
ban Nhan dan xa H6 Bén thudc lvu vuc ddu nguén
ban Trong La giy thiét hai ning né tai khu vuc
trung tAm xa. Khe sudi nay bat dau tir ban Trong
Gau Bua va d6 ra séng Nam Kim phia triwée Uy ban
Nhan dan xa.

3. Dit liéu sir dung va phwong phap nghién ciru

Quy trinh nghién ctru (Hinh 2) gdbm 2 buéc
chinh: (1) Thu nhin &nh drone va xtt ly so liéu xay

QM'NW
—
.~ ...~ TRUNGQUOC , _
/¥ Viing nghién cirti  leng
Y Y N e
- (‘\J_’\ Yr A 7
LAO _ HANOI -3
:i i (*\\ o e
3 ) QB Hoéng Sa
| . (VN), >
THAILAN © B
g J
~— ‘-f( s \
o 2 \ : Bién Dong
__ CAMPU CHIA %
W ~ 3
% o ]
L s QB Trudng Sa';"
12 N, ‘2
Chu Giai
—— DUt gay
[ vung nghien caru

i 40, Tram tich Dé T&: cui, sdi, cat va sét
- Dai mach chua 6 tui

Phirc hé Phu Sa Phin: Pha 1: syenit felspat kiém,
sl hat khéng déu

I Phc hé ndi lra Ngoi Thia: ryolit porphyr nén hat nhé

- Phrc hé nui lira Nam Kim: Tuéng phun trao: trachyt
Te.RK, ik E porphyr, ryolit porphyr, trachyandesit porphyr

s Phirc hé nii lira Nam Kim: Tuéng & ndi lira: trachyt
Te/K, nk porphyr, comendit

[i7 ;] Phirc hé nui Iira Nam Kim: Tuéng phun né: tuf aglomera,
TetRK k(Y Myt yyn

iT_.I»u,‘ Hé tdng Muong Trai: Tap 2 dé voi, da voi sét bj ca nat
n Hé tAng Mudng Trai: Tap 1 D4 phién sét den, da phién
sericit-chlorit

T
394000

Hinh 1. Bdn do dia chdt khu vwec nghién ciru ty 1€ 1: 50.000 (Dinh, 2004).

Bude 1 Phantom 3
Professional

X Iy dit liéu

[ }
Anh ortho DEM
Budc 2 8 i a
Céng trinh xay LAHARZ
dung
Vung ngap

|

(

Ban db céc khu vire anh
hudng do It bun da

)

Hinh 2. So d6 quy trinh nghién citu.
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duwng anh ortho va mo hinh DEM (Hinh 3); (2) Ung
dung mo6 hinh LAHARZ cho xay dung cac kich ban
thé tich dong I buin d4, xay dwng dir liéu hién trang
cong trinh xiy dung va thanh 13p ban do cac khu
vwrc anh hwéng do lii bun da.

3.1. Thu nhéan anh drone

Nghién ctru str dung Phantom 3 Professional la
thiét bi dai dién cho thé hé may bay bdn canh cta
DJI. Ngay ca khi khéng c6 tin hiéu GPS, hé thong
dinh vi tAm nhin cho phép may bay di chuyén chinh
xac tai chd. Camera chup dwoc nhitng birc 4nh 12
megapixel. Cam bién ning cao mang lai do ro nét
cao hon, dd nhiéu thap hon.

Trdn Trung Hiéu va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 66 (1), 31 - 42

3.2. M6 hinh LAHARZ

LAHARZ1a mot cong cu viét bang Python trong
phin mém ARCGIS phat trién bdi USGS (United
States Geological Survey) (Schilling, 1998), st
dung cac phwong trinh thyc nghiém dworc tinh toan
tir cic thong ké cac sw kién I bun da trong qua khi
dé du doan cac khu vuc c¢é kha ning anh huwdng
trong twong lai. Cac thong s6 dwoc do dac tai 27
diém tich tu bun da tai 9 vi tri khic nhau & USA,
Mexico, Colombia, Canada va Philippines (Hinh 4).
Cac phwong trinh nay bi han ché bai cac thong s6
chia ty 1& v&i gia st rang dong chay phat trién theo
hwéng xudi dong, khéi lwong va thé tich khong doi
(Schilling, 1998). Cac phwong trinh st dung bao
gom:

i \ 1 H 1
: 3 Thiét Lo ) xay ) [ R . 4 i
i Chuan . Bay ! ; < Xay !
| : lap ! H Sap dwng - .2 !
| bi dung 3 chup i | P A Gan dwng Kiém ,
i K diem N ' ] xep dam X A A i
vy thiét khéng bang i ! a may diém Xay mo tra do H
. 1 A 2 . 1
P | PibaY L Tong Ll UA L Ll theo [ didm Kong dyng — Minh i
' va cai thu i ! . 5 ché va A cau xaccua |
! 5 trong A 1 ! tha tw anh 7 lwéi G 5 1
! dat thap dir | 1 ! N nan trac mo 1
! 2 khu el ! 1| vatoa chu khu S : !
: théng liguanh | . 2 anh khu hinh !
{ £ vire do J | do thuc vue do !
i sO bay V& KTL chup . i vé vue s
IR P W J g 4 P @ 4 4 - X
Laamnmsnns e sees s eed locccsasnaaacee l _________________________________________________________
e !
1 1
! 1
: Tao Mo i
' anh hinh L
i ortho DEM :
1 :
! |
Hinh 3. Quy trinh xdy duwng mé hinh s6 bé mdt titr dnh chup drone.
10° ‘
/24
23
108 + )
107 + .
= Z
@ % ¥
- 108} ;
plv /./
L]
QEJ 105 P
g 7
o ~
£ 104} 7~ / +
O A A
= A
c 1027 A
o B t «@- 10°r A
= A e lahars a / e lahars
S + Iibon da 10? + Iibon da
o 102 1 \ ) : R =1 10" L L L PR L
10° 10" 102 10° 10° 105 10° 107 10% 10° 10" 10° 10" 102 10® 10 105 10°® 107 10%® 10° 10"

Thé tich, V(m?)

Thé tich, V(m?)

Hinh 4. Cdc biéu dd phén tdn thé hién méi quan hé dién tich mdt cat ngang va dién tich bé mdt B véi thé
tich V. BPuong hoi quy (dwong lién), khodng tin cdy 95% cho hoi quy (dwdng divt nét) va dw dodn (dudng
nét chdm) (Schilling, 1998).
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A=005V"(2/3) (1)

=200 V\(2/3) )

Trong d6: A - dién tich mat cat; B - dién tich
trén mat phang; V - thé tich.

LAHARZ l1a mét chwong trinh nhanh chéng va
dé str dung gitp phan dinh cac viing c6 nguy co dnh
hwéng, vi viy né rat hiru ich trong chuin bi ban d6
nguy hiém va ké hoach so tan cho ngwoi din séng
trong khu virc nui Itra cling nhw khu vue nguy co 1t
bun da. Cac wu diém cua LAHARZ 1a mot cong cu
hitu ich dé tao ban d6 nguy hiém va giai phap so tan
trong thoi gian ngan. Nhiéu nha nghién ctru da
chirng minh kha nang ng dung ctia n6 doi voi
dong 1 bun da (Berti & Simoni, 2014; Griswold &
Iverson, 2008; Christopher & nnk, 2010; Scheidl &
Rickenmann, 2010) va ké ca cac hién twong khac
nhu 1& da (Griswold & Iverson, 2008).

DE tinh toan ving dnh hwdng, LAHARZ thyc
hién 4 bwéc chinh (Schilling, 1998). Pau tién, dir
liéu DEM dworc chuln bi. Tiép theo, hinh thai dong
chay dworc chiét xuat tir DEM dé biét dwoc 16 trinh
dong chay va gan véi cac pixel c6 do cao 16n nhit
va nho nhit. O bwérc 3, ta can xac dinh vi tri bat dau
tich tu vatliéu ctia dong. Déi véi dong 1 bun da don
1é (dong bac 1), diém A thwong dwoc chon la diém
bat dau truot 16. Mot cach chon dé xuit trong cong
cu la st dung ty s6 H/L. P6i v&i dong lii bun da bac
cao hon (aggregated debris flow) nhw tredng hop
khu vuc nghién ctru H6 Bon, di€ém bat dau duoc

chon la dinh nén phéng vat. Viéc xac dinh nay dwa
chu yéu tir quan sat thuc dia két hop mat cat dong.

Tiép theo, LAHARZ tinh todn viing anh hwédng
tir cac gia tri thé tich do ngwoi dung chi dinh theo
dién tich mat cit ngang va dién tich mat phang.
Dién tich mit cit ngang mé phong Ivu lwong t6i da
cua dong khong d6i theo sudt chiéu dai kénh
nhung hinh dang cla tirng mat cit ngang sé& khac
nhau. LAHARZ str dung DEM dé xac dinh hinh dang
clia tirng mat cit ngang, bat dau thudng & pixel do
cao thap nhat trong mit cit, thwong 1 vi tri dong.
Cong cu xay dung dan din mat cit tir pixel thip
nhat va Ivu trir cac vi tri X, Y ngoai cing. LAHARZ
dirng lai viéc xay dwng mit cit ngang tai mot diém
khi dién tich cia mit cit ngang 16n hon hodc bang
dién tich mat cit (A). Khi viéc xdy dung mat cit
ngang v&éi mdt dong hoan thanh, dién tich mat
phang sé tinh qua téng cac pixel stt dung. LAHARZ
dirng lai khi dién tich mit phang hién tai 16n hon
hoic bang dién tich mit phang (B) (Hinh 5).

4. Két qua va thao luan

Két qua xay dwng anh drone, cac cong trinh xay
dung va khdi trwot dwoc thé hién trén Hinh 6. Anh
drone dwoc xiy dung tai thoi diém 8/2023 sau
thoi diém xay ra 1t bun d4, anh c6 d6 phan giai 0.5
m, da dwoc dwa vé hé toa d6 UTM WGS 1984. Cac
vi tri khéi triot, cong trinh xay dwng dwoc xac dinh
truc tiép trén anh cling nhw ngoai thuc dia.

Dién tich
mat cat —
ngang, A

Dién tich S
bé mat, B _\__.s>

————

Hinh 5. Mt cdt tinh khéi lwong theo s6 liéu do bang mdy toan dac dién ti (Schilling, 1998).
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Hinh 6. Anh drone khu vuc nghién ctru.

Ngoai ra dé danh gia thé tich dong i bun da,
cac vi tri ving ngubn tirng khéi trwot dugc xac
dinh. Cac vi tri viing ngubén dwoc xac dinh trén cac
quan sat dia mao, cac vach truot da xac dinh trén
mo hinh s6 dia hinh. Thé tich dong bun da dwoc
tinh theo céng thirc (2) theo tdng dién tich ving
nguodn. Véi vat liéu kéo theo, thé tich cong thém
dwoc wdc lwgng bang 10% thé tich viing nguon (hé
s6 dwoc tham khao theo mot s6 két qua mé phong
bang mé hinh LS-RAPID) (Kyoji & nnk, 2010; Tien
& nnk, 2023). Két qua cho thay dién tich vung
ngudn trong khodng 78.104 m? twong rng thé tich
dong 8.000+10.000 m3. Theo d6 mo6 hinh LAHARZ

dwoc md phdng theo cac thé tich 5.000; 8.000;
10.000; 15.000; 20.000 m3 (Hinh 7). Vi tri dinh nén
phong vat dwoc chon véi ty s6 H/L=0,45 dwa trén
viéc thir nghiém nhiéu gia tri va vi tri thuc té quan
sat tir thue dia.

Quan sat két qua (Hinh 7) cho thy hién twong
céc canh sai khac khéng déu nguyén nhan do thiéu
dd chinh x4c ciia DEM. Dién tich mat cat ngang cia
dong 1a mét trong nhitng thong so6 chinh can thiét
cho mo hinh dé tinh toan dién anh hwdng. Do d6
DEM cang tién dén gan dding véi hinh dang thue
cua dong thi két qua cang dang tin ciy (Mufioz-
Salinas & nnk, 2009).
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Hinh 7. Sor 6 vung dnh hwdng lii bun dd theo cdc kich bdn thé tich khdc nhau.

b€ danh gia do chinh xac md hinh, dién tich
anh hwdng dong bun da thuc té€ dwoc xac dinh tir
khdo sét thuc dia ngay sau khi tai bién xay ra. Cac
vi tri thiét hai dwgc xac dinh theo Hinh 8. Ving anh
hwdng ctia dong bun da kéo dai ttr UBND xa Hon
Bén dén trurong ti€u hoc xa HO6 Bon véi viing thoat
dong 1 bun da 1a vi tri san treong tiéu hoc.

Két qua tir mé hinh LAHARZ dwoc danh gia
bang viéc so sanh véi cac két qua khao sat thuc dia
(Hinh 9). Céc gia tri bao gom true positive (TP),
false negative (FN) va false positive (FP) dworc tinh
toan thong qua phan dién tich chong lan. Trong dé
TP thé hién phan nhin dang dung, FP thé hién dién
tich xac dinh tlr m6 hinh nhung khéng diang hién
trang thwc té va FN la phén dién tich xac dinh thuc
té nhwng khéng dting véi mo hinh. Cac chi s6 danh

gia bao gom true positive rate (TPR), false positive
rate (FPR) va false negative rate (FNR) dworc tinh
bang viéc chia Ian lwot cic gia tri TP, FN, FP cho
tong dién tich anh hwdng xac dinh thuc té
(Bessette & nnk, 2019). Bén canh d6, gia tri diém
ruiro TS (Threat score) (Staley & nnk, 2017) dwoc
tinh todn d€ danh gid mo hinh, dwoc tinh bang
TPR/ (TPR+FPR,+FNR). P chinh xac cia mo6 hinh
cang t6t khi gia tri TPR va TS cang cao (Bessette &
nnk, 2019). Két qua cho thdy mé hinh cé gia tri
TPRva TS lan lwotla 0,717 va 65,9% (Bang 2). Két
qua cho thiy mirc dd dang tin ciy khi so sanh vi
cac nghién ctru truérc nhw mé hinh FLO-2D (TPR
=0,8; TS = 64%), m6 hinh LAHARZ (TPR = 0,6; TS
= 44%) (Bessette & nnk, 2019); (TPR=0,4; TS =
35%) (Matthew & nnk, 2023).
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Hinh 9. So sdnh vi tri dong bun dd thuc té va moé hinh LAHARZ.
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Bdng 1. Béi sdanh két qud tir mé hinh va két qud khdo sadt thyec dia.

Ving Phin loai | Dién tich (m?) Céc chisd
Ving xac dinh tir m6 hinh nhwng khac thuec té FP 3.911,49 TPR=0,717
Vung xac dinh tir thue dia nhwng khac mé hinh FN 2.141,82 FNR= 0,282
. A 1 e A X . FPR=0,516

Vung xac dinh tir m6 hinh va thyc dia TP 5.436,4 TS= 65,9%

5.Kétluin
Bai bao trinh bay két qua nghién ctru danh gia
anh hwong cta dong i bun da tai lvu vuec dau
ngu6n ban Trong La, xa H6 Bon, Mu Cang Chai, Yén
Bai st dung mo hinh LAHARZ. Trong nghién ctru
nay, dién tich viung nguén trong khodang
78.104+85.914,4 m? twong Ung thé tich dong
8.000+10.000 m3. Két qua danh gia do chinh xac
mo hinh cho gia tri TPR va TS lan lwot 12 0,717 va
65,9%. Viéc m6 phong mé hinh LAHARZ c6 nhiéu
wu diém vé thoi gian, it cac thong s6 st dung, cho
phép danh gia nhanh cackich ban It bun dava cé y
nghia thuc tién trong viéc danh gia nguy co, rui ro
14 bun da.
Pong gop cua cac tac gia
Tran Trung Hiéu - xay dwng y twdng, phwong
phép luin, viét ban thao bai bao, thuc dia kiém
chirng; Pham Van Tién, Chu Van Diing - phan tich
tai liéu, thu thap dir liéu, chup anh drone; Tran
Qudc Cwong, Nguyén Coéng Quan, Nguyén Trung
Thanh, Pham Thanh Hai - déng g6p y kién, danh gia,
chinh stra bai b4o; Nguyén Ditc Anh, Bui Phwong
Théo - tdng hop tai liéu cho phan danh gia tong
quan.
Loi cam on
Nghién ctru nay dwgc sw hd tro tir dé tai
“Nghién ctru st dung cong nghé dia khong gian
nham danh gia nguy co, kha nang thiét hai do truot
16 va 1t bun d4 khu virc mién ndi phia Bic”- M3 s6:
PTDL.CN-82/21
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