CO SO DULIEU GIS VE HANG DONG VUNG SON LA - PHAN TICH MOI QUAN HE KHONG
GIAN VA BIEU DIEN 3 CHIEU BANG CSDL GIS

CAVE DATABASE DEVELOPMENT, SPATIAL ANALYSIS AND 3D VISUALIZATION WITH GIS e

CASE SUDY IN SONLA (VIETNAM)

N. Q. bINH, O. BATELAAN, F. DE SMEDT

Vién NC Dia chat va khodng san
Thanh Xuan - Dong Da
Ha Noi - Vietnam
Tel: 8448542125

Free University of Brussels
Department of Hydrology and
Hydraulic Engineering

IV. BIEU DIEN HANG TREN KHONG GIAN 3 CHIEU
CAVE 3D VISUALIZATION WITH GIS

III. PHAN TICH MOI QUAN HE KHONG GIAN GIUA HOAT PONG

KIEN TAO VA SUTHANH TAO HANG BDONG
SPATIAL ANALYSIS THE RELATIONSHIP BETWEEN CAVE DEVELOPMENT
AND GEOLOGICAL STRUCTURE

I. GIGI THIEU

Yéu cdu nang cao chat lugmg cudc song, trong d6 nudc uéng hgp vé sinh cho viing nong thon 1a mot
uu tién cta Chinh phtit Viét Nam. Dy 4n hop tdc Viet Nam - Bi nhim phat trién nong thén viing nii dd
voi Tay Bac Viét Nam thyc hién trén tinh Son La. Ba cudc thim hiém hang dong tir 1993 dén 1997 da
diéu tra 97 hang véi tong chiéu dai 35 km ghdp phan nang cao hiéu biét vé cic hé théng song ngam, tir
d6 quan 1y cdc ngudn nude tot hon, 1am gidm bét céc thiét hai do han han, 1 lut va 6 nhiém nguon
nudc. Muc dich ctia nghién ctiu nay nhim xay dung CSDL GIS vé hang dong nhim quan ly di liéu thu - =
thap dugc, tir d6 phan tich méi quan hé khong gian va biéu dién 3 chiéu cho hang dong.

H9: Hinh ph6i canh 3 chiéu nhin
tir huéng DN ctia cdc hang két hop
v6i yéu t6 dia hinh, kién tao, song.
St dung dia hinh ban trong su6t
cho phép theo d5i huéng phit trién
clia hang so v6i cdc yéu t6 trén.

H 3: Hoat dong kién tao la diéu kién cén thiét cho sy thanh
tao hang dong. Hau hét (80%) cdc hang phat trién trong déi
pha huy kién tao.

I. INTRODUCTION
80% of the caves developed within the fracture zone. Tectonic
fissures are essential for the initiation of downward percolation of
water, leading to dissolution of carbonate rocks and the
formation of caves.

In this 3D view from southeast cave
are shown together with TIN, faults
and river maps.

Improving the quality of life by rural water supply and sanitation is a priority issue of the Vietnamese * : -
government. The Vietnamese - Belgian project in the karstic mountains of Son La province is set up aiming at

this priorities. During three expeditions 97 caves and 35 km of development have been surveyed. Information

from speleological mapping and cave investigations gives us detailed knowledge on karst formation and water
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H 2: CSDL GIS két hop dit lieu khong gian va dit liéu thugc tinh biéu
dién dy db cdc thong tin thu thap tir cdc cudc tham hiém hang dong
The spatial database of the caves was linked to the records of relational
table representing all information from caving surveys. The contour map was
used as basemap.

Plan view of Tham Dieng cave
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movement, which in turn allows more efficient water management. Hinh 3 Caves vs direction
The alms_of this study is to eslabl!sh a GIS-_based cave dat_aba_se, which fully represents the 3D nature of the H 4: 75% s hang phit trién theo phuong Hinh 9
caves which can be used for spatial analysis and 3D visualization. e . N o 30 2 BNW_SE
phat trién duit gay chinh trong vung: TB- $ Hinh 10
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II. CO SO DULIEU CHO HANG DONG - CAVE DATABASE 2w > q o, ||° X 5 s
. : 75% of the caves developed along NW-SE H ow_E Tui Le dugc s dung dé tinh the tich cia
and NE-SW direction, i.e. the main direction 0 hang. V6i cong cu GIS, nguoi ding c6
Map of cave distribution Ving nghién ctu N of regional geological structures. Direction thé nhin tir bét ¢ géc do , khoang cach
e Hinh 5 nao dé nghién cifu hang chi tiét.
—— Kinh do: 103°33' E dén Hinh 4 The 3D model of the Tham Tui Le cave. The
104°00' E ceiling is transparent (70%) offering a better
s Vido: 21°20' N dén Mag of Tham Hoa cave Céc hang phét trién theo huéng TB- inside view_ of the cave. This model is used
A= 21"249'AN DN thudng nim ngang hodc c6 do doc for calculating the volume of the cave.
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Dién tich 386 km? i . T nho, phit trién tuong tng véi myc
B j ) o i=mge=_ | nu6engim.
1 Study area i The caves along NW-SE direction have A Py
. v horizontal passages or very slightly V.KET LUAN
103°33' E to 104°00' E inclinational passages, corresponding to .
E 21°20' N to 21°29' N the groundwater level.
s Area 386 km? o + 1. CSDL GIS cho hang dong ddp ting dugc yéu cau luu trit cdc dif liéu vé hang dong thu thap tir cdc
! LY - == H 5: Binh d6 hang Tham Hoa cugc thim hiém, gitip cho viéc phan tich, ddnh gid va biéu dién hang dong trén khong gian 3 chiéu
-t . i .-If' Plan view of Tham Hoa cave mot cdch higu qua.
+ gl Y H 6: Mt cét hang Tham Hoa 2. Trong viing Son La, su thanh tao hang dong bi chi phéi manh m& boi cic yéu t6 cdu tric. D6i dap
———————— " Cross section of Tham Hoa cave v kién tao 1a diéu kién can thiét cho su phat trién ctia hang dong. Cdc nép uén ciing ghdp phan chi
H 1: Vi tri khong gian cta céc hang dugc dinh vi trén ban d6 dia chét. Hang dong phai dong chdy clia nuée ngdm.
phit trién trén d4 voi tudi Devon, Carbon-Permi, Trias 3. Biéu dién hang trén khong gian 3 chiéu cho phép biéu dién nhiing thong tin phiic tap mot céch
'!'he caves development is restricted to the Dong Giao, Muong Trai, Permo-Carboniferous Hinh 7 Hinh 6 nhanh chéng, truc quan va rd rang. Su két hop giita hang 3 chiéu véi ban dé dia hinh, kién tao, song
limestones. sudi cho phép nghién ciu mot cich truc quan méi quan hé giita su hinh thanh hang dong va céc
% yéu t6 chi phoi.
CONCLUSION
|| o —
= _.'_q___ — 1. The GIS cave database has been established, meting the requirements to fully represent the three-
F dimensional nature of the caves. It can be used for spatial and 3D analysis. The GIS database of caves
o S, - . X Map of Tham Dieng cave made it easy Fo store, analyze, retrieve, and _visualize the cave data. ) - )
P I S —— H 7: Mat cat hang Tham Dieng g 2. In Son La region, the development of caves is closely controlled by the tectonic activities. Tilted and folded
= x Cross section of Tham Dieng cave = strata induces addition constraints on groundwater flow directions. In tilted open carbonate rocks,
v i . : S
= . . . # W groundwater should initially flow in a down-dip direction.
H 8: Binh d6 hang Tham Dieng == l | 19 ] 3. Three-dimensional (3D) visualization of the GIS cave databases provides an effective way of presenting

complex information of caves quickly, intuitively and transparently. It is successful to incorporate the
topology, fault map and river network with cave data in 3D environment in order to visually study the relation
between cave development and the other controlling factors: topography, tectonic activities and hydrological
regime.
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