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Physiography and geology of Nepal Himalaya
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Extreme vertical variation of topography with respect to geolocal subdivisions
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Occurrence of landslides & tectonostratigraphy of Nepal Himalaya
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Extreme weather event and landslide occurences (july 1993, central Nepal)
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Extreme weather event of 19-21 July 1993; rainfall measured at
TiStung, central Nepal (source: Department of Soil Conservation & Watershed Management)
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Modelling site (atitudes 27°37 to 27°45' N & longitudes 84°57'38” to 85°08'2” E)

Lesser Himalaya, central Nepal




19-21 JuIy 1993 Cloudburst & landslide damages
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Failure of thin soils along the dip-slopes is
the most occurrences
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3D geological

modelling:

APPROACH (after Caumon et al. 2007)

Using  following
research plugins:

* GeolToolbx

« GRGLIib

* [soSurf

» SolidExplorer
» Stereonet

« StructuralLab

GOCAD

The coordinate system will be in meters, with

Z positive upwards.

@ Project Module Selector

IMPLICIT

Module suites

S

Gocad Risk Assessment

voir Production | Drilling | System | PCA| » Gocad Research !' :

Select Option Release Date
¥ GeolToolbx juin 2008
¥ GRGLib now
V] IsoSurf 2010
¥ SolidExplorer May 2008
[¥] Stereonet now
[¥] StructurallLab May 2008
|Select All| | Clear Al
l OK ] l Cancel I l Help l




3D model configuration using GOCAD
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Orientation vector (v)
sin(0)-cos(¢)
v =|cos(0)-cos(¢)
cos(¢)

where, dip direction ¥ (azimuth) and dip ¢ angles

DSI valtet 2002

R (p)=> u(a) Rlple)+(¢-@) Y o plolc)

o) ceC~

where, R(p|a) is the local roughness at node a, p(¢|c) is a constraint defined for node o, u is
a stiffness coefficient, and @, ¢. @ are weight coefficients



Computed stratigraphic surfaces for Model3D

Surfaces

Rock strata geometry



3D geological model of Lesser Himalaya, central Nepal




Landslide hazard modelling using LR

If the probability of presence (1) of a phenomenon 1is
Pa, then Pb represents the absence (0).
(i.e.Pa+Pb=1)

P st
l+e

Where P(Y) 1s the probability of an event occurring.

Z=b0+DblAl+........... +bnAn
Where, b1 (1=0,1, ...... ,n) 1s coefficient estimated from
sample data, and A1 (1=1,2, .....n) is independent

variables (1.e. landslide related physical parameters)
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T'ou can convert the data type uzing the Raster Data Type
Conversion Tool.

584
b6Z

[T Uze selected features anly 54 -I 4 D [:] U
Thematic ragter: IENGEDL j 1 Sdg B?? I:I U U
PT_UCHAR [unzigned 8 bit integers) % g g%g g g 8
o 4 0 375 0 0 0
b 7 hid 0 (0 ]

COutput table [dbf]:
|D:'u'-‘~|3 KhLandslide Hazard\MultivanatednalysishT abl Q 8 [:] 34 1 [:I [:] U
» I (0 292 0 (0 ]
— Proceszsing method 8 U 25 I:] U U
% Direct .-'-‘u:u.:e.ss 9 U 1 9[] EI U D
Sy 1asooes, sl e he et e 1 be rons 1 0 452 0 0 0
of three data tupe formats that can be directly accezsed. 1 [:l 1 98 |:| U D
1 (0 0 (0 ]
1 (0 0 (0 ]

DO D — O

{~ Standard R azter Processing
Slower and zubject to a limit of approximately E500

/

polygonz. Dizk bazed, z0 uses fewer system resources and
can be uzed imespective of the raster data type format.

'W'el:uHeIpl Ok, | Esit |

Dummy variable matrix

~

0 1 1 0 0 0

W, Varishle Conversion Program _|o| x 1 1 1 U [:I [:'
Integer to dummy variable conversion fl:.ll Multivariate Ana:j_l 1 [:I 1 [:I [:I [:I

| 1 () 1 (0 () 0
[ FI'EI:;:table file: -I [:I 1 [:I [:I [:I
. | 1 1 i 0 0

Input File Oen —p 1 0 1 0 0 0
Output file 1 [:I 1 [:I [:I [:I
Output File T - T

1 i 1 0 0 0

1 i 1 0 0 0

Convert Cancel | \

DDGGGDDDDGGGDCJ

/

L e 0 O



Logistic Regression Coefficients

Variables Coel. Variables Coel.
Slope angle Slope complexity
S1 8% -0.217 Granite slope (GS) -1.662
15°-25° 0.074 Oblique slope (O8) -0.349
259-35° Dip-slope = slope (DS-EL) @
35°.45° 0.417D Dip-slope > slope (DS-G) -0.023
S -0.145 Counter dip-slope (CDS) -0.163
Siope aspect Fractured zone (FZ) -1.030
Flat -0.385 Land use
North (N) 0.117 Forest (Fo) 1.536
North East (NE) 0.253 Shrub land (SrL) -0.124
East (E) (0.590 Grassland (GrL) (0.880
South East (SE) -0.177 Cultivated land (Cul.) 0.657
South (S) 0.195 Barren land (BaL)
South West (SW) -0.348 Constant -3.640
West (W) -0.027
North West (NW) 0.333
Engineering peology
Thin soil [1-3 m] (TnSl) -0.203
Thick soil [>3 m] (TkSI) -0.272
Colluvium (Clv) -0.876
Alluvium (Alv) 0.240
High Rock Mass Strength (HRMS) -0.868
Medium Rock Mass Strength (MRMS) 0.222

Low Rock Mass Strength (LRMS)

Q420




Probability calculation using logistic regression

For example:

p(Y) = 1+ e—(,[}0+,81quartzzte+,82F0rest+,B3Slope(15 25)+B 4 AspectNW)

Intercept Regresswn value

Present = 1
Absent =



Predicted Landslide Hazard/suceptibility Map
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Landslide occurred (%)
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Integration of 3D geomodel & Landslide hazard/suceptibility

Geological unit:

Granite ~ Meta-sandstone, phyllite
Limestone - Marble, schist
Landslide hazard: Calc. shale orslate |21 Quartzite, schist
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CONCLUDING REMARKS

+ Implicit approach of “sparse data”
modelling  quite illustrative to
compute geologic-boundary surfaces.

+ Statistical modelling of landslide
hazard is particularly suited in
regional terrain of central Nepal.

+ 3D geomodel and landslide hazard
has provided interactive evaluation of
integrated scenarios. |
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