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APPENDIX-F GEOLOGICAL HAZARDS ASSESSMENT

F.1 Introduction

The Himalayas are the youngest mountains in the wotld, still rising and under
formation. Stopes will therefore generatly be steep, and cach infrastructure established
is at a risk of washout and failure caused by erosion, gully intrusion, and landslide.

in Bhutan, glacial lake outburst, earthquake, flash-flood, and landstides constitute the
main natural phenomena (geological hazards). These natural hazards are mainly due to
natural causes but are accelerated in' frequency and magnitude due to human
interference with nature.

Man-made structures tend to disturb the equilibrivm of the regime of nature and the
nature in turn has damaging effects on such structures. :

Needless to say, the development of land as infrastructure is necessary and incvitable
to improve the security and welfare of the people. But the process of developnent has
normally been followed by many ncgative and undesirable effects. Bhutan has been
determined to ensure-that the development: process should be cautious and well-
planned and that the balance of nature, as well as cultural and social values, are

“maintamed.

The S{udj Area is p11y§iograhhica1]y situated in the zone of “rountain .'«ind.\"allébe'ell"_

" where nature has made deep gorges in the southern half and wide river valleys in the -

northerst half of the zone.

" The wide river valley is the main agricultaral area in Bhutai and the major towns like -

ary, iUy (

Paro, Thimphu, Wangduephodrang etc.,’ of elevation 1300 to 2500 meters are located '

in this nosthern half zone of the mountain and 'v_alley: belt. ¢

In the S_,tudf Area, with ';soa:né exception, the gcobg‘y of cultivated area is composed
‘mainly of foliating phyllite and schist, and brittle quartzite. 1The massive aid resistant

rocks overlying the brittle and foliating sequence aré the crystalline limestone and the

Himalayan gneiss. These resistant rocks are distributed  in- places of high altitude

forming crests of ridges surrounded by steep slope.

In short; the Study Area is composed mainly of weak geology. - Because ‘of weak
geology, people have made terraces for cultivation on the slope or fossil landslide area.
Somedimes these fossil slides become active by road cutting or canal cutting at the toe
part of the slide. L } o ' :

Since, the Study Area is a highly developed agricultural aréa, man-induced hazards vill
intensify. Especially irrigation canals without tining may, due to percolation and water
load, create fandslides. - ' Co

During the Phase II field study (1) a walk-over survey was carried out on thé “ra’liﬁg of

vulnerability”, followed by (2) desk wark on photogeological interpretation and slope
analysis, and (3) geological hazards assessment.

-1



APPENDIX F

Tte Study oo Groundy sler Developrment i Wangduaphodang Disbict of Bhufan

¥.2  Mecthodology (Rating of Vulnerabifity)

In some part of the Study Area, the natural process of mountain building and man

induced physical impacts to topography are causing the mass movement of soil and

rock. - These mass movements often cause washout and/or failure of infrastructures

such as ifrigation canals and roads.

To assess the gco!og:cal hazards along the canal, the study started with a “rating for E:iy
state of nature”.

Refercing to the publications of the International Centre for Integrated Mounlain
Development (ICIMOD), a check-list is prepared for the field work on the rating for
state of nature, which was later modified to the rating of vulricrability as shown on the
tollowing page. -

Special consideration was paid for selectiilg the observation items along the lincar
infrastructure (canal in this study) which should be ranked in the field. For this reason
the check list was simplified as much as possible.

After several times of tial ra'ting.aton‘g the same canals in the Sliidy Area, a simpliﬁed' '
check-list composed of eleven (11) items to bc ;udged in the ﬁe!d was finahized for
aclua! field use. (See Fig. . 2 1) ' - : : :

This sunphﬁed methcd how ever inevitably relies on the cxperic'nce based subjective
‘judgement to a varying degree in rating’ Furthermore, some logical discontinuities are
5mlennonally employed 10 utilize the experience-based judgément, ie., the old slide
‘observed near by is allocated 5 points while new slide within 20 metes is given §
:_pomts Then the risk of new slide of 25 meters apalt “should be classified as equivalent -
to clther old shdc or slide nearly 20 melers apart :

iSmce the geolog:cal hazards are a muh;ple compound of natmal process and man -
"‘_mduced instability, many factors are gcneucaily related to 1andshdes or f{ailures.’
“Continuous andfor heavy raii, earlhquake snow melt, and’ groundwalcr seepage may

be possible triggers in the Study Area.

“The close relationship between raintall and the number of s!o_pé failures is well known
in’ China, Japan :md Other'countrics,- but no observation is recorded in this country.

~n g,cneral thc asscssmcnt of hazards in the I:neal lnf‘raslmclure (ganal) m'..ol\es B
- asseasment of the slate of naturc and assessment of triggers. _ . g

- “The hazards may be defined as:

H=Rx}P .
“while  H=hazard
R=rating for state of nature
P=possibility of trigger occurrence
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To clarify the possibilily of trigger occurrence, several years of continuous observation
on those triggers and intensive data collection is essential. Due to constraints on the
study on the triggers, this study Ireats the ratihg point as a vulnerability index instead.
F.3  Field Survey

'.3.1 Generat

Watk-over field survey was carried out along the main canals in the study arca. Those
canals surveyed are as follows:

Name | Length (ki) No. of Olu-.. e d Sepmont

Upper Lobeysa canal 7.1 29
Lower Lobeysa canal &1 15
" IBajo cann . 15.0 . 47
Plangiu) canal 16.0] - 57
Gembha canal 35 11
Nalakha canal . 39 13
Rutckha canal 22 ) 13
Maphekhacanal . 22 10
Naykoyuwa 1.7 . §
Rumina ) 1.l ) o
~Total : 60.8 - il

In the field, each geomorphological unit was taken as a segnient for the rating.
Observation and Judgcmcnt on each item of the check-list, are converied 10 the pomt
as shown on the list and the total points are treated as the vuinerability mdex

During the l’tcld survey:

. ‘Geological observatton was supplemenlanly done togelher with the rating. .
s Crittcal section of alanger was shown on the map by. arm\\'a and the length of
" -possible damage is noted beside the arrow. ¢
~»Other phenomena observed carcfully in the ﬁeld are
-+ age of trees in the fossd slide zones;
to estimate the age of the slide
. * bending of tree trunks or leaning of the trees on slopes;
to estimate the movement of soil
- exposed roots of trees;
1o estimate the depth of soil erosion

' After the field works, aero- phélO‘S of the area havé been observed using é stercoscope,
- concentrating study on areas around hazard areas as judged in the field survey. Scales .

of landstides and status of gully intrusion from lower patts of s!opes have carefully :
been observed, and the appropriatencss of its vulnerability raling in'the field has been
checked. In addition, scales of possible hazards have been estimated, and these have
been sliown on maps. :

As a whole except some segiments of the Bajo canal and Phangyul canal, most of the
canals are constructed in stable areas and no major damage is likely in the near {uture.
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F3.2

Vulnerability Rating of Canal

(1) Upper Lobeysa Canal (C1) [Fig. F.3.3 (1)~ (3]

The intake is situated in the middle-stream of the Tabe Rong Chhw river, abowt 1,430
meters above sea level. The total length of the canal is 7.1 kilometers.

b

_2)

3

Segment 1010 14

Segment 1 and 2

The segment is in a small-scale river terrace, and its topographic reliefis gentle. The
main: part of the segment is occupied by ciltivated land, but some scrubs are
scattered in places. Some deformation and damages, which have been caused by
river flood, are scen in the river side canal. Other areas are stable. The arithinetic
average of the vulnerability indexes in the segment is 31 points.

Segment 3 to 8

The segment is underlain by highly foliated biotite schist, and its schi:slosity.inclincs
to the mountain side. Accordingly, despite that the slopes in the area are quite

steep, 1o large-scale failure is seen there. The vegetation in the segment is of
secondar, forest mainly consisting of broad leaf trees, but with pinc trees in the -
~upper part of the slope. More significant soil erosion is recognized in the pine tece
- forest than broad leaf tree forest. No canal deformation is seen in the section. The
“anithnietic average of the vulnerability indexes in the segment is 38 potnts. '

‘ Seg'ment 9

%_The segment is undertain by hlghl) follated biotite schist. Somc stope faliurcs arc -

seefy on- lhc steep qlopes The vagelalaon in the segment is heaw except some

; failure paﬂs Thc anthmchc a'.eragc of lhc mlnerabllny mde\es in the segnenl :s

t

The segment is underlain by highly foliated biotite schist, and its schistosity gently
inclines to the mountain side: The vegetation in the segment is of thick secondary
forest consisting of broad leaf trees, which well prevent soil erosion. Some damages
are locally seen along the canal, especially at places crossing small streams, but the

land is gf:nclall) stable; The arithmelic average of the vulnerabilily indexes in the.

segment 1s 37 pomts

Seginem 15and 16

*Fhe segment is underlain by biotite schist, and overlying biolite quartzite and

quartzose gneiss. Landstides occurred in the boundary of both facies, and many
gully intrusions are seen in this section. The vegelation in the segment is of mainly
low shrubs, and some places are naked due to gully intrusion. The canal is pastly
repaired by masonry, but the slopes undemeath the canal are poor in vegetation,

F-4
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and not stable. The arithinetic average of the vulnerability indexes in the segnient is
53 points.

6) Segment 171020

The segment is underlain by britlle quartzite, quartzose gneiss, and calc-silicate
tocks, and its foliation inclines to the mountain side. Arcas distributed by these
rocks, generally, are rich in thick reddish-brown soil, and this situation applics to
this segment as well. The vegetation in the segment is of pine scarce forest, and
many tree-roots are exposed due to soil erosion. No special deformation is seen in
the canal. The arithmetic average of the vulnerability indexes in the seament is 42.5
points.

7} Segmeni 21

The segment is underdain by mud flow deposits, which form genﬂ)" stoped
cultivated lands and residential arcas. The land is quite stable. - The arithmelic
average of the vulnerability indexes in the segment is 36 points.

8) Segment 2210 29

" The segment is underlain by quartzite and overlying coltuvium, and gaeiss and
overlying mudflow deposits. The quartzite and gneiss are in fault contact,. and
significant fracturing in the basenient rocks is recognizéd nearby the fault. Many
* gully intristons exist around the fault, and the canal has been damaged over a
length of § to 6 meters. It is neccssary to repair this point. The area is stable except
this fault zone. Because the surface reddish soil is very thick; it is anticipated that
the area issusceptible to gully intiusion. The vegetalion in thei area is poor, -
- consisting of pine scarce forest. The soil crosion in the area is significant because of -
| poor vegetation, and tree roots are commonly exposed. The canal is situated nearby -
' aroad, and no special deformation or damage is seen, The atithmetic average of the

: xfulne’rability indexes in the segment is 41 points.
(2) Lower Lobeysa Canal (C2) [¥ig: F:3.3 (1) ~@)

* The intake of the canal s situated about S50 meters down strean of the Upper Lobeysa
~ Canal, around 1,380 meters above sea level. The canal was constructed simullancously
with the Upper Canal. ' S :

" 1) Segment 103

The segnent is situated on a narrow river terrace, and its geological condition is -
quite stable. The vegetation in the segment is of scarce shrubs, and some paits of
the segment are cultivated. No deformation is seen in the canal. The anthmetic
average of the vulnerability indexes in the segment is 33 points. '
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2)

3)

Segment 4106

The segment is underlain by strongly foliated biotite schist, and the foliation is
almost horizontal or gently inclines to the mountain side. The topographic relief of
the area is qmle steep, and the rocks are fragite, accordingly, many small-scale slope
failures exist in the area. The places of slope faifures are the same as the section in
the upper canal, The vegefation in the segment is of secondary forest of broad leaf
trecs, however there is no purpose in structurat land protection because of thin soil
layers on the sutface. The arithmetic average of the vulnerabilily indexes in the
segment is 44 points.

Segment 7 to 12

“The segment is underlain by biotite schist and brittle quarizite, and a landslide has

occurred on the boundary between these different rocks. Many deep gully
intrusions are seen in the landslide zones, and this suggests that these landslide

~ blocks are still moving, Thick reddish soil stably overlics the quartzite. The

vegelanon in the segment is mainly of secondary forest of broad leaf trees, although
scarce pine tree forest is present in the quartzile area. Some places along the canal
have been temporanly repaired. The arithmetic average of the wlnerabnhly mdcxes

- in lhe segment is 53 points.

4)

expected: The arithmetic average of the vulnerability indexes in the segment is 3T

Segment 13 to 21

The segment is underlain by mud flow deposn the surface of the land is gentle,
and cultivated for rice farming. No other risks than flash flood ‘of the nver is

poinls

+(3) Ba_m(‘aual((ﬁ) ihg F34(1} (3)]

T he mlake is situated i in the down siream area of the mmcral nprmg, in lhe Pe C hhw
river, about 1,380 meters above sea Ie\el The length of the canal is 15.0 kilometers,

B

and a pan of the canal water is used as the water supply for Wangdue Phodrang, town.

D)

- 2)

Segment 1to 5

The segmeut is undertain by bniltle quaﬂnte and quartzose gneiss. The foliation of
the rocks mclmea to_the mountain side, and the rock blocks are generally stable. = .
* Somé parts. of the area are stecp in topography, and mky for rock falls. Some.
~ marshes exist in the landstide blocks. The vegetation in the segmient is ‘Poor, -

because of its nigged topography and poor peuneablhly of the rocks The
amhmellc avei age of the vatnerability indexes in the segment is 36 points.

Segment 6 and 7
The segmen'u is underlain by quaitzite and quartzose gneiss, cut by a fault striking

northeast to southwest, and many tractures exist in the rock bodics. Some slope
failure, recently occuired, is seen in some places in the area, and stee] Jaunders are

F-6
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set for those areas. The vegetation in the area is moderate, e\cupt some steep liff
arcas. The arithmetic average of the vulnerability indexes in the segmicit is 67
points.

Segiment 810 15

The ségment is underlain by quarlzose gneiss and calc-silicate rocks, and the
gneissosity of the gneiss gently inclines to the mountain side. Accordingly, the area

-~ is generally stable, however, small-scale landslides, 10 meters in width, and failure

4)

_5)

are seen in sone places. The vegetation in the segmeént is generally poor, consisting
of scarce pine torest, which is used for pasturing. The arithmetic average of the
vilnerability indexes in the segment is 49 points.

Segment 16and 17

The segment is underain by mud flow deposits consisting of various sizes of
fragments within the muddy matnx. The depo&:ils are massive and compact, and
stable as a body. The vegetation in the segment is moderate. The amhmetm average
of the vulnerability indexes in the segment is 34.5 points.

Segment 1810 21

The segment is undertain mamly by biotite schist showing strono foliation and panly '

by mud flow deposits. The schistosity of the schist gently inclines to the mountain

side, so that the rock blocks are stable in the segment The vegetation in the

' .Esegment is generally poor, consisting of scarce pine torest. T he amhmem, average
~ofthe whnerablhl) mdetes n the segmcnt s 49 points.

_

7

'.‘Segment 22 and 33

The. segmem i$ undtrlam b} ngmhcanlly fohated blotlte Scha:.l The SChlSlOSll)
“gemly inclines ' to 'the niountain side. The * segment should there[‘orc geo-

structurally be stable, but acluaii; many slope failures such as landstides and g gully
intrusion exist in the area. The reason why is that the Damz, Chhu fiver joins ‘and
falls down into the Chang Chhu river near the area, and the Dang Chhu river has
been rapidly deepened and has formed steep clifls on both banks of the river.. The
vegetation in the area is moderate (o scarce, and no root anchoring to prevent soil
erosion is not anticipated: This longest section in the survey area is one of the most
dangerous sections. The arithmetic average of the vulnerablhly indexes in the
segment 1s 62 points. :

Segiment 34 1o 43
The segment is underlain by uiainly highly-foliated schist and partly overlain by

thick soil layers; however, normally the soil ayers are thin. The schistosity inclines
to the mountain side, 50 that the area is structurally stable, and almost no failure is

- seen in the area in spite of ils steep slopes. The \egclauon in the segment is

generally poor due to poor soil, and partly scarce pine forest can be seen. The
arithmetic average of the vulnerability indexes in the segment is 43 points.
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Seament 44 to 47

The segment is underlain by fine sediments in the teiraces and biotite schist. The
terraces are used as farmiands, and have artificially been stabilized. The places
underlain by biotite schist have formed stable slopes due to inclination of the

 foliation toward the mountain side, and the steep slopes are commionly grass lands.

The vegetation in the area is generally poor. The arithmetic avérage of the
vulnerability indexes in the segment is 36 points. '

(4) Phangyul Canal (C10) [Fig. F.3.5 (1)~(3)]

- This is the longest canal in the area, with a totat length of 16.0 kilometers. The imake of
the canal is located at the upper-stream of the Kamathang Chhu river, 2,300 meters
above the sea level. The water from two streams toward the upper-stream is diverted
into the canal. _

1)

Segmerit 1to3

The mtakc area is underlain by hard biotite schisls, schistosity of which mclme
about 40 degrees to the mountain side. The vegetation in the segment area is of .

heavy forest' of huge trees, and the roots of the trees form so called "root

' -anchonng preventing the erosion of the weathered zones. Lven a small- scale rill

)

erosion is seen around the canal, however the area is quntc stable in general. The,
anthmelac average of the vulnerab;hly indexes in lhc area is 34 points.

chm'cm 6 lo' 11

lhc scgment-is underlain by gramuc goeiss and mtmded coarse gramed dlome

Someluncs aneissosity is rccogmzed in the gramhc g,nmss T he gneissosuy of thc‘
gneiss inclines toward the mounitain s1de 50 that little chance is expected for larg,e— :
scale slope failure or slide: The vegetation in the segment is of dense scwndar:,{ FI

© forest, ‘and:no 3011 erosion is seen except in parts ‘of the’ cultivated fand. The

;4)

anithmetic average of the vulnerability indexes in the scginent is 38 points.

chment 121017

Fhe segncm is underlain by slightly weathered coarsc-bramed blome granite. Steep
" cl:ﬂs, some times s[opc failure, are seen i some places in the area. The vegetation
Cin the segment is of virgin forest of huge lrees, and those trees form the root

anchoring. The anlhmcuc average of the vulnerability indexes in the segment is 40
%pomts P -

Segment 18 022

The segment is underlain by highly weathered and decomposed granite, which is
britlle and sandy in appearance. It is presumed that the decomposed rocks reach 1S

-meters in depth in some highly weathered sections. The vegetation in the segment is

of moderate forest. Somé places of the segment are causing landslides with the



APPENDIX F

The Skudy o Growst ter Qeveinpmant in Wingephorrarg Dislrict of Bhytan

scate of 460 meters wide, and swelling and mounding cause tilt of trees, and gully
intrusion causes fall of trees. The segment is one of the most risky segment in the
area, and the arithmetic average of the vulnerability indexes is 59 points.

S) Segment 23 to 28

The segment is underlain by weathered granite, and is a large-scale fossil landslide
: area consisting of three main slide blocks. These slide blocks are already stabilized,
35 ' and trees are over 30 years old , Quercus species, are growing in the blocks. n
other words, no recent nioveinient occurs in the blocks. The vegetation in the
segment is moderate forest, and some cultivated arcas are seen in the gently stoped
ancient slide areas. The arithmetic average of the vulnerabifity indexes in the
segnient is SO points. ' ‘ :

6) Segment 30 to 38

The segment is underlain by weathered granite, which is not strongly decomposed. '
Steep clifts and many spots of small-scale slope failure are seen in the segment. The.
vegetation in the segment is of modest secondary forest The arithmetic average of
the vulnerability indexes in the segment is 43 points. A -

7) Segment 391042

. The segment is underlain by weathered granite, which is situated in the place close

" to the boundary betsveen the granite and gneiss terrain. Decomposition of the rocks -
is significarit. Progressive down warping is occarting in a part of the canal. The

* vegetation in the segment is poor, and parts of land are of marshes with flags and

~other wet-Jand flora. The arithmetic average of the vulnerability indexes in the .

segment is 49 points. : : Cl : N

8) Segmentd3to 46

The segment is underlain by ghelss, but its surface is lcovérecl by thick brown soils,
The general landseape of the area is of gently stoped hifl. T his topographic relief has -
*been well preserved by the fact that the downi-slope areas undedain by massive -
limestone act to prevent land erosion of the higher areas. The vegetation in the
segment is of secondaiy shrubbery forest, and some cultivated land spots are
scattered in the area. The arithimetic average of the vulnérability indexes in the
segmeént is 37 points. : . : '

' 9) Segment 47 to 49

The segment is underlain by gnéiss, and the gneissosity of th_e_ rock gently ihclin’es_tq
the mouitain side. The gneiss in the segment is hard, so that the topographic reliel
in the segment is very sleep. The vegetation in the segment is of virgin forest
consisting of huge and old trees. No special risk factor is recognized in the segment.
The arithmietic average of the volnerability indexes in the segment is 27 points.

F-9
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10) Seginent 50

The segment is underlain by gneiss, and its position corresponds to that of the
synform axis. Deformation of the canal and ancient landslide topographic relics, as
a result, are not recognized in the segment. The arithmetic average of the
vulnerability indexes in the segment is 52 points.

11) Segiment 51 to 57

The segment is underlain by gaeiss, dnd its gneissosny inclines to the mmmtam side.
‘The mountain slopes, accordingly, are stable. The vegetation in the segiment is poor
in general, and parls of the land are used as cultivated farmlands. The ‘canal is
mainly situated on stable slope, but parts of it are in small-scale landslide areas or
risky areas for rock falling. The arithmetic average of the vulnerabifity indexes in
the segment is 40 points. '

(5) Gemldia Canal (CLS) [Fig. F.3.6 (1)~ (3)

‘the canal is 3.5 kilometers in length, and its mtake facility is qtuated in gramuc terrain,
' about 1 800 melers aboxe sea level. - :

l)

»

Segmcn! l to3

" The segment is mamly underldin by granite, and w eathcred crust is thin in thc area.

The vegetation in the segment is of pine forest, 20 to 30 years ‘old. A wooden
launder is seen atong a cliff, but no risky’ place is secn in the area. The amhmci:c
average of the wlnerabthly mclexes in the segnient is 39 pomts

chmem 4 to 6

- Many Iandshde b!ocks éxist in th1s seg,ment - The termmal of thcse shide blocks' ha\e '.
ﬁbecame mud ﬂows,‘and fonned flat planes - thmr do“n- ﬂow ‘areas. . The

vegetation in the segment is of moderate forest: Parts of these trees unevcnl)

“incline, and some marshes ‘exist in”the deprcs:mns in the arca. The arithmetic

average of the vulnerability in the segment is 52 points.

Segméni 7and 8

The Sa,gment is nndu!am by massive Imleslone whlch is thinly . banded impure

liniestone in its upper ‘horizon and massive” crystalline limestone in the tower

“horizon, The limestone is fesistant to weathering, so that the rock bodies are ‘quite

: solig and stable, and form steep slopes on the surface. On the mountain <!opes

_some springs are seen on the surface of the limestone layers, duc to poor

permeability of the limestone layers. The vegetation in the seginent is rich because

“of suflicient water on the surface, and some surface soil zones have crept due 1o

such spring waters. The anthmetic average of thie vutnerability in the segment is 43
points.
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4)

Segment 9 to 12

“The segment is underlain by quartzite and calc-silicate rocks, which are overtain by
- limestone formation in other areas observed in the former segment. This segment is

in an old landslide block, aud it shows a gently sloped landscape. Major paits of the
land are used for cultivated land and housing. The landslide itself is almost
stabilized at present, however, some fresh gully intrusions are seen in the lower
parts of the slide block, indicating possible reactivation of the land in recent times.
The asithmelic average of the vulnerabilily indexes is 42 points.

(6) Nalakha Canal (C18) [Fig. F.3.7 (1)~ (3))

The canal was constructed on lhe left bank slope of the Dang Chhu tiver, about l 450
meters above sea level, and is 3.9 kilometers in length.

1)

Segment ! lo 3

The segment is underdain by foliated schist. The strike of the schistosity of the schist

is perpendicular to the contour lines of the slopes, and génlly dips toward the upper . -

stream. Accordingly, in spite of the fact that mountain slopes are very steep, E

- because water seeps out through the schistosity, and this environment has given rise’

o hcavy forests consisting of huge trees. These trees have generally formied root

- anchoring, which preveats slope failure on the slopes. ~ Landslide . and marsh

- accompanied by black slippery clay exists along the canal and parts of the canal are

3)

“atrisk for slope failure. The anlhmeuu average of the vulnerability iidexes in the
= seg:ment is 54 pomlq :

Segment 410 10°

: The segmem is undedam by qua:tro%e £neiss and Iughly io!tated sch:al A syntorm
- axis exists in the segment so that the schistosily of the schist is iearty ﬂal Almost
all thé area is cultivated land. ‘Somc landslides are locally: scen in the area, but the
‘segment is generally well managed and: stable. The arithmetic average of the
‘vulnerabilily indexes of the segment is 47 poinls, however, if one l'mdshdu block is
: e\cluded it is 44 points,

Segment 1to13

The segment is underlain by signiﬁcamly foliated schist. Many landslides exist in thc':
area, resulting in the rice fields at the lop of the landslides being abandoried in farge.

areas. Gully intrusion' is recognized in the toes of the landslides; forming decp’
depressions in ‘the ‘soil: The vegetation in areas other than farmland is poor,:
consisting of small shrubs in grass fand. No deformation of the canal is recognized
at. present, however, some attention to this possibility. is recommended. The
arithmetic average of the vulnerability indexes in the segment is 51 pomlq

F-1i
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1)

Segment 14

The geology of the segment is just the same as the previously mentioned segment,
and many landslides arc seen here. The canal of this segment is not in use at
present, and it is said that it has been in this state for the past several years. No gully
intrusion is seen in the segment because of no water {low. The arithmetic average
of the vulnerability indexes in the segment is 37 points.

(7 Rutekha Canal (C19) {Fig. ¥.3.8({1)~(3)]

The canal is situated on the eastemn slope of the Rubesa sub-area, and its total length s
2.2 kilonieters. The elevation of the intake is about 1,800 meters.

D

2)

Segment 1 to 10

The segment is underlain by garnet bearing schist intercalated by quartzite bands.
‘The schist is partly overlain by mud flow deposits. The schistosity is perpendicular
to the contour lines of the mountain slopes or inclines to the mountain side, and the

slopes are generally stable. The vegetation in the segment is of secondary forest of -

broad leaf trees, except some cultivated lands. Because the segment is geologically

“stable, no- deformation of the canal is recognized. The anthmeuc average of the

vulnerability indexes in the segment is 36 points,
Segment 111013

The segment is underlain by quartzose gneiss and cale-silicate rocks, which are

~ commonly overlain by thick reddish brown: soil layers. The vegetation in the

. :segment is of scarce shrub forest and grass. Because of thick soil, the canal has
~“deeply incised in the soil layer. No damdge of the canal function is anuc:palcd The -
‘anthmclu, avi erag,c ot the mlncrablhly mdexcs in the segmcnt is. 39 pomts

(8) \laphekha Canat (C20) [hg F 3.8 (l) (3)]

“The canal is \llllaled in the southern slopc of the Rubesa sub area, and ns mial\t is al
" about 1,770 meters above sea level.

D

chn'le'm' Ito5

The' seument s undcllam by g amcl beanng blome schist, and the Slnke of the

schistosity is almost perpcnd[cu!ar to' the contour lines of the stopes and genlly

inclines to the east, toward the upper stream. Along the canal, many springs secp

out trough the schistosity of the rocks. The vegetation in the segment is of heavy -
‘'secondary forest of broad leaf trees, and no soil erosion is seen in the area. Some

sections nearby the intake, which is situated in a risky position for flood, was
reconstructed by a concrete launder, therefore no deformation or damage is seen in
the canal. The anlhmellc average of the vulnerability indexes in the scg,men( is 38
points,
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2) Segment 6 109

The segment is underlain by biotite schist as well as previous sections, however
some landslides are seen in the slopes above and underneath of the canal. The lower
patts of the slopes are cultivated for rice fields. The vegetation in the scgment is of
secondary forest of broad leaf trees. Only a small-scale down warping is seen in the
canal; however, in general, the land is stable. The arithmelic average of the
vulnerability indexes in the segment is 39 points. :

3) Segment 10

‘The segment is undeilain by biotite schist, which is the same geological situation in
the previous segiment. The strike of the SChIStOStiy is parallel to the contour lines of
the slope, and dipping to the mountain side. Accordingly the land is geologically -
quite stable in the segment. The vegetation in the segment is of scarce pine forest,
but some shrubs and grass lands are seen in the area. The land is quite stablc in spite
of its steep slope. The arithmetic av Lraqe of the wlnerabl lty mde\ces in the seyncnl
s 3?' points, ‘

(9) Naykoyuwa Canal (C21) [Fig. F 3.8 (l) (3)]

“The canal is situated on the noith facmg slope at the south of the Rubesa sub -arca, and
is at the highest position among the canals in the sub- area. The intake is at an elevation
'of 1,900 meters and no farmland exists in the higher elevation’ of 1lu, slope.: The length
ot the canal i is 1 7 kl[omelers - - - '

l) Segment l 05

“ The scgment 15 undeilam by gamet bearing blotntu schist, mtcnalated by l]llﬂ[l{llb j
. beds. The sch:stosnty of the rocks is oblique to the contour lines of the stope, and
1 gently inclines to the mountain side.: The slope above the canal is steep, but
underneath the canal is gentle, fmmmg thick talus deplosits. The vegetation in the
- segment is of heavy forcst of broad leaf trees, and the soil in the section is well
- preserved. The arithmetic average of the vulnerablhly indexes i m the sngmenl is 30
points.

2 2) Seg,mcnt G6and 7

T he segmcut is in the same geologmal snuauon and thc Iand is qunc gentle So:m, :

- float boulders are scattercd there, but no exposed rock is seen. T hereis a possibility .
‘that the land is a landslide block. Aimost all land is used as rice hdds 'lhc o
arithmetic average of the \"ulnerablhty mdcxcs in the segment is 35 pomle '

3) Seginent 8
The segment is in the same geological situation of the segments 1 1o 7, but the land

is quite steep. The schistosity of the rocks inclines to the mountain side, and as a
result the land is stable. The vegetation in the segment is of scarce pine forest. The
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soil is thick there, and rock outcrops are very scarce. ‘The arithmetic average of the
vilnerability indexes in the segnien! is 32 points.

(10) Rumina Canal {C22) |Fig. F.3.8(1)~ (3)]
The canal intakes water from the Tagarong Chhu river ranning through the central part
of the Rubesa sub-area. The intake is situated at the clevation of 1,550 meters, and the

end of the canal reaches the watershed of the Dang Chhw river. The canal is 1.1
kilometers in length.

1) Segmeht 1103

The segnient is underfain by nwd flow deposslq and some boulders, over onc meter

in diameter, are scattered in the area. The land is gentlc, and used as rice field. The
arithmetic average of the vulnerability indexes in the segment is 37 points.

2) Segment41t06

The segment is underlain by biotite sch]st Because the section is in a ridge of
mountain, a gentle crest flat (crest plane) bemg, a relict of peneplain extends widely.
A0 meters thick soil layer covers the crest flat, and the canal has incised to the
" depth of 2 to 3 meters in the soil. The vegetation in the segment is of scarce chmbs
- and soil is exposed on the surface, w hich is scarce in humus soil. ‘The canal is sct in
* the deep part of the soil, and there is no risk for damage. T he anthnu,hc average 01
the mlncrablhl) mdexes in the segment is 37

3): Qegmem 7

The segmcm i underlam by biotite schlst and the strike of tins is oblique to lhc f

- contour lines of the slope, and gently mchnes to the vallcy side. The segment is on
: steep slope Tfacing north, in the watershed of the Dang (hhu river. A landshide

- block- exists just under the end of the canal. The vegctai:on in the segment is of
scarce shiubs and grass, and a mmor-sca!e failure is seen noa:by the canal: T he

arithmetic average of the vulnerability indexes in the segmenl is 47 points.
¥4 Geological Ilazar(ls '\!ap and Hazards Assessment

"lhc results of field work on the rating for vulnerablhl} of canals are compllcd on the

~ map of 1:10,000. Meanwhile photogeolo,gacal interpretation on the acro- -photographs’

as well as slope analy51s around the canals were carried out on the desk and complied
~ on the maps. The series of the geolagical hazards map is compoch of several maps
i c. ,g,cologuai map, slope analy31s map, and vulnerablhly index map.

 Kach map has mdependcntiy its own completc information, however the. causes of
_ geotogical hazards can be read by referring all other maps 1o the vulnerability map. In
addition, it is possible to know sizes of geological phenomenon such s landslides,
understand the background of geological hazards, and estimate outlines for grades of
future risks. As discussed before, the concept of hazards includes the possibility of
occurrence of triggers. The area shown by arrows in this map indicates the highly
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hazardous zone, which is sclected based on observations in the field. The figures of the
vulnerability index also indicate the hazardous degree of the segment estimated by
experience based judgement.

As mentioned in a National Environmental Commission's repott, slope failures due to
canals are very common in Bhutan. The examples in the survey - area suggests that some
countermeasures tor the stabilization of the slopes undemeath the canals are necessary at
the time of construction.

Although some modification may be necessary whein applied to other arcas or

infrastructures such as roads, the proposed check list for the vulnerability may provide

a reasonable standard for hazard assessment when it is utilized by the experienced
geologists or civil engincers. The hazard assessment on linear infiastructures in
mountainous area may have a good statting point with the simplified check kst on the
vulnerability. '
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