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INDIAN INSTITUTE OF TECHNOLOGY, ROORKEE

ALTERNATE HYDRO ENERGY CENTRE

ROORKEE - 247 667 (Uttarakhand), INDIA
Prof. S.K. Singal  phone: (01332) 285213, 274254, Fax: (01332) 273517, 273560
Head  E.mail: ahec@iitr.ac.in, aheciitr@gmail.com, sunilksingal@gmail.com

No. AHEC/C-1046/517
Dated: March 19,2019
Executive Engineer
Irrigation Division, Lohaghat
Uttarakhand Irrigation Department,
Champawat — 262523

Sub: Engineering Deisgn of Kolidhek Dam
Ref: Your letter no. 852/Sinkhlo/Kolidhek dated Sept 20, 2018
Dear Sir,

The Kolidhek artificial lake project site was visited by our team of engineering
geologist and hydraulic structure experts during March 08 to 11, 2019. Based on site visit and
details collected from the Uttarakhand Irrigation Department officials a note on geology of the
project site is enclosed herewith for your reference and necessary action please.

Yours faithfully,
W \ o
(SUNIL KUMAR SINGAL)
CC:

Shri MC Pandey
Superintendent Engineer
Project Circle
Uttarakhand Irrigation Department,
Lohaghat, Champawat — 262524 (SUNIL KUMAR SINGAL)
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NpT—
Note on Geological Aspects—Kolidekh Artificial Lake Project, Champavat (Uttrakhand)

1. Background

The Kolidhek Artificial Lake Project envisages a 21m high (above foundation) and 125m long (at top)

concrete dam structure across Lohawati River, near village Kolidhek in Champavat District of
, Uttrakhand. The reservoir/ artificial lake formed will be utilized for the purpose of drinking water,
minor irrigation and for the promotion of tourism. The project is accessible from Lohaghat Town
through Lohaghat — Devidhura road and is about 2 km from Lohaghat. The project area falls in
Survey of India toposheet No. 63 C/3. The weir site is defined by geographical coordinates;
longitudes 80°04°50.5" and latitude 29°24°3.2", The proposed length of the reservoir/ lake will be
approximately 1,64 km and the total submergence area by the lake would be about 8.10 hectares. The
total reservoir capacity at FRL is estimated to be 0.45 MCM.

2. Geology of the dam site

At the proposed dam site rocks are mainly exposed at the river bed and on the both banks along the
river. The exposed rocks are hard, massive dark to light colored phyllites which belongs to Manila
Formation of Kumaon Super Group. On the left abutment hard and massive grayish phyllites are
exposed upto a height of about 1.5 to 2m from the river bed. Above these rocks the left abutment
slope is covered by overburden material upto a height of 10 — 12m. The slope in general is gentle and
is a barren land. The sub-surface exploration on the left bank at lower and middle portion of the
proposed dam abutment reveals that thick overburden material comprising yellowish brown silt and
clay is present upto a depth of 3 to 4m followed by layer of boulders of phyllites with a thickness of 2
m. Below this layer bed rock is present which is characterized as hard massive compact phyllites. The
bed rock is slightly weathered upto a depth of 6 to 9m. The foliation plane in general varies from 40 to
60°. Near the extreme end of the proposed left abutment of the dam thick overburden material
comprising reddish brown clayey silt with fine sand is present up to a depth of about 9m. Further
below bluish grey to grey hard compact phillites are present. These phillites are moderately to slightly
weathered for initial 30 cm thickness, beyond which they are fresh. The foliation joint in this reach
dips at 60° and the rock in general is moderately to closely jointed. The rock quality designation
(RQD) varies between 9 to 40%. Further, along the right bank at the dam site rocks are exposed along
the river bed upto a height of about 2 to 2.5 m. In the lower reaches right bank slope is steep and
thereafier it is moderately steep to gentle. In the upper reaches slope is covered by thick vegetation.
The overburden thickness is about 2m which comprises reddish brown color silty clay. The bed rock
is present at a depth of about 2m which comprises grey hard compacted phyllite. The rock is
moderately to slightly weathered up to a depth of about 11m, beyond which fresh rock is present. The
foliation joints dips from 50 to 75°. The RQD in general varies from 5 to 25%.
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3. Geology of the reservoir area

The rocks present in the reservoir area are mainly grey hard compacted phyllites which belong to
Manila Formation of Kumaon Super Group. The rocks are mainly exposed along the river banks up to
a height of 2 to 10m. The exposed rocks generally strike N40° to 60°W — $40° to 60°E and dips 30° to
70° in North easterly directions. The major joint sets present in exposed rocks in the reservoir area are;
N-S/55°, E - W/Vertical, N60°E - S40°W/60°SE, N40°E - S40°W/50°NW, N70°E - S70°W/60°NW,
N45°W - S45°E/15°SW and N40°W - S40°E/50°SW.

4. Geological hazard due to reservoir impoundment

The main geological hazard associated with the dam reservoir projects is related to the stability
problems of the reservoir rim slopes under anticipated adverse conditions. Any catastrophic slope -
failure in to the reservoir may result into wave generation which may overtop the dam and may =
possibly damage the structure and may result into flooding in the downstream region. Stability of th e
slope is concerned with the relationship between driving andyresigting forces. Some factors contribute
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*or driving forces whereas others add to the resisting forces. Therefore, these governing factors are
very important in defining the slope stability condition. The main internal governing factors are;
1 geometry of the slope, slope material, potential failure plane/s characteristics, surface drainage and
groundwater condition, whereas the external factors are rainfall, seismicity and manmade activities.
These factors in combination will be responsible in defining the stability condition of the slope.

The main driving force acting on the slope is the gravitational force which is directly proportional to
the slope inclination. Steeper slope will be more susceptible for instability. As the slope inclination
increases. additional slope mass will add to the weight component, thus shearing stresses will increase
“and instability in the slope will be induced.

The proposed reservoir slopes of the Kolidekh project are mostly gentle along the left and right bank
of the river (Plate 1). The slopes are mostly terraced and are covered by agricultural and barren lands.
'~ The right bank slopes near to the dam site and in the middle portion of the reservoir are partly covered
by the torest land. The left bank slopes are relatively gentle, terraced and are covered by barren lands
around the dam site, in the middle portion and in the uppermost portion of the reservoir (Fig.1).

Plate 1 View of dam site and reservoir area
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Fig.1 Reservoir area of Kolidekh artificial lake project as seen through Google Earth image

The middle portion of the left bank and the upper middle portion of the right bank slopes are covered

by the agricultural lands. Since most of the lands on the either banks of the reservoir are terraced and
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" The inference drawn in this note is based on the review of the Geolog

gently inclined slopes,'the slopes in general are considered to be stable under anticipated adverse
conditions. The slopes along the river banks in the lower most reaches are generally rocky and form
steep sections of low height. In these sections possibility of isolated rock failure may exist wherever
kinematic conditions would be satisfied. However, such small failure may not have a potential to
generate destructive waves that may adversely affect the stability of the project. Moreover, these
steeper rock slope sections would be partially or fully submerged under reservoir water. A horizontal
thrust would be exerted by the reservoir water which may improve the stability of the slope. Further,
during reservoir operation rising and drawdown may bring changes in the material properties,
particularly changes in the shear strength that may affect the stability of the slope section within the
fluctuating zones. The rising of reservoir will saturate the overburden material and the rock mass
sections and on the same time a horizontal thrust will also be provided by the reservoir. During
drawdown minor changes are expected that may possibly destabilize the slopes. However, it will
depend on the slope inclination, slope material, landuse, kinematic conditions and the shear strength

properties of the slope material.

5. Conclusions

Finally, based on the topographical and geological considerations, prima facie, it may be concluded
that the filling of the reservoir may not affect the stability conditions of the reservoir slopes. Thus,
there seems to be no possibi[ity of generation of destructive water wave in the reservoir due to any
major slope failure under anticipated adverse conditions that may possibly affect the stability of the
dam. Further, in the reservoir area along the left bank three slope sections, marked as L1, L2 and L3
(Fig.1) may require slope protection works. These locations have habitations and a road section well
above the reservoir level. Slope protection at these locations will add to the safety of these features.

ical and Geotechnical investigations, as presented in the DPR and
made to come up with quantitative evaluation of ground
1s, as specified above, relevant to assess the slope

conditions. However, suggestions/ recommendations are forwarded on various aspec.

through the satellite image interpretation. No systematic detailed studies were

. sability condition in the reservoir area of the proposed project.
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: moderately to’ closely Jomted Fohatmn Jpznts are’ the promme ;

. foliation joints dip at 70° to 75" up fo I7m’ |
-l ra f-»ﬂ' m 50%60% The ¢ core splits'along the foliation joins, The'
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SEE"OND STUDY NOTE. ON THE PROPOSED ARTIFICIAL LAKE a8
ACROSS LOHAVATI RIVER; AT LOHAGHAT, DISTRICT /-
CHAMPAVATUTTRAKHAND

N
e’f
g_

Geofagmf (Semar) .
Unirakhand Unit, Geological Surve y of India, Dehradun.

" On the request from the Executive, . engineer, Irrigation Co
iy A% Q,.g

Lohaghat, District ,C hampm 53 geologlcal mve’sugapon?for. é_?gqp Sed i
0 Feb. 2
'ﬁ] h

named as. Kohdhek Lake acro iLoha\mtl Riverwereiunder, taken:

is in €ontinuation. of the. m\ie ‘_tlgatmns carried" out’by this Departmen _
seasons also. Thesexplm atory drill‘holes dnlled ‘on the left abutment ' :
and BB and.one Hole in the: Tiver bed along AA axis were geologlcally logged in'the’ Iast

- visit .and drill. hole no. DH-7, to. DH-10° ‘werg recommended and to be ‘drilled ‘after
evaluanon of'the site by the. desxgn engineers . The: summarized account-of the geological

: loggmg is:as under:

. LR S s
t
e R i o

S

Dnll ho!e No. DH- 7

This hole was dnlled pn the extreme end'on the leﬂ sule of the dam : axm T g = L 3
~ Thehole was drilled for 26 meters and indicated 9m-thick- overburden comprising ‘

reddish brown colored: clayey silt with fine sand. ' Further from 9m to 26m bluish grey to !

grey, hard and compact phyﬂ:tes were encountered The initial 30 cm depth of Phylhte is

Thls hoIe was drllled along the dam axis on the right bank, :
The hole was -drilled: ‘for-26m -and- indicated 2m thick overburden compnsmg:{ .

reddish brown sxlr/clayey sdt The bed rock comprlses bluish: grey to grey‘-

depth and below 17m d

isroush planer, was.recorded between 20m and 23m depth. rec_ovely IS-A‘ ,
o 1ip to I’hri anﬂ" B'“ond 17 it isTp To 35%. The RQD'is berween 5% and
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hole was, dnlled in mp ponum along the proposed spnllway ahgnment ; i
44 —'l'he hole was drilled tor 26m depth and has indicated Bluish ‘grey:to grey, hard :.% 5
ompact phyllites. The' rock is moderately weathered up to: A5m depth and ‘slightly vE Tty
_' ed from:15m 10 18 m depth. beyond 18m the rock is’ ‘fresh; Brownish colour.in- = g |
. q.ered Tock zone and Terruginous coating alorig joint planes’i in 'fresh rock ‘was also e
' '-ed The rock is closely jomlcd The foliation dips, varied: 60" to 70°. The core at’ i Bk

Y Y

g ":'mané places splits along foliation joint, The core recovery up 16 15m is below 2034 Er-ﬂ SERne-
- eyt de this dt_pth it is up lo .:&%. Thc RQD values rang::s ﬁ'om 55- 10 19% i
S % ' v | v'f‘ *t} $ :

ol na D10 4

.{- ‘f'
n'.

,'_ ;t‘ y’
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: SURERL . hh inats Ui i
' i‘lole was dnlled in: themlddle portion ‘along the pro sed apil 3@ .2 ‘ggmenax % 52k g-.:-
4l

e iThe hole was dn]ied for 26m depth and“malﬁted Zm"thick “overﬁurden
compmmg clayey silt wn:h ‘fine sand. Bluish grey.to grey,-hard ‘and compact, phyllltes: !
were encountered in the entire depth. The rock is slightly weathered up to 18m depth and
contains high degree of ferruginous staining/coating. Fresh rock with fine grained andat
times slaty in nature was encountered from 18m depth onwards. The core recovery is -
below 20% up to '?4m depth and-in the last two meter zone it 'was: 49%. 'I‘heRQD values 2K
were below 15% only rioly . : . !

Drill hole 1no Dl—l—ll* P -

~This hole was sugg.,,ested by the Des1gn engineers.
The hole was drilled for 12m depth only. The hole has indicated 5m deep
Qve.d;mdgn comprising. seddish. brownxla.yey silt-with fine sand_ The -bed. 1 mck,was :

Bty

féi‘éﬂbeloWszf tqrggu e t@oncngg{gerggnnthe“ _‘_'f“" hard; compact=flagsy
ntlcghylhtes‘ be}g'” nisigre th.sgwsuh%r hard and compact it 1‘; i3

e boumered.,'!.‘he rock 1s'shgilt}y weat to Sm ‘depm e

_cx.ih»thlck Wwer

fohation joints d:ppmg arotmd 70"~
18% to 45% aud RQD values were below 20%
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L
" STUDY NOTE ON THE PROPOSED ARTIFICIAL LAKE ACROSS LOHAVATI
RIVER, AT LOIHAGHAT, DISTRICT CHAMPAVAT.UTTRAKHAND.

By sy
A-f\f.Juiu, REF 1 o
Geologist (Senior) LS S LRI
Urtrakhand Unit, Geological Survey of India, Dehradun.:

l"

On the request rom the Exeeutivesengineer, lrrigation Construction Division,

a8 Lohaghat  Bistrict Champavat,  geological investigation ! for " the  proposed

artificial lake named as Kolidhek Lake across Lohavatimniver'-“;_i(ere under taken

; between 22™ July 2008 and 27" July2008.This is in ‘continuation of the

g ~investigatigns carried out by this Department in the earlier:field seasons also.
e A The e?\lplmtc.{lm'}’ drill holes drilled on the left abutment on the two axis'AA and

BB and one hole in‘the river bed along AA axis were geologically logged. The
summarized account of the geological logging is as under: e

30

Drill hole no D=1 was drilled for 27m depth, on the left_abutment ol the
river at the lower most portion along the proposed barrage” axis. The hole
revealed the presence ol 5.0 meter thick overburden ‘material comprising
yellowish brown silty soil with clayey matter in the upper :three meter and
another two meter depth comprises boulder of hard phyllitic rock. The bed
rock comprises hard and compact massive nhyllites. This rock is slightly
~weathered up to Y meter depti beiow which the rock is tresh and contains thick
quartz vein the upper portion of the fresh rock. The dips of foliation \bedding
e-between 0° and 50 The core recovery ranges from 20% 78%.

, _ rilled for 28 ‘m-depth, on the left abutment of the

_ ‘ ddlieportion alang the proposed barrage axis. The hole revealed

- the presence of 5.0 meter thick overburden material comprising yellowish

- brown silty soil with clayey matter in the upper three meter and another (wo
meter depth comprises boulder of hard phyllitic rock. The bed rock comprises
hard and ompact massive phyllites. This rock is slightly weathered up to 7
meter depth bielow which.the rock is fresh. The dip of foliation \bedding plancs
varies from 30" 10 60 " core recovery ranges from 33 t075%.

Drill hole rio. DH-3 wus drilled for26m, on the left abutment of the river at the
upper middle portion along the-proposed barrage axis. The hole revealed the
prcs&:géc of 4.0 meter thick overburden material comprising yellowish brown
Csilty. soil with clayey matler. ‘The bed rock comprising hard and compact,
jointed. phyllites. This rock is slightly weathered up to 6 meter depth below
which the rock is fresh., The dip,of foliation *bedding planes varies from 30"
g 60 " core |'t:un\’n;1')r‘l-"l?‘£i1 ‘.:!csﬁ'ﬁﬁﬁo% to 60%%.



lower middle portion along thc proposcd barrages ax gzhglg;revealed ﬁ;e
- presence of 3.0'meter thick: ‘overburden malcnal‘comp isi g’iﬁéﬂbwmh brown -

-_ % silty soil with clayey matler.. “The bed rock comprisg i 1":ind compact,
Jomtcd phyllites. This rock is moderatcly to shghﬂ ; eredup to 7 meter
dcplh below Wthh 1hc rock is fresh.. The "dip:of n..lbeddmg planes
varies from 50° to 60 ¥ core récovery ranges: &omﬂ% "452‘/&45& shear zone
was interpreted between 21m and 24 m depth on 1he basis '

f fine grey sludgc-

L2 s S "’ ﬁ?*

" Drill hole no. DH-5 wa'drlllﬁd¢$,27m o thell b

' Jomtgd phyllltcs This rock is modcratcly to shgliﬂy yeath om 8 meter

planes varies from 50° to 60 ° core recovery ranges. from §% tQ 28% A shear
Zone was mterprelcd between 21.5 m and 23 m depLh on: _b 13’ of fine grey
sludge. T A

‘pomon on the AA

F axis. The bed rock comprising grey, hard and compact, wc'phyllltcs were
met in the entire drilled depth.. The dips of the beddmg plane vary from 40° to
60% The core recovery ranges from18% to 48%. £ A%

- thickness réngcs from 4 to 5 meters and 2 to 4"fﬁ: _f-_‘_
above the fmsh bed rock along AA axis -1;_17--5- 3

tcriand 24 mdter .
h‘bed rock was

rock ard a shear zone was’ also mtcrprctcd béecn 21 '
depth. In the river bed section around AA axis: hard

~ encountered from the start of the hole.

On the basis of the present subsurface data AXJS AA‘;:appears‘ to be more
suitable for weir as the fresh bed rock on the left abutment will be available at
7 to 9 meter depth.in comparison to BB axis where it will be available between _
7 and 16 meter depth. From engineering point of: view the civil design
engineers should also evaluate the site after physical’ inspection. 1f found
suitable from engineering side also it further required cxplonng over burden
and weathered rock thickness on the lefi abutment extreme end portion by one
drill hole. Right abutment and spillway structure on the right side also required
. to be cxplored by three drill holes. The location of the holes have been shown
1o thc project eugmccrs at site:as well as also marked on the contour plan.

w.,a.w".- 2

yipcathiered
to 16" meter depth below Wh.ICh the rock is fresh.. The QJP Ji fohatlon \bedding ..

*
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.

e Al the time of site inspection the lc;umon of
gpround es well as on contour plan and the pre

holes on the contour plan were not marke
e -" Hadke

Yreference pillars should

o The contour plart with grid rc['crcnce TEng
- suppllcd to this

- be prepared and marked at site a copjr fi :
o department also. i

A e The details of the drilled holes as pe
; supplied, 3
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CHAPTER -2

PRELIMINARY GEOLOGICAL INVESTIGATIONS

INTRODUCTION
< The project envisages creation of an artificial Lake by constructing a concrete/ gravity
m of 15 m high and 65 .m-in length across the river Lohawati near village Kdlidhek n
istrict Champavat in Uttarakhand State. to promote tourism, minor irrigation and drinking -
ater supply to tawa and its vicinity. The project site is located about 2 km from Lohaghat
own on Lohaghat:Devidhuratroad. The area of investigation falls in survey of India
"oposhect No. 63 C/3. The project area falls under seismic zone-V of seismic zoning map of
India. e
1 ; The detailed geological mapping of the project site was carried out during the period
T-betwecn 30" May and 4™ June 2005 in pursuance of GSI field season programme 2004-05
where in the item of-investigation was included as an additienal item. An inspection visit was :-- ..
also paid to the project site at the request of the District Maglstrate Champavat and the
‘Executive Engineer Irrigation.Construction Division, Lohaghat, on 24" Feb 2005.

The area experiences.tropical climate with seasonal variation. Rains are-common
throughout the year; however,.regular monsoon starts from June and continue upto October.”

e area is generally’ covered by thick forest but at places, few barren hills also seen. The -
‘main flora consists of Chirr, Deodar, Nashpaati and Chameli. The area around dam site and
eservoi_r, area are covered with thick forest of Deodar trees.

This report deals with the geological investigations carried out at dam sites and part of
'servoir area of Kolidhek Artificial Lake Project in the FS 2004-05. The investigation taken
includes detailed geological mapping of dam sites and part of reservoir area to delineate

( ﬁ"erent lithological units, structural units, overburden rock contact, assess general rock mass

onditions and to finalise the dam axis.

.2 GENERAL GEOLOGY OF THE PROJECT AREA
: In the area altemanng sequences of Sandstone, Siltstone and Shale, of the Siwalik

'roup are exposed upto Sukhidong. The Bhimtal Formation sandwnched between Main

oundary Fault (MBF) in the south and Ramgarh thrust in the North comprises  purple to

e green quartzite with phyllite and chlorite schist and metavolcanics. The formation close

0 ﬁ!c thrust is sheared and pulverized, at places. ' \ g : @
C/IC'PUKanhek Lalke/April-2009 | 4 ﬁm? ; "\
.'. * f‘.i‘-"
. ; .
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SAT) in the North and

E
E Ramgarh Group of rocks, bounded by South Almora Thrust (
B gneiss, porphyries, quartzite and chlorite

- Ramgarh thrust in the South, consists of phyllite,

t. Further north, these are followed by the Almora Crystalline Group, comprising

. schis
gametiferous mica schist carbonaceous phyllite, slates, augengneiss, gr
phyllites, limestone and

anite and granodiorite.

" Near Ghat the Crystalline Group of rocks separated by shale, .

~ dolomite of Garhwal Group are exposed. Quanternary deposits occur in the form of river

terraces. flood pain and riverbed deposits, debris/ talus deposits and reworked debris in the

:
': 2.3 GEOLOGY OF DAM SITE AND PART OF RESERVOIR AREA
otal station, was

ge 700 m). An

The detailed geological mapping (Fig. 1.2) on I: 1000 scale, using t

| camried out at the proposed dam site area and its reservoir area (upto chaina

'_ area of 1,25,000 m® was covered. Geological mapping in the current season was taken up

with the aim to delineate-different lithological units, structural units, ‘overburden, rock

: contacts assess general rockmass conditions. and to finalise'the dam axis. *

At the proposed dam axis ‘A’ and B", grayish coloured, hard and massive phvlhtes

sed. On the right bank, insitu rocks are exposed with in vegetation upto an elevation

. are expo
+ 1718 m from th
the both sites. The width of river at these s1tes ranges from 10 to15m (F]U 1.2).

e riverbed, (+ 1694). The rock are also exposed in the riverbed section on

On the left bank, along the dam axis ‘B’ the rocks are exposed upto an EL. + 1706 m |

from the riverbed. Beyond this, the area is occupied with overburden material/ soil cover upto

a considerable distance. The river

. which are very hard and compact in nature.
On the left bank. along the dam axes ‘A’. the rocks are exposed between riverbed

' Ievel (£1699) and EL. £1700m. ‘At this site the area between EL. £1700 and +1710 is covered

section at this site is covered with massive phyllite rocks,

4 w1th soil/overburden materials. Beyond EL. £1710 the scanty outcrop of insitu  rocks area

seen exposed with in cover of overburden material and soil.
‘ The foliation of rocks at these sites, in general, trends N 60° - 70°W - S 60°—70° E.

,' direction with 30° and 60° dip in north easterly direction. The following sets of joint have

_j been observed. The foliation joints are the prominent joints in the area.

-

U

AHEC/ICDL/Kolidhei Lake/April-2009

Scanned by Caimﬁscénner



.

SN

“Strike [)ip/un‘fl;ﬁ;ﬁ and direction Description

N60"W=-S60°E 30°NE Spacing 2 to 5 cm tight,
moderate smooth.
NES-70°W-865°-70°E | 60°NE - Smooth and tght, iron
stained
TN-StoN 10°W-S10°E ' | 50°-60"W to S 80"W Smooth, tight, spacing 5 cm
to 20 cm
N S5°E-SS¥W 75°NW Smooth, tight
N70°E-S70"W 15°SE Smooth, tight
= N40°W-S40°E 27°SW Spacing 2 cm to 5 cm, rough,
i tight, iron stained.

_ In absence of any subsurface data, it is not possible at this stage to comment on the
. depth of acceptable foundation rock on the left bank forboth the alternative sites. -However, -

~ on the basis of available surface data and the tentative geological section drawn along dam

3 Tl S
S AN S A il

e
(R X8 S D

axis it is anticipated that the overburden material would be upto a depth of 2 to 6 m. But this

. needs conﬁrmation by-putting few drill holes down to fresh rock level in consultation with

gmloglsts e :
" The reservoir areay which will have a 1.6 km? spread is located mainly on grayish

'~ coloured hard and compact phyllites of Manila Formation. The rocks in the reservoir area
"generany strike N 40° t0/60°W — S 40° to 60° E and dip 30° to 70° in northeasterly direction.
Vanatlon in attitude of rocks have also been observed at places. The following joint sets are

obscrved in the area. The foliation joint are the prominent joints in the area.

'f.' i. N-8/55°E%: sz - Tight, rough, spacing 2 to 5 cm, 0.5 continuity

ii. E-W/Vertical Spacing 5 to 10 cm, tight, rough 0.5 m continuity

“'; iii,. N 60°E-S40° W/60°SE Spacing 2 to 10 cm tight rough iron swained, 0.5 cm
: continuity ;

N 40° E - S 40°W/50°NW Rough, stained, spacing 5 to 25.cm, continuity 20 cm
N 70°E - § 70° W/60° NW  Tight, rough,
N 450° W — S 450° E/150° Spacing 5 to 20 cm, moderately smooth, continuity 0.5

SW : m.,
C/ICDL/Kolidhek Lake/April-2009 6

N 40° W —S40° E/50° SW . On 5 to 0.5 m spacing, stained, tlght, rough
g1 : nﬁﬁﬁﬂ’ ‘t\‘tﬂaﬂ
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The entire area of reservoir is devoid of any overburden materials except at certain
b on where few rolled blocks of quartz vein associated with host rocks and RBM are seen
¢ river bed section. The exposures of rocks are observed in riverbed section on proposed
Bervorr area upto a height of 3 to 10 m on the either bank. Scanty outcrops are also secen
| cod on left bank of reservoir area.

. The slopes on the right and left banks of the proposed reservoir area are largely
-d. gentle and occupied by barren agriculture lands. The hill slopes on both the banks of
pre oposed reservoir area, are stable except at few locations where the vertical slope with
cgetation exist and dips towards the valley. The Dam is located in known seismically

Cx

give Himalayan Region and it would be necessary to adopt a suitable seismic factor in

e design of the dam.

CONCLUSIONS AND RECOMMENDATIONS
Detailed cveologlcal mappmg on"1:1000 scale at dam site aréa ‘Wwas completed in this
field season and contacts of different rock types and of rock and overburde

e delineated. In the area mainly phyllites of Manila Formation are present.

1 1Mmass

As the

wer
thickness of overburden/soil material is tentative, it is recommended to exp

ea of the. proposcd dam sites by fiver drill holes (locatlon is glven 1n the
cceptable

lore the

left bank ar

plaite-I) to know the subsurface geologxcal condition and decide about a

ium and dam axis. Water percolation tests may also be conducted as

foundation medi
per BIS codes is the holes. These holes should be drilled for a depth 25 m each (at

least 5 m in bed rock).

The rock types present in and around dam site and reservoir area are phyllites (Manila

Formation) of Kumaon Super Group. Regionally, these rocks are intruded by
granodiorities of Champavat, dip
bank area of dam sites is covered with overburden materials and bedrock is expected
to be at the depth of 2 to 6 m. This

f - mean of dnllmg at smtable locauons

ping 30° to 60° in northeasterly direction. The left

need to be confirmed by subsurface exploration by

‘::-The Wi arca : f dam site ‘A’ and ‘B’ should also be explored by drilling

B ollowed by water pcrc,olanon tests with a view to decipher the subsurface geological

.UKaiidhekLake'/Aprﬂ-JUW S : A Ry, TS
= & by ¥ &gy
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condition and acceptable foundation medium; albeit both the sites, prima facic, appear
to be feasible,

2.4.4  On the basis of the desired subsurface data, final decision would be taken up as regard
to the choice of dam axis and height of the dam and also to comment on the

acceptable foundation level,

4.5 Geomechanical properties like compressive strength, modules of elasticity, shear
parameters and other laboratory/insitu tests should be conducted, for evaluation of

rock mass parameters.

2.4.0 The Dam is located-in a known seismic region and it would be necessary 10 adopt a

suitable seismic factor in the deéign of the dam.

2.7 l’roy.ct authontlcs are also adv:scd to workout the layout of dam and other

appurtenant structures in consultation Wlth designers for takmg up further engineering

geological investigations.

2.5 E}\PLORATORY DRILL HOLES
As per the recommendatlons of the geolog,lst above, the investigations of the
subsurface strata were carried out by GSI through drill holes suggested by GIS and design

engineers, The exploratory drill holes drilled on the left abutment on the two axis A and B

and one hole in the river bed along axis A were geologically logged. The locations of these'.

1.2. The detailed observations of geological logging as recorded

drill holes are shown in Fig:
during drilling are given in Appendix-2.1. The summarized account of the geological logging

is as under:

Drill hole no. DH-1 was drilled for 27 m depth, on the left abutment of the river at the lower
most portions along the proposed barrage axis. The hole revealed the presence of 5.0 meter

thick overburden material gompri
o meter depth comprises boulder of hard phyllitic rock. The

pact masswe phyllites. This rock i is slightly weathered upto '

sing yellowish brown silty soil with clayey matter in the

upper three meter and another tw

- bed rock cornprlses ‘hard and com dma
" 9 meter depth below which the rock is fl‘esh and contains thick quartz vein the upper portion. .~

= f the fresh rock The dips of foliation / bedding planes are between 40° and 50°. 'Ihe_ ‘core
to 78 %.

covery ranges from 20%

e
hit e

EC'/IC‘DL'/Ka!lrdhekLake/Apri!-?OOP |
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prill hole no. DH-2 was drilled for 28 m depth, on the left abutment of the river at the
middle portion along the proposed barrage axis. The hole revealed the presence of 5.0 meter
thick overburden material comprising-yellowish brown silty soil with clayey matter in the
ypper three meter and another two meter depth comprises boulder of hard phyllitic rock. The
bed rock comprises hard and compact massive phyllites. This rock is slightly weathered upto
- meter depth below which the rock is fresh. The dip of foliation / bedding planes varies from

30° to 60° core recovery ranges from 33 to 75%.

Drill hole no. DH-3 was drilled for 26 m, on the left abutment of the river at the upper
middle portion Eéllong the proposed barrage axis. The hole revealed the presence of 4.0 meter
thick overburden material comprising yellowish brown silty soil with clayey matter. The bed
rock comprising hard and-compact, jointed, phyllities. This rock is slightly weathered upto 6
meter depth below which!theTock is fresh. The dip of foliation/bedding planes varies from

50° to 60° core recovery.ranges from 30% to 60%. = ¢ 20

Drill hole no. DH'-4v was drilled for 27-m, on At1.1.é léft ébutinent at BB axis in the lower middle '
portion along the prbposed'barrage axis. The hole revealed the presence of 3.0 meter thick
overburden material compnsmg yellowish brown silty soil with clayey matter. The bed rock

compnses grey hard and compact Jomted phyllites. This rock is moderately to slightly

weathered ‘upto _7 meter, dcpth below which the rock is fresh. The dip of foliation/bedding

planes varies from 50° to- 60° core recovery ranges from 30% to 45%. A shear zone was

interpreted between.21 m and 24 m depth on the basis of fine grey sludge.

Drill hole no. DH-a was dnlled for '77 m, on the left abutment at BB axis in the upper middle*

ng the proposed barrage axis. The hole revealed the presence of 8.0 meter thick

portion alo

overburden material comanln“ yellowish brown silty soil with clayey matter. The bed rock

s grey hard and compact, jointed, phyllites. Thick
ter to 16 meter depth below which the rock is fresh. The dip of

- comprise rock is moderately to slightly

weathered frorn § me

folmuonfbeddmﬂ planes varies from 50° and 60°
1.5 and 23 m depth on the basis of'ﬁn grey sludge.

core recovery ranges from 16% to 28%. A

- shear zone was interpreted between

d for 15m depth in the river bed portlon on the A axis. The

.~ Drill hole no. DH-6 was dnlle
d and compact masswe phyllites were met m the entire drilled

bed rock compnsmﬂ‘ gr 35” har
8 depth The dlpS of the beddmg Plane vary from 40° to 60° The core recovery ranges from

_18% t0 48%.

A;zsc:ﬂcouxozfd;zgk Lake/pril-2009 0
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3 i1 hole no- DET This hole w

as drilled op the e
Xtreme g
e was drilled for 26 me end on the left side of the dam axis.

ters and ind; N
indicated 9 1y thick overburden comprising reddish

fine sand. Furth

: er from 9 m 10 26 m bly;
B g 2 uish grey to grey, hard
- mpact phyllites were encountered. The injtia] 30 cm depth of Phyllite is moderately to

.. ..+ weathered there 3 :
oy WRRE after the rock is fresh, The rock is moderately to closely jointed. The
__nent joint plane is foliation joint dipp; o
I J Pping at 60°. The core recovery varies from 40% to
md RQD values are between. 9% and 40

Lane

Drill hole no. DH-8 This hole was driljed along the dam axis on the right bank. The hole was
g« for 26 m and ihdicated 2 m thick overburden comprising reddish brown silt/clayey silt.
¢ oed rock comprises bluish grey to grey hard and compact phyllite. The Rock is rich in
mic content and moderately to slightly weathered from 2 m to 11 m. The rock contains
saining and coating of silt/soil along joint planes in the upper zone. The rock below 11 m
'ept': is hard, compact and fresh. The rock is moderately to closely jointed. Foliation joints
.e the prominent joint plqneS. These foliation joints dip at 70° to 75° up t“o"l‘? m depth and
,eiow 17 m depth foliation joints dip ranges from 50°-60°. The core éplits along the foliation
joins. The other steep joint dips at 80° and is rough planer, was recorded between 20 m and
'3 m depth. The core recovery is below 15% up to 17 m and beyond 17 m it is up to 35%.
The RQD is between 5% and 25% only. '

rill hole no.DH-9 This hole was drilled in top portion along the proposed spillway
ignment. The hole was drilled for 26 m depth and has indicated Bluish grey to grey. hard

compact phyniteg, The rock is moderately weathered up to 15 m depth and slightly

sathered from 15 m to 18 m depth beyond 18 m the rock is fresh. Brownish colour in
€2 om )

eathered tock zone and ferruginous coating along joint planes in fresh rock was also

ed. The rock is closely joirited. The foliation dip
ervup to 15 m is below 20% and bevond

s varied 60° to 70°. The core at many

o i T pAAg st re recov
aces splits along foliation joint. The cor

' depth it is up to 38%. The RQD values ranges from 5% to 19% only.

. "t fii “‘dd]c portion along the proposed spillway
: was drilled in the mi

hole no. DH-10 This bole W45 dicated 2 m thick overburden
ent. The hole was drill
e 1 to €Y,
Mmprising clayey silt with fine sand. Bluish grey t0 & Y oo dents il .
] Thé rock is slightly weathered up to 18 m depth and contains

tered in the ennre-;lepth- ck with fine grained and-at times slaty in

S ting. Fresh 10
egrec of ferruginous staining/costiné- T \

od for 26 m depth and in
hard and compact, phyllites were

_ | : . o

A ' ‘ ]0 : - B QU eI

L/Kolidhek Lake/April-2 e - e L
: ] o ¢“ '. e h Frh’E‘fHTE "a; v % =
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nature was encountered from 18 m depth onwards. The core recovery is below 20% up to 24

m depth and in the last two meter zone it was 49%. The RQD values were below 15% only.

Drill hole no. DH-11 This hole was suggested by the design engineers. The hole was drilled
for 12 m depth only. The hole has indicated 5 m deep overburden comprising reddish, brown
clayey silt with fine sand. The bed rock was encountered below 5 m depth. In the top on¢
meter zone the rock is hard, compact, flagey quartzitic phyllites, below this grey to bluish

grey, hard and compact phyllites with quartz vein up to 2 cm thick were encountered. The

| rock is slightly weathered up to 8 m depth below this rock is fresh distortion of the foliation
¢ planes due to intrision of quartz veins was noted in the cores. Pyrite specks were also
observed in some core pieces. The foliation joints dipping around 70° are prominent one. The

¢ core recovery varies from 18% to 45% and RQD values were below 20%

2.6 CONCLUSIONS

The prehmmary analys:s of the drilling data indicate that the overburden thickness
" ranges ﬁ'om 4 to 5 meters and 2 to 4 meter weathered rock zone above the fresh bed rock T
! along A axis on the left abutment. The overburden thickness on the left abutment along B
; axis varies from 3 meter to 8 meters and 4 meter to § meter weathered rock zone lies on the
" fresh bed rock and a shear zone was also interpreted between 21 meter and 24 meter depth. In
- the river bed section_a:qi_md ﬁxis—A, hard fresh bed roék was encountered from the start of the
* hole.
| On the basis of the present subsurface data axis-A appears to be more suitable for
* weir as the fresh bed rock on the left abutment will be available at 7 to 9 meter depth in
' comparison to axis-B where it will be available between 7 to 16 meter depth. From
 engineering point of view the civil design engineers should also evaluate the site after
" physical inspection. If found suitable from engineering side also if further required exploring
?'-over burden and weathered rock thickness on the left abutment extreme end portion by one
”drill hole. Right abutment and spillway structure on the right side also required to be explored

; ;‘by three drill holes. The location of the holes have been shown to the project engineers at site

“as well as also marked on the contour plan.

i i Geologist

! s GSI, Dehradun
: ARTETR /geqrad A

". y -

- AHEC/CDL/Kolidhe Lake/April-2009 11

it Lo
3
o P ——
. P

Scanned by CamScanner



“tiw

APPENDIX-4.1

e OF NON-OVER FLOW SECTION OF CONCRETE DAM

P . concrete OF B avity dam is proposed for Kolidhek lake, The design data are as follow:

| LSIGN DATA

rop of dam =EL 17140 m
Top width =50m
piver bed level at dam site =El. 1694.0 m *
Rock level in déeper river course at dam axis =EL 1693 m
Maximum water levelVFRL in lake =EL1712m
Crest level of spillway, .. =EL 1708 m

- Tail waterlevel ... .. =El 1698 m

Nt 1] i
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APPENDIX-4.1

STABILITY REQUIREMENT
 section of non-over flow portion of dam as shown ip

Consider the maximun
as per IS 6512-1984

sign shall satisfy the following requirements of stability

a) The dam shall be safe against over turning at any
base.

b) The dam shall be safe against sliding on any plan
foundation or within the foundation.

¢) The safe unit stresses in the concrete of the dam o

not be exceedsd the permissible limit.

4 FORCES CONSIDERED IN THE STABILITY ANALYSIS
' Following forces are considered for the design of dam:
a) Dead load of concrete dam (W)
b) Water Pressure in Ws (Py1) and Water Pressure in d/s (Pw2)
c) . Uplift Pregsure
" 'd) Silt Pressure

'e) Earthquake forces

¢
:
4

LOAD COMBINATIONS
The design shall be safe for the most adverse

Iable safety factors:

a) Construction Condition

Dam completed but no water in reservoir and no tail water.

VUL Ty g B

b) Normal Operating Condition

Full reservoir elevation, normal dry weather tail water.

: applicable)
u.':_ ¢) Flood stcharae Condition
;i Reservoir at maximum flood pool elevation, all gates open,

elevation, normal uplift and silt.

d) Loading Condition (a) with Earthquake

Loading Condition (b) with Earthqunke, but no Ice
with extreme uplift (drains inoperative)

PRSTE S4LE g8  vre deiie s Lt

f) Loading Condition ()
'g) Loading condition (e) with extreme uplift

a4

C/CDL/Kolidhek Lake/April-2009 _ R i
' ' fefard I TS

i
E¢F

above Figure
plane within the dam or at the
e within the dam, &t the

r in the foundation material shall

joading condition given below using the

normal uplift, ice and silt (if

tail water at flood

A Contd. .....
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APPENDIX-4.1

DER NORMAL OPERATING CONDITION (b)

QNALYSIS FOR SAFETY — UN
e checked 1n

gned for normal operating condition and will b

e dam section shall be desi
dam section are

i_dmg conditions. Different loads and bending moment acting on the

Ermd tabulated below:
|
§ Loads (T/m) Eccentricity Moment about dam to¢ Remarks
from dam toe (T.m/m)
Horizontal Vertical (m) Clockwise Anticlockwise
T TYT _’—f———'j———————-"‘l
180.50 - 6.33 1142.57 - Factor of
—‘—_____—— '_-__'____-—-—-_'—‘
- 405 - 5.00 202.5 - Safety
Be | el e _
- 32.00 16.81 - 537.92 against
| A . B
£ - 22.20 16.83 - 373.63 over
—_— e ;
, - 14.40 16.42 - 236.45 turming
| A | — )
R 950 @Al 13.25 : 3339 _5812.45
an
E 184,86 717 - 1325.45 3339.96
: : - L. =L
- ) 168.63 11.83 1994.89 -
SH=221.0 | TW =336 83 57333006 | = 581245
¥H = 221. =336. . 45
/L/L/ff

e

In Fig. 1, we have following loads
Tw hl hl

o | —

(i) Horizontal Pressure (Pw1) .

1000 x (1712.0 —1693. 0) kg/m

l\.)‘t—l

=180.5 T/m

—

=—W, h,h,

'I-J

(ii)  Horizontal gilt Pressure (Ps)

—

—x360x(l708-—]69 3)" kg/m

l\.)

=4(.50 T/m

( 1+19)

—10003\-—-———-—)(
)

‘(iti)  Vertical Water Load (Ww) 2kg/m
=32 T/m

Y _ , 5 (9+15) 15) &

(iv)  Vertical Silt weight (Ws1) =925 2kg/m
=122.20 T/m

f ; ”
{CDL/Kolidhek Lake/April-2009 Ri=g I &8

&4&%@ e ontl " .t :
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APPENDIX-4.1

(v)  Vertical Concrete Load (Wa) =1; x 2.0 x 6 x 2400 kg/m
=144 T/m
Vertical Concrete Load (W) =2400x 21 x S kg/m
=252 T/m
Vertical Concrete Load (We3) =2400 x -}J- x10.75 x 14.33kg/m

=184.86 T/m

\(viti). Uplift Vertical Load () =]5x1000x19x17.75 kg/m
=168.63 T/m
Stability Against Over Turning

- A gravity dam is considered safe against overturning if the criteria of no tension on the ws

e satisfied. The stresses at heel and toe are given by:

: - YW 6e
Oy :—T_(l i?]

P

 Stresses with uplift B2 ' o .
;‘qLct )_( be the distance of resultant from toe where it cuts the base, then
| x x 336.83 = 5812.45 - 3339.96

or x =7.34m

- Now eccentricity of resultant force from the centre of base

B 1775
me=

i )

-7.34

' =1.535 m (thus eccentricity lies within two third of base width)
336.83 , 336.83x1.535x6

= — L 2
17.75 1175

=189729.85
* =28.82 T/m?, 9.12 T/m? (within safe limit and no tension at heel)

m ’ ; iCOnldT. -...-
oD e Ll

YICDL/Kolidhek: Lake/April- 2009 ; g 37 a8
: . wigmare /gWEd
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AFPENDIN-4.1

¢ withou! uplift

’_w: A6 1M

B o134 07 _ 446738

x =408.40 505.46

S -884m

‘ Q.84 =0.035m

505.46 , 505.42x 0.035x 6
17.75 17.75°

%
+ 0.34 '

-

=28.82 T/m", 28.14 T/m’

R
L= ]
W

L
=
o
H

e 238

Since there is no tension developed at u’s face and the bearing stresses on the rock

ton 1s also within safe limit. Hence, the dam section is found safe against over turming. The
)f safety against over turning is.given by:

kos. = 381245 ) 74510 (0K)
3339.96

Stability Against Sliding

The tendency of sliding the d
ete or the

am section at any horizontal plane 1s resisted by the frictional

ear resistance of the concr foundation. The factor of safety against sliding (F;) may

-ulated as:
TWun¢ CA

Fé Fe
F, = =

Where,

o = algebrical sum of al
ernal friction of the material

| vertical forces = 336.83 T/m

(an ¢ = coefficient of int

¢ = Cobesion of material

A = Area under consideration for cohesion = 17. 75 m* |

Fe = partial factor of safety in respect of friction = 1.5 for load condition (b)

' F, = Partial factor of safety in respect of cohesion = 3.6 for load condition (b)

~ p="Total horizontal force = 221 T/m

T Cemd. .....
o ! Hord® 9 A ]
CAIC. pL/Aolidhek Lﬂkt’fﬂpnf-ZOOU m'd‘t = .
5 & 7
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T A,

The value of ¢ and C for concrete to rock at foundation level may be taken 36° and 20
? respectively. Thus,
336.83 tan 36 5 20%17.75
Fa_ 15 3.6

=12 >1.0
(safe against sliding)
.
CHECKING IN CONSTRUCTION CONDITION (a)

The dam is completed and no water in w's & d/s of dam. Here,
IW.=14.40+257 + 184.86

=451.26 T/m

M about dam toe = 236, 45+ 3339 + 1325.45
= 4900.9 T.m/m

Stability Against Over Stressing at Foundation
Let x be the distance of resultant of vertical load, from toe where it cut the base.

X X 451.26 = 4900.9

A A PR . 1 . R Py i <52 S et ot
s oty
1 HhErs Pra— LR iRE Wikiiag b ChddE i

x =10.86 m

17.75 _10.86=1.985m

e=

h—

45196 45126x1985x6
e s T

F 2543+ 17.06
| =42.49 T/m? 8.27 T/m? (within safe limit)

| CHECKING UNDER FLOOD DISCHARGE CONDITION
A- Here the maximum water level during flood condition is same as FRL and tail water depth

""f°\lndat10n level will be 5.0 m. Hence the section designed under normal operating

Will also be safe under flood condition.
s o ; 5 Contd: 5.
Lake/april. 2009~ RiER SR

L Rolighe),
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ITH EARTHQUAKE

CHECKING UNDER LOADING CONDITION (b) W .
he effective joadings

dam which usually increase t
ges the downstre

rthquake, decreasing the
the dam. Both

8.0
am force of

Earthquakes impart accelerations to the

! |
' on the dam. The ws movement of foundation due to earthquake 1ncrea

" water and silt loads, similarly d/s movement of foundation due to ¢a
ncrete in

effective weight of the water & silt above a sloping face and of co :
effective weight tend to

al loads in a d/s direction and decreasing the
he earthquake forces

increasing the horizont
e dam, t

decrease the stability of the dam. Therefore, in the design of concret
shall be considered in addition to hydro dynamic pressure due to reservoir.

@) Horizontal Earthquake Forces

£
The project site-lies in seismic zone-IV. As per IS 1983-198
‘y’ below reservoir surfac

it st .

4 the hydro dynamic pressure

(P.) due to horizontal earthquake at ‘any depth e is given by the equation:
P =000, T '
—0.726.1.5.0.15.1.0x 19 =3.10 T/m’
Total hydro dynamic horizontal force due to earthquake

. P.=0.726 . pe . h. % ¥8 e

0726 3.10% 19 =42.76 T/m

? and over turning moment due to earthquake (horizontal)

M. =0.299 . pe . b’

—0.299 x 3.1x 19°

=256.27 T.m/m

(i)  Vertical Earthquake Forces

The seismic coefficient in vertical direction = 0.75 X o

=0.75%x0.15=0.1125

The effect of vertical earthquake is to reduce the weight of the concrete by the vertical

- seismic factor. _
(W) =0.1 125 x TW,
=0.1125x 451.24

=50.76 T/m :
This force will .act at C.G. of the section i.e. at 10.86 m from toe. Thus moment due to

"‘_fel'lica] earthquake about to¢.

=50.76 x 10.86
=351.25 Tm/m :
- !E EE) : Contd. ..... :
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APPENDIX-4,1

ing Against Over Turning

(n downward and u/s earthquake accelerations

( lu‘\"‘
31

\ (336.83 - 50.76) = 5812.45 - 3339.96 - 256.27 - 551.25
\ (286.07) = 1664.97

\ =582m
_17.75

e=

-5.82

=3.05m

t
o 286.07 , 286.07x3.05x 6
17.75 17.752

=16.11 £ 16.62

== 0:51 Tim", ‘.32.'173.Tr’1:|:12 (Tension is allowed upto 29, of compressive strength of

G2

concrete). Hence safe.

b) ‘ in Gpwhfd and ﬁ!s'éﬁ}iﬁtiu;ke aécelera_tio.ns..‘ w
% (336,83 + 50.76) = 5812.45 ~ 3339.96 - 256.27—551.25

% =2767.47/387.59=7.14m

c=12£—7.14

7

=1.735m

ol 387.59 , 387.59% 1.735% 6
CASETY 11.75°

=121.84% 1281

= 34.65 T/m’®, 9.03 'rh_:gf- (under safe limit) _

g2  Checking Against Sliding
286.07 tan 36 20x17.73
LAY T e

& (221+42.76)
2 2 :
_32112 ;5 (0K) ¢
263.76 _
Thus, the dam section shown in Fig. 1'is _fou_nd safe under all the critical load combination i
conditions, hence it may be a(_iopted- - £
CACDL/Kolidhel: Lake/April-2009 niiaaE T Rt I "B
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: Zsom‘pOpuIaﬁon, form march to june Month

naining 08" ‘Months 3.375 Mld water requiremert il be met for drinking from lncoming

‘tY of stéNOIr 2 (.45 mem=4.5 lac m”
in water store 4.5 Lac vt
3.375 Mid

:3.275 m” per dav

i

ulred far drinking por day

10375 Lae m’ per day
0.03375 Lac m* x 120 days

1}

- 2
=405 Lac. m

1 of watsr will be met for drinking from reservoir in above 04 months.

tha reservoir.. - ‘ [z

oA

remaining water in raservoir after ginning required water for drinking wilt br £.05 fac
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