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ABS2RACT

The Jamrani dam project envisages the cona=
truction of a 130 m, high dam across river Gola,
tainly for- irrigatioa purposes in Bhabar area of .

" Mainital district ané generation of 20 MW of powers
Iower Siwalik rocks, comprising sandstone inter=
bedded with claystone and siltstone occur at the
site, The main Boundary fault, separating the
récks of Lower Siwalik from those of the Lesser

- Himalaya is the principal structural discontinuity
in the area, It traverses river Gola about 3,5 km.
upstream of the dam axis, i,e., within the reserw=
voir &rea, An inclined hole has been drilled across

ST the thrust zone to study. the permeability of the

/ ' same.Preliminary test grouting hagbeen conducted -

' in the dam foundation ares, to study the groute

ability characters of thefoundation rocks. The
availabllity of constructicn material and the seisy

micity ".°f the project area ure discussed in the
reporte -

2 + INRODUCTION s
1e The Jamrani dam project envisages the conse
' frumction of a 130m, high dam on river Gola near
* Jamrani village (20%1610";79°36%36";53 0/11), 1in
. Nainital dis;tl_:jif.‘t,,' 11’5';3?.-1 Tt is located about 20 Ko
‘ from Nathgoday 5 lcm: short of Hairakhan.. On com=
Pletion, theproject wauld provide irrigation bene-

fits to an additional area of 64,500 hectares of
land in Bhabar area of Nainital district. The gross

s
-
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of the reservoir proposed to be
cuble metre. There is alg, b
£ 20 syl of power in the
of the t:’iam_‘,J

storage eapacity
impounded 1s 201 million

provision for gener:ation o ki
power house, contemplated near the

2. . me phabar area of Nainital district does
not have enough ground water potentiality and is
almost wholly dependent on the discharge of Gola
river for its domestic and industr'ial neads, in
addition to irrigation requireme nts, But, the dise
charge of Gola piver varies widely from 2 cumec . to
100 cumec. tt has been estimated that the lean
season discharge is barely sufficlent to meet the
present domest‘l,c and J.ndustrial requirements of -
the area, The growth’ of popu.lation and the indus=
trial developme It envisaged J.n the area, call for
augmentation of the availlable water resmn:es.

‘As such, the Jamrani dam may, be the ‘basic answer '
for‘the—_fumedevé‘iopmental activi ties of the
area,

"

3._" , " Earlier the Plaming Camnis$icn had approved
*  the construction of a rpck—ﬁ:!.lldam with an upstream
‘concrete membrane at the pmoosed Jamrani site. But,
the Boa.r:d of COnsultants for the projec had,,. in
October, 1984, favoured a concrete dam, if feasible,.
a roller compacted stmctpre at the site after
. carrying out trial p} Tcement testse -

4, ' The geological investigations of the Jamrani.
s dam project are in gmgress since 1973." A 1list of :
the earlier tmpublished J:‘eports on the project by - :

the Geological Su,:*rey of J:ndia ard selected refer= -

- ences on geological st:udias conducted in the area !

are furnished in Appendix-:, which may be consulted

. ' for a complete acmunt of its evolution and detaill -
' . Of 9'30109'}'0 il i |
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During the fleld season 1985=-86 the geologi -
cal investigations of the project were continued
at the requést of the Superintending Engineer,
Jamrani Dam Construction Circle, Kathgodam and in
pursuance of item No./ BG/530/NR/UP/73/73 of the
approved field season programme of the Geological
Survey of India, During the period under reportﬂ
the author devoted 271 days. for field work at
different sites of the project, The field work
accomplished during the period congpr:l.sed the fow=

llowing itemsj:- _

Nature of work &' . Quaptum of
& Wworks!

F:Detailed geological mapping of the 0.18 sq;kmj

arca around the dam site on 1:1000
scale, ) _

3-dimensional logging 6f exploratory 33 5 m.
driftg at the quaxry site on 1:100 -

-scaley B
Detailed geqloglcal logging of 105:5 mJ

" drill holes,! - .

Geological mapping of the area .I - 80 sq.lcm:

around the project site.

Thé river Gola at the dan site flows in a
westeriy direction and the dam axis is aliqned

T

top of the dam is about AT m, of which 69 m,lies
above the riv-er bed, 217 m. on the boft bank and
141 m. on the right bank, The cord-height ratio of
the proposed dam is 3,30. :

The geological investigation were carried

. 'out and the wrlting up of this report has been
“accomplished under the quidance of Shri Gs Pant,
Director, Enginaerihg Gcology Division-s Geological

Survey of India, Lucknow.
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that the quartzites occurring -in the: Bhimtal area
"~ are probably equivalent to the r-!ngthat series.

. Gonsiderable amount of argillaceous matter, fragmm- '
tary pieces and pellets of cla?WEhin the siwaliks

_tal c;uartzite -~ trap exposure a.nd is well developed
~nhear Ramgarh,: They ‘designated the rocks, o

_bands of 1imeSREnBPBRESINT wne rio

REGIONAY GEOLOGY +

the first to study the gran.ite of Ranibagh area, ___
knotm as Amritpur Granite, Heim and Gansser (1939) ;
correlated quartzites and the aesociatdd green Vole
canics of the Bhimtal with the Nagthats of Simla . }
area, Nautiyal (1955)belicved that the granite oxe
P=0sed to the north of main Boundary fault 15 a togw.
tonically transported body thrust over the Siwalik
and designated it as Mnritbur granite, He also felt

1
4

Raina and Dungrakoti ( 1966) reported that

They also reported xenoliths of Bhimtal quartzite .
and basic rocks within the Amritpur granite.f ACCore
ding to them, the Anritpur Granite outcmp is frine
ged on the north by a porphyritic roc}:, which: far-

ther towards north splits. into two=ona running nearl!y',
Westwards, fringing the Amritpur granite ang found

upto Amritpur, .while the other goes around the Bhime

i e

omprising
quartzites, traps, -Phyllite slates and ]:aanticular

occurrences of
poxphyn-ies, mentioned above asg” Bhimtal formation,
They felt that the'rocks o'f Bhimtal form
robably equivalent to: Nagthat forrnation

i G e

ation are

Valdiya (1984) felt that the
and Nagthats are separated Ry thrus

Amritpur Granite
t which he deaignaﬂ#
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as the Salari thruat{ He dutﬁor-prefers toy koep
Amritpur granite’aa a separate unit and suggests

the following toctohle suecession of the Gola valley
(After Misra 1980),.

Tectonie Succession of Gola valley

Almora Nappe
;;;.;..;:;SOuth almora Thrust;;;;a;......;..-
Ramgarh Nappe . : Yot ;
;;;;Qcc; RaMgarh THLUSE essduess'sesdasodelse
B Krol NappeMatthat formatiom)
sasenosneeStlard Thruaty coep st c s o e
; Amritpur-Granite :
;;.;.;....Main Boundary Fault;;;;-;;.o.;...;.
Siwalik (Autochthonbua) o
' e AR &

Al s

The lower Siwalik, oniwhich the Jamrani dam

:is located, is truncated toward=s north by the Main

Boundary fault and is bound-by . the Bhabar talus fans
towards south, The Lower Siwalik comprises thick
sandstone,‘interbedded with claystone ana siﬁtstoneg

"The brownish=grey to greenish Lower Siwalik sandstones

are fine to coarse grained, micaceous-and moderately
hard. ‘The NW=SE trending Lower Siwalkk rocks dip con=-
sistantly at.moderate anglos (35° -55 Jtowa;ds NE

| .(PlntepI}.

13,

The www-ésp trendinq Main Boundary Fault dip

~at stecp anglcs'ﬁowanﬂs ENEQ In the reservoir area,

the thrust contact passes south af Sakula iend Pas-
tola village on the right bank, Then it traverses

the Gola river neap_Papota\villagef about 3.5 km. ups-
tream of the dam sltéi Oﬁ'ﬁhe lefty bank, it passes
south of Hairkhan vill e and then enters the fugar
stream, near Lugar village, close to , the, maximum

' rQBQrVOir‘lOVQl- mhc_thrust is ganerally eoncealed
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undeg the dabris aovg:. on.the loft bank of the
‘Lugar stroam, the Lower Siwalik rocks axposed clo,'
- t>.tha thrust, show shearing and dmgginq _foact.

14, The generally greyish, medium &0 Goaf“a-m'a §
Ampltpur granite, locally grading into quartz-po -
occurs to the north of the Main Boundary fault, 4
general foliation dips of the granite 1s 3o°-4c?u',

--wards NNE to NE, Therocks are alsd  traversed by e
sely spaced joints.; The cones of loose debrils obgg

.M .wed in the river bed, close to the right bank near

Pastola village, as well as in the river bed reaches

_of Bhuria area, consist of small “fragments of Amrit. ;

Pur granite mixed with fine grained material,

15, The Amritpur granite and porphyry towards
north separated liyom the Nagthat by the Salari
__thrust which is discamiblﬁ near Pokhripheri,
_-~=7 . Pinsela and Xotjwa, The ¥cks of Nagthat formation
- (Bhimtal formation of Raima and Dungrakoti-1966), |
comprise basalts,: amphibolites, phyllites, slates =Z
and white purple and green quartzites. ™

16, The Rﬁmgabh thrust separates the Nagthg
the south and' the rocks of Ramgarh group on the |

chlorite schist, lhrust over the Ramgarh group of

with the intenrention og south Almora shrust mcks.

the aAlmora group, carnprising gneiss and schist, in-

truded by granite-granodiorite suilt are exposed on ;
'northern fringes of the Gola C&tch.ment.l 3

-

4 Pl 5 <& t
27 " The pmposed Jamran.l Dan s:lta ‘ P

is located on
which c:maist: of aandstoni

and claystone, The deta

‘the Lower Siwalik rocka,
alternating with ailtstan
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gedlogical mapp:lnq of the dam site, on 1:1000 scale,
has been cu'ricﬁout. An area alony the river from
350 my upstream to 450 m. downstream of ttepropomd

* dam axls and on thebanks, from the river level (F1.
& 635 m,) to ElJ ¥ 786 me on the left bank and El,

+ 800 m, on the right bank has already been covered.
(Plate-zi. The rock expesures are nore abundant on
the right bank,the left bank 1is largely covered by
weathered rock/debris, supporting thick v@getation.

The river bed sect:!.on 1s occupied by about: 20 m.' deep

river borne material.

. The sandstbné occurring at the dam aite is
¢rey and brown cdloured,'- micaceous (biotite), fine
to coarse—grained and at places friable due to.poor -

. cementation. Cmsa bedding, observed in sandstone

about 200, m. upstream of the dam axis, indicate a.
normal order of supemositdlon. The thick encrusta-
tions of calcareous material observed on the inner

_sarface of the drifts indicate that the sandstone

s occasionally calcareous. The micaceous claystone
seen at the site is grew,. brown and purple in colour
and 1s gencrally welathm':ed near the surface with |
many shrinkage cracksi: About 10 to 15 cm. thick

shearing 1s often dec\'.'ifsberable along the contact of- .

the two rocks.: Ocmasio}\ally the clay stone and silt-
stone contain intrae formational fragments of the

'same rock or-: stone siltstone rcasdectively.' The -
micaceous siltstone is genera_lly dark gr-ey, moderae

-tely hard amd well cemqnted, The rocks show facies

variation along their strike, as exemplified by the
3=5 m., thick siltstone-claystona beds on the right

bakk, in the- east attemuated to O 5 o 1 0 m. in tha
west (Platew2), : :

The Lower Siwalik rocks é:bosed at: the dam
site proper is tectonically less distmubed, Their

-bedding gonerany strikes Ni=SE with dip of 3o°-56‘ in

.“‘\

-
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n i. Qe upstremn.‘mis is a favour.
t to the tightnessof
¢ s;ructural featie

north=east directio
able di-aponition wigh respeC
the fouhdation. Major* gtzological

anc asngnicnously

res like thrusts and faults ot
“~ebsant from the dam base ared, Howcvew oL shoare

ing &long sand-stOne/claystonc con’ .ac: 18 seen at :
Places. In addition to the bedding, +here are scveral |

_sets of jo:l.nts traversing the siwalik rocks at the
. dam site. Yor evaluating the pattern of bedding and
Joint at the siter 400 readings were notad. The data

‘Eb obtained was plotted on an ecual area, schmidt's
(Plate=4) and has indicated the presenca

Q‘geresnet
0% the following discontinuitieE: in order of" pre=.
poqderenceo
_ Diacont{nuity Yadma of T oecdke 7DD | :Ranar}cs _
bole Con= ' i e
' TR bentrfc\tioxg ' '
o \L‘ : % : 1 _ :
Beddtng jolnt. 15 N50%W 470/ 0°m:  Upstream dis
! - ' i pping into j
. _ right ba
Joint T, 10 w3 68°/m51%W .D.ownstre,
, ¢ ) . y “Aipping tos
g wards Tlg
] : : _ banka
Joint T 10 w60°e  66°A030°W - do =
Joint J3 38 ww  5/s20°w  Towards lef
T e N L O
Jotnt 3 3 wo’e  57/s1°E - do -
v
3 ‘,, e i e e
20, The Bt‘ceonet study showq that ‘he bedding

planes and Jomts show high value of maxima of pdle
concentration . 15%)« The joint plancs (F1~d& ) show
that J,has the' ‘.ighest value of mmd e ( 10%) ™a
,J, the least vaJ,\ge of maxima (3%). The moderatclY
ypstream dipping laystone beds would act as ba.rr‘i

~
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after impoundment of thae uum:u.-.'i

i 'Iho gullies/torrents on the loft bank, ©¢lose
to dam axis have moderate slopes on one aMc, contro=

- lled by bedding and steep ulopos on thg other side,

controlled by NW dipping jo:l.nt‘.s.f The rock “wedges forw
med dua to thae 1ntaraact:10n of these two discontinui-

‘ties may be of concern from the point of view of the -

stability of left abutment, during the foundation exe
cavations. Hence adequate measures like provision of
grouted anchors have to be thought of in the design
to increase the shearing resistance along these dis-
continuities. The south dipping joints control the
.stée*) valley slopes on the right bank and m\:l.d\hava
greater significance for abutmant stripping, on tha-.
right abutment.

\ On the basis of their exposures in the dam -
base a.rea,' it is assessed that sandstonec conatltute
about 75% of the bedrock in the dam base area and
the balance is siltstone and claystone put togethaz.‘.
T‘ha claystone beda, 1w3 m. thick in the river bed
and 3=5.-m, .thick at higher levels on the abutitent .
consituste the weaker fouh:lation members of the sited
The claystong beds occurring at the foundation level
may lead o differential settlcment. As such,: it
would be necessary to remove them to a depth (below
the general. foundation level) to be detarmined by

Shasta's formula and to back-£ifPolaotar .

. - @ -

- c 5 ~

-
-~

SUB=SURFACE_EXPLORATIONS 3 o Ry

A ‘totel of 95 Arill W7o T N L
A mtal of 25 drill holeshave been put down at the
gite s0 ffu.-. The sub=surface data obtained fiom theso
holes is almady discu.ssod in the pravious reports on
the pmject. During the period under report, two more
drillholes (nos, 25 and 26) have been conplatad at the
site which are described below i=

Tigiest
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' / N ﬁho dr.l.ll hoh No.?ﬁ was - loceted at m. 759.3

o uh. right bank of Ghu;mi nﬂlﬁm e i
-"I‘ha holn, incli 0° was drillad

' 20 ¢me. in the directien 510°E; 1,04, acrossi infe-
/ ' rred trace of the Main Bolmdal'-‘Y faulty It encountered .
' Aucitpur Granite down to 8,50 m, but ylelded no core,.
" In the vicinity of the Ma:l.n Boundary Fault, tho Amrd
pur granite, 1s sheared and traversed by closely sme |
céd J6ints’ and breaks into small pleces during dri~ .«
11ing. This perhaps explains the total core loss in.
the dr'.f.ll hole. Tower Siwalik rocxcs were encount@rc!d
" from 8, 5 m. downswards, A 75 cm. thick claystone,enw
countered in the hole initially, is pinkish in colour
and the core show slaking (break up) on exposura &0
atmosphere, Pinkish, hard and indurat:ed sandstone -
Occurred in the hole ﬁmm 8 50 m. to IBm. The sande _I
stone encountered farther down is grey coloured. The
paercent core recovery is generally more than 50 and
the Rock -quality Designat:.on (RQD) -is also generally
- fair (50—?5%) bgyond 11.5 Me Water percol ation tests
in the dr:.ll hole," perfomed in two sections,. 11.5 to..
16 m. and 16 to 20 m., indicate the permeability . vl

values t;) be 745 and 10.2 lugecm& re J;ec:t:x.vely (Pla.te- i
6) i , , . e 9 .

Dy 2B 4

25, " The hole No.27 was' 1oca1:cd at L. 645, 2m., on
the right bank road about 30 m, upstream of the dam
axis. It was drilled to a deptlt of 15,5 m. for per=
fenmlng Goodman's Jack Tests. The hole encountered . l
sandstong in the entire depth with a 1 m, thick silte
stone from 12, '5 me to 13, Sm. (Plate= 7). Tho percent J
core recovery :l.n the hole is generally more than 50
and -ranges upto 88, Though RQD is generally fair
(50-759’) down ".‘.O 3 Sm., it ig} poor (25-50%) farther




Ve
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27,

28,

w 11 -

downwards, It ie probably because of the fast drili-
ing undertéken to complete the hole in Justd over A
day for conducting the Goodman's Jack Test.

TEST QQ‘UTM !
L g _

For carrying out the test grouting a platform
was selectee on the r:l.qht bank about 35 m. upstream
of thodam axis (Plate+8), The testing was carriedout
using a 3 m. square pattern of fomr holes with an
1nq: ection hole in the centre, Against the planned
depth of 40 m., the testing could be carriedout to =

" “'depth af only 14 m. -in three stages of 5-8 m., B=1lr.,

and 11-~14 m.,‘l‘he 50=60 cmg thick overburden at the
location was not removed and the underlying rocks

were grouted to a depth of 5 me to form a grouted

cap. The rocks encountered in the test reaches of

the ‘holes are sandstone.

The pre~groutihg water percolation testsin t‘w
holes indicated the permeability values to be geno-
rally more than 20 lugeons for the first two stalt_:;'eu6
However the pPregrouting permeability of 11-14 My Sta-
ges 1is less than 6 lugcons -and generally around 2 1u-

" geons, These low value's 0f permeability obtalned in .

this stage could be due tq the effecthbf grouting
of the provious stage, which might have sealed~off
the joints anfmemby raduced the perma ability.

: ‘-Iowvca.r, thelst stage groutipg did not similarly :

reduce the pemeability in stage-z. The gmuting data
is still too meagre for dctailad analysis.

73’16 grout intake,’ in Q‘Bne-ral. ranges from 10 to
33,3 kg'ﬁn.' and the averach. grout intake is 14,6 Kg/m,
for 5-8 m, . stage, 26,8 Kg « for 8--11m. stage and
13,7 Kg‘/m. for 11-14 m. ataqa. The efficacy of groutinc
is 96.52% for 8-11 m. stage and 53.48% for 1ll=14 m,
stage. It 15 th known for 5-6 m, stage because the
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~on incidence’ of past éarthquakes in the area is not

rpreservoir is characterlsed by alternations of clay-
© stone= . sandstone, and is similar to that at Bhakra,

;”mation, may -show settlement without productng viberatis
70““- Therefbre, it maﬁ?quite logical to conclude that g
~there . not be much of an R.I.S. at the Jamrani dam

“ 12 =

17! hole 18 not avall.
s are summarisecd

L

pre=grouting permeability of
able, The results of grouting test

in the appandiwaI;-
SEISMIC ITY 8

" The SddsmicZoning Map of India prepared by
the Indlan Standards Institution olaces the dam area
in zone IV for which an earthquake coéfficlent of
0,05 g, 1s reeommended fopbzdinary and double this
flgure for major structures. Although, complete ‘Aat=

available to the author, an study of the available
data ﬁptoligﬁs indidates that the epicentres of a n
shocks, with magnitude of 5 are located about 110 Egg
north and north-ecast of the project site.

- The most importan¢, ‘tectonic feature presen* in
the area 1s the Main Boundary ‘fault seperqtlng the
Siwalik sedimentaries of the outer Himalaya from the
Amritpur Granite of the Lesser Himalaya. It trauerssa'?
through the reservoir and cuts across the river Gola “f

about 3, ‘5 km. upstream of the dam site, However; i:t3
seismic status is still not- fully knovma

The geological environments of the proposed

‘Ramganga and Pong dams in India, Mangla and Tarbela 0
in Pakistan. Srivastava et al (1982) and Valdiyaugss)::
have pointlout that these dams have not shown eny si-f'
‘nificant Reservoir Induced Seismicity fRIS), because - ]
of -the presenee of plastic rocks, whichb ‘under defor- :

-

PWO}GCt' - . Hi
4
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VIZ. CONSTRUCTION MATERIAL

It has been estimated that about 2 milli~o W

of aggregate woubd be raqu:l.md for the construciinn
of a concrete dam at the site, This quantity would

ba obtained from the river borne mater:l.al within
3-5 km, downstream of the dam site. The suitability
of these materials for concrete aggregate is under
evaluation by the project authorities, A detailed
quantitative avaluation of the material av'uilu.m
is yet to be taken up by the project authoritles,
As an alternative, it is suggested that the possi-
~bility of using Pmﬂrl:pm- Granitay exposed to the
north of the dam site, above e = 10000 . Mep TOr
using as concrete aggregate materini may. also be
evaluated, The gr:mitlc area 'is muproachaklz Ly
the Anna-Babiyar, ‘road under constructiocia Ly Pe! 1.0
which trﬂverse through Amritpur Gr:xnite and ke
a hair-pin bend above the dam sit:e.lsince the Ami.
pur Granite is e;posed in a-width of 3-5 kmss, su-
-fficient quantity of aggreg—ate .could be obtained
from thdzs source, "if it -is fiohdd suitable after
customary tests, The blasted matarial after prope:r
mixing could be taken down under gravity, However.
the possibility of the aggregate getting crushed
to very small size would have to be studied in
, detail. Altematively, the aggregate «nuld be tram
" parted to the site by an aerial ropuway,

32,

33, The Barajhala drift (El, 680 m.), excavated in
1980 was re-cxamined in detail =nd was logged geoln-
gically in detail for a length of 33,5 m. Hrift is

_located in quartzite, about 2 km. downstream of tho
‘dam site (Platg—S).‘ The drift was excavated by the
pro jac‘l-f authorities to explore the continuity of roc
for _rock-'filll material quarry., The drift wasalso
'examined.with 'a view to assess the-availkbllity of
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luitablrQHo rock hlocka for masonry dam al-a-n-
tive, The rock encountered in the drif ¢ 18 =rar vt
by very closely spared joinu, dipping in all diceus
tions, The southerly dipping joigts show longesr o |
rike continuity. Because of the closely spaced Juints,
it may not be possible to obt:ain rook blocks for the

sonry dam alternative from ‘this source.

CONCLUSIONS AND RECOMMEND ATIONS 1

4

The Jamrani dam project envisages the constrice

tion of a 130 m. high dam across river Gola in Mairi.
tal district, .P. for an additional irrigatior. °F

.

Gl,fSOO ha..- of land in the Bhabar ared of the dictric:
and generation of 20 MW of powers ‘

-

-y ¥~ 7
37 =

Rocks'occurridg at the dam site and. dts vizie
nity are sandstone interbedded with claystone and

.siltstone beds belonging to the Siwalik Group. T

bedding in the rocks generally strike NW-SE anfi‘ dlr
30°%-50° in NE direction,, isees! upstream, which i is a
favourable disposition. Stereonet analysis of the

joints Nave indicated the presencé of 4 promin.nt
sets of joints, | e

Towanls north of the dam site and towardL
farther east in the reservoir area, the Siwalkk Group
of rocks lie in contact with Amritpur granite. The
contact between the two types of rocks is-markcd by
the Ma.in Bommdary Fault. '

A-concrete gravity dam is envisaged at the sitcn;'
The difference in the'physical parameters of the sand-
ston? and aiit stong/claystone at the site would nece=
ssitate suitable dental tregtment of the weaker bed-
rock members for unifarm dispersal of sgresses.




3 38.‘5 An inclined drill hole across the infeiv *
trace of the Main Boundary faudt has indicatad =hnt

the permeability of the thrust zone material is iimi-
ted to 7.5 to 10 lugeons, This low value is unll:ely

to cause reservoir leakage.

39, The test grouting data available at the dam =.!::
is still very meager, However,/ it .indlcates that <he
foundation rocks may be amenable to groutinq. ™mn

achieving better washing of clayey fillings, defi Locaw,

lating agents could be mixed with water., It may also
be acNantageous to use super fine cement in place of
portla.nd canent for groutiug.

40, 'The dam site fells in zom IV of the Sei:nic
Zoning Map of India, Major earthquakes having mecii.
tude 5-are located about 100km, " north and nortr.cast
of dam site. It is felt that the area may not sac
significant increase in RIS due o reservoir :L'" *" nd--

ment but further studies in this rega:ﬁ' a.re ReqeIsTIY

41, The required construction material for tha o
posed Jamrani concrete dam is planned - to be abszin
from the Gola river bed within 3~ 5 km. downsii
the dam site.! The Amritpur Granite, exposed tu X 8
north of dam site, coulc‘l be considered as- an m,n g P
source.cuantitative and qualitat:hze evaluation 955 Q*x 3
material is vet to be made,

G
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The author wishes to record his t:hanks to the
project authorities for the coop-aration enctended for

fleld workd i
. HE 34/- R, Anbalagan,.
. Geologist (Tr.).

B¥G, GEOLOGY om.a,'nr,"
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Aligan Lucknow.,.: -
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1) -+ A geotechnical note pn
' :m sgtes, on Gola river

an s
Ha:nital diétigct, U, P, (with five p;.gtes). Field
season _1972-573.‘

y: ,; ' '%; 3 i I 73) technical note
-H M. (Decs 1973) 3Second geo . 0
5: tE:!l e Hz‘w.terpretat ons of drilling data, Jau'm::a’..(._a}LJH
al district, UePo ._:-_...th

dam site, Gola river, Nainit
three plates), Fleld season 1972=73.

Ho My % ) ¢ Thire hnical note on }
Dayal, H,M; (Jan,1974) : Third geotec S on
the proposed dam and the appurtenant _stmc':tu;.'-eg :l'm..':.".'-
and interpretations of drilling data, Jamran i&‘.{ <
site, Gola project, Nainital district, U,P. (wit!

three plates ), Field season 1973=74|

Dayal, H,M. (March,1975):Fourth geotecinical nota
on the Jamrani dam progect,Gola river, Nainital ~ 3
district, U,P, (With seven plates). Field season
1973=74) - .

Dayal, I-;,M. (Febe'1976)34 Fifth geotechnical report -
on the Jamgani dam project, Gola river, Nainital dis.
trict, U,P. (With six plates ), Field season 1974- 7%, 1§

Dayal, H.M, gamg,llg’ia}: Sixth geotechnical note .
the Jamranl dam project, Golga river, Nainital dds* -~ .

UsP, (With fourteen plates ), Fileld season 1976-: ., %

Jaltle, GJ/N, :Geotechnical report on the Jamrani -
project, river Gola, district Nainital, U.P. (Wil
two plates).’ Field season 1979-80,
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* Fleld season 137)-31
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GEOLOGICAL SECTION ALONG THE DAM AXIS
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