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ABSTRACT

Kota Barrage is the towermost hydraulic structure amongst the searies of four dams built across the river Chambal, a
tributary of the river Yamuna n the Ganga Basin. It 1s siquated near the Kota City, Rajasthan in India and is in operation
since November. 1860, with an irrigation potentiat of 679 thousand ha in two ad)oining states of Rajasthan and Madhya
Pradesh. It comprises of a composite structure conststing of a 268.2m long earth and rockfill dam and a 304.8m long
masonrty spillway. the total length being 573 0m The earth/rockfill dam abuts in the nght against a hillock cver which a
very old Garh Complex exists and two fort walls intervened in between the spillway and the abutment have divided the
dam info three distinct reaches having different foundation sub-strata. The spillway rests on hard guartzitic sand stone
with high rock face in the left flank and is provided with 19-radial gates (12..2m x 12.2m each) and 2-under-sluices (2.7m
x 3.3m) to discharge 21240 cumecs at MWL 260 9m. Heavy leakage of water through the bed rock crevices in the
adjacent right abutment resting on hillock slope, wet spois on downstream edge alongwith repeated settlements and
formation of sinkholes on top of the dam has led {o a great concern abcut safety of the dam  Geo-technical
investigations carried out recently reveaied some lensesfzones with iow density sclimass and higher permeability at
places in the embankment
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INTRODUCTION

Kota Barrage I1s the lowermost hydrautic structure
amongst the series of four dams deweloped In the
Chambal Valley for generation of power and irrigation. It
is built across the main nver, Chambal & principal
tributary of the rver Yamuna in the Ganga Basin ang s
situated near Kota city. Rajasthan {India). The project
was commissioned in November 1960 toc divert water
into the canals for irngating 679 thousand ha barren
lands in two riparian States of Raiasthan and Madhya
Pradesh and aiso to fulfid the water needs of Kota
Thermal Power Plant and the Kota city.

Kota [Barrage s a composie | structuie  CoOmprsing (&7
268 2m long earth and rockfilivdar and 204 5m [ony

masonry spillway the total length being 573.0m. The
spiliway 1s separated from the dam by a long cross
retaining wall. It has 19 steel radial gates, each 12.2m x
122m size and 2 under-siuices (2.7m x 3.3m) to
discharge 21240 cumece  The spillway abuts against a
varticat rock face in the {eft flank wheieas the dam abuts
in the right fiank against the siope of a hillock overwhich
a very aged Sarh Palace exists. The general layout of
the projact 1s shown in Fig. T

DA EMBANKMENT

ihe darm hzes 2 maximurr height of 37.3m with its top at
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embankment with impervicus ccre i cenye. sami-
pervious transition and shetlls of rockfili on either side as
ghown in Fig.2. The dam is intervened by two old fort
walls called Lower Fort Wall and Upper Fort Wall which
have divided the embankment in three distinct
reaches(Fig 1). The Lower Fort Wail with about 6.0m
base width at EL 219.9m and 4 3m top width at EL
241.2m intercepts the dam obliquely at Ch 182 Om
whereas the Upper Fort Wall with its top at EL 26C.6m
in upstream and 258 9rm 1n downstream intervenes the
dam nearly at nght angles to the dam axis at
Ch 243 .8m. Atthe junction of these walls. the core was
faid after dismantling the walls for a short strip to
accommodate the core.
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1 Spillway 5. Clay Blanket 9. Sink Hole.

2 Embankment 6 Retaining Wall  10. Seepage Path

3 Masonry Cut 7 Lower FortWall 11 Garh Complex
Off wall 8 Upper FortWall 12 Seepage Exit

4 Ciay Grout Curtain

F1g. 1 General Lavout Flan kola Barnrage

1. Impervious core 5. Sand and Boulder Strata
2. Semi-pervious Transition 6 Clay-Grout Cuntain

3. Clay-Blanket 7. Clay-Tongue

4. Rock shells 3. Filter

Fig 2 Typical Ernbankiment Section
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GECLOGY AND PRE-CONSTRUCTION TREATMENT

The spillway rests entirely on hard quartzitic sandstene
whereas the dam Is founded on the old river bed of
Chambal having different soil characteristics which have
thereby necessitated different type of treatments. The
dam between the Retaining wall and the Lower Fort
Wall (Ch. 0.0 to Ch. 182 9m) rests partly on hard rock
and partly on pervious strata comprising of silt, sand,
gravel and boulders. An impervious clay-tongue of about
m o thick protruding inte the river for a length of about
S55m from the Lower Fort Wall and extending both
upstream and downstream for a long distange is
sandwiched in between two bouldery strata as shown in
Fig3

From the Lower Fort Wall to the Upper Fort Wall (Ch.
182.9m to Ch. 243 8m), the dam rests on soil cover
whose thickness varies from 24m to 8m in the right and
which has been deposited during construction activities
of the Garh Patace. Again, at the junction with the Upper
Fart Wall the dam has a step in the foundation with
level at EL 240 8m on the left and EL 258 8m on the
right of the wali. Bevyeond this wall, the dam rests on
natural soit extending upto the dam end {Ch. 268.2mj}.
Red rock steeply rises from the river bed at EL 210.9m
to the right abutment (Ch. 274.3m)at EL 249 5m.

A rmasonry wall 12m depth in average, which rests on
hard rock ang has its top at EL 229.7m coupled with a
21m long masonry Cross Wail at Ch. 103.6m, is
constructed from Ch. 0.0 to Ch. 1158m to form a
positive cut off. The river deposits in the area from the
masonry wail to the toe of the clay tongue are excavated
upte Ei. 216 4m whereas the deposits over the clay-
tongue are excavated upto the Lower Fort Wall. The
entire area is then backfilled with impervious clay upto
the top of the cut off wall and grouted with Clay-Cement-
Sodium Siicate grout and thereby formed an impervious
water barrier(Fig3) In addition, a 3 m thick and 167.6m
long upstream clay blanket, downstream filter drains,
inverted filters and relief wells have alsoc been provided
i the deepest section (Ch 0.0 - Ci 182.9m) of the
emt.a~vment to further control the seepage through
foundation or any possible soil erosion.

Due ta the existence of thick ciay cover, and low height
of the dam from the Upper Fort Wall to the right
abutment in particular, no special foundation treatment
15 provided heayond the Lower Fort Wall. However, as a
preventive measure a semi-circular cut off trench of
radivs 10.7m and 4.5m in depth is provided at the
runction of the core with the Lower Fort Waill to
mcresse the seepage path A 9m long masonry Key
Wall resting on nard rock 1S also provided at the
upstream junction of the core with the Upper Fort Wall.
Here the core 1s extended In the upstream in the form of




a2 guadrant of 30m radius as an addifional nreventive
measure against seepage.

1. Masonry Cut-off YWall 6 Lower Fort Wail

2. Sand Boulders 7 Soi Deposits

3. Sand and Gravel 3 Bed Regcok

4, Clay Tongue 9 Upper Fort wall

5 Clay Fil 10 MNaturat Scil Deposits

Fig. 3 Geological Sectian of Dam Foundation

PROBLEM OF SETTLEMENTS ! SiNK HOLES

Luring iniat filiing of the reservoir to £ 256 O, soma
leakage of water emerged out from the Lpper Fort 'Wall
at downstream toe at EL 247 2m Some Waler spots
were alsc cbserved in the downstream edge in the
vicinity of the Upper Fort Wall With the increase of the
pond level to EL. 259 7m and maintaming # almost
cochnstant. seepage started through the rock crevices in
the Garh area at EL 254 2m Gradually it increased to
0.28 cumecs due to widening and washing off the
seams in the rock with the passage of ime. [Presentiy
seepage 15 {0 the tune of about U 23 cumeacs with its
water clear and free from suspended particles] In
1868, the staircase from the top of the Unper Fort Wal!
to the approach read in downstream got damaged due
to settlement. In 1933, a settlement was z2lso observed
in the rockfili slope at EL. 251 5 m across Ch.246 8m

Following a continuous downgzour for three zonsesutive
days { 112Zmm rainfall was recorded j. a sinkhole was
observed on 20.7 .88 on the downstream toe of the dam
in the right flank followed by ancther sinkhole on
23789 in the form ¢of a crater on the top of the
embankment at Ch.252.0m These sinkholes were of
about 1.8m to 2.4m in diameter and 1 8 in depth
Even after refiiing the setilements with earth zhd
bouiders. a sinkhaole reappeared on 08 11.80 at the
same location (Fig.4). This time depth of sinkhole was
about 27m. it was again refiled with earth and
bouiders. Another setftiement was also chsened on
23 590 at about 10 downstream from the oo
agcross CTh 2Ed Zm Thus  repsated seft
sinkholes have 1ed o o great concern o7 tne gaferny o
the gam
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Fry 4 Sikholes at Ch. 253m. Kota Barrage

GEOTECHNICAL INVESTICATIONS

'n the vear 1990. five boreholes were drilled in the right
abutment n the Garh Complex to know about the
geolcgical conditions of the region. The investigations
revealed that the deptn of the overburden in the region
vaned trom 4m to 9m and the overburden materials
comprised of low density silty scit mixed with pieces of
ctehes hnoks ete. These drillings showed a very good
G excelent core recovery (90% to 100%) of fresh, hard
and massive sand stone. but bed rock was found highly
fracturedd . Tracer studies carred out in these bhore
hcles indicated that the seepage exit at EL 254.2m, was
hydraulically connected to the reservoir (Fig. 1).

Later in Feb. 1892 a pit of about 2m dia was excavated
at 1m upstream of the centreline of the embankment
iCh, 254 bm) 1o explore the pattern of movement of
matenals in the subsidence occurred during Juty/Nov,
1¥3Y The pit was excavated from the fop of the
embankment at EL 2629m down to EL 2588m
Excavation revealed that the bhackfilled materials of the
last settlernent had moved towards the downstream and
there was no evidence of ‘piping’ or seepage hole.
However a ioose pocket was met at the bottom of the
o1t

Twelve horeholes were further drilled for about 427m in
totai length  at the selected locations (7 nos. in the
embankment ang 5 nos. in the Garh complex) to know
more abeut the causes of sink holes/settlements.
Founeen Dynamic Cane Penetration Tests (DCPT) in
additicn tc a number of in-situ and laboratory tests were
aisa cared oul These tests indicated that the
‘eundaton overburgen and the embankment matenals
ingether compreed of CF & CL types of soils,
siedominartly it and clay panticles in general, with
moderate plasnony, density vary!g rom 1.44 gm/ce to
< 3% Gindce. meisture content of 96% to 25.5%. In-situ
% valies were founda to be 1n order of 33 x 10 cm/s to




1 x 10 cmis  Geo-techmcal investigations cond.uded
that the embankment foundation was semtpemnious
overlying the weathered bed rack. (n tne othear hand |
seeping of water through the old fort poundary wall
forrming the reservorr rim coutd not be ruled out. Also 3
few loose pockets in certamn zones of The embankment
might have been developsd due 1o mmadegquate
compaction and washing off fines and hence the reisted
problems co-exist since filling cf the resarvoir

PIEZOMETER QESERVATIONS

To study the present behaviow of the dam podv ana
also to check the sefectveness of ihe micnosd
treatments, foity-three Porols - type Pierometers (23
Nos in foundation and 20 Nos in embankment) nave
been instalied at various localions of the ambankment
as well as in leakage-prone region of the Sarh Comples
In addition. twenty one Cpen-type PreZometsrs have
alzso been instailed inside the selective  Sand Drams
[see Design Criterna - Fara-1] so as to asceramn theair
effectiveness.

Study of the piezometric leveis sevealed  hefler
effectiveness of the masonry cutoff wall than the
axisting clay-grout curtain. Watar levels n the
mezometers £4-18 and £: -4 (Fig. 2 were found to be
much higher than those in the cther piezometers 1 the
same linge. Both of these prezometers are logated near
the Lower Fort “Wall  Possibility of hvdre-fractunng at
the contact of the interfaces of the wal with tne
embankment are also not urhkeiy and the same might
have contributed to such higher piezometrc ieveis
Simitar phenomena were aleo obsearaed in the vicinity of
the Upper Fort Wail  These events confinmed the
existence of the weak zonesflenses n the dam body
which are directly connected to the resenoir  Again,
incidences of sudden sinking of 3m deep sand filing
inside a vertical Sand Drain at Ch 249 m ¢n 2711 85
followed by ancther sinking of 0.7m on 251198 in the
same Drain contradicted agamnst the soundness of the
embankment body Desmte o thase facts sespng of
water through the downslream oe of the embankment
at Ch. 231m and Ch. 238m dunng mjecticn of water
inside the backfilling of the pit a3t sinkhole re.afimmed
the existence of some paths which might have resuitec
in sefllements/sinkholes due o ingress of rain water of
otherwise flow of reservolr water through the dam body.
Fig. 5 shows some piezometnc water levels In the
vicinity of sink hole at dam top.

REMEDIAL MEASURES
Some peripheral treatments like {1} Introduction of

transition zone by sand - sluicing in the downstream
between rockfill and the core from the Lower Fort Wall
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ta the Upper rort Walil (i Proper drainage in the raised
garden existing in the upstream junction with the Upper
Fod Wall and aiso in the downstream slopes of the
emoankment and {in) Black-carpeting of the dam were
carnied out.. Considering the results of the geo-technical
inveshigations and plezometric observations, Central
YWater Commission nas  suggested the following
traatmenis kesping in view the future safety of the dam :

' installathon of Verticat Sand Filter Drains.
Booinstallation of Cemeni-Greut Curtains,

W Coaschndation of Weak Zones ! Interfaces of the Fort
Vi alis,

i Contact greuting of the over-burden vis-a-vis bed rock
nans,

1 g Fd-18 ‘ !
l I 2478
4
_1‘ /
<« o
13 ] ¥
Fd-9
N ¥ il
l;} 252.7 0(
Repa g0 enia i g
ELJ8 L 2535 24 256 &f/ 2508 (3%
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2mg 2550 zZimd geﬁi 230 l'z:d-s:ez_g N i
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o) Endl 2560
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£ - Foundanon Fiezometer
£ - Embankment Pigzometer

Fig. 5 Prezomester YWaler Levers on 29.03.88

CESIGN CRITERIA

I Instaliation of Verical Sand Fiter Drains

Trhe Sand Filter Drains comprise of two lines, 1m apar,
=N the uzstream iine at 2 2m downstream of the dam
centre e, Installaticn of these lines of Sand Drains
snal be accomplished by driling 400 mm dia. holes at
Zm c/c. staggered. The holes shail be drilled from the
top of the embankment by Bailor Boring Method and
shall be extended deep into the bed rock.

. Instaliation of Cement - Grout Cuntains .

The Cement Grout Curtains shall comprise of two lines,
2.5m apart with the upstream line at 0.7m downstream
of dam centre line. An additionai line of grout - curtain
18 aiso proposed from Ch. 225m to 290m which is more




prone to seepage Grout holes are proposea to be
38mm dia. with primary spacing of om | staggennu
whereas the depth of curtann sawd v general e
extended deep into the bed rock whewe

¥ - 3 lugeon of

upto depth. 3 = /2 whishs,er 13 853 subell 104
minimum of 3m beiow e sock overburden contaot
plane and H = depitn of water artne degpest ==omor

H. Cornsolidation of thi weax zonesdences ant  ina
interfaces of the F ot Wall

Consolidaton of the weakzoresi=srees prevainng in the
body of the embankment and the interfaces of the Fort
Walis intervening the dam body are sugyested to carry
out in the region of the embankment over the grout-
curtains.  Additionat iine of consoidation s aiso
proposed from Ch. 225.0mto Ch. 281 7m at 6 7 m wis of
the dam centre line All such groutings are progosed to
undertake with Clay-Cement-Sodium Silicate grout.
injected through 75mm dia. holes with primary spacing
of 6m staggered = in average Such grouiing shall be
extended from MWL {2680 9m; to 2.0m helow the hed
rock plane.

V. Contact Grouting of overburden / bedrock plane

Similar to the consolidation grouting, contact grouting
of the over-burden vis-a-vis bed rock plane is aiso
suggested for a depth of 1Um. starting from 5m above
the bed rock ptane. In all cases, grouting operations
shall be carried out bv driling from the top of the
embankment. Proposed treatments are shown in Fig. 6

A -

]
1
|
Lines of Vertical Sand Filier Drains

Lines of Grout Curtain / Censalidation Grouting

Line of additional Consocfidation Grouting
Lines of Contact Grouting

BBy

Fig.6 Layout Plan of Proposed Treatment,
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U5 OF mEREINAL WORK

Ueatinenl s taken un under Woild Bank
Ivstgbatior of 164 nos Vertical Sand Filter
: Zm 1o inside the Garh
¢ in Feb 1996 and are
therl treatments are at
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