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BEFORE THE NATIONAL GREEN TRIBUNAL,
SOUTHERN ZONE, CHENNAI

Original Application No.120 of 2024
[Eartier O.A. N0.151 of 2024 (PB)]

Suo Motu
.... Applicant
-Vs-
Irrigation & Command Area Development (CAD)
Through its Engineer in Chief, Siddipet District, Telangana
.... Respondents

Report filed by the lirigation & Command Area Development (CAD) Department-R-4
Report as per the order of National Green Tribunal, Chennai dated:26.11.2024

1. Why the Seismic Study was not conducted before the commencement of the Project when
the project also included an unsafe zone?

It is to submit that, Earthquake-prone regions of the country have been identified on the
basis of level of seismicity, the Bureau of Indian Standards (BIS) has grouped the country into four
seismic zonesviz. zones V, IV, lll and Il. Zone V expects the highest level of seismicity whereas
Zone |l is associated with the lowest level of seismicity (Enclosed as Annexure-1). The Sri
Komaravelli Mallannasagar Reservoir in Telangana falls under Seismic Zone-Il which is the safest

zone in the country as per the level of seismicity.

Before formation of the Sri Komaravelli Mallannasagar Reservoir while approving the design
and drawings, as per the suggestion of Chief Engineer, Central Designs Organization, Hyderabad,
the Executive Engineer, Irrigation Division No.6, Gajwel has addressed the Director, Council of
Scientific and Industrial Research (CSIR)- National Geophysical Research Institute (NGR!)
Hyderabad for conducting the site-specific seismic studies pertaining to Sri Komaravelli Malianna
Sagar Reservoir. Subsequently, the Chief Scientist, National Geophysical Research Institute,
Hyderabad along with his team visited the site and conducted Ground Peneatration Radar studies.
As per the results, the Chiet Scientist, National Geophysical Research Institute has submitted a
Pretiminary Seismo-tectonic and Ground Penetration Radar studies Appraisal (Qverview! arounc

Mallanna Sagar dated:23.08.2018 (Enclosed as Annexure-2).

Further, the National Geophysical Research Institute has reported that it has carned out
Ground Penetration Radar survey at site and as per the latitude and longitude of the location (aa

@ N-17°57.451", E-78°47.915"; 65m length and bb' @ N 17°57 469", E-78° 47.942"; 68 m length) it
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falls nearby Full Reservoir Level at +557.000m and away from the bund alignment of the Sri
Komaravelli Mallannasagar reservoir, where the ground level 1s almost +557.000m. The water
column at the location where Ground Penetration Radar survey conducted by National

Geophysical Research Institute is zero for the reservoir full capacity of 50 thousand Million Cubic
feet (TMC) at +557.000m.

Subsequently, during the design of earth bund, basic horizontal seismic coefficients
(00=0.02 as per Table-2 of 1.5:1893-1984) is considered and designed accordingly by Chief
Engineer, Central Designs Organization, Hyderabad. Factor of safety obtained for steady seepage
(1.11) and sudden draw down (1.0) conditions are more than required value of 1.0. The design and

drawings were approved and formation of reservoir has been executed asper approved drawings
and specifications.

Further, Government constituted a technical committee vide G.O.Rt.N0.43 I&CAD (Proj-IV)
Dept Dated:28.01.2021 to resolve technical issues related to Designs, Stability analysis, Vetting
of Designs pertaining to Sri Komaravelli Mallanna Sagar Reservoir.

The Scientist (Geo-Technical Expert) from Central Water and Power Research Station,
Pune, member of the committee has inspected the Sri Komaravelli Mallannasagar Reservair sita.
Three cross sections of the dam were analysed viz. Section-1 of Height 59.60 m at Km.15.6C0

(maximum height section), Section-ll of Height 51.00 m from Km.18.625 to Km.19.925 and
Section-lil of Height 49.00 m from Km.16.300 to Km.16.700.

After detailed analysis, a detailed report on "Geotechnical studies for seepage and stability
analysis of zoned earth dam of Mallanna Sagar reservoir” have been furnished. In the report, the
Section.10.0 Conclusions and Recommendation point 'c’ states that “Results of stability analysis
indicate that all three cross-sections are safe from slope stability point of view” and point ‘d’ states

that “Pseudo-static earthquake analysis indicates that all three sections are safe for steady
seepage and reservoir full conditions” (Enclosed as Annexure-3)..

Further, National Geophysical Research Institute, Hyderabad vide their letter
dated:29.04.2024 (Enclosed as Annexure-4) have opined and recommended to carry out the

continuous seismic monitoring of the reservoir as per Central Water Commuission guidelines.

National Geophysical Research Institute, Hyderabad has submitied a detailed proposal
(Enclosed as Annexure-5) for Supplying and Installation of recommended seismic instiuments foi
monitoring the seismic activity of Sri Komaravelli Mallanna Sagar Resernvoir and requested for
payment for Rs.534.325 Lakhs. The Government vide Memo No.4113/Proj.Iv/A1/2024
Dt:26.11.2024 (Enclosed as Annexure-6) has accorded the permission to deposit the necessary

funds to CSIR-NGRI, Hyderabad. Subsequently, for depositing the necessary funds to CSIR-NGRI,
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Hyderabad the bill 1s prepared and submitted to Government vide Token No0.2523655479
dated:08.01.2025 for payment.

The Seismic monitoring, Delineation of seismically active faults/ lineaments and
Determination of Peak Ground Acceleration (PGA) levels of the dam structure during the
occurrence of near field earthquakes will be carried out by National Geophysical Research -

institute, Hyderabad after payment of the necessary funds.

Preparation of Emergency Action (EAP)

The Preparation of Emergency Action Plan (EAP) for Sri Komaravell Mallannasagar
Reservoir has been entrusted to Central Water & Power Research Station (CWPRS), Pune and
required fee has also been remitted. The collection of data by CWPRS, Pune for preparation of EAP.

has been started and the report will be submitted by March-2025.

This is submitted for your kind favour of information and perusal. The case is listed on

06.02.2025.

ot

‘/",- K
Executive Engineer I&CAD Dept
Irrigation Division No.6
Gajwel

—
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ANNEXURE-2

Preliminary Seismo-tectonic and GPR
studies Appraisal around Mallanna Sagar

Project, Telangana State

Telangana state in southern peninsular shield falls in Seismic Zone II
with a few regions of north eastern districts fall in seismic zone III as per
Bureau of Indian Standards Seismic zoning map, 2002 (Fig 1). India is divided
in to four seismic zones namely zone II to V. Zone II represents lowest
seismicity level and hence, lower ground motion accelerations whilst, seismic
zone V has the highest level of seismicity and ground motion accelerations.
Historically southern Peninsular shield was believed to be stable and free
from major earthquakes however, the occurrence of Koyna earthquake M 6.3,
in 1967 and the Latur earthquake of M6.3, in 1993 has led to the realisation
that the southern Peninsular shield is conspicuous with stable continental
region earthquakes. This led to the design and installation of seismological
instruments in this region and CSIR-NGRI has installed and operating 16

seismological stations in the states of Telangana and Andhra.
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Figure 1 Seismic Zone Map of Teiangana
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Figure 2 Major faults/Lineaments in Telangana and Andhra Pradesh as per
the SEISAT 2000 and locations of seismological stations

Major tectonic features in and around the state:

The major tectonic feature in Telangana is the Godavari graben as
shown in Figure 2. The graben forms the north eastern boundary and is
linearly trending in the NW-SE direction about 350 km in length and 40 km
width. Majority of the lineaments are of Archean age that can be basically
characterized into two distinct sets: (1) NW-SE trend, predominantly found in
the main basin, and (2) NE-SW trend, in the South eastern part of the valley.
The major faults adjoining the rift are the Kadam fault (KF), Kinnerasani-
Godavari fault (KGF), Kolleru-lake fault and the Godavari valley fault (GVF)
(Figure 2). The green triangles are the seismological stations operating and

about 7 of them are operating in Telangana.
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Seismicity in the state

Recent seismicity in Telangana state along with the moderate sized
earthquakes occurring in Ongole region of Andhra Pradesh and Latur region
of Maharashtra. Though Ongole and Latur earthquakes occurred in
neighbouring states these caused considerable ground shaking and minor
damage to structures in Telangana region. As seen in Figure 3 the seismicity
is mainly confined to Godavari Graben and I the neighbourhood of

Hyderabad and diffused seismicity near Sriram Sagar Project.

2008 - 2016 Epicentral Map
N20 - _ -
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Figure 3 Seismicity map of Telangana and Andhra Pradesh

In the year 1969, moderate earthquake with magnitude 5.7 struck
Bhadrachalam region in Khammam district as shown in Figure 4. This
earthquake was felt in the entire south India Peninsular shield and there were
reports of damage to structures in the epicentral region. The iso-seismal map
is presented in Figure 5 clearly shows that the Mallanna Sagar Project is
located along the Intensity VI contour. The Bhadrachalam earthquake

occurred at a distance of about 200 km from Mallanna Sagar Project site.
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SEISMICITY IN TELANGANA REGION
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Figure 4 Major earthquake locations around the Mallanna Sagar Project
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Figure 5 Isoseismal Map of 1969 Badhrachalam earthquake

There other source region is Hyderabad which has reported episodes
of swarm activity during the years 1982, 1994, 1995, 1998, 2000 and 2010.
Largest swarm activity was in the vicinity of Gandipet reservoir area during
1982 with M 3.5 being the maximum magnitude earthquake. Swarm activities

have also been reported from Jubilee hills and Vanasthalipuram of
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Hyderabad. Largest magnitude tremor among this swarm sequences is 2.6

which occurred in Jubilee Hills during 2000.

Medchal Earthquake of June 30, 1983

Medchal area in suburbs of Hyderabad experienced earthquake of

magnitude 4.9 (Figure 6). This earthquake had a depth of more than 15 km
and was felt significantly in Hyderabad and minor cracks in the buildings
have been reported. Upto distance of 200 km this earthquake was felt
significantly because of its deep seated origin. Using three stations data
from Hyderabad, Srisailam and Nagarjuna Sagar operated by CSIR-NGRI,
the epicentre is located to the NE of the International Seismological centre
epicentre. This epicentre distance of this earthquake is about 20 km from
the Mallanna Sagar Project site and could be located on either of the two

lineaments/faults which are east-west and north west-south east trending.
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Figure 6 Epicentre location of the 1983 earthquake close to Mallanna Sagar
Project
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Prominent source regions:

In the year 1967, moderate earthquake with magnitude 5.4 struck
Ongole region in Andhra Pradesh. The epicentral region of this earthquake is
Located at ~ 300 km from the Mallanna Sagar project site

On September 29, 1993 a major earthquake of Magnitude 6.3 occurred
in Latur, Maharasira state. Even though this earthquake occurred in
neighbouring state the actual distance of the source region of this is in close
distance to Zahirabad surrounding villages (~100 km). The Latur earthquake
occurred at a distance of about 240 km to Mallanna Sagar Project site. This
earthquake caused lots of damage to structures in epicentral region and also
felt strongly in bordering districts Telangana. The seismic activity in this
region continued for few years,

Apart from this natural earthquake activity along the Godavari Graben
in coal mines most of the reported activity is artificial mine blast activity.
Over all there are about 9 seismic stations installed in Telangana region to
monitor the seismic activity in continuous mode. They are situated at
Rampur, Kothagudem, Gangavaram, Sriram Sagar, Nagarjuna Sagar,
Choutuppal, Bikanoor and Hyderabad. Among the above, Hyderabad
seismological observatory is the permanent observatory, being operated in
world standards since 1967.

Keeping in view of the above historical seismicity status of the region,
An earthquake of magnitude 5 or more on Richter scale is likely to cause
damage to non engineered structures and property. A level of loss of life or
damage to property depends on place and depth of earthquake occurrence.
Hence any installations planned should be in standards least to withstand to

the levels of respective ground shaking.

Preliminary results of GPR survey across the fault zone

A field survey, to identify the shallow subsurface fault features, was
carried out by NGRI team near project site (Figure 7). The area and location
for the study were finalized after consulting the site engineer. The Ground

Page 10




Penetration Radar (GPR) survey at the site was conducted on 17t of January,
2018 with the site engineer. The field pattern and outcrop suggest the area
constitute of granite with 3 different phases of dyke emplacement. At the
studied section, a ENE-WSW trending fault has displaced the NNW-SSE
trending dyke by ~240 m with dextral strike slip disposition on the surface.
The fault suggests sirike-slip deformation possibly during ENE-WSW
trending dyke emplacement during (?) early to mid-Proterozoic period. The
GPR survey was conducted to map the shallow subsurface signature of the
fault and the profiles are planned along the geomorphic expression of the
fault (Figure 7 A).

In order to map the fault features, GPR profiles needed to be placed
orthogonally to the fault, which was not possible due to poor accessibility of
the rugged uneven terrain. A total 7 GPR 2D profiles with lengths ranging
from 25m to 80m, were acquired following the possible accessible route. For
this survey, the 200 MHz GPR antenna, having capability of mapping high
resolution shallow subsurface, up to a depth of 5m, is deployed. The GPR
data is acquired in ‘distance mode’ with the distance calibrated wheel
perimeter. The signal gain was kept in auto mode and the frequency range
was set by assigning a low pass and a high pass filter to get the desired
signals. The dielectric value of the upper layer was assigned and the total
depth of penetration was set to 5m. The acquired raw data was processed
using the specialized software at CSIR-NGRI. The processing steps constitute
the Auto Peak-Time shift, Background removal (to remove all the horizontal
coherent noises using Full pass background removal), FIR (to increase the
signal-noise ratio, low pass (=400) and high pass (=35) filters have been
applied), Gain (max is 76 is applied in order to reduce the fluctuation of
amplitude of traces) to obtain the preliminary results (Figure 7 B, C).

The preliminary results from two profiles at oblique angles (almost
orthogonal) with the fault, marked as aa” (N17057.451’, E078047.915": 65m
length) and bb” (N17057.469’, E078047.942": 68m length) are presented (Fig B,
Q). The preliminary shallow subsurface (~5 m) imaging by GPR suggests the
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top soil / regolith in the area largely constitute of granite boulders and its
weathering product extends for 50-60cm and at places has voids in surveyed
sections (Fig. B, C). The top 3 m constitute of weathered granite and largely
remain undisturbed except in 2-3 m wide fault zone, where the topsoil and
rocks (weathered and fresh at depth) are disturbed by shearing. Since the host
rock is massive granite, which does not have lithological layering, no lateral
contrast is observed nor any dominant vertical component of deformation
along the fault could be deciphered. Though, the top soil and weathered zone
show downward perturbation along the fault zone. The preliminary data
clearly suggests; it is a deep seated vertical fault with significant strike slip
motion. The rocks in the fault zone are highly sheared and fractured. Furlther,
there is at least three sets of dominant lineaments with distinct geomorphic
signatures are observed in the region. To characterize their effect on shallow
subsurface and understand their mutual relationship, it will be appropriate to
conduct detailed survey with planned profile orientations. The same is

proposed for future work for the region.
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NNW-SSE trending dyke by ~240 m. Multiple 2D GPR line survey was
carried out as per the suggestions of site engineers. Note the location of 2-D
profiles aa” & bb’. (B, C) The preliminary results of two lines aa” and bb’
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Svmpos e on L srthquake Etfects on Plant and Equiunen: Dec. 1984

Medchal, Andhra Pradesh Earthquake of

June 30, 1983
B.K. Rastogi

VT

Assisiant Director, National Geophysical Research Institute, Hyderabad.

R.K. Chadha

Nauonal Geophysical Resesrch Insitute, Hyderabad.

ABSTRACT

1he paper describes the relsmlic effects of
Medens:, Aundhra Pradesh earttguake of June IS0
1983, 1his earthquake La of sclentific. nnd
general interest as it occurred in the midile
of peninsular shield and caumed cracks in
naome bulldinga in Hyderabad.

The maznitude of the earthquake Is estimated
to be 4.5 from-the recorded duration at
Hyderatad seismograph statlien of NGRI. The
maxirue intensitly ia assigned to be ¥. The
aren with this intensity ia 30 km x 20 knm,
eloncated i{n R-5 direction and ntretching
about 20 to 50 km north of livderabad. The com-
puter located eplicentre with nenr statiana
datx lies within this area at a distance af
30 ke from Hvderabad and depth Ls computed to
be 40 kn. The earthnuake was felt far ahout

20 sec in the meizoseismul area nnd 10 aec in
fiyderabad. ¥Within the meizoselsmal area,
intensity was hlgher {n the northern and
soutihern ends. There was less danmage Llu the
central part. In higher intengity srea, tilen
fell down in many houses, many houses developed
cracks, one mud wall collapsed and at four
places favourably placed rocks were displaced.
1hese effectls are deacribed in detall. We also
descrlbe the isoseismals and known local
geology. 1he cause of the earthquake is also

visualized.

INTRODUCTION

The Medchal earthgquake of June 30, 1883 coused
general alarm In the twin cities of Hyderabad
and Secundersbad as this earthnuake fa the
first earthquake occurring in this area in the
living memory, List of historleal earthquakes
in this area is gliven in Table X. The 1983
earthquake is of lesmer intemaity than the one
tn 1876. The intensity apaigned for the £983
earthquake Ls V in M.M.Scale. Though the
earthquake 1s of moderate intenslty it has
aroused interest of acientific community as 1t
occurred in the centre of the Peninsular Shleld
of*India. In Lhis paper we descrihe the effects
af earthquake and mention about the source
perametra, local geology and cauge of the
earthquake. Technlcal aspects of these invexti-
gat{ons are described elsewhere (Rastogl and
Chadha, 1984). .

33

vee tom onm

Page 14

[urvey
area. The mode of survey was 1o (nterrogate as

many numher of persons possitile in A particular
area ahout their feelings and evidencees resard-

1
INTFNSITY SURVFY 5

Initinlly, the purpose of the field studv was
to delinecate the meizoariamnl aren.
Hyiderahad seiamograms {ndicnated {he epicentre

Annlvaia of

to he ahout 30 km “WW af the setsmic siantlon

and reporis came in for more damace in the area

20 te 50 ¥m north of Myderabad {actsamlc mtation
{s {n the cnatern end of 1he cltty). Tence,
for meizoacriamnl area was made in this

ing the tempararv and permanent effecta nr

ohjecte/hulldings. The strategy adonted was to
caltimnte
and ta apdroach the area with highest
fince the melznacisrnl nrea wne Adelinented, the

the intenaitv at a particnlar niace
fntenaity

hounidaries of (ntersitiex VIV, IV/ITI and
117411 (M.M.Scale) were eatimated alone certnin
ronda leadinc ont of the meizoreilsmal area
(Figure § ant 2}. Durtne the aurvevs the
following paints were ohserved.

1. The earthnuake was felt in twin cities of
Byderahbad and the area in the north with
intensity IV and mare.

2. There was no serious damage to any struc-

ture/bullding anywhere.

Damage was more Lo the ares 20 to 5Q km

north of lHyderabad. This area llea_eani§§§s§ea
of N,#. 7 between Medchal znd Shamirpet -~
in the southto Tuprau in the north. This

ares was asaigned an inteansity V.

Though intensity V 1s observet? in a large
area as shorn in Figore 1, there was no
clear-cut sye or an area of hizher {nten-
sity. This suggents some depth of the
focus. The depth calculated from iscseis-
mala is 31-34 km. In fact, damage was
rather more Ln the northern and southern
parts of the meizoxelamal area and lesser
in the central part. Thia {a dues to the
vertical xpproach of selamic waves
immediately above the focus. This 1ls cerro-
horated hy the felt report in the ceatral
area. The centre of the wmeizonetamal area
iz near Kakunda village (Pigure 1), Were,
a jolt or 'thnd* from helow was felt, and
there were only minor cracka develanped in
some walls.,



(&

It wes posalble to draw lsoseismal V
clearly and others roughly. Isoseismals
IV and IIXI were drawn on very few abser-
vatinns and isogeismal II based on news-
paper reports as well as personal
communications. -

There was clear Lndication of the lgo-
seismel lines ¥ and IV having an ellip-
fical shape with major axis along u-s
directtlon.
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YACROSEISMIC EFFPOTSR

The earthquake of 30th June, 1992 was felt far
sabout 20 seconds in the meizonaetnmal aren and
about 10 neconds in twin citfies of Hyvderahad
and Secunderabad,

.,
The "earthnuake was accampanied hv loud caund
varinugslv descrihed ax thunder, passing af an
aeroplane, movine of heavvy trucks, rumhling
and undergrnund exnlosinn. In the meiznseiswal
area, the most prominent mound waw sdeserthed asg
a thunder Iln the peripherail aren and as explo-—~
sion in the centre. In the intenziiv IV areaz the
sounid was mostly described as timt af pansing of
heavy trucks or hooming of an asraplane. The
sound was not much aa compared to thRt in the
meizage ixmal area.

At a place around KaKunda near the centre of
fntensily ¥ area people felt a jolt from below
and were glightly pushed up. In the exirepe
gouth of meizogelsmal area also near fajd
Bolaram Tanda, peuple felt a jolt from below
and a person felt that his lunch plate was ...
thrown upwardsg.
Utensils kept inm the racks and tiles were thrown
down at many placea (n the V i{ntenglity area. A
corner of tiled ronf callanpsed near Xishtapur

fn the north and a portinn of tiled roaf alone
with the wmud wall near Bandamallaram {n the
aauth . At Dharmareddipalil, twe aut

of 6 stacked earthen nots fell dawn and hroke

to pleces {Figure 2}, n the santhern nortion

of the mei{zoseismmi area at Shamirpet and
Yadawaram and {n the north at Anantharirioallt
and Kishtiapor, huge hounlders, placed favanrahiv
were rolled down due tn thisx enrihmrnlm

(Figures 4 and 51,

Ohgervatinons nt the {ndividual plarea in the
melragctamal nrea are an follewsa, In the
nerthecrn part of meirneeiamal area near Fishta-
pur, huze chuncka of rocka, faveaurahlv placed
were dlavlaced. large sound of explogion fvne
wns hieard in the area. Tracks were develinned

In the walls and in 2 houmre A coarner af the
Ltiled roof wax collapned. .Just south af
Nacharam, near Anantaciripalii, some banlders
were dianlaced nad nlan exploaion like <ound
wnn henrd. Crnckg {n the walla and rneafs are
very frequent in this area. Just outaide the
metzosclamal aren near tharamareddipnllil and
Gajrel i{n the enat, ihe sound was of a passing
neavy vehicle. In the centrs af the reizosetlanal
aren near Kakunda, a thud from helow wasg felt,
ant there were only minor cracks dcvelaped in
some walls. Vear Handamafiinram, just south of
Knkundan, n corner af t{iad ronf and ooptien of

the mud wall af a howvse wns vallansed, Moncilg
wore (bhrown asut frem the racka. Mear
\etthavyndnlld, {in the centre af Molznae{«mal

areal thunder spund was henrd from wesr, [{lex
wore fallen and pleuasiis wers flhivown aut of the
voacks, Tn Dasanarianntit  alan in the cenire of
me1znsclami arenl larze thunder asund was enrd.
Towards snulh of the =eizaseisenl:aren, 4n -
Yadavaram bhoulderrs were rolled doen, Tarne

sottid 1a of a3 pneglne aeroniane wna felt and a
o]l {row Polow was frdt hy wnme anonie, “oafs
wf =pay lKavaeca warer coacbteat o Tiwnplint | 3= 1hpe
nRT | agoeRl fron wee! Ve henrs fro tho oxtrowe
woutiy af wogroee femn] angr Catg el geam
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In many areas of infensity 1¥, Tlke Ramavanpet,
Secunderabad and IHyderahad shaking was felt
praninently. Few huildinga develaped hair-iine

cracks in Hyderabad including those of the NGRY .

(Figures & to 8) and Board of Iniermediate
Education at Vampallli. In these two bulldings
cracks are tietween pillars and walls, heawms
and walls and aometimea at the junction of
two walls: A wall of one house under construc~
tion in Lalapet develaped crack in the smiddle.
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Fig.6 Cracks develaped In tne wall ¢1 greund viocar
canteen of NGRI, dus to Jure 30 earthouake.
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ranex nf weakaergs (Chnatra, 1977,

CONPTTLTON

The Medchal enrthgquake ol Mith June 19871 wns af
thtenaity V oan M M. Seate amt Ms marnitude 4.5
Intenafty U aAven.is 530 g %r. The earthonnke
wax felt {n an arer aof 450 02 xq . ¥m, Fell Aurn-

tlon irn meizoactamal aren was ahout 20 sec and
in twin cittea of Hwternbad ard Secunderahad
abaut {0 sec. Ther> was nn eerinus damaze nnv-
whera. In view of this earthnuake and ilnienaitv
VI earthquake in {BT6, arfamic coefficient in
ihris aren mny have to be reviaed.
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LOCAL GEULOGY AND TAUSE OF 11 EARTH(UAKE ’

The couatry rocks in the area are Archean

granitea and gneisses. These rocks are intru-~

ded by dolerite dykes, pegmatite, aplite and

quarte _veins. 1he mosi predominant directions .

of the dykea are NE-SW and N-S. From the line- . -

amenl wmap preprred by GSI, the linenments . .

papsing through the melzoseismal nrea aré ns :

fallows, One NE-ST trendiog megalineament

passea lhrough Medchal. One small lineament

paraliel te it passes through the centre of

the melzoseismal area where il neets a small

F-X trending lincament. The ground check of

theae lineamentis has not been done. Any of the-

ac linsaments could be the zone of wesknesas

alung which Lke present earthquake has occcurred

1he present earthquake is _a. part of reglonal .

neianicity and is of tectonie origin. The amail - ) T,
streases, due Lo northward movement of ithe .

Indian continent, slowly accumulate. ang

these slresses exceed eleatic 1limit, thé\esrth
blocks adjust themselves Lo equilibhrium d!eng »”
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Ministry of Jal Shakti
Department of Water Resources, River Development & Ganga Rejuvenation
Central Water & Power Research Station
Khadakwasla, Pune 411024

No. CWPRS/F&S/GE-1I(Soil)/1-Mallanasagar/2022/ C} \ Date : 01/04/2022

~Shri B. Hari Ram,
Engineer-in-Chief (Irrigation)
Irrigation and CAD Department (I & CAD)
Gajwel,
Siddipet - 502278

Sub : Technical Report on “Geotechnical studies for seepage and stability analysis of
zoned earth dam of Mallannasagar reservoir, Telangana”

Ref: 1) CWPRS cost estimate submitted vide No. TC/2021/344 dated 22/06/2021
2) Your letter No. EE/Irrg/D6/Gajwel/DB/2020-21/395 dated 12/08/2021

Sir,

With reference to above, Technical Report No. 6008 dated March, 2022 on
“Geotechnical studies for seepage and stability analysis of zoned ‘earth dam of
Mallannasagar reservoir, Telangana” is enclosed herewith in duplicate. Kindly acknowledge
receipt of the same. 5 Y

As a part of CWPRS commitment to continuous improvement, we would appreciate
your assessment on how we have performed in conducting the studies. It is requested to
kindly fill and submit the attached Feedback Form.

Thanking you,

Yours sincerely,

ki

(Dr. R. G. Patil)
Scientist ‘E’

Encl : As above
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Title: GEOTECHNICAL SEEPAGE AND STABILITY STUDIES FOR ZONED EARTH DAM OF
MALLANNASAGAR RESERVOIR, TELANGANA

Officers responsible for conducting the studies

Smt. J. S. Edlabadkar, Scientist ‘C', Dr. (Smt.) Tanusree Samanta, Scientist ‘B’, Shri A. D. Khot and Smt. S. S.
Waghmare, Research Assistants

Dr. R. G. Patil, Scientist ‘E' was in-charge of Geotechnical Engineering-ll (Soil) division during conducting the
studies and preparation of report.

Name and address of organization conducting the studies
Foundations and Structures Laboratory
Central Water and Power Research Station, Pune — 411024, India

Name and address of authority sponsoring the studies
Shri B. Hari Ram, Engineer-in-chief (Irrigation)
Irrigation and CAD Department (I & CAD)
Gajwel, Siddipet District

Synopsis

The Irrigation & CAD department, Government of Telangana has taken up execution of Kaleshwaram lift
irrigation project to cater to irrigation and drinking water needs of drought prone areas in Telangana. The
Kaleshwaram project envisages construction of various barrages, storage reservoirs, pump houses and
canal network system. Sri Komuravelli Mallannasagar is one of the storage reservoirs with 50 TMC feet
capacity. The reservoir is being created by constructing a multi-zoned earth dam of length 22.6 km and
maximum height of about 60 m. To expedite the construction of reservoir, total length of the earth bund is
divided into four reaches. Considering size and importance of the reservoir, the Engineer-in-Chief,
Irrigation & CAD Department, Gajwel, Siddipet requested CWPRS to conduct geotechnical seepage and
stability studies for the earth dam.

Three cross-sections of the dam were analyzed viz. Section | in Reach |l of Ht. 59.6 m (at Ch. 15.6 km,
maximum height section), Section Il in Reach IV of Ht. 51.0 m (Ch.18.625 km to Ch.19.925 km, tank bed
portion) and Revised section lll in Reach lil of Ht. 49.0 m (Ch. 16.3 km to 16.7 km, hillock portion).
Seepage analysis using software PLAXIS 2D for steady state condition was conducted to establish
phreatic line, seepage discharge, pore pressures and hydraulic heads in various zones of the dam.
Transient state seepage analysis was conducted to establish phreatic line for drawdown condition
simulating drawdown rate of 0.5 m/day.

Results indicated that total seepage discharge (dam body + foundation) works out to be 0.6667
m’/day/m, 0.1497 m®/day/m and 0.6269 m®/day/m for cross-sections ‘I, ‘Il' and ‘liI' respectively. It was
observed that seepage quantity through foundation was 67.6% to 82.4% of total discharge. For cross-
section ‘I' and ‘lII', discharge values were more than the specified lower permissible limit of 0.4 m*/day/m
but less than the specified higher limit of 0.8 m*/day/m . For cross-section ‘II’ the discharge was less than
lower permissible limit of 0.4 m%day/m. It was recommended to undertake appropriate remedial
measures for foundation seepage if still lower permissible values are decided upon by project authorities.

Results of slope stability analysis indicated that all three dam cross-sections were safe with Factor of
Safety (FS) values more than required values of 1.5 for steady seepage and 1.3 for sudden drawdown
conditions as per IS 7894:1975. Pseudo-static analysis for earthquake condition indicated that the dam is
safe with FS more than required value of 1.0 for conditions of steady seepage and full reservoir. It was
recommended to design zone-l on upstream and downstream sides as transition zone. It was also
suggested to install adequate monitoring devices viz. piezometers, ‘V' notch weirs, etc on the dam
sections along with appropriate drainage arrangements as per relevant IS codes. Regular dam
monitoring and maintenance as per CWC guidelines was suggested.

Key words: Earth dam, Multi zoned, Seepage, Slope stability, Pseudo-static
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of safety from slope stability analyses are summarized in Table 13. All three sections are found
to be safe from slope stability point of view for steady seepage and drawdown conditions for
drawdown rate of 0.5 m/day.

Table 12: Results of seepage analysis
Section Seepage discharge (m’/day/m) Pore pressure® Hydraulic head (m)
Dam body | Foundation | Total (kPa) Maximum | Minimum®
| 0.1172 0.5495 0.6667 ~ -378.534 54 .4 - 1335
1] 0.0484 0.1012 0.1497 -576.585 458 0.833 g
Revised 0.1167 0.5102 0.6269 -470.418 46.3 14.374 :
‘T
In foundation below upstream toe near dam base
* In horizontal filter near downstream toe of hearting
Table 13: Factor of safety values
' Section | Static . Pseudo-static
Steady seepage | Sudden drawdown | Steady seepage | Reservoir full
(downstream) | (upstream) with rate | (downstream) (upstream)
0.5 m/day
| 1:55 1.55 1.21 1.43
Il 1.56 1.41 1.25 1.38
Revised 1.64 1.41 133 1.36
1

10.0 CONCLUSIONS AND RECOMMENDATIONS

Two dimensional seepage analysis using software PLAXIS 2D and limit equilibrium
slope stability analysis using Bishop's slip circle method is conducted for multi-zoned earth dam
sections viz. section 'I' at Ch. 15.6 km; section ‘lIlI' (tank bed portion) and revised section ‘lII
(hillock portion) of Mallannasagar reservoir. Aim of the study is to determine safety of the dam
sections from seepage and stability point of view and recommend suitable remedial measures if
required. Conclusions of the studies and recommendations are presented below.

a) Results of seepage analysis indicate that total seepage discharge (dam body +
foundation) is 0.6667 m*/day/m, 0.1497 m*/day/m and 0.6269 m°/day/m for dam sections
', “I" and revised section ‘llI' respectively. Results also indicate that major percentage of
seepage discharge is through foundation.

b) The current BIS standards do not indicate any value of permissible seepage through earth
dam. However, according to “Handbook of Geotechnical investigations and design tables”

> CWPRS Technical Report No. 6008, March, 2022 2
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by Burt Look [Ref. (iv)], the permissible seepage through earth dam of height more than 40
m should be ideally less than 0.4 m*/day/m and in any case not more than 0.8 m*/day/m.
For all the sections of Mallannasagar dam the total discharge values are less than the
upper permissible limit of 0.8 m*/day/m; but for section ‘I' and revised section ‘llI' the
discharge value is more than lower permissible value of 0.4 m®day/m. As purpose of the
project is to store water by lift irrigation, water loss through seepage is undesirable. Project
authorities may take a call on permissible seepage discharge values and remedial
measures for seepage prevention if required may be taken up depending upon on-site
seepage measurement values.

c) Results of stability analysis indicate that all three dam cross-sections are safe from slope
stability point of view for static loading, with FS more than required values of 1.5 for steady
seepage and 1.3 for sudden drawdown condition as per IS 7894:1975. The rate of
drawdown adopted in analysis is 0.5 m/day as provided by project authorities. The factor
of safety may decrease further for faster rate of drawdown.

d) Pseudo-static earthquake analysis indicates that all three dam sections are safe for steady

seepage and reservoir full conditions with factor of safety more than required value of 1.0.

e) As the dam sections comprise of three zones of different soil types, it is recommended that
zone 1 (SC) on upstream side be designed as transition zone for zone 2 (Cl) and zone 3
(SM). Gradation of zone 1 should be such that gradual change in size of particles occurs.
Similarly, zone 1 on downstream side should be designed as transition zone in between
filter media and downstream casing zone 3. This will prevent erosion of soil particles due
to seepage flow thus avoiding clogging, creation of voids, piping, etc.

f) It is suggested to install adequate monitoring devices viz. piezometers, V' notch weirs,
etc. on all the three dam sections along with appropriate drainage arrangements designed
as per IS 7356 (Part 2)-2003 [Ref. (iii))] and IS 9429-1999 [Ref. (v)]. Variation in pore
pressures and seepage discharge with respect to reservoir water level be monitored
periodically and any change in values be noted. The values from instrumentation could be
compared with design values as obtained in the present studies. Any discrepancy in the
values should be noted, cause of the same be found out and acted upon as per
requirement.

2 CWPRS Technical Report No. 6008, March, 2022 -
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CSIR - NATIONAL GEOPHYSICAL RESEARCH INSTITUTE
(Council of Scientific & Industrial Research)

Post Bag # 724, Uppal Road, Hyderabad - 500 007, TS, INDIA

Dr. Prakash Kumar, FNASc
Director

February 29. 2024
To

The Engineer-in Chief
2" Floor. Integrated Office Complex
Sangapoor Road. Gajwel.

; ‘}—, Siddipet District 502278
. \ Sub: Kaleshwaram Project — Formation of Sri Komaravelli Mallanna Sagar
X Reservoir- Seismic study -Reg.
) Ref: Lr. No. SE/IC/GIL/DCE/DEE-4/AEE-1/SKMS/2023-24/369 dated 21-2-
‘\\ A 2024
'\‘\ .
: Dear Sir.

i With reference to the letter cited, it is recommended to carry out continuous seismic
P ; monitoring of the reservoir as per CWC guidelines. CSIR-NGRI has submitted a

A7 detailed proposal to Mallanna Sagar Reservoir authorities in this regard.

S\

N’ ay

-~k e e i :

Of In addition. it is also recommended to carry out a seismic safety audit of the structure

by a team of Civil Engineering / Structural Engineering experts.

Best Regards,

F19 / Phone: 040-2343 4600
¥/ Fax : 040-2343 4651, 2717 1564
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ANNEXURE-5

PROFORMA FOR APPROVAL OF CONTRACT R&D PROJECT

1. Project

a) Title : Seismic Monitoring of Sri Komaravelli Mallanna Sagar Reservoir, Telangana

b) Number & Accounting Code :

c) Type (Sponsored/Collaborative/Grant-in-aid) :

2. Client / Customer

a) Name and Address

The Executive Engineer,
Irrigation Division No.6,

Gajwel, Siddipet District.

Telangana PIN 502278

b) Category* (Type & size)
(*Govt.Dept./Agency/Voluntary/

Cooperative Agency, Research Organization, Govt. Dept
Foreign Firm/Agency, Public/Private Sector,
Large/Medium/ Small / Cottage Unit)

c) Status New

d) If it is ‘repeat’, please provide a brief NA

statement of past experience

3. Objectives, Scope and Duration of the project :

Objectives: Seismic Monitoring of Sri Komaravelli Mallanna Sagar Reservoir, Telangana

Scope
= Monitoring of Seismicity of the region

= Delineation.of seismically active faults/lineaments
= Determination of Peak Ground Acceleration (PGA) levels of the dam structure during the

occurrence of near field earthquakes.

Duration: No. of Years:

Date of Start

Date of Completion

5 years

Date of work order

4. Does the activity fall within the approved
research areas of the laboratory:

Yes (Seismology)

5. Present state of knowledge available with lab in the area including IPR position:

= (CSIR-NGRI is a pioneering institute in seismic monitoring of Dams.
= |t is operating seismic Networks around Koyna-Warna Reservoirs in Maharashtra for the past five

decades.

= |t also operating seismic stations at Nagarjunasagar, Srisailam and Sriramsagar reservoirs in
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Andhra Pradesh and Telangana states, since 1981.

An aftershock study was carried out by installing a four-station seismic network around
‘Pulichintala Reservoir after am M4.6 magnitude earthquake that occurred on January 26, 2020
near the Pulichintala reservoir, felt in Andhra Pradesh and Telangana states.

CSIR-NGRI operates a seismic network with 15 seismic stations in Andhra Pradesh and Telangana
States to monitor the regional seismicity.

CSIR-NGRI is monitoring the Dhamni and Bhatsa Dams in Maharashtra by installing four Strong
Motion Accelerographs in Dhamni-dam and Six Streng Motion Accelerographs in Bhatsa dam.
These are continuously operated from November 2019. In addition to that, a five station
Broadband Seismograph network is continuously operated to monitor seismicity in the Palghar
region from January 2019 onwards.

An aftershock study was carried out by installing a five-station seismic network after the M4.5
magnitude earthquake that occurred on.June 20, 1988 near Idukki reservoir in Kerala state.

A digital seismograph was procured for Kerala State Electricity Board for installation at Idukki dam
and also training on the operation of the seismograph and seismic data analysis was provided in
2001.

CSIR-NGRI is carrying out seismic monitoring of Periyar, Sholayar and Mettur dams maintained by
Tamil Nadu Water Resources Department (TNWRD) and 16 other dams maintained by Tamilnadu
Generation and Distribution Company (TANGEDCO) through a network of five Broadband
Seismographs and twenty-eight Strong Motion Accelerographs in the dam structures in
Tamilnadu state.

CSIR-NGRI also operates more than ten different seismic networks comprising more than 200
seismic stations under various projects in India.

6. Specify the S&T inputs being provided by client:

a) Programme of work with phasing, milestones 1. Procurement of Broadband Seismographs and
and deliverables envisaged from CSIR-NGRI: Strong Motion Accelerographs.
2. Site preparation
3. Installation of one Broadband Seismograph (BBS)
in the Dam premises and three more
seismographs around the reservoir.
4. Installation of  three Strang Motion
Accelerographs {(SMA).in the Earth bund structure
and one in the free field.
5. Operation and Maintenance of seismological
instruments.
6. Seismological Data collection.
7. Operation and maintenance of Central Recording
Station at CSIR-NGRI, Hyderabad.
8. Monitoring the state of health of the seismic
network periodically
9. Seismic Data Processing and Interpretation
10. Submission of preliminary earthquake report
of significant events.
11. Submission of Annual event report.
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b} Vesting of Intellectual Property Rights:

Lies with CSIR-NGRI

7. Project Team (S& T Staff) :

Name Designation PL/Co-PL / Member .
i. Er.R.Vijayaraghavan Chief Scientist Project Leader
ii. Dr. M. Shekar Principal Scientist Co-Project Leader
ili. Dr. Nitin Sharma Scientist | Member
iv. Dr. Pavan Kumar Scientist Member
v. Dr. G Suresh Senior Tech. Officer (1) Member
vi. Dr. D. Srinivas Senior Tech. Officer (1) Member
8. Financial Aspects
Particulars Cost (X. in Lakhs)
Project cost (five years period) 285.126
(The project cost includes Manpower, TA /DA for field staff, Field
' expenses, Consumables, Laboratory share and Project Fee as per CSIR
Guidelines)
| GST 18% 51.323
Capital cost 197.876
(The capital cost includes Field Seismic Equipment (five Broadband
Seismographs, four Strong Maotion Accelerographs and accessories) to be
installed in and around Mallanna Sagar Reservoir and Data Processing
and Storage Equipment to be installed at CSIR-NGRI, Hyderabad and
{ Procurement and handling charges 5% as listed in Annexure |
Total cost 534.325

Along with the work order- 25% of the project cost + GST +
After submission of 1% Annual Event Report — 15 % of the
After submission of 2™ Annual Event Report — 15 % of the

After submission of 3™ Annual Event Report — 15 % of the
project cost + GST )

Schedule of payments to be received: Amount to be paid by Demand Draft / RTGS
{Link the payments receivable to deliverables, 1.
specify the deliverables, vis-a-vis time frame and Capital cost

the amount of installment receivable from client) 2.

project cost + GST
3.

project cost + GST
4.
5.

After submission of 4% Annual Event Report — 15 % of the

3
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project cost + GST

6. After submission of 5™ Annual Event Report — 15 % of the
project cost + GST

e [fany concession is provided on Project Fee, a note of justification may be enclosed.

9. Utilization of Intellectual Property / Knowledgebase generated :

Licensing :

a) Exclusive/Non-Exclusive

b) Period

c) Envisaged Fee/Charges

i. Lumpsum (instalments, amount, time, mode)

ii. Recurring royalty (Period and basis)

Remarks :
Project Leader MLP-PL BDG CoFA/FAO
DECISION.OF COMPETENT AUTHORITY
Director / Management Council / DG, CSIR
Copy to: 1. Project Leader 2.CoA/AO
3.CoFA /FAO 4. BDG&PME
5. CoSP/SPO 6. Director
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Annexure-|

anna Sagar Reservoir

Part A. Cost estimate of Field seismological equipment

) Unit cost | Total cost |
Sl.No Item Quantity X.in (X.in
Lakhs) Lakhs)
Imported
1. | Broadband Seismometer 5 Nos. 11.00 55.000
2. | Data Acquisition System 5 Nos. 6.00 30.000
3. | Strong Motion Accelerograph 4 Nos. 6.00 24.000
Indigenous
4, | Battery {12V-100AH) 56 Nos. 0.10 5.600
5 Solar Panel 100W 16 Nos. 0.10 1.600
6 Solar charge controller 20A 20 Nos. 0.10 2.000
7. | Power supply / Battery charger 20 Nos. 0.20 4.000
8 Cellular Modem 8 Nos. 0.30 2.400
9. | Data Charges m:r?ths 0.05 3.000
10. | Consumables 1llot 2.00 2.000
Total 129.600
GST 18% 23.328
Customs Duty + Freight + Insurance {(approx.) 15% for Imported items Si. Nos.1 16.350
to3 '
Total A 169.278

Note: The cost of the field seismological equipment to be installed in and around the
Mallanna sagar Reservoir. it is proposed to install one Broadband seismograph in
the dam premises and three more Broadband seismographs arocund Mallanna sagar
Reservair {one spare unit) and also three strong motion accelerographs in the dam
structure and one strong motion accelerograph at the free field site.
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Part B. Cost estimate of Data Processing and Storage equipment

. Total cost
SL.No Item Quantity Unit cost X.in
’ X.in Lakhs ’
( ) Lakhs)
Indigenous
1 Data Retrieval computer 1 No. 2.00 2.000
{Laptop computer)
7. Data Analysis computer 1 No. 2.00 2.000
(Desktop computer)
Data Analysis computer
3- {Workstation computer) 1No. 4.00 4.000
4, | Printer 1 No. 0.75 0.750
5. E;(ternal Storage media 10 Nos. 0.15 1.500
6. | Data Storage (NAS server) 1 No. 6.00 6.000
Total 16.250
GST 18% 2.925
Total B 19.175

Note: The cost of the Data Processing and Data starage equipment to be installed at CSIR-

NGRI.

Total (A+B) 188.453
Procurement and handling charges 5% 9.423
Total Capital cost 197.876
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ANNEXURE-6

GOVERNMENT OF TELANGANA
IRRIGATION & CAD (PROJECTS-IV) DEPARTMENT

Memo.No.4113/Proproj.IV/A1/2024 D 1 26-11-

Sub: 1& CAD Department — Kaleshwaram Project — “Formation of Sri Komaravelli
Mallanna Sagar Reservoir with a Capacity of 50 TMC ~ Formation of Earth
Bund with all associated components for Reach-4 from Km 16.700 to Km
22.900 along with its structures and adjoining with Reach-3 at Km 16.700
and saddle bund of 1.600 Km Length” — Permission for depositing the
required funds towards seismic monitoring of Sri Komaravelli Mallanna
Sagar Reservoir by CSIR-NCRI — Accorded.

Ref: From the Engineer-in-Chief (General), Hyderabad, Letter No. ENC(G) /
Dy.ENC(G)/DCB KB/OT6/AEE15/SKMS, Dated:25.05.2024.

@e@

Under the circumstances reported by the Engineer-in-Chief (General),
Hyderabad in the reference cited, Government after careful examination of the proposal
hereby accord permission to the Engineer-in-Chief (General), Hyderabad, to deposit an
amount of Rs.534.325 Lakhs as per the payment schedule to CSIR-NGRI, Hyderabad
towards Seismic Monitoring of Sri Komaravelli Mallanna Sagar Reservoir for a period of
five years by CSIR-NGRI as per the preliminary report of Chief scientist, CSIR-NGRI
from balance available provision of Rs.639.5763 Lakhs in sanctioned estimate of Sri
Komaravelli Mallanna Sagar Reach-4

2 This Memo., issues with the concurrence of Finance (WP) Department vide their
U.0O No.2591716/171/\WP/A1/2024, Dt:24-09-2024

RAHUL BOJJA ,
SECRETARY TO GOVERNMENT

To
The Engineer-in-Chief (General), Hyderabad.

Copy to:
SFI/SC

/| FORWARDED : : BY ORDER //

N
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