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GINOPSIS

Construction of an earth dam at Panshet (25 ailes avay
from Poona City of Maharashtra State) across river Ambi, a tributary
of Mutha River, to store 7200 Mcft of water was started in the year
1987, It wvas prgctlcally coapleted by 20th June 1961 but a few items
guch as concreting the bed of the conduit, inmstallation of Koisting
equipment for the service gates, construction of an approach bridge
to the outlet tower and some guantum of earth.Wwork over the t&ngorany
vaste weir portion remaired to be completed dus to vary beavy/untinely
break of morsoon on 20th Jume. The continucus rain from 20th June
had resulted 1n.rap1d rise ;n the lagke level and within g very short
period the lake got filled and the spiliway started functioning on
10th July. Leakage in the dovnstrean too was simultansously noticed
as also subsidence in the upstrsam casing which could not be
“controlled inspite of all possible efforts and the das finally
breached on the morning of 12th July.

The Part T of the dissertation deals with the analysis of
tho circuustances and the causes of failure of the Panshet Danm,

Renovetion of the Pansbet Dam was undertaken in the year
1964 and the dam is now practically complete, The Part IT of the
dissertation deals with the analysis of the various possible
layouts utilising the undamaged part of the esbankment on the right
flank and the details of the final schemo adopted and its sequence

of construction,



CHAPIER - 1

1o A pmasonty dam 107 foet high wap congtructed in the yoar
1874-78 across river Mutha, a tributary of the Bhima River which

in turn i5 a tribuxary of Krishna River. Tho small storago of

3002 Megt avallable at the Khadakvasla Dam was subooquontly found
inadoguato to moet tho requirements of Irrigation. Tho water oupply
mods of tho Poona City and ths Cantomment was incroasing day by day
and tho Govornment of Maharashtra doecidod to undortake a mov
Khadakwasla Projoct envisagings

(1) Construction of an earth dam at Panshet across
. rivor Ambi, a tributary of Mutha to store 7800
Heft of waters
(11) Construction of an sarth den at Warasgaon across
river Moso, a tributary of Hutha, to store
7800 Meft of waters
(141) §trongthonlng of the oxisting Kkadalwasla Dem.
(iv) Suitabio canal, systez to moot the requirecments of
vator supply for ths groator Poona and to provido
poronnial irrigation to 77000 acres of land in
Poona and Dhond Talukas.

2. Ao there was no approach road oithsar to Panshot or to
Warasgaon, tho approach road to the existing dam at Khadakwvasla on
thy right £lank of tho Mutha River was oxtondod to tho Panchot Dam
site, On itg cﬁmplctiong tho construction of tho Panshot Dom wag
started in tho year 1969, By tho middlo of Jumd 19G1l tho work had
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basen practically completed but for the full dam section in the

temporary waste weir cut and some works in the irrigation outlet,

3a Due to very heavy and untimoly break of monsoon on 20th
June 1961, there was very raptd rise in the lake level and the
spillway started operating from 10th July, The lake level
continued to rise and the dam breach on 12th July 1961 at a

regervol? level of 2067.5.

4s Governuent of Maharashtra appointed a commission of
enquiry for going into ths causes of the fatlure. They also
subsequently appointed another comaittee to recommend the most
suftable plan for the development of the water resocurces of Mutha
Valley. Tha reconstruction of Pansbet Dam was taken up in the
year 1984 ufter reports of both the aammitteealhad been received
and decision for 1ts renovatlion had been taken,

8, The dissertation deals with analysis of the causes of
failure and the scheme of renovation of the Panshet Dam, The -
dissertation has been divided into twﬁ partss -~

Part I degls with the Anplysis of Failure and Part II
with the reconstruction scheme under the following headingss«

EARL.X Anajygls of Fallure:
(1) Inception of the project
(11) Goneral featurss of the scheme
Construction
(111) /Progromme and its achievement
(iv) Course of events leading to faillure

(v) Commission of enquiry and model studies
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(vi) Various theories about the cause. of fatlure
(vii) Findings of the commission

Regonatruction Schome
(1) Study of alternative schemes of reconstruction
(¢1) Detalled features of ¥oc¢natruntion schome
(a) Earth Dam |

{b) Masonry Dam & Divide Wall
(¢) Spiliway
(111) Construction Details

The reconstruction works are practically over and the

Gam stored 7200 Mcft of water during this season f.0. 197172,






CHAPTER - 2

INCEPTION OF THE PROJECI.

The eastern parts of the Poona District receive small
amount of rainfall and even that is not uniformly distributed
throughout the monsoon. The eastern part comprises of the Talukas
of Havell, Bhimthadf, Dhond and Indapur. The uncertain and
scanty condition of rainfall in this orca has been the cause of
frequent fallures of orops and of much sufforing and dtstress
among the people. In 1863-64 an unusually severe draught produced
groat distross just falling short of fumine conditions which made
the Government to realize the urgency of protecting the Distrioct
by providing irrigation fascilities,

1.8, The problem of piannkng the moat guitable project was
sntrusted to Colorel Fife, who proposed the folloving schemes-

(1) to construct g masonry dam 107 feet (32,61 m) high
at Khpdakwasla (about 12 miles (19.2 kilometres)
above Poona City)holding a storage of 3092 Mcft
(67,81 x 10° ou.m)

(11) to provide a right bank canal 70 miles (112 km) long
with a capaclty of 412 cusecs (11.70 cumecs)
at‘ita baad

(111) to provide a left bank cana)l 18 miles (28,8 ia)
long with a capacity of 38?22Z::09 cumacs)
at 1ts head

The project on the above lines was sanctioned by the

Government of India in 1860 and the above works came into
operation in 1874-7%,



1,5 The smoll storage provided by the dam at EKhadakwasla was
soon after found inadequate to meet the requirements of irrigation,
The water supply needs of thol growing city of Poona and Cantonments
of Poona and Xirkee were also rapidly increasing, In view of this
shortage and for protecting the Indapur Taluka from famine,
ereation of additional storages upstream of Khadakwaslo Daa were
congldered necessary and investigation work was taken up. The
catchment area of the Mutha River at Khadakwasla is 196 sq.miles
(8094 hectares) ylelding an average runoff of 47,418 Mcft
(1346.5 x 108 cu.m) annually. The valley affords an excellent site
for a high dam downstream of the exlsting Khadakwasla dam. Mr. Beale
therefore, proposed the following scheme in the year 19091~
(1) to provide a stoi'ugo of 22,000 Mcft (624.8 x 1-.06 cu.m)
by a nev dam at Khadakwasla, 160 feet high (48,7 m)
(11) to viden the existing canal upto mile 13 (20.8 kn)
to carry a discharge of 1000 cusecs (28,3 cumecs), &
(111) to take off a new canal from mile 13 (20,8 km) for
Indapur Area.

The sohame could comzand an ares of 3,40,000 acres
(1,36,000 hectares) of which 1,26,780 acres (80,712 hectares)
could be irrigated annually. No further progress on the proposal
could be made due to financial stringency caused by World war I,

le4s The investigation of the project was reviewed i{n the year
1019 and the following three alternative proposals were consideredi.
(1) Raising the existing dam at Khadgkwasla
(11) Constructing an altogether geparate dam downstream
of the present dan at Khadakwasla



(111) Constructing two masonry doms at Panshet and Warasgaon
upstrean of Khadakwasla

1,8, The first proposal involving railsing of the existing dam wvas
rejected, dus tot- ' |
" (a) the problems involved in making the old and the nev
masorry sections structurally monolithic
(b) risk to the stability of tho extsting dom while deeper
foundations (as indicated by drill logs) for the
cxtenolon were beins excavated,
| (e) dangor to the cxistlng dam by blasting required ror
foundation excavation for the new worke '
(4) danger to the safety of the existing dam by the
| renoval of earth berms (prﬁvid'd on the ﬁownstroam“
face for the safety of the bxiating dam) for
foundation excavation for the extension, |
(e) as no risk to the safety of tha‘axistinh dam could
be run due to the vital tmportance of the dam for
domestic vat;r supply to the town of Poona

1.8.2. The proposal for constructing two masonry dams at Panshot
and Warasgaon was not found to compare favourably with an

enlarged storage by a mev dam at Khadgkwasla, Ultimately, therefore,
the proposal for constructing a nev magonry dam about 200 feet
(60.96 m) downstrean of the present structure at Khadakwasla to
store 16,000 Meft (426 x 10° cu.a) of water was frazed and
submitted to the Central Water & Power Commission in October 1954.



1.6, It wvas suggested dy Dr. K.L. Rao, the then Member (D & R)
Central Water & Power Commission, that the possibilities of construct
-mg two earthen dams, one at Panshet and another at Warasgaon may

be 1nvut1¢atcd. And accordingly necessary investigations were made
and rough cost estimates prepared (See Appendix I) which indicated
that tbzlg:létcrnutivo suggested v@u econonical and feasidble. The
proposal/had the ndvantag& of pernttting phased congtruction of

7600 Mcft (213 x 108 cu.a) storage at a time and making part

benefits available {on comﬁlets.on of one dau) auch eariier 1.0, by

the end of the Second Five Year Plan.

1.7« The project finally approved providedt=

(1) Construction of tio earthen doms at Panshet and
Warasgaon to impound 7800 Mcft (216 x 10“ cun) sach

(11) Release of waters from upper dams into Kbadakwasla lake

(111) Construction of a nev canal offtaking from Khadakvasla
of capacity 1100 cusecs (31.24 cumicSusing after
remodelling as much of the old canal as possible,

(1v) Strengthening of the existing Khadakwasla Dam,

An index plan showing the abov-e proposal is enclosed
as Drawing No.1l,
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RE (RANSEET DAID

The headworks of the Panshet Dam can be broadly grouped
into three categories viz,.

(I)  Earthan Dan

(II) Surplussing Arrangement

(III) Outlet

The broad details of the layout and their design features
are discussed hereunderi

1.1+ () EARTIHER DAM | . .
An earthen dam from Ch.8500 %o 2900 as shown in the

~ longitudinal section (Drawing No.2) was congtructed across the
tributary named Ambi, The various control levels being

(1) Top of dam Role 2080.00 (R.L,634,0 m)
(11) B,P.L, ~ Relie 2072,00 (R.L, 631,54 m)
(111) F.8.L. RiLs 2062.00 (R.L.628,50 m)
(1v)  Waste Welr

Crest lovel ReLs 2062,00 (R.L.638,50 m)

1. 1.2, Thc enbankment was zoned rolled £1l11 comprisingie

(1)  Central hearting core of clay

(11) Downstream portion of mixed soft and hard murum
(semipervious to impervious)

(111) Bubstantial casing on either side of hard mumrum
(pervious) .

(1v) A chimney drain (introduced at a later stage when
the earth work had been completed upto about R.L,
1980.00 (H.L,603.5 )
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A section of earth dam showing various zones $s shown
in the Drawving ¥o, 3.

1s1e 3, The deccan trap avatlable at site 1s very compact and
massive bBaving practically nil water intake, No grout curtain wvas
therefore considersd necessary. 4 outwoff trench 3' to 4' (1 m)
desp in the rock and backfilled by impervious material was, bowever
provided, The stabllity analysis of the earth dom was done by the
conventional slip circle method taking the pervious casing material
(not free draining) as 80§ buoyant,

A free board of 8' (2,44 m) was provided for a wind velooity
of 80 miles per hour (128,7 km per hour).

IT QURPLUSSING ARRANGEMENT

An ideal site for providing spiliway was available in the
natural saddle on the right flank. Approach and tail channels werse
excavated and 1t was planned to direct the floods through this
channel which would work as open channel to atart with, The bed level
of thig channel was kept at R.L.2062,00 (R.L, 628,50 m) and the
chamnel of 172 feet (02,42 m) width was constructed, Ultimately it
would be provided with an ogee crest with three 41' x 27!

(12,5 m x 8,33 m) tainter gates to cater for a spillvay design
flood of 48000cusecs (1363 cumecs)s The water thus diverted through
the tall channel was led into the natural river as shown in
Drawing No.4.

IIT QUILET
(a)

GCRARGE REQUIREMEN]

The outlet at Panshet was designed for a discharge of
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1000 cusecs (28 cumecs) to meet the falr weather canal requirements.

(d) LOCATION
. The most convenient and economical location for the outlet

was the temporary waste weir channel which was excavated to about
RyL,1980 (R,L.594.36 1) where good rm foundations wvere available.
Later, it was found that intertrappesn loyer vas met within the
foundation between R.L,19560 (894.36 m) and Rl 1940 (R.L.591.31 m)
The foundations of the outlet were therefore, taken below this geru
layer down to hard rock. (R,L, 1932 to R.L.1935.0) 1.e8.(R,L.588,87 m
to 589,78 m). |

(o) LAXOUT . .
 An n,c.e. tower having 16 feet (4,57 m) internsl diameter
was provided outside the earth dam, A control cabdin was proposed
in this intake tower to operate tie service gates. The tower was
made approachable from the left flank through an approach bridge.
A conduit consisting of voussoif-arch (pre-cast cament concrete
blocks set in cement mortar) was provided underneath fho earth dom
section in the diversion channel. (i.e, temporary vaste weir cut),
The layout for the tower, approach bridge, and c;anduit is shown
in Drawing No.4.

(4) PESCRIRTION OF THR CONDUIT

The outlet was provided with two service gates 5 feet x 8 feet
(1.8 m x 2,43 n) each capable of discharging five bundred cusecs
(140 cumecs) at one foot (0.3 m) driving head, The regular mode of
operation of the outlet was tolet down the discharge through both
the openings. Each outlet opening was provided with a service gate
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and an emergency gate. The conduit was designed to accommodate a
penstock of eight feet diameter for the powerhouse to be installed
at a future date. Before the ingtallation of the penstock, the
conduit waos to flow as an open channel., The conduit was 608 feet
(188,31 m) long from the centre of the tower and it was given a
bed siope of 1 in 400 from the service géte to the centre line of
the dam. Beéyond that 1t wos given a slope of 1 in 100, The height
of the culvert to the crown of the intrados was 11 faeet 9 inches
(3,58 m). The abutments of the conduit arch were constructed in

concrete (caatein-situ).

(o) CONTACT SBEPAGE
In order to guard against seepage along the surface of the

conduit, 21 cut-off rings at 17.8 feet (5,33 m) centres were
provided all round the conduit. In addition to the above, a plastic
£f211 at 103 percent of optimum moisture content was laid over the
conduit for g depth of five to fifteen feet as shown 4in Drawing
¥o.5, The plastic f1l11 was raised upon a layer of asphalt over

the conduit, This provision wvas intended to offer additional
_resistance to geepage of water anlong the contact peth,

(£

The tower base box and transition boxes vwere in reinforced

cenment concrete,

(g) UPSTREAM AND DOWNSTREAM RETAINTNG WALLS

Retaining walls both on the upstreas and downstream as
whown in Drawing No.5 were proposed for retaining the earth in
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the temporary vaste weir channel. The retalning valls were provided
directly above the transitton box and these were in uncoursed

rubble masonry.

(h) SERVICE GATES
The gate was designed with upstrgam skin plate supported

oh horizontals which ¢n turn, were supported by end verticals. The
sealing was effected by use of a rectangular seal for the bottga
and musical note seals for the three sides fixed to the gate leaf.
The gate was stem opsrated and was guided into the slot by gulde
rollors. A wora and gear type hoist was proposed for the irrigation
outlet stage. For the power outlet stage, the gates would be
required to be closed, in a very short time and therefore, the
hoist would be either hydraulically operated or the gaotes fitted
with retractable se¢als sc that it could de closed under its own
weight. The layout of the gate slots and the gate leaf vas
finalised keeping this in view,

(1) TAIL CEANREL
The releases from the conduit were ultimotely led down
into the river proper through the diversion channel which was

already constructed.



In the original project report, a tentative dam section
vith 411 side slopes was adopted for estimation of quantities and
the dam section was to be finalised safter ascertaining the
amilabuity of construction materizls and their properties. Based

on the above assumed cross-section, the total earth work vas

worked out to bo of the order of 124 Meoft (351 x 10

4

cu,m) for

thoe dam f1ll and the dom was scheduled for completion in five

working seasons, as detailed

belovie

Quantities of excavation/

" Y 2
S8.No! Works ' Year '
: : : Embankment os per original
e
"  : : Eambankmen ‘mxcavation
A0 - 2) ' (3 ! (4) (5)
1o Prelininary work and f1lling  One 6 Moft Nl
cuteoff trench in the %orge Season 4
reguirud for embaniment upto (17x10" cum)
Rels 1990.,0 and outlet _
2+ Blocking the natural gorge 2nd 30 Mcft 1 Meft
by embanknent having trune Season 4 (2.83x10 cum
cated section and excavation {85x10" cum) for P.W.W,
of temporary waste welir - chamel &
(4.0, diversion channel) 5,35 Meft for
. T:Uﬂl. ‘
l14.91119 cum
3, Completing the truncated Srd 30 Mcft 68 Meft for P,
section uWto Rel+1990.0 Season 4 4 Y
(85x10° cum) (17x10 cum)
4, Raising the embankment to 4th 30 Mcft "~ 3,0 Moft for
full height except over the Season 4 P.g.w.
temporary waste veir channel (85x10° cum) (8,5x10% cum)
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() ()

(1) (2) (3
8, Blocking the temporury  5th 28 Moft 2,82 Moft
vwaste welr gorge and Boason 4 for P.WeW
conploting the embankment (79210 cum) 4
& permanent waste weir (8,00x10" cum)
channmel for diverting
full floo0ds
Total 124 Neoft 12,82 Meft
4 for P.W.W
{351x10° cum) & 3,28 Meft
for T WeW
(36.20x10% cun
: for P owgw
)
& 14.91x10 ocum
. for P.W.W

-

2.0. RRQURESS. TILL JUNE 1909

The yearwise progress is shown bDelowie

(1) IBAR 2198758

Preliminary works, excavation and back £1lling of cut-off
trench in the river portion and part eartih work on the right

flank,
(11) YEAR 290689

The work of diversion arrangements i.e, excavation for

temporary waste weir channel was completed and the floods were
diverted through this diversion arrangement. The work of filling
the gorge was completed by construtting a truncated section upto

ReL+2008,00 (R.L, 612,03 n) (Refer Drowing No.3). The bottom of
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diversion channel vas kept at R.L.1936,24 (R.L.588,98 m)(Please
refer to Drawing No.23) and it was designed to toke care of full
Inglis flood discharge 1.e, 48,000 cusecs (1363 cumecs).

3.0, REVISED PROGRAMME

~ As the construction proceeded much data was avallable for
finalising tha oarthwork section and accordingly the quantuz of
sarth work {nvolved in bullding the dam upto R,L.2080 (R.L,634,0 @)
raeduced to 94,88 Moft only. Dr. K.L. Rao, Member, Central Water &
Pover Commission pald a visit to the projsct in February 1969 and
desired that the work sbould be spseded to complete the dwx by
1961, Revised construction programse for comploting tho dam in
four vorking seasons 1.e. by June 196] was, thorefors, framed,

3,1« BHere it may be méntioned that by the end of working season
of 1959-00, sarth work to the extent of 50.85 Mcft (144,41 x 10°
cun) has been done, out of the total of 94.85 Moft (269,37 x 10‘ cum)
thus leaving about 44 Mcft (124,96 x 10‘ cum) of earth work to be
done in the working season of 19680-61. The success of the above
target enabling the dam to be brought into operaticn during the
monsoon of 1961 was mainly dependent on the toliovxnga-

(1) Completion of the dam. For this the availability of
extra earth moving equipment for the increased
target of 44 Mcft (124.96 x 10‘ cua) in one season
was essentially required. (the available earth
moving equipment was matching for an yearly target
of 25 Mcft (71,00 x 10‘ cum) only).



(1)

(1.0 spillvay channel)

(114)
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Completion of the psrmanent wasts weir channel

Complotion of the outlet conduit with control

tower and approach bridge including installation

of enbeded parts, gates, holsting equipments etc,

Je2s

To gear up the projeet activities, additifonal staff was

sanctioned, foreign exchange was roleased for additional earth

moving equipment and the additional machinery came ilnto operatlon

tn December 198, Monthwise programme was prepared for the above
groups but dus to the varicus difficulties the aotual progress
achiovsd during eaod month was slightly bebind ths schedule.

A statement showing the monthwise programme and ths aciual

progress achieved during euch mounth is given belowie

(1) EARCH WORK

S,No. ! Month * As programmed ' As actu;ai]y executed
! ¢ (in Mcft) ' (in Mcft)

S (2) e $3) ' &

) Octobder 19
2. Novembasr 1980
S. December 1960
4 January 1961

S, February 1961
L March 1961
% April 1961

8. May VW&
" June 1961
Total

W

2.00 (5, 66x10° cum)
4.00 (11.32x10%cum)
4.00 (11.33:10‘0»‘!)
7,00 (19,81x10%cum)

7,00 (19.8:10"' cum)

7.00 (190311.0‘ cum) -

¢ cum)

7,00 (19.8x10
6,00 {16,98x10%cun)

Nil

2,85 (7,31x10% cum)
3,85 (10489210 %cum)
410 (11, 6x10* cum)
7.06 (20x10%
6.56 (18.56x108cum)
5,64 (16.52x10%um)
5469 (16, 86x10%cun)
5.90 (18, 69110‘3\:)
4,50 (12, 75x20%cum)

cum)

44,00 Mcrt(124.5x108
cum)

46,20 Noft (130.86x
104 owm)
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KOTEs= (i) The monthwise quantitieg shown in Coluan 4 were

very approximate and the quantities of earth work
carried out outside the dam seotion for roads, raups
etce, were included.

(14) The actual sbortfall of earthwork in the temporary
vaste weir portion embankment was reported to be
1e8 Moft (4,24 x 104 cun)

(141) The actual levels resche-d by Jume 1961 are shown in
Draving Fo,2,

(I1) PERMANENT WASTE WEIR

' As 1t was decided to koep the pormanent waste weir channel

at R.L.2062 (R,L,628,5 m), the quantities contemplated in the
original project report were substantially reduced and the estimatod
quantity for excavation of permanent waste welr channel upto
ReL+2062 (ReL. 6286 @) worked out to 5,16 Mcft (14,57 x 10% cum)
only. As against this, some work was already ccmpleted and the
excavation work to the extent of 3.55 Mcft (13,04 x 10‘ cum) vas
only to be planned during the season of 1960-6l. The monthwise

programee gnd the nctual executed quantities were as unders-

S.No. Month ‘ ~ As Prograamed As sxoecuted

(in Meft) (in Meft)
1o June 1960 1.6 (4.52x30% cum) .60 (umc))‘
cius
2. July & August 1960 | N1 Nil
3., BSeptember 1960 1.00 (z.wxlo‘ cum) Q635 (0.99;1?‘
[«

4. October 1960 0,60 (1.41x10% cum) 0.30 (o.mo:)tm‘
cua



Y/

S.Xo. Month

As programed
(in Meft)

As executed
(in Mofs)

SNSRI

5. November 1980

050 (1.41x10% cum) 0.315. (0.89x

10‘ cum)
8. D.O.lb.r 1980 0050 (ﬂd@‘) 003‘6 (00971
. 104 ounm)
7. January 1961 0,80 (=d0=) 0.26 (0.75x10%
© oum)
8. February 1961 080 (edo-) 0.28 (0.79x104
cum)
9. March to July 1961 Nl Mostly all

A— - ® pev

the excavation
work completed

by July

(111) w

(a) Arch Conduit
(1) Abutment

(11) Areh (consisting
of pre-cast blocks)

(111) Concreting the bed
(iv) Staunching rings

(b) Tower

(e) Approach Bridge
(1) Plers

(11) Trusses

W o
el “Rstua

By end of March 1961
March 1961
wdO= a5th April
1961
. 1 Remained
«d0= 15th Moy
isél
va
By end of 15th Jume
1961 19681
0= Only two
trusses
1.8, two

spans out of
six errected



(d)  Gates
(1) 8ervice Gate By end of gervice gate
May 1961 lowered on
6th & 7th June
- 1961, but o
(11) Eamergency Gate wdow omrgoncy gate
and hoist for
(111) Hoist wdCe service gate
could not be
installed

3.3. From the above it would be aeen that the programmed dates
could not be a.ohiovod. All the works 1like construction of arch
conduit, R.C.C. tower, errection of embeded parts of the gates etc
vere concentrated in the short width of 38' (10.66 m) in the
temporary waste weir cut and ccapletion of each work was rather
dependent on the progress of the other, The following agencies had
to work in the restricted space. |
(1) The main civil contractor doing the work of
transition box, conduit, approach bridge and
tower and subsidiary contractor uployld to
upoditc work on the towver,
(11) Civil Department exscuting earth work over the
arch conduit
(111) Mechanical department doing errection of the
embeded parts for the service gates ard emergency

gates

S.4. The progress of thxse critical works also suffered on account
of heavy rains in the montb of May. The monsoon broke on 20th June
1961 with a long spell of heavy unprecedented rains. The heaviest
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rainfall occurred on 24th . 28th June 1961 being 18.71 inches in
(33.28 ca) o day. It started raining agoin after three days and
continued unabated from 28th June 1961 to 1l2th July 1961
aggregating to another 57 inches (144,78 cms) in the fifteen days
period, |

3.4.1. The unprecedented rainfall in the catchment led to rapid
£1114ng of the reservoir, The reservoir level shot up by over

30..64 feot (9.29 m) 4in g day 1.0, from B.L.1958,5 (R.L,596.95 m)

on 25tk June 1961 to R,L.1989.0 (RsL+806:24 m) on 26th June 1961,
Thereafter, the level remained steady for four days till 30th June
1961 when it again started rising steadily and went up by another
78.5 foet (23.9%5 m) to R.L.2067.85 (R.L,630.17 m) in a periocd of
twelve doys, The full reservoir level viz., the spillway crest level
of R.L.2062 (R,L, 628,80 m) was reached on 10th July 1961 when the
spillvay started rumning.

Je B With the break of monsoons on 20th June 1961, and early
£111ing of the reservoir the works came to stand still and the
following items remained incomplete.
(1) RARIH WORK
(a) The height of the dam in the temporary waste veir
bad reached B.L.2076 (R.L.632.46 n) as against the
designed height of R.L.2080.0 (Rule634.0 m)
(b) The level of the hearting in that section had
reached R L. 2064,00 (R,L.829,10 m) as against
the designed level of R.L,2072.0 (R.L,831.54 m)
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(¢) The downstream casing in the some section was at a
10?!1 of ReL.2064.0 (R,L.629,10 m) only as against
the designed level of R,L.2080,0 (R.,L,634,0 m)

{d) ©No pitchbing could be laid on the upstream face in

the temporary waste weir and adjoining portions of
the dam. |

The excavation or the channel was practimlu ccnploto
bnt the bed and sides ruaimd very msb beoause final ﬁnhhing
of the rock suwrface could not be done,

(ITT) QUTLET WORKS
() ~- CONDUIT WORKS

. (a) The conduit bed could not be lined with concrete

o i:e#ond: the upstream transition box. The bed concrete
had been 1eft in two steps of 2! and 1 foot in a
distance of 10' (3,048 m) froam the transition box.
There was o reverse step at the downstresm exd of
the conduit as the tail channel was not proposed to
be 1imed,

(b) The three feet wide (longitudinal) divide wall in the
upstream transition box could not be completed. The
stream lining of the upstream entry into the conduit
vas also enly partlydone.

(o) The upstream retaining vall which vas to support the
upstrean besl of the embaniment in the temporary waste
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weir portion was only partly corstructed upto
RJLe 1978 §R.L. 802.28 m)

(d) VWork could nbt at all Se-atartod on the downstireom
transition box and the retaining wall meant %o
gsupport the downstreom slopes bt the embankment.

On this account, the upstream and downstream slopes
vere aade somewhat steeper than provided in the
original design, but a substantial rock toe was
provided at the fool of the downstreaz slope,

(e) The outfall channel beyond the downstream end of the
conduit could not ba excavated properly and was
left at a flat slope of about 1 in 400,

(B) gATBS AND HOISTG |

Gates, hoists and other component parts could not be
sanufoctured and installed tn time,
(1) SERVICE QATES

The two gervice gates were manufactured in the Dgpori
Workshop (State Government Workshop) and were lovered in the
grooves and adjusted to 2 feet (0.6 @) partial opening on the
o6th gnd 7th June 1961, The service gates werse slung froa -tho'
tower by steel wirs ropes, For the left gate a pulley block was
suspended from a tomporary suspension frame of steel sections.
The wire ropes of the right gate were tied to wooden slespers
resting on steel channels.



(11) HOISIS
Stem rods and hoists were received by 12th June 1961

but could not be erected,

(111) EMERGENCY GAIE
This wvas not ready and could not be erected,

(C) TOWER. ANR ARPROACE.
The bridge could not be completed making the tower

of
unapproachable for resetting/the gate during the monsoon,

{p) The trash racks were not fixed; but temporary screening

arrangements were made.
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CBAPTER « &

COURSE_OF BVENTS LEADTNG T0 FAILURE

Before dealing wi‘th the various theories regarding causes
of the failure, it would be worth examining the course of events
that took place one or two days prior to the breach of the dam and
the evidence of data available after the breach of the danm,

In the temporary waste weir gection the earth work had
been carried out upto RuL. 2075,00 (H.L, 632,46 m) and that too in
the upstreom casing sone as against Rels 2080.00 (R.L.6834 m),

The heorting and downstream casing had been completed to R.L.20684.0
(R.L.639,1 m) only. The highest water level reached at the time of
failure L.e. overtopping was at R.l. 2067.8 (R.L.630,17 o) 1.e.

% feet (1.0 m) above the hearting top and % feet (2.29 m) below
the upatreaa caaing.

(I1) WAVE WASH
The water level on 10th July had reached R.L. 2062,0

(R.L, 628,80 m). Heavy rains oontinued in the Panshet catchaent and
vere accompanied by a strong wind. On this day the wind velocity

recorded at Central Water & Power Research Station, Khadakwasla vas
of the order of 83 to 62 km/bour. Upstream pitohing was not carried
out in the zone of the temporary waste weir section and severe vave
action vas noticed on the upstream portion of the dom, pnrt!éu].ar].y
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on the left side between chainage €00 to 13003 vhieh included

the temporary waste weir and conduit section. Gunny bags (4800 XNos)
and corrugated iron sheets were put on the upsatream slope to
éountoract the wave action and the vave vash vas practically brought
into control. The height of the waves as observed was about 4 feot
to five feet (1.3 to 1,5 m). '

(riy

At about 7,30 p.m. on the 10th July some water emerging
through the downstream rock toe about 6 feet (1.8 ) above the
top of the condult arch on its left side was detected by the
patrolman, Hesaw a fow stones falling down from the downstrean
rock tos and heard some noipe, The construction engimer# sav
this flov and estimated the same to be of the order of § to 10
cusecs (0.14 to (.28 cumecs). They also noticed that the colour
of the flow vas the some as that of the lake water upstream. It
vas also observed that the flow was constant and neither
increased nor decreased in the course of about 36 hours 1.e. till
overtopping on the 12th of July.

(IV) WALURE.OF PLOW N THE CONDUIT
On 11th July it was noticed that the condult vas flowing

intermittently full, The downstream end was sometimes fully
sutmerged and sometimes open when watler level in the tail channel
vas ¢ below the crown of the arch. Whenever the vater level went

down there vas a hissing noise as of an eseaping aire

(V) GUBSIDERCE
At 2,0 a.m, on 11th July the overseer noticed that the
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embankment opposite the tower 1.e. above the conduit in a length of
about 30 feet (9.14 m) sank to an appreciable degree and reported
the matter to the construction engineer, The top of the embankaent
in this porticn was then only 1 foot to 2 feet above the waves,
vhich ghoved that the initial subsidence wos to the extent of about
3 feet (0.9 @), The embankment continued to subside. From about
5430 acthe or'so, sand bags were laid on the sunken portion with g
viéw to raise tho embankment above the lsvel of water. The engineer
incharge who observed the sinking operation did not get any |
indication or had a feeling that the materinl of the embankment was
moving towards the direction of ths lake and thought that {t was
ainking down. (Refer Drawing No,®).

(VI) R

Transversé crackﬁ appeared 100 £, (30.48 m) apart 4.e,
approximately over the conduit trench edges. These cracks were in
half the top width of the casing and were wedge shaped being 1 foot
vide (0,8 m) at the upstream edge. Cracks wers noticed on 1ith
morning in the downsiream casing also. These cracks were alse 100
feet (30,48 m) apart, (1.e. over tha pdges of the trench) but were
thimer being about § inch wide, Transverse cracks in the

upstream portion were wider on the left side than those on the
right side, (Refor Draving No.6).

(VIT) HEARTING AND DOWNSTREAM CASTNG

Inspection of the dam on 11th July and 18th July showed
that the hearting portion wvas not affected by subsidence md
remained intact till the time of overtopping, No slip or scour
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NOTE: THE SUBSIDENCE

OF THE U/S CASI
200 AM.

LEFT BANX

CRGC

OBSERVED IN THE

—TOP OF DAM COMPLETED
!

—e e

SOURCES OF PERCOLATION THROUGH
D/S ROCK TCE FIRST NOTICED AT
630 PM. ON 10.7.61

R.L.1936-48

R.L.1932-44

ELEVATION

D.S
WING LOCATION OF PERCOLATION

I
' ,
OF DAM (AS COMPLETED) 2075:00

Ad
Iy

——APPX,I00" -
A'A" WERE ABOUT 6 IN WiDTH
U/S FACE AND I” WIDTH AT ON
DIS .END OF CRACK

| C’ml—%mrrvﬂ'*'

——

RIGHT BANK

~

yor 42072 17 V- MAX.WATER LEVEL 2067-50
g_-.. _‘}414._ - —t

UP STREAM ELEVATION

5> SUBSIDENCE & CRACKS IN U/S

CRACKS B.B WERE SMALLER

IN MAGNITUDE THESE CRACKS
AND SUBSIDENCE FIRST I
NOTICED ON 11.7.61 AT 200 A M|

f

CASING
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vas seen on the downstream face of the dam begides the small cracks
in the casing. No subsidence of the downstiream murum slope was
noticed either.

(VITT) FEELTNG OF VIBRATIONS

No vibrations wero folt by people wvorking at the top of the
dom or on the ground level near the downstream end of the conduit,

(IX) QVERTOPEING

' Inmed{ately aftar overtopping of the dam at 7 a.m. on 12¢th
July, the overflouwing water started eroding the dom section

over which 1t cascaded down to the river bed in a mighty fall of

about 140' (42.6 m). Chunks of conpacted downstream casing and
stone pimes from the downgtream rock toe fell first and finally
the bearting got ercded,

. It was found that out of the total conduit length of
819 feet (158,10 @)y 376 feat (83.82 B) length of arch on the
downstrecm side had been washed away completely and the remaining
244 feet (74,37 m) on the upstream stde was practically intact.
The voussoirs (pracast cemeat concrete blocks) in tho last 20 feet
(6,00 m) of the standing portion showed stgns of distress. Two or
three rings of the arch in this portion of 20 foet (6,09 m) have
open Joints and show slight movsment.

Some rock debris and cement conorete blocks were found
inside the conduit in the portion which was standing,



(IT) ADUIMENIE

The corners of the atutaents in the portion where the
conduit arch had been washed away were found to have rounded off
due to abrasive action of the flows Damage” also occurred by
rock fall from the cides of the condutt trench (f.0. T.W.W.)

(I11) LBAKAGE THROUGH JOINTS
Some rain water had gccumulated in the haunches of the

intgot portion of the arch condult ond was found to be leaking all

along into the corduit through the joints between the skow backs

and arch gtdnes.

(IV) PORIION OF THE L
A longitudinal seotion of the remaining embankment shown
ir Draﬁing Foe2 4indicates that the old river course has been
practicully re-established, The front face of the existing portion
of the dum was found to have siightly bulged outy; obviously as the
result of the sudden drawdown of water in the resorvoir, Large
longitudinal cracks were noticed at the upstrean edge. The-se
were raeported to have gppearsd after the breach. Piltching was

dome upto R.L.20 only (R.L. 627,68 n), |

(V) IRANSIIICGN BOX
" Cavitation damage has occured in the side walls downstream

of the gate opening. There was a big patch of damaged concrete
on the roof of the transition box,

(VI) ZQWER
(a) Sides of the cement concrete blocks supporting the
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gantry vere found to have worn out dy oscillations
of the chains,
(b) Some concrete was sesn to bave fallen out as a result

of continued erosion at a numbsr of points.

(1) Upsiream skin plate and seals were found damaged.

(11) Top sval of nose clhannel was diglodged.

(111) Bottom gulde rollors were sbeared off, Ona roller
wis found lodgoed within the éate vheel asliot,

Guid; roller brackets were intact,

(1v) Cavitation démage was seen on the slot base and top
soal block~outs

(v) The chamnel iron block out was torn off from
concrets and wos found to be abutting against thy
gate skin plate, ‘

(v1) The stem rods vere found lying in the conduit about
120 feet upstrtaﬁ of centre line, Ore of the stem rod
had been dented badly and also bent,

(v14) Heavy erosion in the concrete of the side wall vas

- seen just downstream of the gate slots,
| (vii1) The sides of the channel downstream of the gate were
seopn pitted,

(B) LEEI GIDE SERVICE GATR
(1) The divide wall, slot base and top seal block out

were seon pitted as a result of cavitation.
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-
(11) Three guide rollers were found fractured and damaged,
(111) Wose channel wag found dislodged. Top seal was torn
off and missing.
(1v) Damage to retinforced concrete wus observed as a
result of osciliating stem rods.

The downstream bottom flange of the gates was found not to
hove been cut according to the design. With the gote open of wore
than Q" (22,86 cms), ths top seal weat out of action.

(VIIT) UPSIRBAM RETAINING WALL (DIRECTLY ABOVE THE TRANSIT] A
(1) The wall vas found to have t1lted slightly upstreon
(1%) Grngks vere noticed in the retaining wall and a

~ orusied stone was noticed.
(111) Damage was caused at the base of tle wall on the

downstiream side.

(Lv) Woszp hole pipas were found to have srushed.
{v) Cansiruetion joint on the right was found to have

bean dented,

(IX) GONDULY ABUTMEWT

Pitting was geen on thd concrete surface of abutment
in the regions where voussoirg had been washed away,
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Isnediately after the fallure of the Panshet Dam
Government of Mabarashtra bad formulated ore man commission for
investigating the possible causes of the fatlure of the dam,
Justice V.A, Faik was holding the chalr. Repcrts from various
experts regarding the possible causes of the fatlure were
_ received by the commission, Shrs G,N. Pandit, the retired Chief
Engineer (Irrigation & Power Department) of Mabarashtra State in
his report visualised the poasidbility of the condult belzng
press urised as a result of higher discharge than was meant to
pass under design conditions through the conduit and also as a
result of the floor of the conduit not having been concretad. The
coumigsion, therefore, directed the Dirsctor of the Central Water
and Power Hegearch Station, Khadakwasla to reproduce the |

conditions of the Panshet outlet on the following liness=

| (1) Condi tion of floor in the arch condult undér
bigh head with a 2' (0.6 ») opening on the
prototype gate, the configuration of the jet
downstirean of the gate and the flow condition
An the conduit as it was constructed upto its
tail end, should bde simulated,

(14) The model reproduction of the permanent spillvay
regarddng its dimensions and levels relative to
the full reservoir level and also intermediate
stages of the reservoir should be made,

2.0, Accordingly, a geometrically similar hydraulic model
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vas made to 1/18 stals by tho Khaodakwasla Regearch S8tation.

The model reproduced the entire length from the emergency
gate slots upstresm to the outfall channel downstream covering
a total lengt:: of 144' upto its tail. This model was moulded in
transperent perspex for flow visualisation. It was laid according
to the prebreach surveys and wasg roushehnd by pebbles and stone
metal, Vibration and pressure pickeups were fitied for recording
gate vibrations and fluetuating presﬁurea in the condutt.

2.1. The model indicated advarse flow cordltlons fu the

towar, transition box, and condult, In cach gate slot, a very

high velocity vortex was ssen to b apinninmg with constderable
entrained air, The vortex created a spiralling motion in the slot
and lad the flow upwards, For hsads abovs 50 feet (18,34 m) the
discharge energing from the upstrean top seal gaps high in the

tower and dropping down again through the ailr vent in the downstream
part of the towsr, caused ianternittent choking of the air vent,
giving highly erratie apd unpredictable flow conditions,.

284 The rlow.through the gate opening wus supereritical.

Due to the roughnass of the bed and two steps in the conduit

bed, hydraulic Jjump was formed in the conduit itself, The
pPosition of the hydroulic Jump was found to vary with discharge
For low heads the juap formed ag—the step about 80 feet downstream
of the gate and there was free flov in the remaining length of

the conduit, As tho discharge increased with rise in reservoir

level, the jump travelled downstrecm and besame less definsd .

at a head of about 70 feet (21,33 »), when an undulating jump vas
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formed, As the bsal increased to 100 feet (30,48 m), the undulating
Jump was transformed into a steeply rising jot intemmittently
touching the roof of tbe conduit at about 210 to 220 feet (64 to
67 metres) from the upstream end of the conduit, With still
further increase in the discharge, the rising jet suddenly changed
into highly turbulant and erratic movement of water to fora a
bydraulic jump at a digstance of about 120 Lt (36,87 m) from the
upstrean end of the conduit for the maximum head of 131 ft

(39,92 2)« The location of the hydrauiic jump was, however,
extremely sensitive when sealing of the arch crown occured at

the downstrean end of the conduit, At the downstrsam end, where
the conduit cmerged into the outfall channel, interaittent
submergence of the crown of the arch accompanied by hissing nolse
and spray'x‘cmtion vas observed, The model indicated a total

discharge of 1370 cusecs (38,36 cumees) through the conduit at a
head of 131 feet (39.32 m).

When the reservoir wator level reached R.L.2067,8
the distribution of preasurs was as undsrie

(1) Presgures in the gate slots were highly
fluotuating and the nogative presgure was of the
order of - 17,6' (minus 17.8'),

(11) Pressures on the sides of the transition box
vere slightly negative.

(111) The pressure in the top seal slot was observe-d
t0 Do =6 to ~7 fest in the model. |

(1v) The pressures in the upper region of the conduit
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voro olightdy nogatlivo upto tho hydraulic Juap.
(v5 Zho follovins proppurc variations in th? condult

toro obgopvod

(a) A% 180 foob wpotroon =(minuo) 1° to ¢13.60

of tho contro Aimo o 148,600
of thy conduit
(b) At Chy o =({ndnus) looi to © 8,00
o §,00°
(c) At Cho240 £t G/ 0f  <(oinup) 3,03 to +16,16

tho contro 21ind = 18,18°

Thy obovo vartutions are shoun in Draving Hoo.7.

gg:gggfa,ﬂﬁaﬁAﬂmﬁ

(¢) Thruugh tho two foot gate openings and top seal gapsy a

conbined digcharge 0: 1370 cunven was obgorved O paso ip tao modol.
(Li) Tho tost results grauad'ths oxistanco of dangorous
cavitation conditions 4n tho scal gaps and thky gato clotg. Tho
exiotanco of gato vibrations vwas alpo ostablichod qualitativoldy,
oving to tho nodel linitations. In tho absoneo of toot facility

of cavitation tunnol, tho oxistanco of cavitation ¢ould not bo
proved conclusivoly in tho moﬁoi tootse

(214) Th> adoption of a nor-rogulabory typo dooign foF tho
pervico gotos chould havo boon avoidcd, A¢ loost, tho onioting data
on th? dcoorits of thio typo of gato ought Go bavwo Boom woighod
carofully baforo 4to ooloctlen and furthor inprovioations nado

to ronovo 2%s dofoebo.

(iv) Tho oxfoting corvico gotos oufforod £ron fouwlty top ooad
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design, severely defactive fabrication of 1lip details and
inadequate armour protection o the gute slots and the side of

tle chaunnsl. Cavituiion and consequent severe vibrations and
pitting were a resull of the service gate dsiicisncios. Flie gales
wsre also subjsct o vibraticns as thay wore subjected to underflow
and overflow anc were bhung on improvised elastic suspensions.

(v) The norsal design of a separate alr vent would bave
gscapod fouling froa the séal gup Giecharge. In the present case,
thz air vsnt erficlency was impatred partially and inte?nictantlx
altLough a liberal size uasiprcvxaed {or in ths cssign. The fouling
ol ke air venl added to unsteady fiow counutiions af the gates

(vi) Az a result of the bigber tban Gesign aischarge passing
through the conduit und poneconereting of the conduit bed to design
gradient und surface smoothmess, tle depth of flow in the conduit
built wp arg a lydraulic jum-p sformed inside the conduit. This also
regulted in pressurisation of the condulit downsiream of the hydraulic
Jump which was of the order of 10 to 16 feet above hydrostatic
limlt in the upper parts of the condwit wnu 18 to 186 Jeetl in the
tail portion of the conduit, The conduit orchk was thus subjected to
highly pulsating pressures,

(vi1)  The outfall channel downstrean was not designed, This
should have been done and construcled accordingly. The existing
chanpe) coabiped with the present conduit tended to buiid up higher
vater levels,

(vit1) Cavitation und conseguent vibrations would be highly
calamitous forces arising due to the condult flows On the other hand
pressurigation of the downstream part of the conduit and rapid



prossuro fluctuationg dup to turbulont and ungteady flov
conditions {nsido tho conduit would algo b sovoroly umvarrantcd
forcog, To what oxtont and in what mannor these forces contributed
to the tragle fatlurc of the dam is bayond ths scopo of tho direct
analysis of nodel studles. It can bast by left to rational

inforonces from hypothonsis and conjectures.

Re Do Bydraulie aodel tosts wore also dono after roctification
of tho defocts and the shortfalls in the construction of the
condutt and 1t vas observed.

(L that the distress on the arch due to turbulant
flow conditfons and hydraulic junp foraing
‘inslde tho conduit would not have ocecurred had
ths bod coneroting baen dons in the conduit.

(44) Th2 air demand would bavo boen thon satisfied
fron the downstream end of the conduit although
this vould not have affocted thn flow conditions
at the gates | _

(111) OCf all the successive gate openings upto 3.9, tho
2 feot gate opening proved vory critical so far
as bigh mogative pre soures at and near tho

gato slots wore concernsd,

2.6, HMOD 1

Discharging capoacity of th? vasto veir chanmol vag
found to bs lover than deaignadg vig, against dosigned discharges
of 6800 and 17,200 cusccs abt lale levalo of 2067.8 and 2072.0,
actual capacitios vere only 3370 and 10,000 cusecs roopoetivolye
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¥¢ 40 Bowower, cloar that $io Solluro of tho den woo mot eawsed
00 o pccudl ¢f dporfficical oopucily of Sho gpliducy oo tho depth
cf vator £icving through B> opillvay wap 6.0 £cot againot tho
dooigacd Liocd 118% o€ 20 Loote

(2) In thy caso of opon air modoloy ninto cavitationo
conditions cannot ko roproduccd, tho fnforonso
about tho mogative progouron eam BO ondy
qualitativo. The modol, hovowvopy bad ghovn
Q0£201%0 {ndieationo that cavitation conditiono
nust have provallod in tho pratotﬁpop

(24) 8inco puposity camot b corroctly ropreduscd
it vos not possiblo to nssons corPoctly tho
volurs of diocharBoe I% vao, bsuowor, cortain
that tho dioscharpo nmugt Bo hipghor thon Uho
cotinatod disebargcs Bew nush hiahorvﬂs a

, nattor of cpinions |

(148) 7o modo) bad givon dofinito 4ndfcntiomn of tho
bulld up of high pooitivo progowrog fn tho
dovnoteoon of tho conduit, Hov high thoco
prosouros have boon fa prototypo 4o o mnttor of
opinfone
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CHAPTER « 7

ARTOPS THEOR QUE_THE CAUSES OF FAILURE

Before discussing the likely theories about the failure
of the Panshet Dam, it would be worth examining the possible causes
lcading to embankment dam fatlures. The failure can be due tot-

(1) Extermal Erosion by Flow of Woigr over the Dom
(a) Due to overtopping caused by inadequate spillway
capacity either dus to spillvay being unable to
pass the designed discharge or due to the |
oxtraordinary heavy inflow much above that for
which the spillway and the dam is designed.

(b) Due to inadequate free bourd

(e) Due to excessive settlement or subsidence by

soismic or other type of vibrations.

() Reduction in section as a result of erosion of

upstream face by wave action,

(II) Iptergal Ergsion
(a) Piping or seepage through the dam coming out at
the downstroam slope,

(b) Flow of water through cracks in the eabankment
caused by shrinkage or differential settlement,

(c) Flow of water along the junction of the dam with
foundation or abulments, conduit or other structures
embeded in or abutting the dam,
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(a) Flow of water along the joint between layers of
embanikment with different quality of materials
or with different degrees of compaction,

(I1r) Foupdatiop Failure

(a) Dus to settlement orleaving of foundation under
the load of the dam and reservoir water or due
to seisaic phencaenon,

(b) Piping through foundations Boiling or sloughing
due to stratification or presence of soft material
seans,

(c) Shear fallure due to presence of low strength
material in the foundation or reduction of effective
strength due to transmission of high uplift
pressures along previous gseams,

(q) Liquefaction of foundation soll dus to sgevere
vibratory force of seismic or other origin.

(1V) Slopa Fallure

(a) Slope failure due to insuffictent shear strength
of embankment material or under drawdown.

(b) Shear fallure along the bage or any other plane of
veokness.,

(V) copduit

Fotlure of conduit or other masonry structures
enmbeded into or abutting the dam resulting in

collapse of the dan,



(111) ;;;;girTW*““*muﬂhJ . _ c<Poem casing portion did

not shoy any apparent subsidonco and 1t vas intact
411l the overflow teok place. Only small cracks
vore obperved which wore 1* to 3% widoo

(iv)  Post fallure inspsetion showod that tho conduit
arch bad been washed gvay complotoly in a longth
of 27 feot (83,82 m) on thy dounstrcan end only.
Tho condult in tho remaining upstroam portion was
intaot (for o longth of 844 Leot)(70,37 m).

2.1, If loakago through tho cmbankment is takon into congidoration
ths causo of fatlurc oan bo contributed to internal erosion (1.0
either duo o TI{a) or Il(e), If tho sinking phonenanon is
conglddrod thon tho causo of failure can be attributed to eithor
(1) Bxtsrnal orosion o ﬁay ho I(a)y I(b); X(e) or I(d)
oy

(44)  Upotroen plopo Laidurc IV(a).
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2.0. Before formulating any conclusion or cause for the fallure
of the Panshet Dam, one has to take into account the following evidence
and then £it the case of the Panshet fallure in any of the possible
causes llsted in para 1 above,

(1) Leakage of 5 to 10 cusecs (0.14 to 0,28 cumecs)
wag first obgerved through the downstream rock
toe and the leaking spot was at the left side of
the conduit 6' (1.8 m) above the extrados of the
conduit,

(11) Sinking of the upstream face was observed on 1lth
July and sinking was downwords and hot towards

.. the loke.

(114) Beartinog pg{tioh and the downstream casing portion di
not show anynzgiirent subsidence and it was intact
till the overflow took place. Only small eracks
wore observed which wvere 1" to 4" wide.

(1v) ~ Post fallure inspsction ghowed that the condutt
arch bad been washed away completely in a length
of 276 feet (83,82 m) on the downstream end only.
The conduit in the remaining upstream portion was
intaot (for a length of 844 feet)(74.37 m),

2.1, If leakage through the embankment is taken into consideration
the cause of fallure can be contributed to internal erosion (1.e.
eitber due to TI{a) or IT(c), If the sinking phenomenon is
conasiddred then the cause of fallure can be attributed to either
(1) Bxtornal erosion = ﬁny bs I(a); I(b); X(c) or I(d)
Or

(11) Upstream slope failure IV(a).
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If the cracks in the embankment are considered as the cause
of fallure, then this could be classified under category II(b) or
I1X(a).

If the failure of the arch on the downstream side is
considered as the cause of fallure, then this can be classified under

’

category V.

2.2. From the above it would be seen that the problem is rather
complex and the cause of the fallure could be one or more of the
above posaibilities.

S40e From the indisputable evidence availabls prior tu the
breach of the Panshet Dam, ome fact is clear that the fallure was
cauged by overtopping of the incomplete dam section over the conduit
due to subsidence of the upsiream casing sone below the maximum
water level attatned in the reservoir, The cause of the subsidence
of the upstiream casing is however, obscure and mugt, therefore, be
inferred from the avallableo evidence prior to faillure and from the
observations of the remaining works after the fallure, It would,
therefore, be mecessary to examine each, possible cause in detail

to visualise whether the same is applicalile or otherwise.

4,1, (I)(a) Inadeguacy of Splliway
The spillway of the Panshet Dam was designed on the

basis of Inglis Emperical formula and the inflow wvas worked out to
have a peak of 48,000 cugecs (1363 cumecs) with a duration of 7 hours.

The spiliwoy discharging capacity was worked out after allowing
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ficod absorption capacity. The peak inflow of 48000 cusecs (1363
cumecs) was assumed to impinge upon o full reservolr spilling with
the base flow of 4000 cusecs. The spillway design flood worked out
to 1‘7,600 cusecs vhiob the spilivay hos been designed to handle at
the reservoir elevation of 2072 ft, (R.L,631.54 m)

Model tests conducted in the Central Water & Power Research
Station, Khadakwasla indicated that ths actual spillway capacity of
the prototype was likely to be appreciably lower than the design
capacity, Moreover, the Ingiis Formula is purely emperical and does
not provide for any abnormally heavy localised precipitation
intonsity as 1s met within the region of the Western Ghati; particularly
so for small catchments. The inadequate spillvay capaclity exposed
the dam to risk of overtopping. However, as the maximum level reached
wag only of the order of R.L.2067.5 (H.L. 630.17 m) as compared to
the designed lovel of R.L.2072,0 (R.L,631,84 o) tho dam did not
fall due to inadequacy of spillvay capacity. Similarly the maximum
discharge that had passed or caloulated to have been pagssed through
the spillwey channel was only of the order of 8800 cusecs (193,12
cuwacg) as coapared to the splllway designed discharge of 17,000
cusecs (462,8 cumees), 1t would be clear that the dam did not fall
due to extra-ordinary heavy inflow than that for which the spililvay
and ;dal vas designed,

4.1.1, (I)(b) Dy to {nadsguate Free Bogrd
The designed top of dam was at R.L.2080 (R.L.634.0 m)

with the bearting top at R.L,2072.00 (R.L.631.54 m). The aaximun
flood level anticipated during the peak floodl_ was R.L.2078.00
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(RoLo 632,84 0) o Bxeopt in tho toaporary vaoto wels sootion, tho den
bad boom rafscd to Suld bofghte In 22 Scoporary vactc velr coctlon
¢ho uwpotroon csoing coudd bo poloct o RoloB0V0.0 (Boko(38.00 n) vith
hoarting at Bebe2088,00 (Belo C80c.1 1) omly. Tho naxiavs veto? lovod
in tho Poporvoir recordcd just bafeoro tho breash of tho dan vao
RoLo80G7:00 (Reks 630,17 0) Tk2 wavo bolgbt includiny rido wp
poportod vaop of tho ¢rdor of & feot (1.8 n)e Tk Dinime Rovod of

Sho eaoing was 2090 (Rl 838,00 n) and tkoroforo tho dam failuro
caonot B atbridutod te this cawnse
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From ik e:v&doneo availavio priel to fLolluso, it is
cloar that &ba:e wao & maboidomo' in ta0 woiroen easinl. Ihe poot
ingpootion of tho conduld, tovor, gato alaﬁa”eteq also rovoalcd
gavitation domngo at aueh pinconfe i B0doi otuedics oubsoquont to
ths Safluro slse indfented boavy cavitation and vibrations in tho
goto olod ro3ion of ths condufte Dre NeSs Govindrao, Advisor, Contral
Board of Irrigation and Povory Dre. DoV, Joplebnr, Botirod Director,
Contral Watop & Pouor Roooarch Gtation and Dp. Yadohary CoBe0o 68
Con®ral Wator & Powor Reooarch Statien attribatod tho fatluro to
oxeoonivo vibrations. Tho dotailod poageningo adwancod by then
tvould bo discusood 1atore

$ode8o (1)) ?’&@MM&@WM&)&&M%&M&
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Lecording to CRo avallabdo ovidongoe tho vawo
aotion bad beon broupht undor contreld by putting corrusatod
gedvaniood iren obaolp 086, Tho Loiluwro, thorcfercy, cannot BO




attributed to this cause.

4.2, (I1) INIERNAL BROSION
4.2 10 II‘“) L

Dr, K.L. Raoy the then Member (D & R), Central Water
~ & Power Commission thought piping to be the possible cause of
fallure, The piping visualises that damage first develops at the
downstream end of what may b called a pipe in which seepage flow
emerges under too stesp an exit gradient for the type of soil.
Such a coniition gets aggrevated due to the enlargement of the
pipe by gradual ieachinc of the material, leading witimately to
subsidence of the dam above the pipe and its fallure.

At Panshet, a flow of B to 10 cusecs had appeared
suddenly through the downstream rock toe about ¢* above the crown
of the conduilt which was constantly kept under observation. This
flov of 5 to 10 cusecs (0.14 to 0,28 cumecs) remained congtant and
did not increase. As such, flow through the downsiream rock toe
would need some other cogent explanation and the dam could not
have failed due to conventfonal piping.

4.2.2. (II){(b) Flg

On 11th July, some small cracks wers noticed both
in the upstream and downstream casing, but no cracks vere seen
in the hearting zone. There 1s no evidence of water coming éut
through these cracks. The dam failure cannot, therefore, be
attributed to this cause,



4.2.3., (II)(e) }

The constant flow of 5 to 10 cusecs (0.14 to 0.28

cumecs) noticed at the downstream end could be attributed to this
cause. Shri G.C. Dbanak, Ex+Chief Engineer, Gujarat State and

shri G.N, Pondit, Retired Chief Engineer, Mabarashtra State and many
others attributed this leakage to be the cause of the failure.

4,2, 4, (IX)(Qa) F

Froan the site eivdence, the cause can be ruled out,

4.3, (TI7) POUNDATION FALLURE (a) %o (%)

The foundations wers sound and the positive cut-off
bhad been token into solfd compact basalt, There is no other
evidence indicating possibility of a fatlure, Hence it can be
ruled out,

4.4, (rv) SLORE FAILURE
Noraally for asteady seepage aondition, the downstream

slope is critical, Erom all available evidence, The stability of
the downstrean slope was never in danger. It was in the upstrean
zone that subgidence was noticed which could lead to a doubt about
the stability of the upstream slope. |

S%ability analyais of the dam carried out by the
slip circle method indicates that the dam section even in the
temporary waste veir portion was stable under all normal conditions,
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The aininmum factor of gafety for the upstream slope under submerged
conditions, according to the computations worked out to 1.68 which
gave an adequate factor of safety. There was mo drawdown of the
reservolr before the fallure of the dam but even for the full draw
down condition, the upstream slope in the weakest section (i,e.
temporary waste weir portion) gave a factor of safety of 1.27

The failure of the dam could not therefore, have occured due to

tpig cause.

4.5. (V) CONDUIT
Shri S.B. Joshi on behalf of the Institution of Engineers

| Poona and Bcabay Centre, had put forth the hypothesis of the collapse
of the conduit arch due to overstress caused by load of embankment
above 1t, The design criteria adopted for the condult was exanined
in detail by Shri A.C, Mitra, Assegsor tg the Commission of Enquiry
with Shri Joshi, They concluded that although the arch could not
have collapsed on this account but there could be no doubt that
Joints (bétween the two vougsolrg) would open out at’petnta of high
tension and mortor would be crushed at points of high compressive
stress and that the effect would be most marked in the central
portion of the conduit where the embankment was higheat (f.e.
approximately in the portion of the conduit from 200 £t to 300 ft
(& to 90 metres) from the end of the upstrean transition box),

The dom could not therefore, have failed due to collapse of the
conduit arch under superimposed load, The comaission also agreed
to this view of the Assessor.
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4.6, From the above it would be sesn that the probable cause
: be
of fallure could/attributed to one or more of the followingi-

(1)
(11)

Cavitation and vibration

Ixiternal srosion

5.0,  Views oxpressed by the following experts in regard to

tho dotalled mechanies of faillure will now dDe discussedi-

(1)

(2)

(3)

{4)

(5)
(8

Prof. N.8. Govindrao, Advigor, Central Board of
Irrigation & Power

Dr, D.V, Joglekar, Retired Director of Central
Water & Power Research Station, Khadakwasla

Dr, Wadekar, GC.B.,0., Inchurge of High Head Section,
Central Water & Power Rageareh Statlon, Khadakwasla
Shry G.N, Pandit, Retired Chief Engineer (I & P)
Maharastra State |

Shri GG, Dhanak, Ex-Chief Engineer, Gujarat State
Shri A.Co Mitra & Shri C.L. Handa, Assessors of
the Enquiry Comuitiee,

Balels V_ Lﬂﬁ" 2‘ ,,ELr,_Qf,,._, Gﬂﬂ & 20

Referring to the model studies conducted in the Ceniral
Watsr & Pover Research Station, Khodakwasla, he thought that

vibrations had been set up in the cojduit due to successive

pressurization and de-pressurisation., There was also evidence that

(1)
(11)
(111)

Top seals of the gates were destroyed
Connection to a botton g_uido roller had sheared off
Concrete blockeouts had been damaged.
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Thaso damages indicated thut cavitation conditions
provailed in thos guto region which must bave cnusé32§§%§3%iona
in the conduit portion. Du2 to this cavitation condition and
entraiment of air, a number of cavitation bubbles must have
travolled along tho flow from the vicinity of the gate into the
conduit, Those bubdlos originating in local regions of lovw
pressure moved into rogions of high pressure, collopsed in the
body flow; causing otress wawvos in all directions. In short gsevero
vibrations vore caused in the conduit duc to the following
reasonste

(1) Dus to air entrainmont and reloase. in ths condutt

(11) Duo to oscillatory nature of flov of ths hydraulic

Jump
(111) Due to cavitation bubblos collapsing in the high

prossuro regions of flow,

Tha vibrations so caused in his opinion had components
in ths horizontal planc ailong tho longitudinal axis of the
sonduit, along a transverse axls at right angles to ths longitudinal
axis and along ths vortical axis perpendicular to tho other axis.

$0.1.20 Prof, Govindrao while explaining ths offects of vibrations
on ths conduit dividod 1ts longth into tho following four partste
(a) Longth of the conduit bolow thy hearting zono.
(b) . Length of tke conduit undor hoarting zoms
(¢) Longth of tho conduit botveon tho commonecmont of
tho hydrauwlic juap and thy hearting.
(d) Longth of tho conduit batwoon tho trunsition box

and tho cemmoncomont of tho hydraulie juap.
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Tho longitudinal cozponont of tho stross vaves and
consequent high pulsating pressures should havo resultod in shoar
stross vaves especiaily at the crovn and ulso at other Joints of
the arch, Hany of the tventy thousand joints botweon the voussoirs
which wero parallel to ths longitudinal axis of the conduilt should
have beon subjected to sliding or shsar siresses in betweon thom.
This should have resultod in the abrasion of mortar, as thoy wore
ground, and powderod. As iho powdered mortar foll off, th> joints
should havo offered logs and leoss resistanco to flow through thom
in ths wvertical direction. Ths transverso compononts of the stress
waveg should have achlovod tho same purpose in ths direction of ths
“innumerable transverso jointss The worticsl compononts of the stress
vave might have further aggravated this abrasive action on the
mortar.,

With evory hissing sound, thore was an upsurge. Water
ghould havo pioreod through tho joints in arch (in the form of
spray) into tho clay shroud and entored ths filtor zom, Whon tha
Upsurgo pressure lasting for a momont foll down, the vater which
could have triod to re-entor tho conduit found an easior path to
escapa downstroam through tho rock too. his loakage through tha

roclt too bocano constant whon ths lako roached ftp maximuvm level.

Lok _tha Conduit wmndox Hoantinr Zann
Sin{lar voakening of the voussoir Joints had also takon
placo resulting in vater to gpurt into thz joints ovbry time vhon
toro vas an upsurge. During tho lov pregsuros, th? water should
bave ¢tried to flov back to the conduit, carrying along vith it
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gsome of the clay of tho hoartins matorial. No doubt this phonomenon
must havo caused somo intornal erosion and local sloughing
causing subsidonce of the hearting. But bafore any serious

conscquencos in this longth could take place, much more sorious

action had alroady takon place in ths wpper reachos.

This portion was lying in ths reglon vhere tho vibrations
due to air entrainment and roleaso, started the amplitudo of tho
vibrations., It vas also clesor to thecentros of cavitation damage
on solid boundaries like gates, gill etec. As before tho
innumerable joints of ths voussoirs got lcosened., The water
Jet spray due to momentary upsurge got into ths murum soil of the
casingy; afterpiorcing through the clay shrouding, 4 certain
amount of clay from the clay shrouding might have gons into tha
conduit through tho joints, A part of tho ot spray got mixed with
the clay shrouding dus to shaking given by ths vibrations and its
resistanco to doformation got woakonsd considorably. The same
thing bad happensd to the nurum in the casing zono. Tky casing
portion above the clay shrouding should have got mixed with water
moro thoroughly than tho clay. Duw to constunt vibrationa, uith_
ovory upourgo, almoot gynchronous with tho hissing noise heard,
vater spray jet had shot through ths murum, Ths vibration
compononts in tho trangverso and longitudinal direction furthor
hylped this procoss., This woakenod its shouring resistanco vory
considorably. It i{s also woll knoun that in gritty goils 1liko

murum, thoro ig likolibood of incroaso of pore prossures whon
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subjoctod to vibration causing reduction of gtrongth., Thus a
phononeonon similar to liquifaction might bave takon placo.

Dus to tho phonomeonon explaoined in para 6,1.2. (¢) above,

subsidence of tho patorial of the upsiream section of th2 bumd
started as the bottom layers wore unable to sustain the welght,
The longitudinal componant of the vibrations had shoken this semi-
solid mass violently. The elay portion forming the conduit
shrouding and the clay of the hoarting had resisted tho impact

and movement of this scmi-golid murum mass. Thus the only
direction in vhich 1t ocould flov wvas, towards theo rock toe. A flow
was sot up with tho result that soms of the vatore-murum naterial
vas pushed by tho, vibrations towards the rock toe on ths upstream
giving 1t a kick. The longitudinal, ths transvorso ‘and tho vertical
campononts of tho vibrations speclally from the cavitation damago
had thoir offect in dlsloding tho loose stomes with which 1t was
built, This togothor with the‘kick it recoived from tho somi-solid
nurun nass, evory timo, thare 'was an upsurgo resulted in the rock
toe flattoning out, This in turn; rosulted in ths slidling of tho
roclz toe and consoquont bulging of the bund on the upstream sido
resulting in osubsidoneo.



Aftor the dam was overtopped, thore should have boon a
gush of mud slurry consisting of g mixture of wator and oarth
dom matorial moving down the rear slope dragging with it thy stones
of the rock toc. Those stones might have heaped up at tho downstroam
end of the conduit thus obstructing passago for tho water passing
through the conduit, Tho arch might have, thorofore, bsen
subjected to full hydrostatic pressuro equivalent to reservoir hsad
and the arch stones might bave besen pushed away ono by onz, along
with the flowing water. As soon as ths uplift was stopped (i.e.
dfter all tho stones collected at ths D/S ond of ths conduit were
dragged avay) ths removal of arch stoncs might have been stopped,

‘ Gonfédering tho limitationa_ot the model, it vas to bo
expected that/tho prototyps; a discharge of 1500 to 1600 cusocs
might have passed through the conduit., Ths flov must have filled
thy conduit intormittontly with entrainod alr which led to
vibrationg and pressure fluctuations, The high pressure hsad af tho
downstroan end of the conduit, probably might have removed some
of tho mortar in the joints of the arch stones baocawso at tho D/S
end of thy conduit ths oworburdon was very much less. Those opon
Joints adnittod wator from insido tho conduit to flov outsido
ond along thd conduit and this wator might have app arcd at the

dovnstream sido,
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(b) Upnienpn Bubaidonen

Duo to gsovoro vibrations, crucks appsared in tbs upstrean
nurva gord and pottlement bagan over tho 30 :eet vidth and in
1in? of tho conduit alignmient, The vibrations in the three
olemonts viz tho gates, the tower and the conduit must have
synchronised and led to ths dislocation of the rock too. Tho
pliding of thy rock toe which was holding tho upstream £illing,
bad paturally led to continusd subgidenco of the upstream murun

Z0Mde

After overtopping, the arch might have bsen uplifted and

caused the removal of ths part arch.

B30 v;‘f% 22 ,
Dr, Wadekar does not subscribda to Dr. Joglekar's vievw -
that ths roc¢lk too c¢ould be disturbod as a rosult of vibrations

sot up in the transition box and tha retaining wall. According to
hin tho possibility of the retaining wall being disturbod was not
@more than 250, Ho doseriind tho mechanism of failuro as under.

Ths vibrationg would craato stress waves which would
bo transmitted to clay. If there is a momentary riso in poro
prossuro during ths transmission of the stresg vavog, "£lou®
bacomos tho only moans of rolieving tho stross thus produced.
Tho flov coabincd with tho alroady roducod shoar strongth, would
load to a progressive flattoning of tho slopo starting frea
bottom upvards. A larao scalo sloughing of the slopo might have
started whon cavitation vibrations asoumed alarming proportions
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undor bigh hoad-s vhich incroased gradually as tho vibratory loads
continvad, Obgervation of subsidenco oxactly over ths 30 fest
vidth of ths conduit though apparently baffling, was porbaps duc
to transmission of the vibrations to the earth slopes. ¥iolding
occured in iha forn of gradual sloughing of ths slope which was
enough for the dam to bs overtoppod.

The appoarance of the flow at ths dovnstircam end of thé
conduit has been explainad to bo du2 to disintegration of mortar
Joiﬁis under alternating compression and tension waves ard

spurting out of water through these joints.

8.4, Vleus of Shri G,N. Poudlt
Shri Pandit's evidenco haforé the Gémmission had takon

placo prior to ths modol studies. He predicted the advorse flow
conditions 4in thas conduit and opined that pressurisation and
severe vibrations might have provalled in thz conduit, Ths dynamic
forces created and accompanied by altornato suction and pressure
might have lcd to disintegration of mortar in thy jointso of
voussolr which may or may not havo rosulted ultimatoly to the
disloding of ths voussoir . Sufficiont naterial would havo been
sucked in through tho opon joints of tin voussoir blocks to forn

é, cavity within tho mi)ervloua son® above thy arch, This cavity
would progressivoly extend in an obliquo direction towards tho
upstrean face of tho imporvious zomd. The cavity would romaih
within tho imporvious zons by arch action in th2 cohesivo material.
Within tho nurya gond howovor no arch action was possiblo and

tho material for this zono would cogtinuo to bo drawn in tho
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cavity in tho {mpervious zon® causing a progrossive collapso of

o nurvn zono,

The loakage at tho downstream toc was oxplainad as duc to

spurting out of ths water undor pressure through opon jolnts.

considering the limitations of the model, ho opined that tho

prossure fluctuations in thy prototypo might havo boen porhaps
ofihigher order, The conduit was of course, not designod to run
full bore or for any internal fluctuating pressures becauso full
design discharge would have bason obtained by smooth bypercritical
flow confined well bslow the springing of the arch. The effect

of the {nternal flubtuating presgure on tha arch must have been

to shake tha arch rings from within and since the frequency of

such préssure was high, there would bo continuous hammering undor
ths arch ring boginning from almost tho 7th July, vhan tho conduit
ptarted running full bore to tho 12th July. With theso vory largo
internal impacts superimposed on tho high frogquoncy vibrations

to which tho entiro system vac subjocted, thore must bave beon
considorable amount of fatiguo in tho mortar resulting in loss of
much of its strongth. In addition, perhaps dus to ths disintogration
of tho mortar, water must ﬁuva surged past tho joints disruptod

tho asphaltic layor amd rcachod plastic clay £11l. Tho ropoatod
application of vator prossuroe and its rovorsal must have wushed
out somo clay whenevor ths joints opondd to an adogquato magnitudo. ‘
This could have happonod anyvhoro along tho dounstiroam half of tho

conduit vkore the formation of standing vave and positivo prossurcs
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aro indicatod &n thy modol., TEd local washing out of the clay
fren joint to joint could tond to ostablish at placos a
continuous path along ths extrados of ths arch and the leakago
of such joints in or ahoad of the rock toe must have appeé;ad

as B to 10 cusocs flow stoadily passing along the dovnstreanm
£aco of tho rock tos., This washing out of tho clay must have
rosultod into unbalanced earth pressure on the arch., This
eouplod with thy loss of mortar strength and the impacts of
intornal fluctuating water pressure must have thrown the arch

to a condl tion which would léad to formation of local opening
probably at more than one placo. Into these small oponings that
vore croated in the arch; water must have surged up and down

a nunbor of times, washing out each time somo quahtity ol clay
which prograssivaly increased the size of ths cavity, Since ths
material was plastic and the direction of the maxlmum load was
upwardo, ths skin of tho cavity must bhave gradually fallon out
progrossivoly towards ths top. Why oxactly 4%t should havo travelled
to the upstream edgo of the top of dam io bighly speculativa, At
thlu point, tho physical cvidonco lends support to this conception
of failurc, In the downgtroam slope of murum, two parallel cracks
voro observed which must bave been dus to tho loss of support
from undornsath, Thia progrossivo formatiog of tho cavity and
vashing out of tho clay tras Polativoly a sloy procossy bocauso

of tho hoavy compaction of the clay.

tthan th? vateor was cascading down not only frem ths towor .
oido but also froa tho othar two arms of the U formed by the
conduit cut, it must bave fallon with a terrific impact over
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tko conduit and vashod away its centirc downstream part which

wgo already ghokon, Tho upstroan half of the arch still remainod
intact probabsy because this arch was not woakened by intornal
impacts and tho vater cascade did not act on this part for a long
period as the breach must have swung down to the rivor bod
before water hud an opportunity to dostroy tho remaining part

of the arche

Shri Dhanak while admitting that thore would be intenso
vibrations, pointed out that the vibrations could not be of
such a sevore charactor, and of such amplitude as to cause

movenaent of the rock tes,

(i) The voussoir Jjoints of ths conduit arch wore overstressed
in tho central portions of tho conduit leading to crushing of
mortar at points of high compressive stress and opening out of

joints at pointo of high tonsilo stress,

(11) Tho vibrations at the gato structurc worc transaitted to

tho portion of tho conduit arch and its intonsity was severo in
tho portion adjacent to the transition box. Vibration would bhave

dovaloped around 2nd July and incroasod progresoively vith tho

ripo in regorvoir lovol.

{114) Thosc vibrations causcd readjustmont in tho dbackfill
adjacont to ths condult arch by consolidation of tho § £ thick
layer of coaparativoly lower donsity cloyey matoerial placod at

consistoney of S porcent over optimum moisture content in hauncns
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and immediatoly over ths arch,

(iv) Tho roadjustumont of matorial in the backfill accompanied

by somo loss of material underlying ths rock toe into the conduit
through partial opening of joints in ti.dls roach, caused consequential
gsettlement loauing, in {ts turn, to dowelopment of cracks and
oponings in the suparposed casing mateorial in the roglon adjacent

to rock toe. These cracks permitted ingress of reservoir water

under prossure upto the wet consistency materia)l underlying the
hearting zone.

{v) The roughnoss of the unconcreted conduit floor gave rise to
pressurised and pulsating flows Tha fluctuating outvard pressure
rendered the stability of woussoirs vulnurable against outward
radial thrust and causcd some of these to bo displaced outvards
leading to formation of openings due to widening of joints.

(vi) &8uch openings provided passage for inflow hsarting
material locally duo to tiny jots working in alternating spurts

‘as a result of porsistent surging action of pressurised water,

(vii) The openings formed by ths loss of baarting material got
interconnected abovo tho conduit surface to form a continuous
path from tha upstream faco of tho dam into ths conduit through
the displacod voussoir Jjoints. Loakago of rosorvoir wator through
the pussago tondod to orode out finor matorial froa tho upstream‘
casing zone., Tho casing matorial tonded to flov out more ocusily
osinco tho 11ttle cohasion it bad under placcaecnt condition,

Qould bo practically lost on poaking and cracking in lowor layors
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duo to vibration, Tho sizc of the continuous channol incroasod
gradually as Doro and noro matorial vas orodod and flowed into the
ecduit without boing initially observed at the downstreanm.-too.
Lator, whon tho path had enlarged sufficiently duo to progrossivoly
incroasing erosion, and the resulting discharge could not pass
through ths oponings in the conduit, it sturted making way
doungtro-am until it got aceoss to ths downstiream rock toe

throush which it filoved freely and whore it deposited ths coarser
suspondcd naterlal, Thus thes leakage of b to 10 cusecs appeared
suddontly on 10th July. By this time, constiderable internal

damago had already ogcured to the dam by way of loss of material
from the upstream casing zonz into the conduit, The upstream slope
ultimatoly started sinking from tho top vhen 1z uppe-r layers
could not gtand any longer due to loss of material from the

lover layors, The subsidence could not be made wp by dumping

carth £1110d bags since leaking wvater was carrying morec material
than could be rosorted by dumping. Tks subsidence led to ovortopping
of ths dem,

- (vii1) Aftor overtopping started and overflow of reservoir wator
got into its strido, chunks of compactod cabankient material and
stoncs from rock toe must have besen oroded dus to tha forco of
gushing vator and deposited in front of tho conduit oxit, loading
to itg gotting temporarily choked, Fallure of the conduit arch
by bursting in ths doungtream portion, whorc tho ombanlment had

boen wash2d avay, rosultod becausc of high internal pressures
duo to choking of ths oxit,
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To suvonariso, tho fLalluro of the Panshot Dam has beon
aseribod by thon to o coabingtion of thy following causes and
circuastancost=

(4) Unfavourable hydraulic flow conditions

(prossurisation and surging) in the conduit,

(11) Halfunetioning of the gate control oguipment

resulting in severe vibrations and cavitation.

(111) Ovorstressing of the conduit arch of vougsoir

construction and consequent opening out of joints.

(1iv) Incompletensss of the section of earth embankment

in respect of top level of hearting and casing
in the temp. W.W. sectlon where overtopping
took place.

(v) Extraordinary adverse meteorological conditions

vhich led to oxtremely rapid f1lliing of ths
reservoir, This prevented internal adjustments

and self- healing of the dam,
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CHAPTER « 8

FINDINGS OF THE GOMMISSTON

lele From th? various views regarding the cause of ths fallure
already discussed in Chapter 7, it would be seen that there is a
considerable difference of opinion about the cause of the failure.

The commission of enquiry expressed the following viovwsi=

"Judged by any standard, the theory vhich I am subscribing
to, 1s more sound than the one-gided vievs put forvard
by the protagonists of different theories; sach of whom
1s emphasizing the importance of the breach of study to
which he has devoted hig life. I do not, hovever, claim
any originality for my theory., I have oniy tried to take
a whole and integrated viev and coabined only the most
rational eloments in some of these thoories, which appear

to me to be sound."

Cnvitntion had occurred and as a result of which intenso

vibrations had been set up in the conduit., The mailn reason why
cavitation conditions aroso in the transition box and tho rogion
of the gatesa, vas the partiul oponing of two feet in both ths

gates vwhich were not fit to b2 used as regulatory gates. Such gates
vore suitablo for full opening or full closuro. Had tho gates beon
completely closed, no flow would have entered inside the conduit
and tho wholo mischief would bavo beon avolded, The other factor
regarding the gates was that they vere kept suspended on wirc ropes
and not firxod in a propor way. Thore was also a dofoot in tho
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nanufacturo of tho bbttoa flango with tho rosult that tho jJot
would alternatively cling and spring out slear, Whon tha gato
wae raised more than nine inches, ths sealing effect of the top
seal vwas nullified and water gushed in through tﬁé opening,
fouling the air vent and creuting an additional discharge.
Negative prossures were created in the region bf tua gates.

The conduit also had been pressurised and conditions akin to water
hammor had occurred in the downstream pbrtion of the conduit.
Vibrations had boen intensified as a result of the fluctuating
flov inside the condult. Siress vwaves must bave radiated from
these vibrations. It is difficult to say whather these strass
vaves lod to unsettlement of the plastic fill above the condult
bringing dovn thé upper layers of casing in the process of flow,
That possibility, howevery cannot bs completely ruled outs

The commission, was however, inclined to the view that
some of the joints between ths wvoussoirs must have oponcd out
on account of vibrations due to internal pressuros superlmposed
" upon cavitation vibrations. The water spurting out from thoso
Joints at different places could create cavities in the clay.
The cavities might have grown blgger and joined sach other as thoe
process of leaking of wator continuod., Ths Gdmmission, ﬂovever,
thought that ths procoss thus sot up would take a long timd for
tha formation of a pips for tho passage of wator. It was moro
inelimd to tha viov that thore could by thorough gshaling of tha
voussoir stones by tho combinod effect of cavitation vibrations,
tnternal fluctuating prossuros, joints opening out and widoning
by tho continuous spurt of vator. Tho stonas of tho arch, vhich
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was already oversiressed, wighnt bave moved o shaken or tbrown off,
A fewv stones could bave been bummered out above the normal outer
surface of the arch, On account of the above fnpact, wedge action
of the arch was lost und when thisg happened, a stone or two could
fall down and then zome mors stones in that area could aiso fall
down in ths conduit, A microscupic movemeni of one stone in the
outer diractiqn would make the adjacont slones free from conatraint.
Once g stone was removed irom the constraint of the thrust of the
linear areh, it could ve pushed up by tho oulward radiagl thrust

- of the yressurised amd pulsating flow. When ore stons had thus
noved out, the smalld oponing would have bacome bigger on account
of further washing out of the clay from beinind the opentng and

on account of the lInternal flustuating pressures, the stopes would
have fallern down into the conduit. Thls would create Jocal openings
in the areh rings. The location of the occurrence of the phenomenon
of one or %wo stones faulling down could be, in the firat instance,
somewhere below the downstream of the cantéa 1ine of the arch,

The process of displacement of the voussoirs would progress

Upwérds and the pressurisod spurts gushing through the opened
Joints would create cavities. These cavities would get inter-
connected, thus creating a widening passaoge for the loss of soil
material. The process described above would lead to substdonoo‘

of the upstreom sasing. The dislodgement of the stomes would

also 1sad to a flow Of water which would appear ot the downstreas
end through the rock toe. These two phonoﬁonon viz., the flow at
the downstream end of the conduit and the subsidence of the

Upstream casing, were the effects of the game Gause. At ths same
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time, the two phenomenon might not necessarily be comnected with
one nhother nor was it ncessary that they should occur

simultaneously.,

The weakening of the arch and the actual falling down of
some of the voussoirs would make the arch flexible with the
result that etther as a result of uplift pressure developed at
the downstream end, or as a result of overflow after the dom was
overtopped, the downstream portion of the arch could be washed
away. Although, in a sense, the washing aay of the downstream
portion of the arch, whother it bad been due to uplift pressure
or whetber 1t was a result of c¢ross flow was an independent
| phenomenon and was not necessarily connected with the faillure of
the dam and bad in fact taken place after the overtopping. Still,
°th§ conmission had grave doubts as to whether the arch could have
been washed away merely as a result of uplift or cross flow
upless the arch had been thoroughly shaken, weakened and fallen
down at places. In otber words, the displacement and removal of
a fow vourssoirs, was the starting point of the process of the
failure of the dam. The cause of the displacement and removal of

the stones was the combined aotion of cavitation vibrations and

pressurisation of the conduit,
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CHAPTER - ©®

8TUDX_OF ALZERNATIVE SCHEMRS OF RECONSTRUCT IO

1:00 DEROMICEION
After th broach of ths Panshyt and Khadalktwasia Dams on

12¢h July 19, Govornment of Mabarashira, whilc appointing a
ono man cooaipsion to go into the causes of failluro of thoso dame
dircetod that until the commignion's findings woro availablo, no
roconstruction workson both the dang gshould bes undortakon.

1.1 Thoro vas lot of public criticisn regarding the advisabiiity
of conptructing embankeent dams in bigh rainfall arces liké
Panshot and Yargsgaon. As tho Panshot amd Khadakwascla storages

had coascd to oxist, tharo vas a good opportunity to review all
provious proposals regarding building of storages in the Mutha
Valloy. Accordingly the Governmont of Maharashtra, appointed a
high lovel ccunittoe to study tho coapleto dovelopment of tho
Hutha Valloy vator rogsourcos availablo at the ozisting Khadakvasla
Dan site and to r ocomnond sultablo storage sehomog., After
proliminary oxenination tho committoo considorod thn Lollowing

to be tho posoiblo altornativo sehomogte

Sekors I o Construction of a nov dam at Khadakwasla

Schome I o Construction of a nov den noar villago
Halkhod 1.0, (in bstvoon Panshot and
Khadakvasla Den sites)

Schono IIT - S8trongthoning of the oxisting Khadakvanla
Dam and comotruction of tvo otorago dens
ono at Panshot and tho othop at Warasgaon.
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1.2, Duvo %o tho broach of tho RKhadakvasla Dam, the wator oupply
to tho Poona City and i1ts Cantomaont, noneirrigation supplies to
tya i{ndustrial area around Poona, poronnial irrigation oh tho
oxiﬁting Mutha Right Bank Canal upto milo 18 and goasonal
irrigation upto nilo 30 vas seriously affected, Tk domestic and
industria)l vator supply was tcmporarily 260$ored by pumping vator
from Hulshi dam in a noighbouring valloy.

Tho ecmmitico aftor serutiny and prolimlnary invostigations
of Sehoro IT for wbich investigations had not becn made cariier,
tiﬁaily roconmonde@ Schemo III for adoption. While making thsir
reccaumendations tho committee bad in mind the vory high cost of
providing puaped uato? supply to Poona City and Cantomment from
Mulohi Don and that tha adoption of Schomes I and IT would
nacoanagato this arrangement to @ continvad over a much longer

poriod,

Onco ths schame for congtructing tvo i{ndopendant dams at
Pansbat and HUarasgeon vas £inalised by the committec, tho
follouing two altornatives for tho Panshot sito woro exaninodse

(1) Urathor an ontiroly nov dan noar thy old sito
vbuld B2 proforablo.
oF
(11) Ubothor tho oxisting dam could bo roconstructod at
thes oxinting sito witilizing thy ronalding dan and

othor vorks ags much as pPosoidblo.

| go
8:1e Naturally, Ifrom occonomic congidorations ono had to/for tho
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proposal (11) above if found techbnically sound, The quantity of
earth work which was standing still was of the order of 59.60 Meft
costing approximately Rssl.2 orores. Besides, thore were several |

~ other existing structures such as 6uxlet . . tower, approach bridge,
plers ete which could be made use of. However, before deciding on

the adoption of the renovation secheme it was necessary tose
(a) examine the condition of the site after the fatlure

(b) establish the rellabiiity of the standing earth
dam portion,

242, CONDITION OF THE SITE AFTER THE FATLURE

2.2.1s EARTH DAM | |
(4) The earth work of the dam betwsen Ch,700 to 1600

vas wvashed away leaving nearly a vertical face at
Ch,1600 as shown in Drawing No.8.

(11) All the overburden of soil and murum on the left

flank had been washed away by the cascading flow
after the breasch leaving exposéd bare rock
(including the portion between the waste weir cut

and the matural river course)
(111) The natural river courss was ree-established.

(1v) The upstream casing zone near Ch,1600 bad slightly
bulged and slushy material was lying in the natural

river course.

(v) Some longitudinal cracks were observed at the top

of dam,
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(ve) ko rock om tho dounstropn was dloturbod £n seno
portions ovon boyond Cho1G00 |
(vig) Zho tovor, and tho conduit arch for o lonith of
24¢ £¢ on "t:h'o wpsbpoon 08do ronainod in taots
(va44) Bncopt for ths fov oracko noaticned if; (v) abovo,
tho romaining oarth work of about 59, C5 lMeft vao
intact and appoarod porvicoablo.

20803, SRILLUAY SITE
- A doop pulloy vas noticcd in tho tail channol aftor

furctioning of tho gpilivey and this gulloy was dud to tho
voleanic broscola layor mot with at R.L.2060.00.

2480 %a&mmr 038_FOR_BSTABLISHING REX

| 2,3,1. Though gocord tosts woro availablo, i; Yas conpidored
nocossary to Sako undisturbed senplos from tho otanding ombunitmont
to ascortain tho in-oitn charsctoristics, Undisturbed sasploo
fron boros at Ch.1P003 8100 and 3800 woro ¢olloctod by tho Contral
Hator & Powor Dosoarch Stationy Rhadakvasla and $ho follovins
tosto voro condustodt-

(D) Attorborg s 1imito

(I1) In-oitu nofoturo contont and dry donsity

(11I) Undrainod Srianial toots fop tho !Z:onrtzngv

oatoriade

Tho posulto of thooo tont penplos aro givon kopoundorie
(D) Aﬁ?.orbox’a'd Lindt « nook abtout 00

Plastic Linit o noa? about &9

Plasticlty irdon o noar cbout £9
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(11) & (111) Inesitu moisture contents, dry densities and

effoctive stress parameters for a few samplesi-

Chatnage' Insitu

* Dry density ' Bffective Stress (Undrained
'moia}uro ' in 1bs/cft ¢ . tegt)
t 1n ] ] L] ,
' ' * Cohesion in ' Angle of internal
\ \ b pasefs ! :
\ . X - 3roes' tan
] ' ] ' )
2100 27.7 102.7(1650 kg/ 1440( 70 - %0 0.87
oL cum) sqecm
2300 (1) 29.5 102, 3(1640 kz{ 1584(0,77 kg/ 28 0.53
. cun sqecm) ’
(11) 26,4 100.8(1610 k&{ - '1296(0.63 kg/ 32 0.62
cum : sqs cm) '
1900 = 28,4  94.7(1520 kg/ 1728(0.84 kg/ 40 0.83
cun) 8qecm)
8.6 96.2(1540 ke 576(0.28 kg/ 34 0. 67
cum, sq.ca)

. i -

Tho designed values were as undert.
Dry Density 95 lbs/oft (1820 kg/cum)
C = 600 lbs/sft (0,29 kg/sqe.cm)
tan § = 0.35 l.e. § = 29° « 20

Thug the in-situ characteristics were found to cdmpare
very favourably with those adopted for design. |

2.3.2. To assess in-gitu permeability of both casing ard hearting
gones of the existing embankment, bore hole permeability tests
vere taken for the casing material according to the procedure
laid down, under designation E-18 of the U.S.B.Re Earth Manuals
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Tho rosults of tho pornsability tosts of tho casing woro found
to bo as undorte

Ehat para, Logation | Barmanbiddty,

2100 : On U/8 borm 105600 ft/year (0,01
: : at R.L,208% ' an/see)
8300 odo- | 8,200 £¢/y0ar (0,007
cm/soe)
3400 | =doe 13,200 f£t/yoar (0.013
en/8o¢)

Tk2 abovo test rogults indicatod that tho casing zone
vags sufficiontly pervious to justify tho design assumptions mado
regardlng'thsAdrnw-down'pore pressures in tho upstrean casing
zone in tho stability analysis.

Similarly, after collecting the undigturbed samples
from the hoarting somo at Ch,2100, permoability test was carried
out by tho C.M.P.R.8. and 1t vas found that tho permeability of
tln hoarfing material was of tho ordor of & £t/ycar (3.8 x Loaa
en/ses). This quito cloarly shovod that tho hearting matorial
availablo from the standing ombanlaent vas imporvious and -
.. eoudd bo rolied upon as a "coro®. '

3.8,3. To ascortain tho dopth of tho longitudinal cracks which
vore notfccd at ths top of den aftor tho broach, Sovoral trial
pito voro takon. It was noticod that tho eraechks did not oxtond
boloy. 8 feot (2.4 m) depth, Tha width of tho cracks was varying
fron M7 %o 19 ubich pinchod off whoro it mot ths hoarting zono at
a dopth of 8 (2,4 m), Tho oriontation of the cracks vas noarly

vorticale Thago cracks woro ontiroly local an€ no mowcmont oF
\o72%

Lt e viov DNIJEDCITY OF ROOET Y
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slides were noticed doth on the upstreaa and downatreén slopes.
Bven the pitching on the upstream of the standing embankment had
rennined intact, The embankment was therefore considered usable

after stripping the top 16 feet,

2¢ 30 After the above examination and investigations, it vas
decided to adopt the scheme of renovation of the existing dam,

3.0¢ ALTERNATIVE SCHRMES FOR RENOVATION

3¢1s  The following aspects need to be considered for
accepting the suitability of layoutse
(1) The junction between the old embankment and the
nevw work
(11) Location of outlet
(111) Diversion arrangement
(1v) Peak work load during one season
(v)  Creation of partial storages so as to enable ths
dam to be sub-jected to gradual £illing each year.

3.1.1. Junction of old and Few Farth Work
Obviously the existing embaniment should be stripped back

to such a slope as to adait proper compaction at the junction
with normal compaction procedure, After examining the practice
adopted cl;‘vhoro and digcussion with U,S.B.R. engineers it vas
decided to strip the dam face to a slope of 2 H to 1 V and to
provide additional keys in the hearting zone 30 as to obtain a
proper bond between old and new earth work,.
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Sele8. Laantion eof Optlof
Tho only suitablo and econemical location for outlot

1s in tho tomporary wasto weir cut wbich vas adoptod,

301030 L

mongoon (i.0o through tho tomporary vaste woir cut having its
bod at Rel.1985 (R,L.698.88 m) vas considored most suitablo
and wvag adopted,

3020 ALTERNAZIYE. LAXOUTS

Tho following lilioly altornativo layoul proposals were
examined from the potnt of viow of thoir sultability of
keeping tks poak load vithin reasonablo limits and tho
requirement of admitting gradual £41ling of the reservoirie
Bropospd L

Utilization of all the exioting structuro oxecopt tho
arch conduit, provision of a R«C.Co box culvert for tho .
grrigation outlot vith masonry back £41ling in the cut upto
B1,1966 and sotting back of slopos of the cut to 3 E %o 1V
for proper oarth compaction and rostoration of tho earth dam.

Erononnl XX
8ano ao Proposal NWo.I vith masonry baclk £411ing uplo

tho top of tho cut viz. Bl.2000. (no sotting back of tho
slopes of ocut roquirod).

Propanal ITY
8arnvy as Proposal oo vith masonry back £4lling in tho
cut upto £l,1070 and sotting back of plopos abovo Bl. 1970
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(1) Provision of a gravity non-ovorflov magsenry dan
on tho lof¢ flank and ovor the To.t.U. cut (vwith
all outlots in the body of tho dam), Tho nasenry
dam to continvo for a length of about 80 feet
(24 motres) on the right flank,

(2)  Provision of a divide wall at the junction of tho
magoney and the earth dansg. |

(3) Restoration of the earth don on the right flank
bayond tho divido wall (8co Drawing Noi® & 10).

30:2:1c The relative meritp of theso proposals will now be
discussed,

The programme of works in this layout would have been to
divert ths floods of the 1st and 2nd scason through the temporary
vapto wolr cut £.,0., ovor tho nasor®y back £4lling at R.L.1966.00
(R.L,BQBQSS 2). In the third working scason the backfilling of
thy T.W.H, cut would bo roquired to be comploted to tho top
(B1.2027) to pass tho floodp through the P.W.We (the bod of which
is at R.L.20G2:0). Thus tho dam would b2 subjectod to practically
ths full hydrostatic hoad of 107' in one soavon which as alroady
stated, vas not considorod dosirablo £rom tho point of viovw of
difforontial sottlemonts of tho old and tho nov ombankronts and

tih joint. This proposal wao congequently found unaceoptablo,



6 "ON "ONIMVYQJ

= AVQ AYNOSYA HOJ NOILD3S TVNIGNLIONOT
o0 08=1 31v0S
5 .Aw .6 ,[0 6| v o nﬂu!nrrﬂxm.\ N NN g oo 9: m!u. ).Nl S,wav W !
w S s v O @yond N AN B o YV
8 5 8 3% 5 8833558 3 8805 833885 o o O v 30 o JOUNIVHD
- — T = | NI Y] (SN NN N NowW N}
2 S 23 © 38382805 Q 0 06 00 8 o © O O =
va < w W V4 O 0 0 0O o 3 S W n e o c o o O
@ o 00 ® O =0 T ® L &2 ¥as 20 @ O & o 13A31 GNNOYD
o O 4y o & ¥ I @ e e LSV s R~ &
e =2 = o N o v © O e ® o & g Y e .. o
o 5 = 3 - NN NN penN T N
2 2 232 2 98588 3 82 2 2 9993¢% ? 2 I3A371 WO0Y
3 2 88 % 9282838 2 00 7 3 Sr0a0 B o ®
© dea gy L 3.07 Q2 guhIs 0 — - 2 006t "1y Wuva
. 137LNO Y¥3MOd o - A5
F.B”mmm.-_‘ wwuw_wﬂ 13711N0 NOILYOId Yl o oz6!
XS : 713A37 HOIH YO4 (XS AMITIVO w " Op6i
O'0s6t 1Y “ BXE9 JOVNIVYA 8 € ON LIQV > .
.. \ . HOV3 SLN3A OM1 0 0961
08961 "1y Q .
ﬂ&/ bs] 086l
- ;= - N <
AU rymmn [ : o o
_ - - . ooy “ >
'\ tON LIgv! _ _/ -
- mu _W”“. .._‘_ J.; . -
¢ HlYyv3 A, _ \3 ' - _ 2 OZ Lavy
~ i &
\ * i e}
. . { | _ ll
i B seoe | SR T
C D o ke S 990E"T83 " | | - g, N
i - o 4 : 0160z "TY Wva 40 301
AVa . »m.ﬁ:o
T T > - zo.»«w_ma_ 713A31 HOIH
A >EZOm<§
#¥d Hivv3 HO4 YIBWVHD LSICH / 1WA AN .y
TvM 3a1A1Q /\ /
40 79 LNIOr
NOILOVYINOD ¥3ddOD

1NIOr NOLLDVHLNOD YH3ddOD




89

. [}
Sl
&v;rwﬁ-w—m.hﬁ,:w@»m~ al -

Q:F_ONJK_ k]

— ¥ [

1

Band

VM uo_>_ol}ﬂ|!
i
PR

;o

_./ —m _'/ rf.fM_MT

% 9oz 'Y EN_NQN. e
CF S/N 06 HD
S/N LEHD d

STIVYM HDNNVYL

1

Mvm

08=1 31ds

s/n

MOT4

13

-~ .

§ HO

., O0E8 HD
Fous
‘:‘J__‘_J__J—J-‘—L-A-ﬂ-

t
—

—
-

A3INNVHD NOISHY3AIQ -8
NVYHD YI3M JL1SYM AHVHOdW3IL

i

TIARAERRAN

$/Q sL HD LV LNIOfF
NOILDOVH LNOD Y3ddOD

\

i

‘V I/M"Hm&vullrl _

. b . 3

- s POONJGEM\«IIL HH\
R RRTTT

lﬁﬁﬂ,.;fﬂ,ﬂﬁa \ “

oez1 /a1’

L0z Ty WY
IﬂNAw*ﬂJNJM.lM

»—..

\

A

ar |

9,
I

1}
:

™

]

Ve

i

N
N 1y WyY38
0vPOON - e .

'
'

—v
=+

P\Tﬁ I

o7+ —

73A31 MO7

).
LT 78

Ly

1371n0 N{g

talal ta JS"W ™

OZOI H

At T

3ISNOH Y3IMOd

-
-
~5

_ - ey

=
S
e ]
o
|

_“L_ L.lA.lJL:

CES HO -

T ¥TOLINTT

7,07 ¥OOLS

'

g

a35s0dOud

s/a

Ol ON SNIMVYJ

3QIAId ONV AVA AYNOSYWN

"HO4 NvVd

1371NO NOILVYOIYYI 1IAIT HOIH

_— .i. iiJ
_w.m\o 0OZ1 % S/NOGHD LV Wvd AYUNOSVYAN

HO4 4330IA0Yd 3Y¥V SLINIOr g10D € .,
'S/Q SL HD 1v ONV S/N 1

LEHD LV VM 30iIAId YO<4 a3Q1A0Y™d
YV SLNIOT NOILDNYLASNOD Y3ddOO ¢ _

‘WVQ NIYW 40 _
02O0I°'CTES 008 OY9 HD LV Q3JIAOYHd
34V SLNIOF NOILDVHINOD YH3iddOD

L .

— - —_— ]




86

Broponpd 1,

In this proposal, tho divorsion arrangonents could bo ono

of tha followingi-

(1) Do tho masormry £illing upto ReLe+1970 in the
temporary vasts weir cut in ono scason and passo
thy flood ovor ¢t and completo ths rost of tho
masonry and the earth to a safo height &o pass
tho flood in ths P.W.¥W. channod.

(11) Comploto the entire masonry in the cut and the
dam to a safo haight for passing the flood in

the P,W.W. channel in one season,

. The alternativo (11) in offect is similar to Proposal III
which will ba disoussed later.

In tho alternative (11), ths quuntity of masonry
involved botveon RoL,1065 (R.L.549.88 n) to Reko2000 (R.L. 609, 6 m)
would bo of tho ordor of 2.6 Hegt (7 z 108 cum)
quantity of masonry vould talto 6 to 7 months for completion duo

cun)s, Sueh a hugo

to spaco rostriction. Tho oxocution of carth work invelvod
abovo RoLs2000.00 (RoL.EDP.06 1) in tho T.W.W, portion baing of
ths order of 18 Meft (50 x 104 cun) wag not casy to accomplish
in tho romaining 2 wonth poriod and involvod an eloment of rigke.
Tho schoro was thoreforo not considorod feasiblo,

Erananpd, IIX
In thic proposal tho T.U.Y., cut until filled vith masonry

upto £1,1970 can bo wood to pags tho flood wators, Thovoaftor
1t would bo mocossary to eemplotc the dem %o o safo hoight for
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pasoing floods through the P.U.W. channol in on> scason. Tho
only objoction in thip layout wao that tho Jjunotion botwoon tho
0l1d ocarth and nsv ocarth work would Bave baen subjected to o
hydrostatic head of 92' (28,04 m) (R.L.2062-1270) at ono g0
vhich vas not considered gafe enough. This proposal, though

guporior to I and II, was consequently rsjected.

Though in this layout the tover, approach bridgo piers,
trash racks etc. could not be utilized, it vas considored most

accoptable from tho following considerationsgi=

(a) Earth ’wor!: quarrios avallablo noarby vere already
congsumed during the construction of ths dam prior
to ths yoar 1961, thus the roquired quantity of
matorial for tho entiro earth dom ospecially
ths hgarting patorial wvas not available within
roaaoﬁab;o leads. Thoreforo, any propoaai inv0191ng
roduction in tho quantities of carth work vas

preforablo.

(b) This layout poraitted gradual raising of tho
gtorago which was congldorod veory dosirablo fron

safoty congidorations.

(c)  Partial ptorages during tho comstruction poriod
vould be crecatod vhich could Bs utilizod to
dovolop irrigation simultanoously.
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z

(d) The masonry dom in the temparary vaste veir cut
provided considerabls flexibility to the
construction programme for the earth work.
Dopending upon the progress of the work in the
earth doan bortion, the raising of the masonry
monolith in the temporary waste weir portion
could be eagily adjusted to suit diversion

requirenments,

This layout was, therefore, finally dccidod upon for
adoption.
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CBAPTER « 10

DE D F F _RECONSTRUCT TON

1.0. SIQ3AGR
In order to utilise the 75% rellable yleld at the

Khadakwasla Dam site of about 37,000 Mcft, the high level committee
appointed to suggest the most suitable scheme of development of
Mutha Valley recommended creation of the following atoragoé:-

(1) BExisting Kbadakwasla Dam = 3000 Moft

(11) Panshet Dan = 10600 Mcft

(111) Warasgaon Dam z 13000 Meft

The existing Khadakwasla Dam has been strengthened and
rebuilt whore it was breached, for storing the same gquantum of
water, The Panshet Dam as conatructed was designed for a live
storage .of 7000 Mcft at R.L,.2062.0 (top of dam R.L.2080.00) The
recongtruction scheme takes into account the increased storage
roquirement of 10,500 Meft, The dam will have a storage of 7000 Meft
upto the gpillway crest level, The full storage of 10,500 Mcft
would be available vhen gates are installed as demand for water
increases. The control levels for the dam as built in 1961 for

its renovation are given heresundertw

8,80,  Detalls Control Levels Control Levels
o for the dam for renovated
gs built in 1961 dan after its final
W
1. River Bed R+ 1900 R.L+1900
2 Irrigation outlet R.L.1938 R.L4 1930
sill
Se Low water level} R.L.1980 Ro.L. 1980
4. FoBule , R.Le2062 R.L,.2086

8. H,JF.L, R.L.2072 R.L.2089
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- Bo Top of Denm RoLo 8080 RoL.2097
To Typo of Yaoto Ol;on Channdl 0goo croot at Rol,
C welr 178" wido with 2078,0 vith four
bod at R.Lo,2062.00 faintor gatos
4p'x14°
8, Livo 8torago 7000 Hoft 10,600 Heft
9o @Grogp storage 7200 Heoft% 10,800 Heft
2¢00 INVOL Y I RISNOVAR LGN

Tho ronovation of the Panshet Den involved tho following

vorkns

(I) Eprth Dag
(1) Construction of a nov oarth dam botweon Che1100
and 1600
(11) Strongtboning and raising of the existing earth
dan botwoon Ch.1600 %o 3000.

(1) Congtruction of a masonry dom botwoon Ch.1100 to
» tho left abuteont (Chainage 490)
(14) Construction of & masonpy divido vall at tho
Junction of the earth and masonry dang.

(IIT) gpiilyps
() vidoning tko tail channol fron 172 £t o 18¢ £%
to suit tho roviscd poquiremonts
(11) Protoction of the tail chamnol (againot
rotrogronoion duo to tho volcanic bracecia layor)

; Thogo vorks hovo boen discuscod in the pubsoquent
paragraphos
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3¢:0. FARTI
3o 1o
Tho section: adoptod for the nov garth work consists of

tho following zomo. (Rofor Drawing No.1l).

(1) Boaxtinr
Top width 10' with {ts top at R.L.2093.CD

U.8s slopo 1s1 and D/8 slope {51

(112) Paitor

On the downstroen sido of the boarting, a filtor drain
(7' thick sand followed by 6°' tbick gravel) has beon
provided from El.208G to 3' above ground level.

(111) sSemi=Rerviopn |
Thr fiitor drain 4o followed by tho semipervious zono
(randum £311). Ths poll used in this zono has coarses

toxture and bottor shoar strongth. Tio D/8 slope of
this zom> ip 131,

Both tho bearting and tho somiepervious zons i
protoctod by ths pervious casing consisting of good
hard murvd, Tho upstroem slopos aro varying fron 3,581
to 3.0t and tho D/8 pglopes are varying from 2:1 to 381
as shoun in Draving Noo.1ll.

(v) Regh Ton
Rock toos of haight oqual to h/C (whoro h = houd of

vator on tho wpotroan) havo boon providod., Tho fnsido
£aco of tho rock toss has beon providod with quarry
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opallsand ¥° to 87 stono motal to act as transition
£iltorp botroon ths casing and rock too.

(vi) U/8 Slenn Bitebior

Tuo foet thick biankot of hand packed rubble placed on
tuo layors, ome of ¢ thiek quarry spalls and tho othep
of & thick ¥® to 2" sizc motal &5 provided on tho

ontire facoy to protect the.slope from wave wash.

12° thick fla¢ pitehing undorlain by G' quarey ppalls
bas boen providod to avoid rain cuts, The Panshet dan
ic Joeated in 100° rainfall igohytol and as such.

protection of the downstroam faco {8 ossential.

From tho abovo {t would bs geon that the zonss in the

~ broachod portion of tho carth den (1.0. nov oarth work) havo boen
maintained noarly ths samo as adoptod carlior ({.0. sootfon prior
to broach) oxcopt for the upstream slope of the hoarting vhich
bas beon roducod from 1.20t1 (B to V) to 131, This was dono to
reduce tho quantity of haarting which had to B> transported from
coanparativoly longor loads..

Ths othor principal daviaﬁion from tho old zoning pattorn
io tho provision of an inclind@ £Lltor drain in tho body of tho
dan frea R.L.208G to approx. 3' abovo ground lovol. This filtoyr
drain is connoetod to eross-drains ao indicatod in Draving No. 12,
Aninclinod filter drain wag alse providcod in tho old dem at an
intornediato ostago of conotruction fron RoL.1980,00 to R.L.2040.00

extended
wvhich bhag boon/to R.lLo208G vortically as shoun in Drawing Ho.13.
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Tho old and mou £4ltoro baw beon Joinod by increasing tho thickmos
of tho £iltor at tho junation. (Rafor Draving Hoe.ld)

In ¢tk nop-broachod portion (standing portion) the top
portion of tkn dem upbto RoLe2064.00 was removed beforo it vao
ralsod and strongthonod. Tho dotailo oro shovn 4n Drawing No.1S &

85‘

Je 20

As ptated earlior, the inogitu charactoristics of tho
standing cabankmont wero ascertained. In addition, the data
colloctod for the original design of the embardment and tho
placcment data collected during construction of the dem (prior to
the broach) vas analysed for deciding tho dosign paramoters for

tho various zonos.

Frosh borrov area invostigations woro alse carried out
to asposs thy aVnilabﬂitnyombanh:nent natorials, Reprenontutlbo
samples vorc collectod from thoso borrovw aroas and tostod for
difforont proporties. Tho shoar paramotors woro obtained by
conducting conoolidatod quick (undrainod) ghoar toots in box
shoar apparatus on saturated gonples compactod at modifiod proctor
offort at 0.l.C,

Thy dosign valuop for tho stability analysis of tho
broackod (1.0, nov oarth vork) and non-broachod (4,0, otanding

onbanknont) portions of tho dan aro gurmarisod bolovwte
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-

s.Nb: Soil Propirty

v

Hearting s.mi.perviouu: Casing

L) 1 Li

B.P, ! NeB.P.! BuP, ! N.B.P,
t ]

B.P, : NuBePe

- W ® w» =
w» a Wi a W af

i

1 Dry density 9 . 9 98 08 108 108
in lbs/cft :

(deo= kg/cum) (1430) (1650) (1478) (1478) (1728) (1728)

2 Saturated Wt 118 118 123 183 130 130
in 1bs/cft

(-do= in kg/cum) (1888) (1888) (1968) (1968) (2080) (2080)

3 Cohesion in 600 600 500 600 200 200
lbs/eft

(edo- kg/sqem) 2929)  (2929) (2441) (2920) (976) (976)

4 Tang 0,35 0035  0uk  0.35 0,58  0.88

Notet- B.P, = Breached Portion (i.e. new earth work)
N.B.P, = Non-breached portion (1,e. standing embankment
after breach) |
Rock tos properties are assumed to be the same as those of

the casing zone which assumption iz conservative,

3.3, QIABILITX ARALYSTS
Both theory and experience of dam fatlures ghow clearly

that the following three conditions which may be critical from the
stand point of shear failure which must be analysedie
(I) End of construction condition
(II) Sudden draw down condition for the upstream slope
(III) BSteady secpage condition for the downstream slope
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(I) Epd of Construgtion
The factor of safety for either the upstream or downstream

slope during construction could be critical where bigh construction
pore pressures are likely be developed. In Panshet Dam high
congtruction pore pressures were not expected to develop due to

the following reasongie

(a) Working season being limited to 8 months in a year.
(b) Construction teing spread over a long period
of a»yﬁare.
(c) The rate of raising of the dam being only about
60 feet in a working season,
(d) Provision of a sand filter in the body of the dam
(e) The 1mparv1ous gone having been laid at-gzﬂ‘of
0.M,C,

It wvas consequently not considered necessary to test
the stability for the end of construction conditions

3-3.10 E’!HOB OF AN&YﬁIﬁ

The stability analysis of both the upstream and downstream
slopes was carried out by the Standard 8lip Circle Hbthbd. The
grapbical method for plotting N & T forces without accounting for
the effect of slide forces was ujed. Nuwerous slip circles
were tried to locate the critical cirocle.

3¢3.2, The assumptions made while carrying out the analysis are

discussed hereunderst-
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(I) Svddon Dray Doun
Thy upotroen slopoo for both tho broachod and nom-broachod

portions havo Boon tosted for dravdovn from marximusn vator level €o
lov vater lovol. For £oocility of cemputation for accoﬁnting of
poro pregsuros on suvddon drav downy, tho folloving assumptions

vore nadote

Honrtann,
i) Above LeleLe Saturatod Subaergoed
11) Bolow L.W.L. Subaerged Sutmerged
Caadon,
1)  Above LeW.L, Saturated 60f subnorged
11) Bolow LWL, Submerged Submergoed |

Though tha casing is sufficiently pervious, some pore
pressures have been accounted for in casing zone above L.W.L. by
considering the resisting forcos in this caso as 508 submerged,

(Notot- Ths dosign paranotorg aro based on consolidatod
quick test rosults on saturated samplos compactod at 0.M.C. by
modifiod proctor cothed, Thopo valuoo are on tho consorvativwo
sido sinco those havo beon worked out in torms of total strossos
and additional allovanco has boen mado for poro pressuros in tho

stability computations).

Tho ninimun factor of gafoty for thip condition vorked
out tos-

(£)  Broachod portion (%.0. mov oarth vork) 1,48

(41) Honebroachod portion (4.0, standing 1.38

cmbankmont aftor raising
and videning)
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The acceptadle factor of safety for this conditlon, is
1.28,

The upstream slope has also been checked for eurthqunko
with o.lx acceleration for the following conditionsie

(a) Full ressrvoir with full 1ntenaity; FiSe = 120

of earthquake = Q.19 ) (Accepted F .3
= 1.0)
(b) Sudden drawdown with half 3
) FeSe 8 1,086
intensity of earthquake is )
‘ ) (Acccpted Fo8,21.0)
the normal practice (adopted }
" in the Beas & Ramganga) but )
the upstream slope has been ;
tested for = = 00758 I8

(I1) 8%egdy Seepgge Copdition L
The unit weights for computations of driving and resisting

forces acting on the downsiream slope are as unders-

Zope, Lecation Dplvipg Forces Reglating Fopces
1) Hearting  Above T.W.L. Saturated Submerged
and semi- _
pervious Below T.W.L. Submerged Subaerged
or phreatlc
line
11) Casing Below TeW.l. Submerged Submerged
Above T.W.l. Saturated a) Moist

b) 50% submerged

Two conditions are assumed for the downstream casing

viz.
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(a) 1n which the downstream casing would remain moist, &

(b) n which some portion of casing would be saturated
due to heavy pour.

The first condition is 1likely to prevail in view of a
sand f1lter and &ainage systems Condition (b) is a very remote
probability and a lower factor of safety is considered
acoeptable, The minimum factors of safety worked out toie

(1) Breached portion  (a) 1.64 (b) 1.36

(11) Nonebreached portion (a) 1.86 (b) 1.48 |

The downstream slope has also been chiecked for earthquake
with 0.1g acceleration, It 13 a normal practice to test the
downstream slope for full reservoir condition with full intensity
of earthquake, The factor of safety for condition (b) worked out
to 1.07 as against the acceptable factor of safety of 1.0,

Se4. FOUNDATION TREATMENT IN THE BREACHED PORTION

Ths cut-off trench provided earlier in the left flank and
gorge (1.e, broached portlon) was practically obliterated, This
trench was deepened by 3'to 3' so as to remove all loose rock and
expose fresh roc?rzrf&%ciﬁdi tional cut=off trench 20' wide and 2’ to .
3! deep has.been provided, The nev cutoff trench has been joined
to the cutoff in the standing embankment as shown in Drawing No.l4.
Water intake tests showed practically nil inteke and therefore no
special foundution treatment like grouting etc. was considered
necessary, To have proper bond between the foundation rock and
earth work, two key ' treénches 10' wide going 2' to 3' in rock have

also been provided as shown in Drawing No.l4.
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3¢5, DPRATHAGE ARRANGELFIZ
308010 Intornad, Deafnn (Rofor Draving No.18)

In tho oxisting non=broachod portion of thedam; a
longitudinal drain at ths downstroam too of the geniopervious zom
and crogg-drains at 100° C/C connscting it to the downstream
roclk too had already boen provided., An inclined £iltor drain vwith
crooo-drains at 100' centresn vas also introduced at a later stagoe
of conptruction whan the dam bad already bsen raised upto
RoL 1960, Thaoo crossedrains have novw been oxtonded along ths
dovnotroan slope of the existing earthwork and taken to the rock

too bafore widening the section over the rock toe.

| In th2 neswly built portion a lJongitudinal drain is
locatod at the dounstroom too of the koarting into which tho
inclinod gand filter drain ends. An oute-fall drain 12' wido at
Ch,1800 is provided as shovn in Drawing Ho.12, In addition a toe
drain boyond thy D/S too of tho S.P. gono haé also boen provided,
On tbo ploping portion of th> gtanding combankmont additional throo
croos draing have beon providod., (Rofor Draving Wo,13). The
inelinod £iltor drains for the breackod and nonebreached portions
bavo boon connected as shoun in Drawing No.l3. Tho outfalld drain
at Ch,1000 starts from R.L,1917 and endo in tho rock tooc at
RoLo1913.00.

S69,8e F
Crogp drains at evory <¢00' along tho dovnstroen slopo
of tho ombankmont connoetsd to a longitudinal drain on cach

born bavo boon providod and those ean Bo goon in photograph Nosie
Tho water from all thogo cross draing and longitudinal drains is
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finally led into the river.
Colleoting Drain

| At the downstream t_:oo of the dam, a collecting drain is
provided to drain effactively the downstream casing.

3¢ 8, ABUTMENT CONTACTE |

Dus to the provision of o mgsonry-cuneearth dam at
Panshet, the following three contacts are involved in addition to
the -contact befwaen the 01d and new earthwork already discusseds

(1) Junction of masonry divide vall with sarth,
(11) Left flank abutment o
(111) Right flank sbutment

Se6ele J

URCT TON , ,

The width of hearting in the earth dam sedtlbn adjacent to
the masonry‘divide wall has been increased so as %o i.ncréasa creep
»resistanc‘u.r along the junction. The upsirean slope of hearting is
fnereased from 111 to 1.2511 (H to V) and on the downstream side
the semiporvious zone is replaced by the hearting zone. The

detalls of the earth section in breached portion and at the divide

vall are as unders

1 B : U
ToP oF uEger?‘ Voo 2oans 20 G 20au 5.

CASING (\  SASING.

COSING . HERARYTING ZonE

FILTER

/

SELT
10N IN B RERCHED PORTION.
SECTION NEAR DWIDE WALL .
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In addition to tho above proeagution, tvo koy walls havo
boon prpovided at Chis junction asc indicated in Dravings Fo.® & 10.
Theso koy walls aro 5° x 5° at top and slopo out to provido a
bigpgor soection at thy baso as shown below

%OFM AN DAL

;e——-zi-——>,<—-—ze'—»]
S xel . L ghs

| Dis DWIDE wAlL .

KEY-VWYRLLG .

Tho top of the upstream key wall ts ot ReL.2086,00 and that
of tho downstream key wall at R.L,20%6,.0. Those tuvo keys would
further porvo to inerease the length of path of percolation.

The length of creep at different levels in the hearting
nsar the contact of the divide wall with ths earth dam has bson

calculated and are as underst.

Rolia Length of Hoight of c _ Ratio
creep in vute? in ﬁoad
% foot with
refozenco
to FoRﬁLg
2080 63 g 10,8
2000 187 Py 5,86
200 208 40 4,4
2020 266 .' 66 4505
2000 330 86 de BG

19€0 396 106 3073
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From the Lane's weighted creep ratio, it would be seen
that the following creep ratio 1s r ecommendedie

(1) ©Soft clay 3.0

(11) BHard clay 1.8

ans as such the ubove creep ratios worked out at various levels

are within the safe limits,

34 6+20 LEFT FLANK ABUTMENT »
The masonry dam is taken right upto the left flank., The

minimum foundation level at the end is at R.L.2040400. There
exists a voleanic brecia layer between R.L.2045 to R.L.2088 and
thers could be possibility of leakage along the junction, In order
to get over this problem a compacted clay fi1lling has been provided
between the end.of the masonry dem and the left abutment. To
increase the creep length along thﬂ junction of masonry and clay,
sey walls and key trenches have been provided as shown in

Draving No.(9 & 10). The key walls und the end of the masonry

dom hive been provided o batter of 1/1211 and the cut-off trench
(taken into tho left abutment) a batter of $il.

These batters were provided so that with the consolidation.
of the clay £1ll the joint may get tighter,

3.6,3. RIGHT FLANK ABUTMENT
A cutoff trench 20°' vide going about 30°' deep in the

abutment (about 23 feet into hard rock) has been excavated and
backftlled by impervious soil. In addition to this, the bearting
width 1s videned by providing the hearting a downstream ilopo of
111 instead of {11 and by deleting the semi.psrvious some. The
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entire widih of the bearting upto R.L.2080 has been tied, to massive
rock i{n the abutment, Tt 1s asbove R.L,2080 only that the hsarting
has not been placed agalnst massive rock (the rock face is covered
with huge boulders) and only the cutoff trench has been tied to

masasive rock in order to save some stripping.

3¢7. WAVE HEIGHT AND FREE FOARD

o The straight fetch at maximum water level is about 8 milss,
The wave height us calculated by Stevenson's formula as modified
by Molitor for a wind velocity of 100 mitles per hour came to 5.87 £,
Allowing for the wave ride wp and some extra foctor of safety, a
" free board of 11 feet above the full reservoir level of R.L.2086
vas provided., This crest level of 2097 18 safe for a 80 mile per
hour gate coinciding with the design flood,

3.8, GET OWANCE & C

A settlement allowance equivalent to 2% of the beight
éf the dam has boen provided over the design crest level of 2097
to account for posteconstruction settlement (both normal and due
to sarthquake). This automatically provided a camber to the crest
of tbe dam,

4.0, MACORBX PAM AND DIVIDE WALL
4.1, MASONRX DAM

| The total length of the masonry dam is 610 feet. (Froa
Ch.490 to Ch,1100). For most of this length, rock is exposed at the
surface as such there 1s no difficulty of foundation. Water intake
tests for the seat of the dam gave practically nil intake and

therefore no special foundation treatment was considered necessary.
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Tvo differont pgoctions of masonry dom, ono for tho portion
outsido thy tompo Wetl, cut and the othor for the portion in tho
C ToHoY. cut &m which pongtock and lovw lowl &rrigation outlot arc
gituaied have boon dosigmd, Th2 masonry dem on either sido of the
To.l,le cut van dosiﬂnod’and congtructod vith a top width of 22°
and guitabls upstream and downstreem battorg as shovn in Draving
FRo.15 prior to tho carthquake at Koyna. This soetion was congequently
chockod for Q.13 carthgquake acceleration and foumd to bo safo.
Tho oection in tho tempo HeW. cub has 38 foot top widih, U/8 slopo
vortical and D/S faco slopo 0.83t1 (Hs3V) starting from 34 £t from
top (Refor Draving No°153o As no construction vas starteé’in tho
Tololo Gut prior to Koyna earthquake, a fresh dosign was prepared
for this monolith with an earthquake accoleration of 0.1g (both
horizontal and vertical), The design assvaptiong and a téble of
stresses, coefficlent of friction and shear friction factor for
tho 0 sections are givon in Appendix II,

4s1olo DRAINAGE GALLERY _
In the body of the masonry dam a drainago gellery of

6% x 7° hao boon provided for rcdu cing tho uwplift pressures and
to facilitato grouting and drainago of tho foundation if found
nocossary subgequently. Tho layout of drainage gallery is
ghoun 4n Draving Ho.(9 & 10),

& dia porous pipeo .at 20° contreo surroundeEZGOarao
pand have beon provided to tha top of the dam,

An addi{tional drainago gallory at tho foundation lovol
in tho tomporary woobo veir cut wao alse originally proposed. But
as thore voro alroady €00 nany oponingo in a'vidth of 38' only, 4%
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vas subsequently decided after two dimensional photo~elastic
studies carried out in C.W.P,R.8, to do away with this gallery,
A 24" § pipe bhas, howevVer, been provided at R.L.1940 in the
temporary W.W. cut masonry to drain the water collected by the
porous pipes provided from the bottom of druinage gallery to
R.L«1940.

4.1.2. MONOLITHS
The foundation level in the T.W.W. cut monolith is about

70 feet lower than that of the adjacent monoliths, The monolith
in the temporary waste weir ocut has been rigidly tied to the rock
by anchors upto R,L. 1986. The rock on either side of the cut
was very undulating and there was danger of weak joints between
masonry and rock. Therefore the anchor bars provided in the rock
abutments have been embsdded in 113:4 cement concretes At the

rock abutments, grout buttons bhave also been provided to carry
out grouting at thege Junctions from the gallery at R.,L.1997

\‘lt required at a later stage, Above R,L.1980, copper contraction
Joints at cnigsa and Ch,1020 have been introduced so that the
masonry above/temporary waste welr cut becoues a separate monolith,
Copper contraction joints bave also been provided in thes masonry
dam at chainage 640 and chainage 80O. The above joints were
considered mecessary to tncilitdto.con:trustlon. Tho contact
surfaces of the adjoining monoliths have been provided with plaster
finish to permit relative movements between blocks.

4.1.3. TXRE OF MASONRY

Upstream 5' width of the gection is constructed in
uncourged rubdble masonry in C.M, (113). The rest of the section



111

o constructed in U.C.R. magon®y 4n ccmen® nortar 1ib. But tho
nasonry in ToW.Y, eunt upﬁo Relio 1980 has boon dond in c.me 184
Tho doéign strongths of c.mlp 123§ Cole 134 and ¢pfs 136 wOro takon
ag undor on~tha basis of laboratory tests.

(1) Cofe 118 1600 1b/og®
(1&) Colle 18¢ 1300 lba/sq"
(£11) C.l. 218 800 1bs/nq”

42, DIYIDR _HALL,
Tho total length of tho divido wall to rotain the oarth

dan at Ch.1100 is 040 feet (198 m), It 1o located on the bare rock
avallable in betvoen the temporary wasto weir cut and tho river
propor in agch a way that tho alignmont follows highost possible
rock contoﬁrn anéjeet to its toes not falling in tho T.W.W, cut or
lov ground on earth dan sido., In keeping with this criteria tho
dounstroam portion could b3 alignod at right anglos to the

contre 1liny of tho carth dem vhile tho portion on tho upstrean of
tho contro 1im had to Do turmod tovards tho 1ot bank by 10

Tho divido vall has boon constructod {n momolithp with
Joints at suitablo pointo such that cach nonolith bas to rotain
only ono typo of oarth matorial as 8§\ as possoiblo. Tho soctions
‘adoptoa for ocach zon aro shoun in Draving Fo.le and tho location
0f tbo Joints in draving No.10.

Tho design conditions and sspuwaptions mado for difforont
zoncg are givon in Appondin ITI,
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4. 3. TREATHENT OF TUFP VOLCAWIC BRECCTIA LAYER '
| A 10 foot thick tuff volcanic breceia luyer 16 omposcd in thn
tcoporary vasto to4r cut and in th rosorveir aron bottaon R.L.1940
and 1980, This broeeia layor containp rod holo as largo lonsoo and
also in thy ground nass. Tho Suporintending Goologist, Engincering
Goology Soction, SBouthern Region vas of tho opinion that thore was no
harn in founding tls masonPy dan and the divido wall on tho oxposed
rock undorlain by ths voloanic braccia. It vas docidod to found
the dam and tho wall acﬁoxdingly and to givo tho following troatment
ag suggootod by hin
(1) Consolidation grouting was dond in thy entire
masonry dab and divido wall poats right upto tho
volcanio breccia layers But thore vas hardly any

grout intalne

(11) On tho upstrean of tho masonry dam in the T.U,W.
cut, tho wolcanic¢ brocela layor vas blanheted by
magonry and concSoto upto tho upstrean too of the
oarth dan and upto 300 £ on tho loft Lace. (Refor
photeo Mo,

(111) On the downgtroam of masohxy dom 4n tho T.W.ll. cut
tho volcanic broecia layo? vap blankotod by masonry
and concrote for a longth of 80' & tho portlon
boyond thip 1o proposed to bo gunitod,

(1v) In tho broccia oxposuros in tho T.W.W. eut, tho
broocia vas oxcavated to oxposo frooh surfaco
which was covorod with 3 foot thick R.C. slab vith

0 £¢ ovorlap, in gound rock to chock transfor of
doad to bxoecin.
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4.4, QUILETS

In order that the irrigation outlet may not be required
to be operated against a water head exceeding 70 feet, two outlets
one at R.L.2010 and another at R.L,1950 have been provided in the
body of the masorry dam to let out irrigation releases till the
powsr house 1s brought into use and later during its shutdowns,
The power intake has a 10' dla steel penstock embeded in the T.W,W,
cut monolith as shown in Drawing No.15, In short there are following
three outleta and the detatls of which are discussed herouhdorz-

(1) Bigh level irrigation outlet at Ch,840

(11) Low level irrigation outlet at Ch,990

(111) Power intake at Ch,967

4,41, BIGH LEVEL TRRTGATTON OUTLET

Two openings 6'-3" x 8' with sill) at R.L,2010.00 have
been designed to give free flow dlacharsé of 1360 éuseca at a
minimum water level of Re.L.2020.0. This outlet would be used for
depleting the loke from F.S.L. 2086 to R.L.2020,0 The service
gates provided are of fixed wheel type with upstreanm skln‘blate
and musical note type seals and are operated by means of stem rods
and hoists, These gates would be operated from a chamber located

at R«L,2080 in the body of the dam as shown in Drawing No.9.

Provision for an emergency gate has also been made.

4¢4.2, LOW LEV. RIGAT T

This has also been provided with two gates in tandem,
a service gate and an emergency gate. The size of the service gate
3 6' x 7' and the size of emergency gate is 8'«-4" x 11.20', The
service gates are similar to those provided in tbe high level
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\
oﬂtiot. This gate bas to withstand a head of 140 feet in the closed

position but would need to be operated for lake levels between
R,L.2020 to ReL,1960., The sill of the outlet 1s kept at R.L.1960.0
and 1t 15 dostgnod to discharge 520 cusecs at a miniaum reservoir
level of R.L‘ISG0.0. The outlet in the body of the dam is of 5'x7'
reetangular oponing vith semi«czrcular roof on its top and 1is having
a bad slope of 1 in 15, The flow through this outlet is designed to
be free flow under all conditions of optratiOn and the released
woter ig led into the river proper through anopen channel. |

4.4.3. POWER_ INTAKE
The power house (Refer Druwing No,10) is proposed

- near the toe of the magonry dam in the T.W.W. cut and the
exea?ation raqaired for the draft tube, power house otc. has been
done, A 10 feet dia penstock with its sill at Rdu 19?4.?8 to pass
a éischarge of 1000 cusecs is embeded in the body of the masonry
dam in T.W.W. cut, The penstock lining 1s of §* thick steel plates
embeded in 4 feet thick ReC.C. ring thrcuéhbut 1.1:8 length. The

reinforcement is designed to take the full bursting pressure
| including 25} allowvance for water hammer without taking the
steel linlné into consideration, For the time being the downstrean
end of the penstock has been closed by semiw-circular bulkhohéo

5.0, GRILLWAY

The permanent waste weir channel already excavated with its
Bod at R.L.2062 prior to the breach would be used as such to pasa
the floods for one year(to keep the résarvoir level low) after
which the ogee crest would be constructed, The gates wouid be -
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provided later when requirement ariges for extra étoruze.

In the ultimate design, an ogee crest at R,L,2072.00
for a length of 184 feet between abutments with four radial gates
of 40' x 14' and 8' thick piers 1s planned, After construction of
the ogee and installation of the gates, tbe high flood level has
been worked out as R.L.2089.0 on thé following considerationst=

(1) The full resérvoir loevel of R.L,2086 1s already

attained and the spillway 1s discharging a base
fiow of 33,000 cusecs when the storm impinges.

(11) The following Koyna storm pattern has been adopted

which 15 considered oversafe:

Buration (Hours) 3 é | 9 12 24 48 72
Precipitation 8 12 13.8 16 26 3 60
in inches : ’
Incremental 2. 687 10 0.8 0.8 0,67 0,54 0.54

average hourly
intensity in
inghes
{111) Flood absorption capacity between F.S5.L. & H.F.L,

has been accounted for,.

8.1« PROTECT RANGEMENT |
From tbe drawing Noe'7 ,it would be seen that the

tail channel beyond D/8 chatnage 280, is steeply sloping and
during the 1961 floods a deep gully. ' was formed in the breccia
layer, In order to avoid retrogression it was considered necessary

to have some protective arrangements for this volcanic breccia
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layer which 1is met with between R.L.2030 to 2060,

Alternative schemes of providing falls wvere studted
and it was found most economical to provide two falls one at
Ch,280 and the other at Ch,800 (Refer Drawing No.'7 ) both
" founded on soﬁnd rock below the breccla layer. Beyond Ch.500
to the river junction, 1t bas been left as such, The aligmment
15 shown in DPraving No.4. Any further treatment or protection
required would be provided after watching its behaviour,
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CHAPTER - 11

CONGIRUCTIION DETAILS

Renovation of the Panshet Dam which involves the use of

86,89 Mcft of standing'embaﬁkment envisages the following works

1.2,

(1)

(11)

(111)

(1v)

(v)

(vi)

(vil)

(viid)

(i)

Cutting back the slopes of the standing

embankment to remove all loose (not well
compacted) material and removing top 16!
of the embankment, '

Comstructing now embankment from Chplloo to 1600

Raising and widening of the standing embankment
to sult the final stage requirementa.

Constructing a masonry divide wall at Che1100 at

“the Junction between eal'th and masonry dams

including key walls,
Constructing a masonry dam between Ch, 490 toellbo

Constructing high level and low level irrigation
outlets and installation of 10' # penstock in
the power intake,

Excavation for the power house.
Dismantalling the tower, transition Mox conduit etc

Constructing spillway and its protective works.

The gquantities involved in the mojor items of work ares
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(I) Egrth Dog

(a) Stripping of tho existing embankment 8,51 Moft
(b) New earthwork (including coffer dam) 64,00 *
D409 Moft)
(1) Hearting 10,83 Meft
(11) Casing and 5,P 43,88 *
Z0Ne s
(114) Filter .28 *
(4¢v) Rock toes 0.8 "
(v) Pitching U/S 2,28 *
& b/s
64,00 "
(II) Mggopry Dap & Diyide Wall,
(a) Dismantling tower, trashrack & Jod
conduit ’
(b) Magonry for dam & divide wall 3,38 Meit
(e) Excavation 1n rock for powelr 2,59 "

house & tail channel

2404 The renovation works of the Panghet dam (except crest
and gates in the splilvay) have already been compieted, Works

executed in each season are discussed belowiw

2.1+ WORKING SEASON 1964-65 -
The following works were executed during the seasons-
(1) The control tower, conduit and trash racks
were dismantalled,
(11) Coffer dum upto top R.L.1997.0 was completed
to divert the floods from ths temporary waste

veir cut into the diversion channel.
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(114) Part stripping of the standing embankment

Photographs No.,1 & 2 show the conditfon of works after
the breach, as also the coffer dam put up todivert the flow in
the diversion channel. ‘

The section of the coffer dam (which finally becomes the
U4S. toe of the dam) is shown in Drawing No.1lls Later, during
construction of the main embankment, the.hearting of the coffer
dna:zz:2§:%o lov water level, s0 as not to prevent drainage of
the upstream casing during drawdown, and the D{8. casing and

rock toe fouling with the hearting of main dam, was removed,

2.2, WAKING SEASON 1965-66
Egrth Dog
 8ince tﬂa diversion arrangement was already complete,
it was possible to tackls the river gorge portion early during
this geason. The following works were taken up: |
(1), Dewatering the foundations
(11) Removal of the slushy material and cleaning
the gite ,
(114) Opening the old cuteoff trench and backfilling
the same,
(1v)  Excavation in rock for nev cut-off trench for
the embankment in the breached portions
(v) Taking water intake tests in the cutoff trench
(referred to as C,0.T.)
(vi) Joining the nevw C,0.T. to the old C,0.T, of the
existing embankment. (Refer Lruwing No,18)
(vi1) Construction of longitudinal & cross-drains.
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The condition of the works in progress as on 12«4-66
1s shown in photograph No. 3. .

The downstream slope of the stonding embaniment was
renoved for a width of about 8' 80 as to expose o fresh compacted
surface for the abutting the new earth work., This stripping was
mostly carried out by dozers and some by a dragiine. Simultaneously,
the work of cutting back the breached face of the dam to the

required slope was in progress.

It was possible to complete only 7.17 Mcft of earthwork
in full width of the main dom and part vork of stripping during

the season,

The workzgzvan out on contract which wgs finnlised only
in April 1965, Therefors, 0413 Mcft of masonry in the divide vall
could be carried out during the season. Photograph No,2 éhows
the oonditién of works at the end of the season.

2,3 WORKING SEASON 196667
Bartben Dap

During thgsfseason the work was taken up in tbree shifts
and the earth work to the-axtent of 18,68 Mcft was comploted
departmentally with the help of following machines:
(1) Gopepgl Shify

Trucks and tippers (Foréo, T.M.B, Leyland, capacities
varying from 1,20 ¢ft to 1.8 cft) were brought into use which were
loaded manually in the respective quarries,
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(11) Shovel dunper Unit (Ope shovel 2§ cu.yd capacity with
5' to 6 caterpillsr dumpers of 15/17 cu.yds capacity) was used in
two shifts,

In addition the work of stripping was continued,
Mazonry Dan

The work of divide wall was in full swing. Masonry work on
either side of the T.W.W, cut for the main dam was also taken up,
and the total quantity of masonry carried during this season was
about 1,09 Mcft, As the work of excavation of the nower house

at the toe of the masonry dam in the T.W.W, cut was not complete,

no works in the temporary waata:'weir cut could be taken ups

2»4. WORKING SRASON OF 196768
Egrth Do |

Some three shift working was carried oﬁt during this
working season also and it was possible to complete the sarth work
to the extent of 18,99 Mcft, The work of removal of the top 16' of the
0ld dm was carried out by a shqvel dumper unit and the usable
material was used in the new earth work. The work of stripping and
slope dressing was completed, The filter in the old dam at R.L.2040
was opened by dragline and raised along with the embankment.

At the important junction Petween earth work and masonry
dam the following precautions were takente '
(1) All loose mortar on the face of the divide wall

was removed,
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(i1) Hed wash vas givon to tho faco of ths masonry
divido vall againgt which carth work was to be
placcd vhich vas alvays kopt 1' or 2° above tho-
gensral earth work level, The compaction was
normally dons by sheopsofoot rollers. In édverse
locations dozors wore uségzgggaible, othorviso
recourgo to cempaction by pneumatic hand tampers
vas adopted, Near the junction, the placement
moisture content of the fill was kept +2% of

" 0,MoCo Sufficient fiold density . tests vere
carried out to ohsurq proper.compaction near thy
junction. Photograph No.d; shovs the work 4n

Progress.

| On tye downstroam sido of the divido wall in the casing
zone 7' thick gravel backed by 10' ibick band pnéhed rubble was
placed to ensurc complote drainage immediatoly bebind ihs wall.
Photograph No. 0 shous the work 1h progrosss |

Haspn®y Dan

Ths total masonry carried out during this soason was about
0.99 Meoft at the following locationgte

(1) Hasonry dam on eitber side of ths T.W.We cut,

(18) Masonry dam in the T.VW.H. cut, It wap completod
upto RoLo1970 in tho upstroam portion only and tho
reradining D/8 portion uvas at foundation 2oVvol.
Photograph No.7 shows tho position of work at tho
ond of soason., Tho mongoon £loods wero divorted
ovor this nasonfy. Tho lov levol irrigation outlot
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was ¢logod during tho mongoons by lowering the
gsorvico gato with tho lp of a temporary

arrangcmonte

(142) Ths voleanic broceia layer was covered by concroto &
maso : ,
{as dotalled 1n para.seewPhotograpb No,8 showg tho

completcivorik.

Only truck unit vas uged and ths earth work wag
completed to tho extent of about 10 Mcft, The vork continusd as
plannod,

Hpagnry Dam,
The work of installation of penstock was takon
up and compiéted partly. Photographs Ro.® & 10 shovw the penstock
vork in progressa'Tha penstock fabrication and erection work was

.onstruted to thy Indian Hemp Pipo Company.

The mosonry in tho tomporary W.W. cut was raized
upto RoL,19900 and the total masonry work completed during this
soason vas of the order of 0,00 Mcf8. The bpeccia troatment as
explaincd in paraws@eovas alse donoe Photo No.l2 gshoug ths
treatoont in progress. Water vas agailn allewod to opild owor this
magonry during the monsoon season., Photograph 1lo.1l shovwp tho
ppdlling during monsoons. Both the irrigation outlots wore lopt

closod by porvico gatos during th> momsoon.
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't Fl Junct

As the masonry dam in its last monolith was nearing
completion, the cutoff trench;. taken desp in the left flank
abutment was taken up for backfilling with impervious mate§1al.
T111 a workable area was aVailablé; the backfilling waa'cnmpacted
by preumatic hand tampers and dynapaca (petrol operated earth
rammer). Photographs No.13 & 14 show the work in progress. The
IJunétion between ths masonry dam and the backfill (between the
masonry and the rock face) was treated in the same manner as

deseribed earlier in para 2.4,

246, HORKING SEASON 1980-70
Eapth Dam , .
‘ The. earthwork continued as planned in the day shift withthe
truckz'unit{ About 2,90 m cft were placed during this season_and
practically all the earth dem upto R,L,2098 vas completed,

Photograph No.15 shows the work in prégresa. It aiao shows
the cutoff taken i{n the right abutment. The sides were ﬁros:c% to
131 slope and the backfilling by impervious soil was carried/upto
R.L+2094.00.

The pitohing of upstream and downstream slopes was also
coupleted simultansously. Photograph No,16 shows the view of

downstream pitching and surface drains (i,e. ¢ross drains at every
400" along the slop® and the longitudinal dréins on the berms).
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Mggonry Dag

Ths construction ssquence adopted was in keeping with the
design criterina of subjecting the dam to gradually increasing heads.
The following table gives the maximum retention levels atiained
and addftional head to which the dam vag subjected to in each
year so far

-

Year Retention‘ievel Additional hsad to
. wbich dam was subjected
(1) 19640 No storage Nl
(11) 196568 Uptﬂ Rels 195500
- (i,e, upto tho bed 34!
of diversion channel -
(111) 1966-67 Upto R.L.1935 Nil
(iv) 196768 ‘Upto R.L.1970 35!
(v) 1063-60 Upto ReL.1995 25

Though 1t was possible to complete the monolith in the
temporary W.W., cut to 1ts final level of 2097 and to divert the
flood waters through the permanent waste weir channel, the work
was restricted to R,L.2040 only sc as to restrict the additional
hoad on the dam to 456 feet only.

To i{mplement this decision it b-ecame necessary to
provide a temporary ogee crest (to improve hydraulic conditions)
ond guide walls (to prevent spilling of flood waters beyond
the T.W.W. cut), Photo No.17 shows the stage of works at the end

of the geason,
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Spilivny,

No Dajor work was undortakon oxéops videning of tho c¢hannold

vharovor nooessarys

During this scason both the esarth and masonry doms wvero
fully comploted., The spiliway channal protoetion works woro also
taken uvp and completed, Photograph Ro.18 shows the protection
vork in progress. Tho flood walers during the monsoon wore passod
in the gpillvay channol at ths clone of tho 80280D, Scasensviso
work carried ouﬁ in nmatshall 4s shown in Drawing No.18,

It 15 proposed to completo the ogoo crost and the
superstructure ote. of ths spiliway eontrol arrangoment in this
poason, Tho gates, as alraady“méntionad earlior, will be installod

later when demand for water 1ncieaaaa%
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CHAPTER - 12
CONCLUSIOND
was
1. The f{rrigation outlet condult of Panshet dam/esaentially a

1ight structure with inlet conirol and a roof arch of voussoir
construction (precast c.c. blocks cemented togefhar). It had been
provided in the body of the dam in a deép open cut, The failure can
be mainly ascridbed to its use before final campletion in respect of
finishing of the conduit bed and ths control arrangements. Even 50,
the disaster could possibly have been averted had the cut been
£11led partly or wholly with masonry or concrete to form a hole in.a

magsive masonry or concrete blocke.

Ze It i3 well known that provision of an outlet conduit in the
body of an high earth dam {s not free from risk unless structural
tntegrity of the outlet (under differsntial losding conditicns and
the type of foundation), proper compaction of the embanikment
material round 1%, adequacy of seepage path at the junction and
nonepossibility of differential settlement cracks, if provided in
a deep cut, can be fully ensured, Bnsuring all this is not sasy.
The history of earth dam fallures is rep@nto with instances where
a oendutt in its body was in one way or another the cause of its
failure, Therefore, conduits {n the budy of high embankment dams
aure avolded as far as possible. Although the failure of Panshet Dam
was duo mainly to the incompletensss of work of the conduit, it
does bring out the inherent weaknessew of the typs of construction
that waa adopted.
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S In the proposals for the renovation of the Panshet Dam,
the alternatives considered involved either restoration of the
e@rth dam with the outlet conduit inside massive masonry back
£11ling or in a part masonry dam on the left flank. The lattor
alternative was adopted mainly because it admitted of gradual
£111ing of the repsrvoir below the gpillway crest in a period of
3 years so as to subject the vulnerable junctions of the nov and
0old earth dam sections and the earth dam and the masonry divide
vall (at its junction with the masonry dam section) to gradual
increase of hydraulic hesad, Thisg is a consideration which deserves
attention wherever conditions perinit as in _the case of earth dams

with masonry or conerete spilllway sections,



Photograph No,1 - View taken from Upstream side of the dam on 17=-6-¢

Photograph No.2 - View taken from downstream side of the dem on 20-10-(
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Photograph No.3 - Condition of

works as on 12.4.66

Photograph No.4 « Ireatment at the Divide W

as on 30-5-68

all Junction in progress




Photograph No.5 < Treatment at the Junction at Higher Levels
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Photograph No. 6

< The Drainage

aa on 30-5~ 038

Arrangement at the Back of Divide Wall
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Photograph No.7 o Position of liorks in the T.W.W. Cut
working season 67«68 ' at the end of

hotograph Ho.8 - Treatment of Volcanic Brece

la Layer ip t
strean port ey ayer in tho
gg—s«ﬁ& portion of &> Temp, W.H, Channel - as on



ion of 10' dia penstock in progress

L

« VWork of Installs
as on 20e1~G9

Photograph No.$9

dotograph Mo.10 - Work of Installation of 10° dia penstock 1in
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Photograph No.1l = Spilling Arrangementg at the end ;
as on 16-7- 69 of 1968-60 Season

hotograph No,12 - Treatment of Volcanic Brececia Layer in the Dan
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[Photograph 0,13 - Work of Backfi]iy

801l in progregs 8 the las

as on 3.4429m°n°lith by impervious

b
*hotograph No.14 o Work of Backfilling ths last monolith by impervious
801l In nragrase asn on %2.4.M
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Photograph No.15 - Work of Earth Dam in Progress as on 28-1-70

& 3

\“\\ /,/ s

¥
» oa

| | -y,
) h
b B d B L ‘N N
A et o I S " k P '
o bt S e R
o éf S IO € L N & ’

‘ L. . » o )
\w T ) e - ‘M' O‘v'.;;oe" {3

hotograph No.16 - View of Earth Dam from the Downstream side as on
2R 1N_"In



n Ho.18 - Work of Spillway & its protection arrangement
Photograp in progress as on 2e4=71

Photograph No.17 - SEagQ of Works at the end of working season
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+No! Itens ' Warasgaon' Panshet ' Total of ! New (masonry)
' ' Dam ! Dam ! Warasgeon ' Dam at
' ' ' ' &.Panmhet ' xhadakwaala
1, ‘'at Preliminary 2,258,000 2,482,000  4,67,000 144,777
Expenses o
2, 'B! Lond 26,72,000 26,27,000 52,99,000  53,28,272
S. 'C' Works 15 65,681,696 1,86,94,992 3,62,76,687 6,16,38,100
4. 'K’ Buildings 13,236,036 14,95,800 28,233,136  28,37,687
8, 'L' Barthwork - - - 11,486,278
6. 'M' Plantation 40,000 40,000 80,000 40,000
7. '0' Miscellaneous 4,580,000 4,450,000 9,00,000 8,93,293
8+ 'P!' Maintenance 1,79,082 2401,908 3,580,988 6,582,880
9. 'Q' 8pl. Tools &  9,94,902 11,231,700 21,16,802  13,78,475
Plants ,
Total 2,24, @,218 848,73,198 4,73,43,413 7,40,53,763
Bay RS, 4.78 crores 1Rs.7.40 crore:
10. Stronzthoning.a

improving existing

Khadaokwasla Dam & Rs,1.00 »

bringing 1t to :

standard

Grand Total Rs.5.76 Rg.7.40 crore:

RIS, A
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APPENDIX - II

DESTGH ASSUMPTTOWS FOR TLE MASONRY DALY

1.0s Tha following loads have beeon congidered for ths design

of {he masonry damie

(1)
(11)
(414)

(iv)
(v)
(vi)

(i)

(viii)
(1x)

 Weight of masonry 150 Lbp/cft
Woight of water 62,6 °
Wedght of silt 128 % (assumeé wupto
Rolio 1960,0)

Bopizontal water pressury

Horlzontal silt pressure

Uplift prossure = on 1008 area factor equivalent
to tha hohd'ot wvater at tho
upstrean €06 and zoro at the
downstream too.

Wave prossure (for a wind velocity of 80 m.poh)

Wind pressuro
Earthquake foreo on masonry and water
(Accelerution 0.18)

2400 Two difforent dam sectionn; ons for tho portion outsido
the 7,W.W. cut and tko othar for ths portloﬁ in tho ToUvBo cut
in vhich pengtock and irrigation outlois aro situatod hato boon
dooignod to patiofy tho folloving conditionpso

(1)

Vo ternsion in the gectlon vith wvator at H.F Lo
of 2069,0 vith no carthqualko foreos.
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(2) No tension in toe zection with water at F.B.L.
of 2086,00 ard an earthquake of light intensity
= 0,02z both horizortal and vertical)

(3) Maximuwn tension of 20 pesels at upstream heel
| and 30 p.s.i. at D/6 toe for full reservoir
condition and lake empty condition respectively
vith maximum earthquake forces ( = Q.lg both
horizontal and vertical). \

The stresses, coefficient of fricticn and shear friction
factor are given in the following table. (next page)
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APPENDIX - III

DESTCH ASSUMPTIONS FOR THE DIVIDR WALL

ASSTMPTIONS
(1)

(11)
(111)

(1v)
(v)

Weight of masonry 148 ibs/ctt
Weight of water 62,6 "
Cooff, of friction 0.6

(min) |
Shear I{riction factor 6
Shear strength 13T/s88%

The design background for each zone of the divide wall
1s detalied belowie

AL 0 4

This section 4s to retain upstreom casing.

ey

- (14)

(111)

(iv)

(v)
(v1)

Length:

Betwszen toe of casing to ﬁpetream toe of hearting
Design Sectiont:

Just upatream of the toe of hearting where the
maximum beight f.e, about #) ft.

Design Condition:

Sudden draw down condition of earth dam assuming
thagﬁﬁzif beight of the caszsing material is drained
and the bottom half 1s inm bouyant condition.
Weight of Casing: |

127 Xbs/cft (buoyant Wt 84,5 Lbg/cft)

K for casing ¢t 0.8 acting at O.4h

water pressure:

Due to height of water egual to bottom half
height of casing,



137

(vig)  Uplifee
Duo to haight of wator ogual to bottem half hoight

of casinge

This goction 4is to retain mainly upstream hoarting matorial,
(1) '. Lonsths |
Upstroam tooc of bhearting zone to U/S key wall
(11) Dosign Soctions
Just upstream of koy wall whore thore is maximum
hoight 1.6, about 100 £t with 856' hoarting and
‘tcy 16°¢ easinag.
(1£1) Dosign Conditions _
Sudden drav down in the earth dam,
(iv) weight of casings
’137 lbs/cft (assuned drained)
(v) veight of heartings
120 1lbs/cft (87.6 lbs/cft in buoyant condition)
(vi) Ky for casing: |
0.0 acting at 0.4k
(vii) KXn for hoarting:
0.7 geting at 0.4h
(viil) Uator prossuros
Dus to woight of wator oqual to hoariipng
(ix) Uplifis
Duw to woelght of vator oqual to haartingo

ZOonm_IXX  8cetion Botwoon Koyetalls

Ao thoro 19 masonry backing fron othor sido this poction



80 not dosignod. Howovory; a slopo of 00811 has boen providod on
tko oarth don pido and on the masonry dam sfdelin tho hoy portion)
tho pono slopo as in sone II or IV has been continusd,

o XY Soction Against Dovnstrcam Hearting ¢

(1) Longths
Betvoon the downgtream ey wall to D/S too of
hoarting

(14)  Dosign Sections
Thy dopign soction 48 taken at 84 foot D/6 of
contro line of dem where there {8 no masonry dam
backing from }be otbor side and maximem height
of hoarting is retainsd by the section

(111) D3sign Conditiont |
The casing is druined and boarting is in
buoyant conditione

(iv) voight of Casing ¢
137 1bs/cf¢

(v) Kp for casings
0.6 acting at 0.6h

(vi) Weight of Hoartings
120 lbg/eft (57,5 Lbs/cft buoyant)

(vi4) Kp for Heartings |
0,7 acting at 0.4 h

(vi{4) waler pressuret

© Dbs to ths hoight equal to the hoight of hoarting.

(ix) Tplifts

Dus to tho hoight oqual %0 tho hoight of hsarting.
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Soction againgt Dovwnstroan Casingt
(3) Longths
Betweon D/8 too of hoarting to D/8 too of casings
(i1)  Dosign Sections |
Just downsgtream of hearting toe whero beight is
naxiovn
(411) Design Conditions
Boavy rainfall condition
(iv) toight of Casings
127 lbg/cft
(v) Kn for Casingt
0.4 acting at 0,33k (Izmediatoly bahind downstroen
casing there is gravel fliter
bohind which thore is 10°
rock f1lling backed by aclectod
nuren £411ing (Photograph 110, 6)
(v1) Wator Pressure; N4l
(vil) Uplift Prossuros Nil

toep Hoon

In ordor to facilitate drainago in tho casine/zonag iy
dia A.C. pipoo 10° centres bothvays staggered, have bocon provided
in tho masonry divido vall . |



(1)
(2)
(3)

(4)
(6)
(8
(7)
(8)

(9)

(10)
(11)
(12)
(13)
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Report of tho Commission of Inquiry for Enquiring into tio
fallure of the Panshat and Khadakwaaia Damg » Port I
Journal §;V252F£;::¥§::;:; géaEnaineers ( India)
Volume 47 - Number 11, Part CI 6 - July 1967
Journal of the Imstitution of Engineers (Indlia)
Voluae 48 - Number 5, Part CI 3 = January 1968
Barth Honual « U.S.B.Re
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