FINAL REPORT
ON
AUGMENTATION OF BOMBAY cm( S
WATER SUPPLY
(April 1948)

VAITARNA-CUM-TANSA-SCHEME
(PART ] & 11 )‘

BY
N. V. MODAK, Esr. ¢.LE. 1.5,

B.E.M. Inst, C.E., M.LE. (Ind.), M.1.M.&Cy.E.. F.R. San. 1., &C.,
Special Engincer, Bombay Municipality.

D85.231.358
H8
023721

MunicipaL PRINTING Press
BOMBAY.



~ Para.

1 Inttoduction

2 ltems covered by »urvey«wo
Investigating alternative sltos tor the dam
Investigating more convenient alignment for ‘the
three sections of the tunnel -
Fixitg the most suitable alignment for the new pipe line ...
Extending the existing cross drainage works "
Fixing suiteble routes for the trunk inlet mains
Balaneing reservoir at Ghatkopar .
Temparary bunds on the Vaitarna ri river and Tasu Na]]a
Determining the alignment of new service roads
Quantity of earth werk, metal ete., for the roads
Materials”survey
Fixing sites for temporary camps ' .
Pipe line to convey water of the Vaitarna reservoiri inde-
pendently of Tansa
3 Preliminary works -
4 Results of bore holes taken at the site of the dam and .
the waste weir ‘ - 10-12
*5 Estimate of maximum flood discharge ..12-14
Practice followed by the P.W.D. Engineersin the past  ...14-15
Formaula evolved by the Hydro-Dynamic Research

&

wr b

Y
h

NO® DAV L s
=53

Station, Khadakwasla L0516
6 Factors which influence the choice of the type of the _ -
waste weir - Y
Ordinary overflow type w7
Side channe) L7
Svphon Spillway AL
7 Lengths avallable for different types of spillway .18
Side channel spillway .18
Syphén spillway ' ...19
Central Spillway .. 19.20

8 Why useful storage of 17,000 million gallons was sUggested 21.22
9 Necossity of reviewing the position regardmg the useful 2

storage
10 Extent of storage llke]y to be obtamed from the Valtama
River at the site ‘D"’ n23-24
11 Storage available with F.S.L. at 535 T.H, D 25
Provisien for silting up el
Water spread of the Vaitarna Reservoir .26

)

12" The extent of the daily supply that can be made
available with the useful storage of 46,000 million gallons 26.27



_ « Pages

Majm; Tulloch's estimate of the run-off fo‘r Tansa catch-
ment and the dependable supp_lytherefrom ) vy

Co-relation ratio betweon thie vields of the Vaitarna
and Tansa catchments and how it was ﬁxed .

. :se of the tunnel . .
llz %:;e?ldabtie.‘::ombined supply per day for various F.5.Ls.

~ of the Vaitarna Reservoir - v a

' ilable with fu] storage of . )
Supply available with a usetuls 7 800 millign gallons .30

Para

.28.29

‘Do. 24,000 million gallons.  ...31
Deo. 26,000 million gallons . ...31
Do. " 34,000 million galions - .31 .
.- 46,000 million gallons i.e,
the ultimate developmeht of the source

I5 Works to be constructed now maust be capable of being
developed to obtain a combined dependably supply of 220
million gallons per day- o 33-

16 Economical way toyconvey the supply of 220 million gallons
perdaytothe Cityand thesuburbs - . 3441

17 2 No additional outletsin the Tansa Dam will be necessary = 4[-43

18 Advantages o be pained by creating a useful storage of

"46,000 million gallons - o K . 43-46 .

19 What type of Spillway would besuitableif theschemewere
developed from its very commenzement to secure an ulti-.
_mate supply available therefrom . . '

20 Financial justification for undertaking the whele scheme

" from the very commencement . S
. Cost of a scheme for given an ultimate combined supply of
160 million gallons per day as originally suggested . 47155
Cost of diverting the waters of Vaitarna River into the Tansa
lake to ensure a supply of 110 million gallons per day

therefrom including the cost of conduits, ete. ..56.57
Comparison with Bhivpuri Scheme for obtaining a supply
of 60 and 100 million gallons per day . . ,57.-5‘8

Cost of water per 1,000 gallons for different schemes .59
21 Cost per million C.ft. of water stored for different reliable

supplies - , - . .y
22 Necessity of undertaking the work of improving the internal
distribution systern simultaneously -, ..60-61
23 Internal distribution system immediate needs - Yo
24 Detailed estimates can be submitted after the receipt of ten-
ders for various items " .03
25.- Contractors likely to quote higher rates and if so, the work
should be carried out departrmentally - ¢ 63-64

26 Desirability of getting the designs checked by Experts  _,.64.65

27 Desirability of sending young Engineers abroad for training 65.66
28 Staff required for the execution of the scheme’ .66



Para “Pages
29 Dcsxmb:hty of giving additional powers to the Municipal
. Executive for the speedy execution of the scheme © b
30 Time required for completion .67
Rellef likely to be obtained by the Clty as the work on the
. dam and the pipe line progresses 4 . .0
31 Summary of the scheme ‘ ..69-71
32 Financial consideration 1273
. '33 ,Sanchon of the Corporauon requlred for L1374

GENERAL NOTES ON MAJOR PARTS OF THE SCHEME.

‘IPart,II .
CHAPTER Nos.~  Para No. Pages -
1 DAM~_ 125 - - 75.9
2 TUNNELS 1.6 94-98
3 PIPE LINE 10 98.109
Part lIl
| ;—ABPENDiCF:S.

{ta be publi:r,hed_ separate}})



VAITARNA-CUM-TANSA SCHEME
F INAL RRPORT——APRIL I948
References Corpomlwn Resolution No, 472, dated the 7.7-47,

+

This Reporl is dmdcd inthree parls -
Par1 ‘T—deals wnth the generzl aspects of the whole acheme

ParT 11.—~describes in detaxls the major component parts
of the scheme.

: PART IIIWcontams appendlces.
‘ "PART 1.

e thc Interim Report submitted by, me m Febmary

1947, 1 had shown that it would be in the

, " interest of the Corporation to take up for
1mmcdlate executlon, the Vaitarna-cum-Tansa Scheme as a first step
in the augmentation of the City's Water Supply, i in preference
tothe BhivpuriSchemerecommended by the Experts The Vaitarna-
cum-Tansa Scheme. as outlined hy me on the data then avallablc,
aimed at bringing into'the City a total combined supply f 160

“million gallons per day from thetwo séurces (Vaitarna and Tansa).
The scheme comprised mainly of the followmg works :—

(1) (]onstructmg a High masonry or-concrete dam on the
Vaitarna river to impound a useful storage of17,000 million
gallons, with the full supply level of the reservoir at about
480 T.H.D. so0 as to obtam a supply of 50 million gallons per

_day therefrom.

(2) Driving a » tunnel, about ﬁve rmlea long,. of adequate
carrying capacity, between the i mtewemng hills to diverta part
of the monsoon flow of the Vaitama river into the Tansea lake, -

“to keepithlled uptoits new full supply level of 422T.H.D.* on
Vst October of every year, so asto enable a supply of 110
~million gallons per dey being drawn fromthe same durlng the
dry weather.

N &) Laying a-new 72" diameter steel pipe line from the
-outlet ‘well of the Tansa lake-upto Powai—a distance of 40-

* miles-to carry s supply of 40 million galloss per day toincrease

* The lewels in T.H.D. are nbtnncd by uddxm uoomhntmfz 80.25 feet to the
mesn Sea level, ’

lntrmlncmn.
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the total carrying capacnty of the conduits to 160 million
gallons per day as given below e : .

‘ ' m. gp.d.
6 Ex:stmg two 72" dia. pipe lines (40 m:lllon 80
gallons, per day each), . '
(i) New 72" dia. pipe line . 40
(i) Existing duct (after reconditioning). The 40
supply conveyed by the same, at present, -
/s only 20 million gallon per day.

160

- The C.orporation having agreed with my views, sanctioned
funds (o) to carry out further survey work and () to collect more
data, both geological and’ hydmgraphlcal for preparing designs,

plans and schedule of quantities for the various jtems of the scheme:
to enable tcndets heing mv:ted for the same.,

2 The Survey work was accordmgly tnken in hand on 1-4»47

. and the major portion thereof was completed

Itoms covered by the on or about 20-6.47. The remaining survey

) survey work done: work was eommenced after the monsoon of
1947 and completed by the end of the same yedr.’

The main items, covered by the s survey, with comments on the
results obtaired, are detailed below i—

(1) Investigating alternative sites for the dam on the
downstream side ofthesite” D' (mde Index Plan, Appendxx I)
as this site is devoid of a natural site for a waste weir.

’

Investlgatlons show that no suitable site on the downstreaim
. side of the'site D" is available for locatmg a dam which can be
said to possess more advantages than Ule site ‘D’ especially in
regard to the location of the waste weir. There is therefore no
“other alternative, but to locate the dam at the site D * and to make

the best of this site by adopting a type of the waste wen’, most: sulted
to meet local conditions, -

-(2) Inyestlgaung more convenient ahgnments for the

three sections of the tunnel to shorten i its length and to obtain

as many faces as possible for commencing the work t}lereon
sxmultaneously for expedltmus completion,
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The alignment for the three sections of the tunnel has beer

slightly altered. The total ]ength of the three sections will now be *

“about 21,600 feet. The first section will extend from the Vaitarna
river to the Balvant Nalls, the second from the Balvant Nella to the
Tasu Nalla, and the thixd from the Tasu Nalla to the Bell Nalla.
{Tansa erd).

The tunnel will have to I:.e chiven from six faces, Additional .

points for commencing the work on the tunnel are not available,
The first face will be at the starting point in the left bank of the
Vaitaina river. There will be two faces each in the Bslavnt and

the Tasu Nallas and one face in the Bell Nalla. (Tansa end).
"(31Fixing the most suitable alignment for the new pipe

" line by the side of the emstmg ones amd for reﬁxmg the existing

' trolley track in a new posxtmn.

" The new pipe line from the Tansa lake Wlu be laid to the west
of the existing pipe lines upto Kapurbawdi and to the east from
Kepwbawdi to Powal, on the embankment at present occupied
by the trolley track. This track wilkbe shifted from its present.
-+ position and relaid on a new embankmentta be formed in continua®
tion-of the existing ermbankment of the trolley track.

(4) Extending the existing cross drainage works to suit
~the new pipe line and the trolley track in the new position, .

It 1s found that some of the existing cross drainage works are
deteriordting and are in need of heavy repairs -Provision for re-
bmldmg the deteriorated works will be made in the eatmmtes of the
new pipe line along with the extensions required.

(5) Fixing suitable routes for the two trunk inlet mains
from Ghatkopar and Powai to carry ‘the additional supply
to the existing and proposed service reservoirs in_the City,
for distribution to the various zones of supply.

The most suitable alignment for one of the trunk inlet mains
will be algng the existing 57" Tansa mains upto Bandra and thence
across the Mahim Creek upto the Mori Road Level crossing, A
bridge will be required across the Mahim Creek, which will be
-Tocated slightly to the east of the existing railway bridge. A suitable
route for the second inlet main will be from Ghatkopar along the
existing 48" main upto the Futka Tank and thence upto the
Bhandarwada Hill Rservoir, via the proposed 100 feet Wadala
Reagd and Reay Roacl -

-
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(6) Selecting a suitable site for.a balancing reservoir at
Chatkopar niear the syphon head at altitudes of 305 and 270 .
T.H.D. (a) to improve the pressure in the distribution system
serving the Northern parts of the City and (b) to enable water
being supplied therefrom at reasonable pressure to- the sreas

_at present lying outside the City limits; but likely to be included
within the extension of the Bombay Municipal limits in the
.Greatet Bombay Region. L

A suitable site for constructing a covered reservoir of about -
12 million gallons capacity with its F.5.L. at 305 T.H.D. 1s available
near the Ghatkopar syphon head. This reservoir will have to be’
fed from the * duct " situated in its.close proximity. It will not be
necessary to constiuct this reservoir sp long the Gieater Bombay
Plan does not materialises  It, being centrally situated, will be able
to serve the areas commanded hy the same with economical sizes
of pipe lines at adequate pressures. 1f, in course of time, the duct
is thrown out of operation this reservoir can be fed by laying another
* pipe from the end of the proposed new, main at Powai, along the
route of the existing 60" chord line. o o
. A reserveir of about 2P miillion gallons capacity with F.S.L. |
at 270 T.H.D. can also be constructed on thehill situatéd to the
East of the Horse-shoe valley. It can be fed from a point on one
of the pipe lines from the Tansa lake, near Powai, by laying a new
pipe of adequate capacity therefrom by the side of the existing 607
chord Bre: Though this reservoir would be more syited to feed
the “low-lying areas of Chembur and -Mahul, it Would be”
unable to supply water with economical sizes of pipes to high level
zones. Duetothisdrawback,areservoir with F.5.L.at305T.H.D.
near the Ghatkopar syphon head would be more suitable and
sutisfactory. : .

(7) Selecting sites for temporary bunds on the Vaitarna
river and the Tasu Nalla for impounding sufficient quantity
of water at the end of every monsoon for the use of the super-
vising staff and labour to be employed on the works and also
for constructional purposes, diring the period the 'work on
.the Scheme is in progress. ‘

A suitable site on the upstream side of the site "D has been -
selected for building the temporary masonry bund of 30 feet. height
above the river bed. The work on the bund upto a height of
20 feet has been completed, * The bund will be raised to its ultimate
hmgbt after watching the effect of the monsoon of 1948, This
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caution is necessary as correct information regarding the depth of
tflond likely to pass over it was not availahl® when the bund wes
designed. A temporary bund has also been constructed on theg Tasu
“Nalla of 10 feet height. "Sites for camps have also heen a:elecaed

and temporary bmldmgs are under construction. The various
works are shown on the accompanying plan (Appendix II).

(8) Determining the- ahgnment of new service roads
and mrmmg longitudinal sections therefor, for giving access
to the site of the dam and and t6 the working faces of the
tunnels for tkansport/ing machinery materiols and fabour.

The allgnment of the raad for giving access Yo the site of the
dam -will follow more ot less the route of the existing Kharthareh
Road. The roads fur giving access to the faces of the tunnels in
- Balvent and Tasu Nallas are shown on Plan (Appendix ). The
face of the tunnel in the Bell Nalla will have to be approached from
“the Tansa lake. -t can also be approached by the service road to bet

- constructed along the pipe line intended Lo carry water of the Vaitarna .
Reservoir to the City, independently of the Tansa lake, from the end
of the tunnel in the Bell Nalla. ' . N

' (9) Determining the quantity of rubble, metal, earth work
ete. vequired for widening the existing Khardi-Pareli Road
and for extending the same upto the site of the dam so as to
render 1t sufficiently wide, strong and safe for the transport of
machinery and materials from Khardi Station of the G.I1.P.
. Railway (Narth~East line) to'the s&tes of the various works.

After determining the: quaptitities of edrth work, metal and
rubble required, the earth work has been done dcparnmntally and
the wi rk of soling and spreading metal will be started in September .
of this year. Tenders for the supply o} materials for these roads
were invited and the work has been entrusted to one of the contractors
“with the sanction of the Standing Committee. .

(10) A survey of “ materials ' such as stone, sand ete,

required for the construction of the dam .

" Materials required for the construction of the dam are stone
sand, hydraulic lime and cement. Stone. of gaod qudlity, in abun~
‘darice, can be obtained fram quarries to be cpened within a resonable
distance mostly on the upstream side and partly on the duwnstream
side of the site selected for the dam. The fo]lowmg statement
gives a rough idea of the probable sites Hor quarries :— .



Statement showing ﬁroﬁaﬁfe quarry siles.

-

-+ Elevation of

. Serisl Zone, Distancefrem . QadiAtyofrecic. ? Sizeof quarry, quarryR.L.S. ‘Type of appreach - kmxaxs.
!_\Io‘ - Dam site, - in THD, - suggested, - .
1. Upstream—Right 4 Furdongs B sme boulders mijtble for 400'to 690’ long, BetweenR.L.S. Trolley linconthe
' Bank. approximately, 2 of materialssuch as, 30°to 30’ h:gh“g 450 and 559, umee .

uzeta Khandkiea, headers,
etc.,cany for hand blasting. : 7 They will be useful
Do. v 9 Furlongs Soiidro:keasyforhandb]m- 1007 ko 200" long, Between R.LS Do.” do. in the Arst two

N

approximately. ing uﬁbﬂe of glwsng ail Zﬂ'!o 3@ high. 340 and 400 seasons, o
t-1.] mat : B B -
o 6 Furlongs B ﬁﬂg;tol $0lws, Do .. Do do. -
roximately. ’ " hi S,
2 Ugmaﬁl—h& 2 urlongs Solid rock—-'r&ther\har&‘for 2007te 309° Iang. Betwezen RL.S. Trolleylineonthe >Road or trolley hm.'
sk, - spproximately. ©  handblasting goodforstnne 2% to 30" high. 360 and 400. right bankto be on the left bank
N motal only, . - wred witheiding |  willbeverycostly.
, ’ , : . LR _ acroms the tiver .
Po._ .. 3 Furlongs o ot N . .
: . ngpmnm&lely Do. do,: o Many quardes of Between RLS, Do do. - De. do.
' urlongs L ©  varyingsizescan 340 and 400, - : .
approximately be opened. ~

3. Downstresm--Right 2 Furlongs Solid rock aad bigsize bould- ~ 400" to 600" long, Bstween R.L.8. Trolleylineonthe
Bank. appraximately. erseasy for andilaa:mg cap~  40°20 50" high. 430 and 550, zame bank, :
’ _able si}gavmg all typea of

4, Downsti‘eam—-hft 6 Furlongs Sohd rock but of inferor - 50740 1007 loné, 'B;!'ween RIL.S. Rosdway can be Wil]. be usoful -

Bank, approximately, quality good for stone metal * . 20'to 30’ high, 450 and 508, - constrscted ‘to throughout the
. \ only, T : - jointheapproach  period of con-
- : . : road to Dam site  struction.
. : . © 7 under constnze-
: ) : ’ tion at present,
Dawmttcam—l.eh 7 Furlongs - Do, Cde, e 3DB’to 230 3 ; Between RLS. . Do, do.

ank, uppmx:m!el}__ : - . 30 E 550 and 600
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As sand would be required in large quantities, it may not be
possible to collect it from one place, but it may have to be obtained
?rom several places. The nearest place frem where it can be obtaired
15 the Vaitarna river itself, nearTilsa Village, situated at » distance of
about 10 miles on the downstream side of the site for the dam. |
Sand from this site was used in the construction of the Tansa dam.
A_kutcha cart track connecting the site of the dam and the village
Tilsa exists. But it will not be suitable fcr running motor lorries
for transporting the sand unless its surface is improved and its width
Increased to atleast 12 feet. The cost of constructing a 12 feet wide
r02d, along the kutcha track may amount to about Rs. 4 Takhs, It
v:n!l be necessary to construct this road as sand in fairly large quan-
tities and at a reasonable rate can Be obtdined from this place. The
quantity of sand likely to be obtained from this source is estimated at
about 60,000 brass against about 80,000 brass required for the
dam. * Another source, from %here sand can be obtained s the
Bhatsa river near Shahapur, a distance of about 25 miles from the
site of the dam. Sand from this river is being used at present by
the contractors working at the Tansa dam on the automatic falling
shutters. In case the quantities of sand likely to be ohtained from the -
two sources fall-short of the requirements, it may be necessary to
use ‘stone grit’ ag a substitute for sand. Before deciding upon'the
use of this material, it would be ascertained whether it would not be
more economical to obtain sand from Mumbra if adequate facilities
for transport are given by the G.1.P. Railway authorities.

. e oy

Hydraulic lime can only be obtained from Nasik district. It
will nat be required if the dam were built in *cement concrete’ ot of
masonry in ‘cement mortar’ instead;of in hydreulic lime mortar.
The use-of cement mortar would help in’spe'eding up the construct
tion of a masonry dam. -

Machinery and equipment required for driving the tunnel and
for constructing the dam, will have to be transported from the
Khardi station of the G.1.P. Railway via Khardi-Pareli Road, a
distance of about 13 miles from Khardi-station or from Bombay
via Bombay Agra Road, which meets Khardi-Pareli road at mileage
65, This road belongs to the District Local Board, Thana. The
Khardi Pareli Road is of water-bound construction and is in a very

. unsatisfactory condition. The Local Board spends onl; about
Rs. 2,000 per annum on its maintenence. - “This road, being im-
portant from the point of communications, has been included in the
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' Rt;ad Programme of the Bombay Provi_nce for being tr‘_aated ‘_A.'!t[’_ha
. permanent mode of constructio. . Butit has not been given priority
in the programme drawn up for the next five years. There beuzg
ng bridge.on the Vaiternariver thi: road is not used during the
- mansoon ti: goto Pareli, which is situated on the other bank of the
river. . When the dam is constructed, it wilkhelp in maintaming

!

communicaticns between Khardi and Pareli during the monspon

also. To sccomplish this end, a 28 feet wide road-way will bj""
provided on the top of the dam. If the surface of the Khardlw_
* Pareli road Wwas improved immediately, it would help ,COf}S‘dF’f“bly
in transporting speedily and at less cost materials, machinery and

labour required for the execution of the Scheme. It would be in -

“the interest of the Corporation to agree to share a pc:rtion of the
cost of permanent construction of fhis road and to induce Govern-
ment to include it iy their Road Programme ¢£the next five years.
1f the Municipality were to bear the whole burden of treating this
roadwyith a permapent mode of construction, the cost inVOlved,w?“!d
be out of proportion to the advantages to be gained. Negotiations

-are therefore being opened with the Government of Bombay witha -
view tofindirg out whether they would agree to include this road for.

permanent mode of construction in their programme for the next
ﬁve' years.

{11} Fixing sites for temporary camps and laying pipe

lines thereat tc convey water impounded By the temporary
bunds referred to initem (7).

The sites selected for the camps and for the storage tanks are
shown on Plan (Appendix I1) along with the pipe lines,

(12) Investigating the feasibility of laying a pipe line from

the tunnel end on the Tansa side (near Bell Nalla) to convey

the supply from the Vaiterna reservoir directly to the ._Qity-

jndepenciently of the Tansa lake,

- This investigation was neceséary. lThe weak point in the

Vaitema-cum-Tansa Scheme isthat: the  waters of the Vaiterna

reservoir have to bie let into the Tansa lake for being conveyed to the
City. This riekes Vaiterna reservoir entirely dependent on the Tansa
lake and dug to this, full advantage of the head available in the
. Vaiterna reservoir cannot be made use of to increase the-carrying
_capacity of the new pipe line to be loid and of the twd existing

72" pipe lines from the Tansa lake. When an old work like the Tansa
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Lake, which has served the City for 50 years is being cannected
- with a new one, both the works (old and new) should not, he
interdependent, but should be capable of functioring mdependently
.of each other, as and when reqmred The survey has since shown
that an mﬁepcnd»nt connection can“be established between the
Vgifarna reservoir and the »xisting outlet mains:from the Tansa
lake, from the end of the fuunel en the Tansa side, by laying a pipe
line about 6} miles in length, skirting more or les§zhe water-spread
- of the Tansa lake, The feastbility ofsuchanmdependentconnect:on
- will naturally necessitate modifiction, in the original scheme as
regards the useful storage ta be provided on the Vaitarna reservoir
" and the size of the pips line to Be laid therefrom for conveying the
additional supply to the city,

3. To enab[c work haing started on the main items of the
* Sanction of the Cor. Jcheme, such as, foundations of the dam,
poration obtained for driving of tunnel ete., an estimate amounting
Preliminary Works. to Rs. 25,70,800 for carrying out preliminary
works such as, the construciion of temporary buads, construction
of access roads to the tunnel and the site of the dam, clearing of the
- damsite, etc., was submitéed to the Corporation for sanction and they
‘were tequested to allot funds for the same. Corporatlon § permis-
sion wasalso requested to invite quotations for the majoritems of the
workas soon as the designs, detailed plans and schedule of quantities
and spetifications for the same were completed to hasten the com-
. mancement of the work which under the ordinary procedure would
* have been cons:demhly delayed, as tenders for the works ¢an only be
_invited after’detailed plans and estimates for the Scheme are sanc-
tioned by the Corporation and funds for the same are allotted. The
Cmpm‘atlon under their Resolition No. 728, dated the 25th Sep-
tember 1947 sanctioned funds forthe preliminary. works which are
now in progress. The Corporaton also empoWered the Munmicipal
Commissioner toinvite quotations for the main items of the Scheme
before fuuds ware allotted. Accorqulv tenders for the tunnel,
eu‘th-wotk embankment for the pipe lin'es, manufacture and sipply
of pipe lines and-bridges across the Tasu and Balwant Nallas to sup-
port the open portions of the tunnel have alruady been invited and
some of them have bean received and are bing serutinised.  The
Schedule of Quantities for the 727 dia. pipe line was also
prepared and an indent forthe same was placed withthe Director
General of Supplies, Government of India, and he was requested
to release steel in accordance with the progiamme framed for

B
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‘the item of the work. | The Government of India, however, has
cautioned that the Corporationshould move very slowly in this
matter as they were doubtful whether large quantities of steel
required for this project could be made available immediately or
in the course of the next two years, because, steel of indigenous
manufacture not being available; it will have to be imported
from America. It has been further pointed outthat against the -
requirements ofthe Government of India for the current quarter -
of 1948 of over one lakh tons of steel, they have béen able to get -
from U.5.A. only l,200toi§; : ‘

4, The wbr'k_on the ‘Bore Holes” was staried in June 1947

M otthe bore kol and is still in progress. As the survey work
Resultofthe bore holes v, 0reg50d, it was realised that the provision
m:& :::: v’a'v;:;:'wﬁ'ﬁ of 1,300 R.fi. made in the sanctionéd estimate

for the survey work for this pwrpose would
not be sufficient and that additional bore holes were necessary
at both the flanks and a little away from the abutments. A few
bore holesalongtheline of the tunnel were also considered necéssary.
*Standing Committee’s sanction was, therefore, obtained for taking
additional bore holes to the extent of 1,200 R.ft. (vide Wtanding
Committee Resolution No, 1653, dated the 17th December 1947).
The work on these bore holes is in progress.

The positions of the Borq ‘holes, so far driven, and the strata

) VT4 VT
. met withat eachbore holeare shown on Plan Nos i e:

o BB 2747
{Appendix I11). The results of the bore holes show that (¢) the

foundations Tor theadam for the portion covered by the river bed
‘may have to be taken at least 10 to 15 feet deep into the ‘exposed
rock ; (b) the talus and boulders on the right bank of the river vary
from'15 to 30 feet and those on the eft bank from 5 to 35 feet. .
Good rock for founding the flanks of the dam being available at these
depths, the foundations for them need not extend more than 10to 15
feet deep into the rock. : R

In order to obtain expert advice regardingthe suitability or
otherwise of the site finally fixed for the construction of the dam and
the reservoir-basin, from the geological point of view, Dr. B. C.
Roy of the Geological Survey of India was requested, last year, to
inspect the alternative sites for the dam, which were then proposed
to be investigated. The note of.inspection sent by him included -
comments on the two alternative sites suggested in the Interim
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Report vide para. 17, page 23. He could not make any reference
in his noteto the site ‘D", which was then proposed to be discarded
in case better fac.ilities forthe location of the waste weir were available
at the two alternative sites referred to above. In his note of ins-

" pection, Dr. B. C. Roy wrote infer alia, “"The dam sites are wholly -

located on trap rocks in the form of bedded flows. Barring pre-
cipitous cliffs or plateau tops, the fllanks of the tiver in the hill
slopes are generally covered by surface boulder and talus deposits
whereby the various flows are not distinguishable. Considerable
amourt of stripping would be needed to get an idea of the different
varieties of lavd beds that would be encountered along the dam
alignment,” '

* x ¥ . e

“The river .bottom or valley floors, however, show thinly
bedded compact and massivetraps with fine vesicles. These slices
under microscope, show an intergranular texture. Some amount
of slabbiness of the traps due to fine laminations or sheet jointing,

" varying from a few feet upto 10 feetin thickness is particularly seen

along both embankments. These sheet joints are likely to affect

the dam foundation and favour seepages. They, however, appear

to be only ‘superficial features, which are not likely to continue

laterally for great distances.”
* * * * %

" 'The rock at the foundation at the river bed is freshand sound
and 1s not liable to decornposition into unstable minerals but the
foundation may have to be taken down to say, 20 feet from the
surface,” ' « ,

. “Basalts are capahle of standing about 1,000 tons of weight
per square foot and therefore the foundation rock may be considered
sound enough to bear the proposed structure. Representative
samples of rocks obtained during stripping and exploratory
works, however, should be tested for crushing strength."”’

* " . * -

. There should not be much difference from the geological
point of view between the site'D’ and the two alternative sites
inspected by Dr, Roy last year.. Yet, in order to make certain that

" the site ‘D’ is as good as the other two sites, from a geological point

of view, Dr. Roy was requested to inspect the same, as well as the
alignment of the tunnel, this year, when the work on'the bore holes
had sufficiently advanced. Accordingly, Dr. Roy inspected the.
Vaitarna river in the region of the dam on 4th March 1948. During

" this visit, Dr. Roy was shown the positions of the bore holes as also
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the cores obtained thercfrom. He was fumished with detailed
information of the cores as regards their depth below ground level,
etc. He was shown a part alngnment of the tunnel on the Vaitarna *
side as well. On the next day, i.e., 53th March 1948, he was shoWn _
the alagnment at'the tail end’ of the tuninel on the Tansa side.
was also given particulars of the trial pits taken on the Tansa s:de,
last 'year, along this alignment. Dr. Roy explessed satisfaction
- with the results obtained. He does not think that there should be
any, apprehension regarding the smtabmty of the rock for the
- foundations of the dam ahd the waste weir and also for driving the
‘funnel’. H& isalso of opinion that the rock exposed in the bed of
the river at the site of the dam would not be seriously affected by a
sheet of falling water through a height of 200 feet to 250 feet, if it
-were decided to locate the waste weir in the central portion. of the
dam covering the river bed. Dir. Roy has since sent a shiort note of
inspection done by him in March 1948, which is - embodied in -
Appendix IV.  Grouting under pressure in the foundations of the
dam may have to be resorted to, to make them water tight aid to
prevent “uplifr.”. Provision for grouting under ptessure has heen .
made in the estimate of the dam. In order to-minimise the possi-
bility of uplift. the design of the dam also provides for the construic-
tion of drainage galleries in the heart of the dam and for laymg
. a sufficient number of drains therefrom to drain away the seepage
water. ~ -

5. While the survey and the Wr,)rk of takmgbore holes were in
- o progess, 1t ‘was necessary to estimate first
E“}}““‘ of maximom the maximum flood discharge to be provided”

.~ flaad discharge.

in the design of the waste weir s the quannty
of flood. discharge and the Iength available for the wasté weir would
decide the type of thé waste weir most suited to satisfy local condi-
- tions, The charactenshcs of a river in respect of maximum, minimum
and total flows for various periods can only be aceurately determined
if a series of gaugings extending over seveial years are available,
and these too, to be of the greatest value, must include the perlods
of high floods as well as of draughts. Although the Vaiterna river
-i¢ being gauged at the site of the dam for the past 18 years, records ‘
for only 15 yearsare avaﬂable, as those pertaining to the years 1932,
1938 and 1939 are missing. Bemdes, the penods cover - years of
good rainfallard not of scanty rainfall.” The patigings consist mostly
of the total daily rainfall during 24 hours and the level of water

~in the river.at the end of evéry 24 hours at the-site of the dami.
However, for the Y‘*ars 1933 and 1934 additional .information as
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regards the hourly fluctuations in the level of water in the river.
during the day only at two puints of the river (one at the site of the
dam and the other situated at a distance of about 2,400 feet on the
downstearn side of it) has been recorded. The gaugings are in- .
complete inasmuch as they do not give any information regarding
the intensity of rainfall, its duration and the surface slope of the
flowing water in the river for different depths of low. Mere record
of the rise in the water level at the end of 24 hours at one point of the
“viver is.- mot in itself sufficient _to draw any inference
regarding: (@) the maximum water level™ that ° might
| have been reached during this interval at. any hour
of the day or night, due to abnormal floods and (3) the
velocity attained-for any particular depth of flow. It appears that
at one time an attempt was made to record the velocity by using
floats, for small depths of flow not exceeding It feet  No reliable
inference can, however, be drawn from these observations as regards
“the velocity attained for higher depths of flow reached. According
to the records, the maximum depth of flow in the river was as much
 as 31,5 feet on Ist July 1941 and the total daily rainfell recorded on
that day was 13". Masimum flood discharge must have occurred
on that day, but information regarding the surface slope of water
for the depth of flow of 31°-6" not being available for that day, its -
extent carmot be worked out. Fortunately, for the years 1933 and
1934 records of surface slopes of water for different depths of fHlow,
are available (vide appendix IVA). The maximum depth of flow
.in these years was 26 feet. In order to find out thé velocity for 4
depth of flow of 317-6", a curve showingthe velocity for various
depths of flow was plotted (vide Appendix V) from the records
available for 1933 and 1934 and the velocity for the maximum-
depth of 31%-6", vecorded in 1941, was extra-polated. As the differ-
_ ence between the maximum depth of flow attained in 1947 and that
_ attained in the year 1933 to 1934 s only 5°-6" (31°.6"~26"), it may
‘not be unreasonable to use the velocity as found out from the curve,
for calculating the flood discharge for a maximum depth of 31°-6",
The velocity for the depth of 31-6" works out to 14.8 feet per second

and the maximum flood discharge with this velocity works out to
90,000 cusecs.

In working out the flood discharge, the velocity has been
arrived at by using Chezy's formula V=CVRS—with value of
G=72 for hydraulic mean depth of 20.7 fect and that of the co-
efficient of rugosity ‘N’ ‘equalto 0.035. The velocity was also
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worked out by using Manning’s formula and there is a slight dif-
ference between the results obtained: by the use of this formulaand
those obtained by the use of Chezy's formula, by, onithe whole,
the results obtained may be said to be practically the same. :

~As pointed out: previously, the period covered by the gaugings
_of the Vaitarna river covers mostly good years. The maximum
flood of 1941 may be assumed as the highest known flood, because
on st July of that year, Tansalake was also replenished at anaverage
rate of 22,000 cusecs. Onthat day, the level of water in the Tansa
lake rose by 11 feet in 24 hours from 403.8 T.H.D. t0 414,10 T.H.D.
During the hours of 10.25 to 1.20 p.m. dated the. Ist July 1941
Tansa lake was replcmshed to the extent of 864 million gallcns,
whichis equivalent to an input of 42,000 cusecs.

. There can therefore be no doubt that tht maximum flood -
discharge to be assumed in designing the waste weir cannot be less

than the calculated discharge, of 90,000 cusecs for 1941, It s
‘aIways advié.able to make a ltberal provision in the design of a waste
warr for passmg additional floods thanlactually observed, because
* if the waste weir falls shor’t of the requirements, a disaster would be

caused. It is therefore custarnary to check up the observed or-
calculated discharge with'that given by some formulae evolved in this
bebalf from the actual ohservations of the flond discharge of several
catchmpents,  Itshould however be remembered that asthe maximum
tlood ‘discharge depends upon several factors, such as, the intensity
of the rainfall, its duration, the condition ¢f the catchment whether
saturated, wet or dry, the shape of the catchment whether long,
bell-mouthed or fan-shaped-the total rainfallnot only onthe day of the
occurrence of the maximum flood but on a day or days inimediately
preceding, no formula can be evolved which would make allowances
forall of them.  The Engincer has therefore to use his ludgment in

selecting the formula for ‘checking up’ purposes.

. In the past, Engineers in the Bombay P.W.D, used to make
the f'o][owmg allowances in estimating the maximum flood discharge,
for average catchments.

Catchmnntarenimqmrem-iles w05 510 10-—25 25705 754150 (?;er
Runcffin inches per hour w 200 15 125 100055 05

According to the above, the maximum flood dlscharge for
the Tansa catchment works out to 34 000 cusecs and that for the
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Vaitarna catchment to 56,000 cusecs. The above allowance is for
‘average catchments'. Vaitarna is not an ‘average’ catchment but.
it 13 a ghat catchment with certain peculiarities. [t runs north-south
and cast-west while the ghat catchments generally run. casterly
from thé ghats, The rainfall in the ghats is very high while it ia
comparatively small 2t a distance of abaut 20 to 30 miles away
from the ghats. The precipitation on the other hand in the
* Vaitarns catchment is more intenseand simultaneous than thatin the
ghat catchments. The average total rainfall of the past fourteen
years at the site of the Vaitarna dam is 105" and the average rajnfall
at lgatpuri~a distance of 2h¢ ut 30 miles on the upstream side of the
site of the dam iz 135", but the maxirhiim at Igatpuri in 193] was
as high as 259.89" while the total rainfall in 1941 amounted to
122.36 inches, Due to this, the run-otf per hour would natyrally -
be much more than that of 0.5” per hour for an ‘average’ catchment. -
'On the basis of the actual rate of input into the Tansa lake the figure
of flood discharge works out at the raté of 13" run-off per hour
against 1" allowed for in the above table. On the :ame analogy,
if the runoff per haur of 0.5” were increased to 0,75” it would give a
figure of 84,000 cusecs for the Vaitarna catchment which is less only
by 6,000 cusecs than that calcubsted from the velacity curve for a

maximurn depth of flow of 316", reached inthe Vaitarna river, in

The Hydro-Dynamic Research Station of the Government of
.India at Khadakwasla, near Paona, has, after a long series of observa-
tions of actual floeds in western India, developed formulae for
‘Extra-ordinary. flood runoff’ under two categories—(1) for Normal
Single Catchments and (2) for ‘Multiple’ or ‘Fan’ Catchments.
These formulae are known as ‘Inglis’s’ formulae. Tansa catchment
is definitely ‘fan shaped® The maximum flood discharge for Tansa
catchment with the Inglis formula for “Fan shaped’ catchments,
warks out to about 50,000 cusecs against the actusl input into the
¢ Tansa lake in the year 1941 at the rate of 42,000 cusecs. Similarly
the actual observed flood dischargé flowing over the waste weir of
the Tansa dam 15 reported to be 35,000 cusecs on 20th july 18%4
~ and on that day, the flocd passed over the entire length of the dam
also. Allowing for the moderation of the flood intensity by the
flood absorption capacity of the lake, the actual flood intensity may
work out to about 50,000 cusecs corresponding to that arrived at
fromthe formula for a *fan’ catchment: :
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. Vaitarna catchment is neither “fan shaped’ nor ‘nom}a] single’.
A part of it upto a distance of about 15 miles from the site of the
dam is ‘Normal single” while the remalning portion is deﬁ_mtely
“fan shaped’ (vide appendix No. V1), T}‘xe dlscha_rge f?r -Vaxtama
catchment, taking it as ‘fan-shaped’ and as ‘normal single’, works out
to 92,000 and 74,000 cusecs respectively. As the rainfall in the
Vajtarna catchment is intense and simultaneous, i§ will be advisable
to design the waste weir for the maximum flood dlsc‘harge based on
the Inglis's “Fan catchment” formuls as the quantity of flood dis~
charge calculated in the year 1941 is only less by about 2,000 cusecs
than that arrived by this formoula:

* It is again a matter for further consideration whether the
discharge of 92,000 cusecs as worked out from the Inglisformula
would take care of the catastrophic floods due to any possible cyclones
or cloud bursts, No special provision for cloud bursts seems to be
necessary because a cloud burst is a local phenomenon and it i3 not
likely to occur at the same time over the whale length of river upto.
the site of the dam which 1s over 45 miles. Two sluices each of
5,000 cusecs capacity are to be provided in the body of the dam.
They may be useful in passing floods in excess of 92,000 cvsecs if
they can be operated at the right moment, _

Rao Bahadur B. L. Modak who was consulted in regard to.the
suitdhility of the syphon spiliway agrees with me that the waste weir
ghould be designed for the flood discharge arrived at by the use of
Inglis formula for a “fan shaped’ catchment. )

" Opinion of Mr. K. K. Framji, the Director of the Hydre
Dynamic Research Station at Khadakwasla was sought in regara to
the maximum flood discharge to be provided. ke isof the opinion
that "Having due regarc to safety as to economy, it will be advisable
to design the spillway for a floow digcharge of 92,000 cuses. It a
discharge higher than 92,000 cusecs is ever obtaineq, it will” be
for a very shorf wuratiorl and be so rare an occurence that it may
not be worth providing spillway capacity for it; the water level
in the lake would, in such an event, temporarily rise above the de-
signed H.F.L,. 535.00 but as a free-board of not less than 10’ has
been proposed to be provided, it does not appear essential to provide
a flooaway for more than 92,000 cusecs ™ -

The reasons given by him for arriving at this conclusion can
be seen in Appencix No. VIA.. . :



i7

6. The next consideration is, what should be the type the of

Factors Which in flue. Waste weir ard what would be the economical
vee thechaico of thotype depth of flow over its crest to pass a flood
of the Waste Weir, " discharge of 92,000 cusecs,

The choice of a waste weir depends upon (1) the total length
-available’, (2} its location in refetence to the dam—whether in the
centre ar at the flanks ; (3} the maximum flood dischaige to be
passed : (4) the depth of flood over its crest, i.e., the diffeience
* between the Full Supply Level of the reservoir and the High Flood
Level ; (5) the contours and nature of the ground both on the
upstream and downstream of the dam (as they determine the extent
of excavation in different strata for the approach and tail channels)
(6) the extent of the protective works necessary for preventing
scouring of the river bed and the banks on the downstream side and
(7) its adaptahility for increasing the : storage in stages at reasonable
cost.

The three prinaipal types of waste weir are (]) the ordinary
overflow ; (2) side channel and (3) syphon spillway.. Each of them
can be usecl singly orin tombmauon

The ordinary ovarﬂow ype. —This ' type of waste weir falls
under two heads (I) Broad-crested weir with a flat crest and. (2)
a weir with ‘Nappe' or Ogee shape It may be located in the
centre orat the flanks to suit local conditions. Withthis type
of waste weir, the capacity of the reservoir can he increased in

,future either by raising the dam (if provision for the same is made in
‘its design from the beginning) or by erecting automatic falling
shutters on its crest. >

 Side chanrel waste weir~This weir is not constructed parallel
to the dam but at right ansles or at an obtuse angle thereto. In
this type of waste weir, the flood waters overflow into aside channel.
The side channel is connected with a tail channel and the water
received therein is let into the river on the downstream side of the
dam through a chute. This type of waste welr is resorted to, if
adequte length is nét available along the length of the dam to pass
the estimated maximum floed discharge at reasonable depth. With
this type of-waste weir contents of the recervoir between F.S.L.
and HF L. can be made available for use by erection of
gates on its crest.. -
Syphon spillivay.—This type ts suited to positions where the
difference between the Full Supply Level and High Flood Level of
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. the dam (the depth of fload. over the crest of the waste weir) is
‘required to be kept to a minimum. [t can pass the flood discharge
_ with a depth of flow of only ahout 2 feet. Its adoption therefore
reduces considerably the cost of the dam especially where the flocd
discharge to be dealt withis considerable and the length available for
an ordinary over-flow weir is limited. It helps in  guickening
the completion of the schemeas the quantity of masonryin thedamis
reduced in proportion to the reduciion in its height. Alternatively,
1t secures a larger storage in the reservoir for the same height of the
“dam, The extent of land submerged at the H.F.L. 15 also reduced
due to the difference between the H.F.L. and the F.5.L.. béing only
2 feet. This incidentally helps to keep down the cost of land ac-
quisition where rich agricultural lands have to be acquired. . It has,
however, certain drawbacks,some of which are given below :—

o (ﬂ It fixes the limit of utilisation of the source and the
ultimate height of the dam, because it is not possible to raise
the dam {unless it is orginally designed for this purpose) at a
later date. When such raising is. done, the syphons already
constructed must be scrapped and teplaced by new ones at a
higher level. ' o S

+ {2) The difference between the H.F.L. and F.5.L. being
restricted to about 2 feet only, any catastrophic flood of even
short duration cannot be absorbed by the reservoir asits
Hlood absorption capacity is much less than that available in
a reservoir provided withan overflow weir. '

+ Overflow Waste Weir,

7, The detailed surveys have shown. that the maximum
Leagth of Wasto Weir len_g,t'h available for locating an_over flow
available, ‘:o_ai) different weir in the central portion of the dam is only
fpesataite D ' 300 feet and about 500 feet if the welr is
located at boththéflanks, -

- ' Side-Channel Waste Weir.

The total length available for a side channel weir is 800 feet
(400 fect on each flank) fur a reservoir with the Full Supply Level at
480 THD {i.c., about 170 feet above the bed of the river), Fora
reservoir withits F.S,L. higher than 480 T.H.D.. a sufficient length
for a side channe] weir at a resonable cost, cannot be obtained.” © -
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Syplion Spillway.
Alengthof 300to 400 feet cdn be obtamed fora syphon spillway
on the left flank to suit any F.S.L. ranging between 480 to 535
T.H. D
Economical depths of flow.

It Wasoriginall; contemplated that,i1fpossible, the location ofthe
wasteweirin the central portion of the dam should be avoided because
the effect of a large sheet of falling water through a depth of about
200 feet was considered to e detrimental tothe foundation of the dam
unless heavy protective works were provided. Withthisendin view,
‘the feasibility of adopting either an over-flow waste weir at theﬂanl =
a syphon sp:llway or a side channel weir was' mvesngafed 7!

. investigations showed that as far as the over-flow waste weir on two
flanks was cancerned, ifthe F.S.L . of thelake was to be maintzined
at 480 T.H.D., as auggestcd ip the Interim Report, the most econo-
mical depth of flow for passing a flood discharge of 92.000 cusecs
was 18 feet for a lengthof500feet. For the same Full Supply
Level,the economical depth of flow for a side channel waste weir
[total length 800 feet (400 feet on each bank)] was found to be 10
fest. The alternative estimates fora syphon spillway showed that
thoughitsadoption would increase the storage by about 22 per cent.,
for the same height ofthe dam, its cost was practically the same
as that of a flank or a side channel waste weir.

Cemtral Spillway advisable for F.S.L. of the Reservoir
above 480.00 T.H. D.

For an t;npoundmg reservoir with the F.8.L,, hlgher than 480
T:H.D..it would be economical to loczte the waste weirinthe central.
portion of th&xdam covering the river bed, The length available for
locating such a waste weir will be about 300 feet mcludmg piers

- and the depth of flow over its crest to pass a maximum flood
discharge of 92,000 cusecs will be about 20 feet. In caleulating
the depth of flow, thé-ﬂow likely to be absorbed in the lake while
the reservoir level is rising from the crest of the waste weir to the
H.F.l. has been neglected, Similarly the value of ‘C™* for the watte
weir has been dssumed at 3.9 but according to some observers, it
s likely that it may go down to, 3.4 due to the depth of flow being
e&kcessiva,.viz., 20 feet. In that evént the depth of flood forthe
same length of weir would be 22 feet. Incase it is decided to érect .
automatic gates an the waste weir to impound additional quantity of

ooy

-+ * C o Coeeflicient of discharge in formula Q = clh 3/2,
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water, the cost of the gates would be heavy as the economical belght
 of such gates is reported to be only 20 feet. To allow for erection of
sutomatic gates and the reduction in thé co-efficient of discharge
from 3.9 tc 3.4 it would b theretore desirable to increase the length
of the waste weir from 300 feet to 360 feet. It would be possible-
to get this length by cutting the river henks further. The increase
in the length will naturally increase the cast of the waste weir.

The potential energy created in the water by the raising of the
damn, develops into kinetic energy, as it flows to meet the river bed
downstream and unless effective measures are taken to destroy this
energy, it spends itself by ereating deepest scours on its-course, very
often undermining the structure of the dam itself. The geological
investigations have :ince shown that the rock exposed inthe bed of the
river at the site of the dam is not likely to be affected scriously by
the sheet of falling water, and therefore, the cost of pretective works
inthe formof .ither a roller bucket or a sloping apron will he moderate
and reasonable, Thére will be a further advantage in locating the
waste weir In the centre, as it can serve as 4 temporary waste weir .
also for passing the floods during construction. In the case of other
types of waste weirs, special provicion for passing the floods during
construction has to be made, involving considerable expenditure,
With a centre] spillway, there- will be a difference of 20 feet®
between the Full Supply Level and the Hi F. L. of the reservoir.
The whole structure of the dam will have, therefore, to be made
strong enough to withstand the pressure ccrresponding to -the
H.F.L. so attained. This will add considerably to the cost of the
dam, because whén the height of a dam exceeds a particular height,
the cost per foot height is much more than that for Igwer heights.
In ordir to reduce the cdst of the dam and waste weir, the device
of the automatic zates Is sometimes resarted to. By this device the
same storage can he obtained but by lowering the crest of the waste -
weir below the F.S.L. to the extent of the depth of the flood, If
the crest of the waste weir is not lowered, an additional stdrage
equivalent to the contents of the lake between F. 8. L. and the top
of the gates is obtained. (vide appendix XIV A) : .

» Inste.ad of using aut'omaficgates. the same object can be achieved
by resorting to a syphon spillivay. built in the body of the dam if
its cost is fw:md to be the same as that of an'ordinary over flow waste
welr 1n conjunction with automatic gates.

It is evident from the foregoing that no decision can be taken in
regard to the: choice of the waste weir sintil the extent of the storage



(both initial and ultimate) to be created unthe Vaitama river is
determined and the method 'of bul]dmg..lt vz, whether in oneor
more suitable stages 1s fixed.

8. The creotion of a useful storage of 17,000 milllon gallons
Whyausefulstorageof Was suggested in the Interim Report because
17,000million gallo .swas it was found that the existing three conduits
suggested. from the Tansa leke [two 72" dia. steel pipes
and the duct (a5 it stands todsy)] were incapable of conveying to
the city a supply of 110 m.g.p.d. from the Tansa lake which would
be availsble in a good year of rainfall in its catchment, when the
work oni the automatic falling shutters is completed and even in a
lean year when the tunnel connecting the Tansa lake and the Vaitarna
reserveir is driven. An additional pipe line therefore rom the
Tansa lake was necessary to convey the supply in excess of the total
cerrying capacity ot the existing condutts. A pipe line of a smaller
size would have served the purpo e, but such a pipe line would not
have proved econcmical in the long run. It was, therefore, consi-
dered desirable that the size of the new pipe line should be the same
as that of the existing pipe lines and that sufficient storage should
be created on the Vaitarna river to provide an additional supply
required for utilising the new 72 p:pe line to its full capacity
under the available head.

, Calculationswwme, therefore, made to find out the maximum
carrying capacity of the four conduits [three pipe lines of 727 dia.
and the duct (after it was reconditioned Y] with the available head,
which worked out to 160 m.g.p.d. « Awsthe supply available from -
‘the Tansa lake would be only 110 m.g.p.d., a useful storage capahle
of giving a supply of 50 m.g.p.d. (l60—-—-| 10) was requived to be
created onthe Vaitarnariver, Tosecureadmly supply of 50 m.g.p.d.
after allowing for losses by evaporation and absorption in the reser-
voir, a useful storage of 17,000 million gallons (vide Appendix
No. VII) on the Vaitarna river was necessary. The contours-
showed that this storage could be obtained with the F. 8. L. of the

- reservoir standing at 480 T\ H. D. (please vide para 17, sub-paras 5
and 6, pages 22 and 23 of the Interim Report). Besides, no details
of the waste weir in regard to its length, location and the maximum
flood discharge to be passed - could be worked out at the time of the .
Interim Report as the final site of the dam was not then fixed, but it
was believed that better sites for the dam could be obtained within a

stretch of about 14 miles op the downstream side of the site ‘D’
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The information on these peintsto suit thesite" D" has not beer given
in the réports of the Hydraulic Engineer and the notes of the Experts.
Information regarding the co-relation between the yields of the
two catchments was also lacking. It was also believed that there
was no feasibility of using the Vaitarna reservoir independently of
the Tansa lake as a reference to such a vital factor is not to be found
hoth in the reports of the Hydraulic Engineer and the notes of the
Esxperts. As pointed out previously (para 2, page 8), this was one
of the weak points in the Vaitarna«cum-Tansa scheme and this was
the reason why a policy ** of not laying all eggs in one basket ' had
to he inunciated in determining the storage to be impounded on the
Vaitarna reservoir, It . would not have been worthwhile to
recommend a large storage on the Vaitarna reservoir,though the
river had great potentialities, when there was no alternative route

to convey the waterso stored, direetly tothe City, independently
of the Tansa lake.. ‘ ”

9, The detailed survey has now shown that the waters of the
: . Vaitarna reservoir could at a comparatively
‘ mﬁ";‘:;ft‘if’ n“$3ﬁ§§ small cost be conveyed to the City indepen-
uysfal storaga in view of dently of the Tansalake, Again, the circum-
‘!:' e"'““s"d sireum- stances  regarding - the population
stances. and the demand of the public for
. additional water have undergone consider-
- ‘able changes sincé the drafting of the Interim Report; There has
been a large influx of refugee population in the city. There was
not the faintest idea of such a sudden increase in the City's popula~
tion at the time of writing the ‘Interim Report.” Further, the
Vaitarna~cum-Tansa Scheme, as then outlined, was only a first
step in the augmentation of the City's water supply to increase the
total supply from 115 mg.p.d. (in good years) to 175* m.g.p.d.;
‘and it was intended to undertake either Kalu-Shahi or Bhivpuri
Scheme immediately after the completion of the Vaitarna-cum-Tansa
" Scheme, asthe immediate requirements of the city both for domestic
and industrial purposes were estirnated at 236 m.g.p.d. (vide page 5
of the Interim Report). In view of the changed circumstances, -
the original scheme will require modifications, especially in regard:
to the storage to be provided. -

4 'Vehar and Tulsi lakes can be depended upon to give a supp]y.
+ of 16 m.g:ip.d, This leaves a halance of 220 ;E.g.p‘d. It must,

* Thisis inclwive of the dependable supply of absut 15m. g p. d, from Vehar &
. TalsiLakes, o .
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therefore, be investigated whether the site selected for the location
of the dam in the Vaitarna~cum-Tansa Scheme can be developed
80 ag to obtain a dependable supply of 220 m.g.p.d. therefrom in all
“lean years and three conseutive dry years, If the investigations
show that a supply of 220 m.g.p.d. can be economically obtained

from this source {t may not be necessary to undertake the execution
of the Bhivpuri or Kalu-Shahi Schemes at least forthe next 20 years.

10 The storage hl-;ely to be lmpounded by the dam at the
, stte "D’ to give a dependable supply of 220
R fﬂ""ﬁ’fm"“’l"“l" m.g.p.d. willin the first instance be governed
obtained on
Vaitarna- river at the by the physical conditions of the gorge
site'D'. - itself. .As far as the river is_concerned, it
" has great potentmhhcs Its yield at the
site of the dam in a year of good rainfall in its catchment may be as
high as 1,40,000 million gallons. Itis, however, to be seen whether
. a dam to impound such a large storage can Le built economically
and that whether the reservair so formed will be adequately repleni-
shed in lean and three consecuti\re dry years as well as in a driest -
year like 1899, The gorge is very narrow and has a peculiar form.
The bed width of the viver thereat is about 175 feet. Both the
banks are very steep rising from 310 T.H.D. (Bed of the river)
to 610 T.H.D. in a length of ahout 1,500 feet, ending in a plateau
at the top of ar altitude of 640 T.H.D.on the right bank and -

620 T.H.D. on the left bank.

Taking these physical factors into consxderatxon, it appears
that the economical development of this source must be restricted
to the H. F. L. of the reservoir being maintained between 555 and
540 T, H. D. becauge the banks of the river become steeper beyond
these levels and the additional sterage likely to be obtaired by exceed-
ing the H.F.L., of 540-T.H.D). would nct he commensurate with-the
cost to be incurred on the additional height of the dam. The
useful storage likely to be obtained withH. F. L. or F.S. L. between

" 535 and 540 T. H. D. as found out from the contours shcwn on the
topo sheets willvary between 46,000 and 50,000 millicn gallons. It
must therefore be ascertained whether the reservoir, if canstructed
to 1mpound a useful storage of 46,000 or 50,000 million gallons
would_ be adequately replenished by the yield trom the Vaitarna

- catchment, in lean years, three consecutive dry years and in a driest

~ year like 1899, after diverting the requisite quantity into the Tansa
lake through the tunnel to make up the deficiency in the yield of the
Tansa catchment in such years.
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The actual yield of the Tansa-catchment was about 12,000
million gallons ir: the year 1899, On the co-relztion ratio, as worked
out in para 12, the yield of the Vaiterna catcheent in such a year
would be ahout 42,000 million gallgns. In two consecutive dry”
years like 1904 and 1905, the actual yield of the Tansa catchment
was 18,000 million gallons. To keep Tansa lake filled up to its new
F.S.L. of 422 T. H. D. a tatel vield.of 36,000 million gallens is
required (above 387* T. H. D. level ). In the concecutive dry
years like 1904-1905, a yield of ¢nly 18,000 thillion gallons will have

- to be diverted into the Tansa lake trom the Vaitsrna reservoir to
keepithlled by tst of Octobers The yield of the yai!éma catchment
in corresponding dry vears is estimated at about 64,000 million
gallons, Deducth g from this, 18,000 -million gallons required for
replenishing the Tansa lake, the net quantily available for storage
in the Vaitarna reservoir would be about 46,000 million gallens.
.To obtain this storage, the F. S, L. of the reservoir, as judged from
the contours shown on the topo sheets, hasto be keptat 535 T.H.D.
This appears to be the limit of the useful storage likely to be obtained
from the. Vaitarna river at the site selected for the dam, from the
peint of economy, physical considerations of the site and the yleld
ofthe riverintwo consecutivedryyears. TheF.S.L.0f535 T, H.D,

“can either be built by constructing an overflow waste weir
with its crest at 513 T, H. D. and providing automatic gates of
about 20 feet height above it.or by constructing a syphon spillway

- 1n the hody of the dam with the F. 8. L. of the reservoir at 535
T.H.D.andthe H, F, L.at 537 T. H.D. ’

There is another reason why the works to be constructed now
must be capable of being developéd to obtain a useful storage of
46,000 million gallons either from the very commenéement or in
stages, No sullable siter for constructing an additicnal reservoir
or reservoirs onthe upstream side of the site of the dam are available.
The only site for a reservoir is the one situated at a distance of about
30 miles on the upstreanr'side of the site 'D." If a reservoir were
constructed at this site, it is doubtful whether the water impounded

. therein can be conveyed to the impounding reservoir at the site ‘'D,’

" by conduitsand even if such a course were feastble, the cost of laying
the conduits would be very heavy. The only economical way to
canvey water sb stored would be to let it run along the bed of the
Vaitarna river for being admitted into the Vaitarna reservoir at the -
site ‘D" As the water hos to travel over a distance of 30 miles, it

* Lowestlevel of draw oft of Tansa Loke, -

I
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will* not only get contammated on its way, but a major porlion
thereof, would be lost ky absorption and evaporation. This will
necessitate the provision of a filtration plant to improve the quality
of the Vaitarna water, if the Vaitarra reservoir is used independently ™
of the Tansalake. +On the other hand, if both (Tansa and Vaitarna)
are used in cembination as contemplated, the supply of the Tansa
lake will have also to be filtered. This weuld invelve not only
heavy capital expenditure, but would add considerably to the recur-
rlnq cost,

11. F or these reasons, the‘works to be censtructed now at the
proposed site must be capable of being
Storage available with developed to derive the full benefit of the

the ultimate F.S,L. of the
Vaitarna reler'vol: at storage Jlikely to be obtained with F, &, L.

55 T.HD, of the reservoir standing at 535 T. H. D.
The total storage with F. S. L. at 535 T.H.D.
Jﬂll be about 54,000 million gallons as worked cut.from the con-
tours shown on the topo sheets, out of which 8,000 million gallons
being below 422 T. H. D. will be dead storage and the remaining
46,000 million gallons will be the useful storage. The actual con-
tents will be known after the contour survey, wh:ch is now m hand,
is completed

Provision for Silting up.
The_dead starage of 8,000 million ga]lods 5hould be sufficient

to take care of the silt that may be brought into the reservoir as it
equals 15 per cent. of the total storage of 54,000 mn]l:on gallons,
(46,000 plus 8,000).

Information regardmg the rate of silting in the Tansa lake is
not available. But it is reported that the silting in the past hfty
years has been negligible and that it has not materially reduced the
contents of the lake. Whatever silting has occurred-has been in the
upper reaches of the Tansa river and nof in the lake itself, Dr.
Roy’s opinion was sought regarding the provision to be made for
silting up in the Vaitarna reservoir. He opined that looking to the
geological formation of the river stretch, there is rio likelihood of the
Vattarna reservoir 5|1tmg up, as most of the slltmg, if at all it takes
place; will occur in the upper reaches of the river. Besides, any
tendency towards silting up may to some extent be checked by opera-
ting, during the early part of the monsoon, the two sluices to be
provided in the body of the dam for flushing out the washings
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brought down at the commencement of the 'monsoon to maihtain
the purity of the supply.

Water spread of the Vaitarna ‘Reservoir with
F.8.1.at55 T.H. D,

Due to the steep Fanks of the river the water spread of the
new reservoir, with F. S, L, standing at 535 T.H.D.ot theend ofthe
- mionsoon, as worked out from the topo sheets, will be about 4.60
square m:les against 7.5 square miles of the Tansa lake at 1ts new F.
S. L.422 T.H.D. As the water surfate efposed to the sun and air
will be less in the case of the Vaitarra reservoir, it is likely that the
losses. due to evaporation will be slightly Jess than those occurring
at the Tansa lake, viz., at the rate of .02 feet per day equivalént to a
total loss of about 6,000 million gallors during theé whole year.
On this basis, the total loss per annum in the case of the Vaitarna
‘reservoir has been assumed at 4,000 million gallons for its ultumate
useful capacity of 46,000 million gallons in working out the net
daily supply -available therefrom,

_ The longest length of the lake as judged from the topo sheet
would be about 10 miles against that of 4 miles for the Tansa lake.
The Vaitarna reservoir will be slightly bigger than the Tansa lake
" as the latter’s useful contents would amount to 34,000 million gallons
(between 422 and 387 T.H.D.) against 46,000 million gallons of the
. proposed Vaitarna reservoir (between 535 and 422 T.H. D.). A
considerable portion of the forest land would be submerged in the
“spread of the Vaitarna reservoir buvno villages will be affected. The
compensaticn to be paid for the forest land would be somewhat

heavy, as, at the present time, the cost of timber has gone up con-
siderably.

12 The next step is to ascertain the extent of the datly com-

. bined supply that can be made available with
The extent of the daily & usefulstorageof 46,000 million gallonsin the
supply that can be made Vairarnd reservoir from both the sources
available with a useful . -~
storage of 46,000 million (Vaitarna and Tansa)in all years of good, bad
gallons on the Vaitaraa 5nd indifferent .rainfall in their respective
resexvoir, will depend
upon the corelation ratio catchments. The combined dally supply will
tweon the two catch- 350 be governed by the carrying capacity
mﬂﬂt' .
© . of the tunnel connecting the Vaitarna reser~ .
voir to the Tansa lake. Unless day to day yields of the two catch-
mentsare worked out for ‘critical years,in whxchthe yield is compara-~

" tively small due to scanty rainfall, the combined daily dependable
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supply likely to be made available cannot be estimated. No infor~
mation regarding therainfallin scanty years like those of 1904,1905,
1906 etc., is availabe for the Valtarna catchment, The yield for
such years has therefore to be worked out by establishing a co-rela-
tion ratio between the Vaitarna catchment and any other similarly-
situated catchment after observing the behaviour of the rainfall
in the two catchments for the years for whichrecords exist. Tansa
and Vaitarna catchments can be said to be simlarly situated. There -
is'a great similarity between their rainfalls for the past fifteen years
i.e. for the years during which the Vaitafua river has been gauged.
The records of the Tansa eatchment extend over a period of 50 years
and they cover both lean and good years of rainfall, The critical
years from the point of yxeld are the three consecutive dry years
of 1904, 1905 and 1906 ; lean years of 191! 1918 and 1929 and the
driest year of 1899, which occurs once in 200 years. The records
maintained at the Tansa lake consist of the rainfall and the fluctua-
tions in the level in the lake at the end of every six%hours.

* Major Tulloch while preparing the Tansa project had assumed
that the average rainfallin the catchment of the Tansa lake would be
about 136" and that about 60 per cent. thereof would be available
for ‘storage.’ He had at that time taken the catchment 4rea of the
Tansa lake at 43 square miles agdinst the actual area of 52.5 square -
miles. The average rainfall recorded at the Tansa fake during the
past fifty years works out to 95, In 1911, at the time of reporting
upon the ‘duplication scheme’ of the Tansa lake, the Engincer
in=charge wrote '‘the average rainfall during the last 25 years.is
94.24 inches and the ‘flow off* varied from 29 to'53 percent of the
rainfall and can be taken as 50 per cent so that the actual ultimare _
yield of this catchment can now be definitely ascertained.”

He put the ultimate yield at 33,000 million gallons and he also esti~
mated that the dependable supply from the Tansa lake would not
exceed 78 m.g.p.d. The average ‘flow off' or ‘run-off’ of the last
fifty years works out to 60 percent of the average yearly rainfall and
in the year 1899 it amounted to only 40 percent of the total rainfall
of 40’, Assumingthe‘flow off’ or "run-off’ of 60 per cent, the average
yield of the Vantarna catchment works out to 1,50,000 million gallons
and with a ‘run-off’ of 40 per cent. if works out to | 400,000 million
gallons. In a'year like 1899, with a ‘flow off” of 40 per cent. of the
total rain of 40" (the same as observed in Tansa catchment) the
yield works outto about 42,000 million ga{llons. This yield-
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together with carry over may be adequate to fill"the Vaitarna
reservoir to its ultimate F. . L. of 535 T, H. D if even in such a
year steps are taken to prevent any water from going to wasle by
over flow over the waste weir.

In order to establish.a co-telation ratic betweén the yields

of the two catchments, the yield of the Vaitarna river on some
typical days of every year during the period of 13 years were plotted
ona graph along with those actually observedtat the Tansa lake on
the corresponding days (vide Appendix No. VIII). The graphs
showed that upto a daily yield of 1,500 million gallons irPthe Tansa
catchinent, the co-relation was in the proportion of Ito 4i.c. on the
corresponding day, the yield of the Vaitarna was 6,000 mllion
gallons, Co-relation in daily yields in excess of 1,500 mullion
gallons could not he established as the number of days on which
the yield exceeded 6,000 million gallons at the point of gauging is
very small, during the' 15 years the Vaitarna river is being gauged.
To find out*the co-relation ration between the yields of the two
catchments in excess of 1,500 millidn gallons, the total yearly yield
of the two catchments. for the corresponding 15 years was worked
oul and it gave an overall ratio of | to 4.75 (vide Appendix No.-1X)
which appears to be rather on a higher side. The ratio on the basis
of the areas of the two catchments, works out to 1 to 3.3 (catchment
area of the Tansa river 52 square’ miles and area of Vaitarnacatch-
ment173 square miles) and with an allowance for an average rainfall
of 95" inTansa, against.105"1n the Vaitarna, the ratio may be taken
as | to 3.5. This ratio of | to 3.5 has been assumed'in estimating
the yield of the Vaitarna catchment in lean years to err on the safe
side. It correspondsto a run-off of 60 pur cent, of the total average
rainfall. The extent of the daily supply availabld from the two
sources will depend upon this ratio, - If this ratio is found to be
more, there will remain a farge " carry over * in the lakes in lean
years which would be useful to tide over the following lean years.
13. As repards the tunnel its capacity must be adequate to
divert the requisite’ quantity of water from the
Vaitarna river into the Tansa'lake to keep it
filled at the end of the monsoon after replenishing the Vaitama
reservoir itself. If the tunnel were made cf a very large capacity,
1t would prove costly and at the same time, it would tend to hasten
the overflow on the waste weir of the Tansa lake, which s not
_desirable especially in years of scanty rainfell, On the other hand
if the tunrel were made of a smaller carrying capacity, it may not

Size of the tunpel,
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be able to keep the Tansa lake filled et the end of the mensoon as
a Iarge quantlty of water in excess of its carrying capac:ty would run
to Waste over the waste'welr of the Valtarne Yeservoir, -

The most economical section for the {unnel has, therefore, to
be warked out, Different sections varying in sizes, such as 10’ X8’,
12"%8", 13" x10" ard 15°X10’; both. lined and unlined were trled
for three censecutive dry years like 1904, 1905 and 1906 and it was
found that a 10" diameter horse® shoe section, lined, having ar carry.
ing capacity of 500 million gallons per day at ahead of about 60

~ would be capable of keeping the Tansa lake filled at the end of the
Monsoon iri three consecutive dry years. The invert level of the
tunnelat the tailend onthe Tansa side will be kept at 417.90 T.H.D.,
i.e., about 5" below the new F.S.L., of the Tansa lake. The invert
level at the starting point on the Vaitarna reservoir will be the same

as the new F.S.L.. of the Tansa lake, viz., 422 T.H.D.

The tunnel will consist of three sections. Section
Ne. | from Vaitarna end will be 8,850 'long: Section
No, 2 will be 1910" long between Belwant and Tasu Nallas, and
Section No, 3 will be 10,840 long between Tasu and Bell Nailas
~making a total length of 21,600°. The tunnel will however em:rge
zbove ground IeVel at the Balwant and Tasu Nellas where 10°-6"
diameter steel pipes supported on masonry bridges wnll be used.
-The total length of thesteel pipes will be 1,000” (470 in  Balwant
Nulla and 530" in Tasu Nulla.) The tunnel willhave an intake
" channel about 300" long at the Vaitsrna end and its bed width will
he about 30", The off-take channel will be 33" wide at the bottom
with suitable side’tlopes and its length will be about 3,000,.
The ofl-take channel will convey Vaitarna waters from the end of
the tunnel into theTansa lake.
The carrying capacity of thestunnel with different levels of
watér inthe Vaitarna Reservoir will be as follows i~ -
Water level 480 T.H.D. ... 500 million ga]]ons per day.
» 500 ,, v 570 w o v
515 ,, * .. 625 v ow
" 535 . 683 " “

”

r”
2] ‘
The details of the tunriclare giveninthe spemﬁcz{tlons preparcd
for the scheme (Appendix X). Tenders for its execution have since
been reteived and they are being scrutinised.

. .Tbll section mcndcntnlly wfound to be mast eoonomncal fromthe comtruchon
' point of view also.
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14, Thefollowing tables [ to5 willgiveanidea ofthe coribined - .
daily supply Illcely to be obtatned in eritical
Dependable combined years with “different useful storages as per
-Suppllv &I!:J:I?N;‘f t“hlo graphs of daily yields (vide Appendix XA).
Vano s Reservair. - They have been prepared on the corelation
. ratio of 1 t0 3.5, The tables, in addition to
the combined daily supply likely to be obtained fromthe two sources
both-in wet and dry weather, give information regarding (a) the -
quantity of water likely to run to waste over the waste weir of the .
Vaitarna reservoir during the monscon period.of such years, (b) the
level of water in the Tansa lake as well as in the proposed Vaitarna
reservoir on st of October of every year, (c) the supply avatlable.
from the Vaitarna reservmr alone mdependently of the Tansa lake
and (d) the' carry over " in the lakes at the end of the hot weather,
after allowing for lasses by absorption and evaporation in the two
reservoxrs on the bas:r teferred to in para. 1, sub-para 3. There
;s no * carry aver’ left at present inthe Tansalake Dueto this, the
daily supply thatcan be obtained from the same cannot be estimated
till 1st of October, becauseitdepends upon the level of waterin the
lake on that date. It is desirable that thiz drawback should be
minimised as far as possible inthe scheme now under consideration,
Table No. 1is for a uscful storage of 17,000 inillion gallons
~with F.8.L. of thelake at 480 T.+1.D. It shows that in three conse-
cutive dry years, like 1904, 1905 and 1906, if a combined supply of -
160 million gallons per day were given during the monsoon period,
the supply. available for the consumption of the City in the dry
- g2ason for the corresponding years will be 150, 130 and 142 ml[lmn
gallons per day respectively, without [eaving any ‘carty over” at the
end of the hot weather. With this storage, it will also ‘not be
possible to rifaintain a supply of 160 million gallons per day during
the hot weathex, in years like 1911, 1918 and 1929, In a driest
_year like 1899, lf a supply of 160 mt[lion gallons per, day is given -
durmg the monsoon period, a supply of only 80 million gallons per
day could be gwen in the dry weether and that too without leaving '
any * carry over’. This cleatly indicates that if a dependable
combined supply of 160 million gallons per day is to he obtained
in lean years, leaving aside the driest year like 1899, the Full Supply
Level of the Vaitarna reservoir must be raised at leasthy 15, 1.e.,
495 T.H.D. (vide table No, 2.) This can be secured by keeping the
crest of the waste weir at 475 T.H.D. and pfowdmg automatic
gates 20" high. on its crest, .

v
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{Vith Full Supply Level of the. résewiot at 495 T.H.D., the

useful storage available willamount to 24,000 million gallons, as will

be seen from the Table No. 2. It will be possible with this storage

to maintain a combined supply of 160 million gallons per day both

in the dry and wet weathers, in three conceci:tive dry years and in

all lcan years. The combined supply -available in a driest year

like 1899, will be 160 million.gallons per day during the ronsoon
* @nd 115 million gallons per day during the dry weather. :

~ "Table No. 3 shows the positio.n of the supply with Full Supply
Lavel at 500 T.H.D. impounding a dseful storage of 26,000 million
gallons. "This storage will ensure a combined supply of 170 million
gallons per day in all the lzan vears, including the three consecutive
dyvy vears and during the monsoon of a driest year like 1899, but of
110 million gallons per day ih the dry weather following the monsoon
of ayearlike 1899, It willleave some *carry over' varying hetween
1,000 to 3,000 million gallons-at the end of the dry weather, in all
yéars, except in.a year sithilar to 1899,

Table No. 4 shows the position of the supply with Full Supply
Lvel standing at 515 T.H.D. impounding a useful storage of 34,000
million gallons. With this Full Supply Level a combined supply
of 200 million gallons per day can be expected in all lean years
and inthree consecutive dry vears. Inayearlike 1899, the com-
bined supply during the wet weather will be 200 million gallons
per day and inthe hot weather 105 million gallons ger day.

Tahle No. 5 shows the position of the supply with the ultimate
Full Supply Level of 535 T.H.D. which can be obtained either by’
keeping the crest of the waste weir at 515 T.H.D. and erecting
automatic gates of 20" height on its erest, or by providing a syphon
“spillway in the body of the dam wth Full Supply Level 535 T.H.D.
and H.F.L.at537 T.H.D. With this storage, it would be possible
to give a combined supply of 220 million gallons per day in three
" consecutive dry years and in all lean years. In a year like 1899,
" “the supply during the wet weather will be 220 million gallons per
day and inthe hot weather, 115 million gsllons per day. A deficiency
of 5 million gallons per day may be experienced in a year like 1905
but it can be got over by utilisingthe contents below 387 T.H.D.
" of the Tansa lake. With this Full Supply Level, a ‘carry over'
varying between 4,000 and 5,000 million gallons, will be left at the
end of the hot weather in lean years,
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If the columu regarding the quantity of water overflowing over
the waste weir of the Vaitarna reservoir, 1% carefully studied it will
"be seen that the shortage in the daily supply 15 not due to the in-
adequacy of the yield in the Vaitarna river, at the site of the dam
in such year - but it is due to the madequacy of the storage itself.
The reservoir being small, cannot accommodate a lorge quantity of
water which has necessmly to run to waste cver the waste weir.
Even in & driest year like 1899, the quentity running to waste will
be about 6,000 million gallons with the Full Supply Level ot the-
reservoir standing at 480 T.H.D. ~ A¢ the Full Supply Level of
the reservoir is progressively ‘increased, the quantity cverflowing
over the waste weir is correspondingly dacreased and ultimately,
. with the Full Supply Level of the reservoir standing at 535 TH.D, .
no overflow will tke place in a year like 1899 and in years similar
to those of 1904 and 1903, (For lables'No. 1to 5, vide pages 33 to

37 both inclusive)



-TABLE No. 1.
UsEeFuL STORAGE ... 17,000 Million Gallons.
, Futr SuepLy Lever -... 480 T.H.D.

Position offake level Cambined mﬁplyrin

. . Dbserved  Calculated Quant:iyofm'crfluw on ist-October’ m. g-p.d. that Carry lﬁ&epez;éent
Ralnfail yield at yield-at M.G. inT.H.D. °  canbe givendu ring overleft  supply .
“¥Year. ininches Tanmin § Vaitermain - - : ~ attheend  from  ReEMargs.
st Tansa. million +  million 7 At At At At ) Dry . of hot Vajtarna.
‘ . gallons. gaillons.  Vaitarna, Tansa. Vaitarna. Tansa. M S m.g.p.d. !
) By ) M.’g. - i
- : 7 T ; :
1899 ... 40" 12200 92800 T, 6000  Nil 4220 4165 160 8¢ M 50
1904 ... 747 19200 67600 16600 500 4765 4220 160 i50 | Nig.. 50
1905 .. 5T 18300 ~ 64000 19,700 ° "Nil. 4565 420 160 130 Nil. © 50
1906 .. 767 26400 92300 47700 4300 4135 420 0 Mz M. 50
i . . o )
‘191t - 69 .'23‘209 35.‘_0’3 ‘36,5000 1500 472.0 422.0 160 42 . Ni. 50
918 .. &7 19,700 68500 - 3590 Wi 45925 4220 160 15 - N . 50,
1929 ... ¥ 22300 77900 30,000 Li00 ‘488,0 4220 160 16 TN 50

W4t .. 9 53300 . 215600 - -199500 10500 - 4300 4220 - 160 156 N 50
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TABLE No. 2.
- 24 000 Million Gallons

UszruL Stopace

Fuir SyppryLyver ...

495 T.H.D.
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— — l ——t . ME:
B9 .. €7 122000 42800 800 NI 440 420 160 NS N 5
Moe ..M 1920 6760 12300 2500 425 4220 160 10 3w %
105 .. 57" 18300 64000 15400 200 4860 4220 T 160 10 W0 95
906 . .. 76" 26400 92300 41700 4400 400 420 160/ J0 2500 X5
. & 2200 GLID 3300 4300 4890 422 160 10 zop0 B
918 .. 61" %700 . 63900 22600 200 4885 4220 160 0  zooo 7S
92 LW 2300 77300 00 . 4200 4950 420 1607 160 500 %
1ML . S 800 205600 JA3500 6400 4950 4P 10 166 500 B

=T

=iy



TABLE No. 3.

UseruL. SToRAGE .

FiLe Sipp

LY Lm:.

... 26,000 Million Gallons.

5‘90 THD.

3

Observed Cn}m!:ted Quamzty!réxfévez flow.

<

" Positibit ot Takelével Combined mp;:ly H

Clﬂ;_}'. Independent

- on It October. m g p.d.!ha:

S Rainfall  yieldux  yicld &F #T.H.D. - canbé fiven during overle supply

Year. ininches Tansain Vsitarnain attheend fhom - Remuars,
: 4t Tanta.  millisd mitlion At At Ax At Oy of hot  Vajtarhd,

s " gallens.  gallone.  Vaitarna. Tapsa. Vaitzrna, Tans® S - mgpd
) - MG. .

*> l. > P am yr DA | A e . - )
1896 ... 40°  iilos 42809 wil Nil “@o 420 170 i - N 83
% .. W 19200 67600 13580 1,360 49725 420 10 30 3000 85
1905 .. 57" 18300 §4,000 11,600 200 48875 420 170 150 2800 . 85
1906 .. ¥ 26400 92300  3n000 4300 445 €20 136 o im0 B
Wi . et Boot 8000 29300 4000 M40 ¥20 16 Mo 1608 8
Bl .. 61" fg.re& 68,906 21,300 100 438 €28 W 17 1,000 85
1929 .. W 2300 M0 24000 4000 5000 420 170 170 4,000 s
6L .. 917 5390 215600 EVLEGE 3006 so00 a0 1% T 4000 85

150

113



. . .. TABLE No. 4. .
UsepuL STORAGE ... 34,000 Million Gaﬂon-.
Fur. Suppry LEvEL ... 515 TE—[ D.

, T S Pmitono‘.lx!(eleve]Comi:inedsugpIy-ia‘ LS : I
Observed Calcu]nze& Qmmhtyofoverﬁow on 1st October. m.g p.d.thet - Carry  Independent ..
| : Ramfuu yvicid at . yield at MG ' mT.H.D. can begwendtmng averleft  supply . e
. Year, ininches Tansain Vaitsmsm x — - attheend  from Remarxs.
at Tansa. mallien | millien At At A At .. . Day of hot  Vaitarna.
: " geflons.  gallons.~ Vaitarna. Tapsa. Vaitarpa. -Tansa. M .8 : M‘C . mgpd
1899 .. 40" 12200 42,800 NiL.  Nd 775 420 w0 dos Nb T
. . . L f ., . N . . . -
1904 .. M 19200 672600 2400 . 1300 5120 . 4220 200 26 | 2000 10
905 . 57 C.IBH0 64000 5000 Nh. 49875 420 0 .19 N " . 1o
%06 L. 76T 26400 9230 540 3400 5100 420 20 20 Lo 10
1L . 9 320 8LIG0 2090 180D 5090 4220 2007, 200 000~ 110«
21 S Y 19,700 £8900 . 13,300 NJ i 3080 - 4220 " 200 200 » ffh'?,_ 1o
1929 .. W 22300 - 77900 - 14,500 25090 ' 5150 4220 " 200 206 4000  tI0
e L. 917 53500 ° 215600 164.700° 14500 *515.0, 42290 200 200 . 4000 110

I

%
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. TABLE No. 5
veo 46,000 Milhion Gallons.

20

‘9,IM0

FuLL SupPLy LEVEL’ e 535 TQH.D.
\ .
’ Position of lake level Combined sugplym ;
Observed . Calculated Q;.unﬂryo;'o\‘efﬂow on Ist October, . g. p.d. that Cerry  Independent
Ram’r'aﬂ vield at vield at M.G. mT.H.D, can he given during overleft  supply :
Year. ininches Tansain Vaitarnain ’ . attheend from REMABKS.
at Tansa.. million miilion Ax At Ar .o Dry of hot, Vaitarna., .
gollons.  gallons. . Vaitarna.  Tansa.  Veitarna.  Tansa. Monsoon. . Season, * sﬁ;s&n m.gpd.
1 A 1220 ~ 4280 NI ML 4600 420 20 15 - N T
L. 1904 - 4 i9,20¢ 67,600 Nil, 3500 52625 420 20 . 0 4,@9 150
1905 ... 577 18300 64000 Nil, 100, 5075 ‘420 20 205 NI 150
; t : . ) R : . .
1964 .- 6 - 26400 92,360 11,000 4400 5305 . 4220 28 ) 220 6,000 150
911 69 - 23200  BLIO | 11300 3600 5260 420 20 220 5000 | 150
1918 61" 19,700 " 68,950 1,650 Nil. 5215 422.9' 220 220 4,500 150
9 .. MW 22300 77900 7 4000 3400 5350 422 8‘ 20" 220 9,000 150
1941 91" 53500 215600 158000 17,000 535.0 422 o - 220 150

&
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18. The only conclusion that can be drawn from the study

of the five tables is that the site selected for

Works to bldoﬂ“.f]‘:f" the location of the dam is capable of being
:efdf,ggm;::efo?&' vo cconomically developed for obtaining a
obtain a =°"°"li°°‘[ g;& combined supply of 220 m.g.p.d. trom the
‘;:':‘g‘:l;l_“{" pply 9 two sources (Tansa and Vaitarna) with
F.S.L. of the reservoir standing ar 535 T H.

D. and a supply of 150 m.g.p.d. independently of the Tansa lake,
if it (Vaitarna Reservoir) remains filled up 2o its F.S. L. of 535
T.H.D. on Ist of October. In a year Like :1899, the dependable
supply from the Vaitarna reservoir alone will be 110 m.g.p.d. Steps
must therefore be taken to design the variaus.component parts of the
scheme in such a manrier as to'be capable of being developed with
as little mogifications as possible to obtainh a useful storage
ot 46,000 million gallons -if it 1s not intended to secure the
same from the very commencement. But certaln works like
the tunnel incduding the in-take and. off-take towers, will
“have to be constructed from'the very commencement to withstand
the pressure of the ultimate head of water'to which-theywould +be
subjected when the F. 8. L..of the reservoir isifinally raised to 535
T.H.D. Forthe same reason, the embankments for the new pipe
line. or lines will have to be made sufficiently wide from the very
commencement to accommedate the requisite.number of-additional
pipe line or lines necessary for conveying the ultimate -combined
supply of 220 m. g. p. d. ta'the City. The existing trolleytrack also
will have to be shifted to a suitable position se-as not to interfere
with the laying of the addittonal pipe line.or-lines. Theonly work
that can be carried out in stages would be the dam-and the waste
weir and that too can be done in only twa stages. In the first stage,
the crest of the waste weir will‘have-to be built upto-495 T.-H. D.
to obtain a combired dependable-supply of 160 -m. g. p. d. in all
years‘except a'year like 1899, The depth ot flow passing uvef the
waste weir will be.23 feet instead of 20 feet due to the reduction
in the value of co-efficient of discharge from 3.9 to 3:00, The top
of the dam will be kept at 523°T. H.:D. to maintain a free-board
of 5 feet i.e, [the difference between the H. F. L. of the reservoir
piz., 318 T. H. D, (495--:23) and the top of the dam.] In the
second stage, the portion of the waste weir will be
raised to 5315 T, H. D. and it shall be given an ‘ogee " shape to
increase i:‘hg value of the co-effcient of discharge from 3.00 to 3.90.
Automatic gates 20 feet high will be erected on its crest to increase
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the F.5 Li from SI5T.H. D. 10 535 T.H, D.  In this stage, a

* free board of 10 feet will be provided instead of 5 feet, suggested for

" the first stage; and'the top of the Dam will be thus at 545 T.H.D.
The: extra: cost involved in building up- the F. S. L.
to 535:T. H. D, fromthe very commencement will be about Rs. 44
lakhm With this. extra: expenditure, an additional supply of ‘60
m, g..p..d. will.be secured to the city and the suburbs, Additional
expenditure averand above Rs. 44 lakhs will have to be incurred:
om: cerfainitems if the dam were builttoits ultimate height in two
stages and-not from-the very commericemént as will be evident
fronrthe following :—

The bridge to be provided on the waste weir portion in the
first-stage will have to be removed when the top of the dam is rajsed

" ta-545 T.H. D. in the second stage, for being re-erected in its new
position. To enable this being done, the bridge will have to be
made up of steel plate girders which will be constlier thana R.C.C.
bridge. A plate girder bridge will he costlier to maintain as it will
have to be-painted atleast every alternate year to protect it from
weathiering action. Other disadvantages of a minor nature are that
the expenditure incurred-on the parapet wall and'the wearing coat
of the roadway in the first stage will be wasted. Spindles of the
under sluices will have to be lengthened in the second stage to suit
the new height- of the dam involving extra expenditure,” The
approach toad connecting the Khardi-Pareli Road will have to be

. slightly re-aligned and modified to suit.the increased level of the

top of thie.dam in the 2nd stage.

16. Withtheincreaseinthe useful storage capacity from 17,000

The: most economical. million. gallens. to 46,000 million ga_llons,
way of conveying- ®he the new pipe line of 72” dia., suggested in the
o ':i';i{.:f,,ﬁ?;f. ?&?{m. Interim Report, will not be a_dqum}e to

eity. -~ carry the total supply to the city in conjunc-

" tion. with. the existing. conduits. It will therefore be necessary to
“find out the most economical manner by which. the total co.m'bmed
supply of 220 m. g. p. d. can be conveyed to the city. :I'he minimum
 carrying capacity of the conduits frcm the two reservoirs will depend
- upon the lowest levels reached in them at the end of the hot weather.
The lowest level to which the Vaitarna reservoir can be drained at

the end of the hot weather will be about 422 T. H. D. while the
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lowest level reached in the Tansa lake is 390 T. H. D. ander the
existing conditions (without the erection of automatic gates). It
should be ‘possible, With the increased storage proposed to be im-
pounded in the Vaitarna reservoir, not to permit the level of the
Tansa lake to go down below 399 T. H, D at the end  of the-dry
weather because of the ‘carry over’ that would be left in the twa.
reservoirs {Tansa and Vaitarnd® at the end of the hot weather. Due”
to the possibility of an independent pipe line being laid from the
Vaitarna reservoir to connect up with the existing conduits from the
Tansa lake, the pipe line from the Vaitarna reservoir will work
* with an additional head of 32 feet (422-396 T. H.D.). Due to this,

. the camring capacity of the pipe lise to be ]aid independent]y {rom‘
the Vaitarna reservoir will be considerably more than‘whatit would be
if the water of the Vaitarna reservoir were all allowed to be admilted
into the Tansa lake and drawn upon therefrom, through the existing
and the new cendiuts, Due to the maintenance of a higher water
level in the Tansa lake by about 9 feet (399-390), the carrying
capagity of the existing conduits will also be increased. The main-
tenance of a higher water level in the Tansa lake at the end of the
hot weather will also be helpful in getting over the difficulty, which
is at presént experienced, in the reduction in the carrying capacities
of the existing pipe lines from the Tansa lake due to their touching
the hydraulic grade line at Pivli and Mohili cuttings when the %ater
Jevel tn the Tansa lake goes below 390 T. H. D. - In the scheme
outlined in the Interim Reportzit was proposed to lay the new 72"

™ pipe line about 10 feat lower than the existing 72" pipe lines in these
two portions to keep it below the hydraulic grade line with ‘the
water level in the Tansa lake standing at 390 T, H. D. This would:

_ have invol'(‘ed cutting in rock which would have to be done by
* chiselling ' as it would not have been safe to resort to * blasting '
in the close proximity of the existing pipe lines. With the lowest
water level standing in the Tansa lake at'399 T, H. D at the end of
the dry weather, the carrying capacity of each of the existing two 72
pipe line will be increased bY about 3 m. g.p.d. The actual
quantity carried through the existing condiiits in the four years .
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19441947 with the lowest water level reached in these years is
gabulated below :— - ' : .

Year. Date,  Lake 57'E 57W 60" Duct. Total.
‘ Level. : . :

1944.  June . . . :
6 39403 227 226 253 148 . 904
7 39397 27.8 223 257 161 919
8 39383 278 221 260 176 92.6
9 39384 278 220 259 179 936.
10 394,00 281 211 27.0 18.0 94.2
1945  June - . ST .
13 39030 276 200 235 169 88.0
14 . 39014 277 207 241 153 8§78
15 39006. 275 .20 245 140 .86.5
16 - 390.25 27.6- 208 243 123 850
17 °.390.23  27.77 207 241 119 844"
. 1946  June. : :
16 39062 287 221 233 195 936
17 . 390.52 287 2.1 223 190 - 91l
18 3%0.38. 285. 21.2 21.7 227 %41
9 39040 285 224 230 214 94
, 20 3946 - 284 229 228 205 946
1947 June :
27 39005 282 17.0 210 157 @821
28 389.9¢ 28.1 161 210 156 #80.8
29 389.75 274 167 219 152 8I.2
30 389.66 279 166 21.3 155 813

- 389.58 - 263 *12.0 183 156 722
2 0 38954 214 154 216 132 716
3 39008 273 162 219 115 769

f— L

~If a 72" pipe line were laid frem the end of the tunnel upte
Powai, a distance of about 464 miles to convey a part of the supply
of the Vaitarna reservoir directly to the city to connect
up with the mains feeding the Malabar Hill Reservoir, its carrying
capacity, in the beginning, will be 47 million gallons per day which
would be reduced to 41:50 million gallon per day at the end of the

* next 20 years as by that time the co-efficient of rugosity would
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tncrease due to ‘age ', ‘Conveying a“part of the supply of the
_Valtarna reservoir direcfly to Powal would also improve the Carrying
capacity of the Tansa East Main, if it yere utilised to feed the service
reservoirs at Bhandarwada and those to be constructed here after
at Rowli and Worli Hills. By this duel supply, partly from the
Tansa lake and partly from the Vaitarna reserveir, the carrying
capacity of the duct will not be affected and it will continue to give
a supply of 20 million gallon per day so long it is not reconditioned
and of 40 million gallons per day when recondititioned. Thus
with a new pipe line of 72" dja, laid between the Vaitarna reservoir
“and Powal, the total carrying capacity of the conduits both new
and existing, with the water level in the two lakes standing at their
lowest viz., 422 T.H.D. in the case of Vaitarna and 399 T.H.D,
in the case of Tansa at the end of the hot weather will be 147 million
gallons per day as gwen below

mgpd

New 72" pipe line {connected to Valtarna Reservmr) 47
East Tansa Main - . - 40
West Tansa Main . w407
Duct (in its present condition} | w 20

YY)

———,
N R

. This capacity. wall tall short by 13 million gallons per day for
a total supply of 160 million gallons per day and by 73 million
gallons per day for a supply of 220 million gallons per day. “When
the duct is reconditioned, the supply wiil incréase to 167 million
gallons per day only. A fourth pipe line would therefore have
to be laid by the side of the new 72" pipe line when the supply to be
conveyed to the City has to be Increased to 220 million gallons
per day. There is to room for accommodating a 4th pipe line on
the two Kasheli bridges constructed in 1925-26 in connection with
the - Tansa quadruplication scheme. Room for accommodating
only one pipe line has heen left on these two bridged  To accom-
modate a 4th pipe line, new bricges will have to be éonstructed
across the Ulhas ereck, As the duct will be reéonditione-l the
existing’ brldges, across the Ulhas creek which are showing signs of
deterioration, will also have to be strengthened and perhaps re-built
- nwelving very heavy expen{ilturew Further, the cost of acquisition |
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of land for accommodating the 4th pipe line will be heavy as some
areas along the pipe line have been_fully developed. It would not
theretore  be- an economical proposition to provide for laying'
a fourth'pipe line but it would be simpler and cheaper if the size
of the proposed pipe line was suitably increased from the very
-commencement to cunvey a supply of 220 miilion gallons per day
in conjunction with the existing conduits, preferably without having
to reply upon the duct in coursg of time. Our objective shéuld be
to do away with the duct and replace it if necessary by a reinforced
concrete pipe when the prices of materials and wagesof labour go
dowwn. Because, the retentiop of the duct, after all, as judged from
the present-day. water works practice Is not advisable as it terds
to promote growth of weeds and trees in its bottorn and sides which
have the effect of impairing the quality of water flowing through it.
1f the duct were replaced by a reinforced concrete pipe, its carrying
capacity will remain the same wiz., 20 million gallons per day..To
arrive at.the mdst economical size ot the pipe to meet the require-"
ments, several sizes were tried and it was found that a 96" dia.
Ywelded steel pipe will serve the purpose admirably. The carrying
capacity of a 96" dia. pipe line laid directly from the end of the tunnel
upto to Powai—a distance of 463 miles—for being connected with
the mains feeding the Malbar Hil| Reservoir will be 110 million
gallons per day in the beginning with the water level in the Vaitaria
lake standing at its lowest and 100 million gallons per day at the
end -of 20 years’ service. A general plan showing the carrying
capacities and the hydraulic grade lines of the new and the existing
pipes-is enclosed (Appendix X-A). The total supply conveyed
to the City by a 96" pipe line slong withi the existing two 72" dia.
pipe lines and the duct in its present condition will be 210 million
gallons per day as detailed below :—

m. g p.d.
Tansa East (727} . 40 .
Tansa West (72') e 40
New 96 dia. . . 110
Duct = .~ v 20
210

Tt must, hewever, be remembered that the whole of the supply '
of 220 million gallons per day would fiot be required to bé taken
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straight intc  the heart of the City but a part of
it will be utilised on the way for the use of
the suburbs and the Greater Bombay Region and consequently-
the three pipe lines would be capable of conveying a total supply of
220 million gallons per day as the loss ot head due to friction will be
reduced owing to the reduction in the load in lower-portions of Ehe
- pive lines which are required to carry a total discharge of 220 million
gallons per day. With the growth of industries round about Kalyan,
in the area specially allotted to heavy industries, a supply of 10 to 20
million gallons per day may have to be given to this region.
Similarly, a supply of 3 to 5 million. gallens per day may be given
to the Municipalities of Kalyan, Thana and the village Panchayat
ot Dombivli. When a supply to the vxtent- of about 15 to 25 million
yallons per day is thus given, it will not only reduce the load on the
pipe line to that extent but it would also be helpful in bringing some
revenue by the sale of water which can be utilised in defraying a
part of the interest and sinking fund charges on the loan to be
raised for the scheme. The proper distribution of the 220 million
gallons per day will be—170 @illion gallons per day to the City-
proper and 50 million gallons per day for the suburbs—(please
vide page 3 para 4 of the Interim Report). With a 96" pipe line,
the duct.can be done away with, in course of time when certein
parts of the existing 72" dia. steel pipes are required to be renewed.
If instead of renewing the 72 pipe line, a part thereof were replaced -
by a 96” pipe, the total supply ot 220 million gallons per duy can be
taken to the City without the help of the duct, This point shauld
“pot be lost sight of, ‘at the time when the existing 72" pipes due to
-their having finished their useful life are required to be renewed.

" It may be guesticned whether the steel required for a larger
size pipe line would be available when the greatest difficulty is
beirg experienced in obtaining the steel required for a 72" dia.
pipe line. The answer is that it will not be necessary to lay the -
whole length of 96" pipe tine from the very beginning right upte
Powai for obtaining the same supply viz., 160 million gallons
per day intended to be conveyed to the city with a 72" pipe lins -
after reconditioning the duct. The steel required for the 727 pipe
line 40 miles long will be about 30,600 tons. For obtaining an
independent . supply form the Vaitarna ‘reserveir, an additional
length of 6} miles will be required. The steel required for 463
“miles of 72" dja. pipe line would be about 35,00040ns, With the
same steel, a 96” dia. pipe line can be laid from the end of the tunne
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upto a distance of 284uniles. When this pipe lime is laid and the
water level of the Vaitarna reservoir reaches 495 T.H.D. a
combined supply of 16C m.g.p. will be assured for the,whole year,
by cross connecting it with the existing 72" plpes, as deta:]ed
below
m.g.p.d.
New 96" din. pipe line 28} miles long connected 65
- to 72" Tansa West.

Tansa East (720 o . 55
Duct after reconditioning w40
160

If on the other hand, the dam of the Vaitarna reservoir was
built to its ultimate height from the very commencement to impound
a useful ‘stroage of 46,000 million gallons (F.S.L. 535 T.H.D.)
a supply of 160 million gallons per day cen be made available
to the%ity by laying 36% miles of 96" pipe line and cross connecting,
with Tansa West Main without recondltmng the duct. This will
requlre an ad.dltmnal quantlty of steel to the extent o} about 10, 000
tors.

If the idea of reconditioning the: duct to obtam from ita supply
of 40 mllion gallons per day is given up, it should be possible to
utiliserthe 20 miles of 48" dia. C.1. pipes from one of the syphon

lines cf.the duct which are lying idle for the last 20 years without

giving any service. Their cost at the present market rates will be |
roughly Rs. 80 lacs and they can be utilised in the City proper for
improving the distribution system of which the City is in dire need,
1t will alao not be necessary to incur an expenditure of about Rs. 80
lacs at the present rates on reconditioning the duct. The duct
can be made to function in its present condition by carrying out
a few repairs ta the same to maintatn a supp]i therefrom of 20 million
gallons per day Thus.the combined savmg to the extent of 14 crores
of rupees accruing from the use of C 1. pipes from the syphons and -
not reconditioning the duct can well be utilised for raising the dam
to its ultimate height and increasing the size of the pipe line from

7210 96", because if this work were done in one smgle stage it will

cost much less than what it would do if it were caried out\m different
stages as it will save duplication of machinery and staff.

Experience of Tansa lake has shown that the development
of this source In stages has cost the Corporation much more than
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what it would have cost, had the works in’ connection th'grewi'th}
been carried out to their ultimate capacity from'the very commence-
ment. The total expenditure so far incurred on the Tansa Ia.ka
and the pipe lines therefrom amounts to Rs. 7.45 crores for obtain- -
ing a dependable supply of 78 million gallens per day as calculated
by the then. Hydraulic Engineer in 1911  and 64
million gallons per 'day ~ as estimated by me. - A part ’
of the expenditure ‘that will be incurred in connection
with the Vaitorna water supply scheme is legitimately chargeable
to the Tansa scheme as one of its objects is to stabilize the Tansa
supply and fo obtain from the Tansa lake a daily supply of 1107
million ‘gallonis per day in all the years trrespective of the behaviour
of the rainfall in the Tansa catchment. In order to attain this end,
the minimum works required would be the construction of a weir on
tha}Vaitarna river with its crest at about 431 T.H.D. (estimated to’
cost about Rs. 80 lakhs at the present rates), driving of a tunnel of
140 Sft. area capable of - discharging 500 million gallons per day -
with a head of 20 ft. (estimated to cost not less that Rs. 2.20 erores) -
and laying a pipe line 48" in dia, to convey the additional supply sp
stored to the City (estimated to cast Rs. 2.98 crores), Thusthe®
* total cost debitable tothe Tansa works for stabilizing its supply to
the extent of 110 million gallons per day and conveying the same
by laging an additional pipe line of 48" dia. would be Rs. 5.98"
erores (Rs. 0.804~ Rs. 2.20+ Rs. 2.98). Adding to it thescost
of Rs. 745 croves already incurred, (including the cost of
. automatic shutters), the total"cost for ensuring the supply of 110
- million gallons per day will be Rs. 13.43 crores: On this capital
_cost, the cost of water per 1000 gallons works out to annas 4.25, -
There is another reason why a 96" dia. pipe line should he laid
from now. It is always desirable to have excess earrying capacity
in the inlet mains to the service reservoirs of the City. This end
can only be secured by laying from now a 96” dia. pipe line instéad
of 2 727 dia. pipe line as originally suggested even if the storage
in the initial stages is restricted to ensure a supply of 1560 million
glaﬂl‘l;%ns per day for the City-in all years except in the dry year like
!7. If the total supply of 220 million gallons per day were-
... tobe conveyed to the City from the Tansa
iufl?a%’ﬂl:;o&%;ﬂﬁ lake only, the existing outlets in the Tansa
aecessary tostart with, lake will be found to be inadequate and they
: will have to be suitably enlarged to g
a total discharge of at least 300 million gallons per day to allow for_
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sufficient stand by in'case of any outlet getting choked or being put
.out of operation for repairs,”
As, out of the total supply of 220 million gallons per day,’
. a large quantity to the extent of 110 million gallons per day will he
conveyed through the Vaitarna reservoir directly to the City, the
outlets in the Tansa lake should have a total capacity of 110 million
gallons per day with sufficient allowsnce for stand by especially
when the water levél in the Tansa lake goés down.
There are ten outlets in the Tansa dam dnschargmg mto the
+ oulet well.”’ Tbey are as follows 1~

Level.. No. of outlets Total area
380TH D. ’ ... 2outlets, 11.50sq, ft, .
390, w b0 575,
400 . ,, I B 5.75
405 e 2, N0,
410  ,, e 200, 1150 ,,

we 2, W50,

4]5 [
o 'Totalaréé : 57.50 o

These outlets Immg connected with the outlet well a further
“head of about 3 feet, is lost in the well.

"There will be no difficulty in obtaining'a dlscl-narge of 220
million gaflons per day from thé higher outlets so long as the water
level in the lake does not go below 400 T.H.D, It is only when the
water fevel in the lake goes below 400 T.H.D; that the existing outlets
. at 380 T.H.D. will be found to be maclequate to pass the required
discharge. The discharging capacity of the existing two outlets
at 380 T.H.D. is 63 m.g.p.d. with water level in the lake standing

at 387 T.H.[%. and that in the outlet well at 384 T.H.D. A new
- outlet at 375 T.H.D. is being driven to accommodate a 48" dia.-
stee! pipe. ‘The discharging capacity of this new outlet when ready
will be about 70 million gallons ger day (under similar conditions
of head piz., water level in the lake at 387 T.H.D. and in the outles -
“well at 384 T H.D.) making a total of 133 million gallons per day
1.¢., about 23 per cent; more than the requlred dlscharge of 110
m:llmn gallons per day.
- T'wo new openings at 395 T.H. D are heing made in the Tansa
dam to accominodate the rising mains from the pumps to be installed
on the potoons in the lake (through which thg contents of the
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Tansa lake below 385 T.H.D. are to be pumped in a year of scanty
rainfall if it occurs while the Vaitarna-cum Tansa scheme is under
construction). These two outlets with the water level in the lake
standing at 399 T.H.D. will have a discharging capacity of about
140 million gallons per day. The discharging ecapacity of the

outlets from the Tansa dam should be equwalent to at least 220

million gallons per day with the water level in the lake standing
at 399 T.H. D. to enable the whole supply being drawn through the
same in an emergency Le., when the mains laid dlrectly from the
-Vaitarna reservoir are closed down for repmrs It is, therefore,
desirable to have another outlet 48" dia. size in the Tansa dam at
375 T.H.D., the worK on whn;h may have to be started next year
The total t’lschc wging capacity ofthe two existing outlets at 380
T.H.D. and the two outlet at 375 T.H.D. one under. construction
and one to be made later on will be about 200 million gallons per
day which will be sufficient to. maintain the full quota of supply te
the Clty in an emergency even when the water level in the . Tansa
Jake 1s at its lowest,

18, If the usef"ul storage’ of 46, 000 million gallons 1s creatcd -

edAI;!;acu:m.n‘go ';efnﬂ:;l frorn the very commencement, it will resilt
storage of 46,000 million

gallons from the ve Ty . .

commencement, .1n securing the following advantages :~-

(1) Both the sources, Tansa and Vaitarna can function inde~
pendtly of each other, 1 in case of erergency.

(2) A “carry over’ of nearly 9,000 million ga“ons will be
available at the end of the hot season of a year of good rainfall ta
tide over a following bad year.

(3) The extra head available in the Vaitarna Resewmr could be
utilised with adVantage in increasing the carrying capacity not only
of the independent pipe line to be laid therefrom, but also of the
existing pipe lines from Tansa lake due to the maintenance of a
higher water kevel therein, at the end of the hot weather,

“(4) Tt will do away with the necessity of making additional
otitlets in the Tansa dam at 360 T.H.D. to enable the lower.contents
of the Tansa lake below 380 T.H.D. being utilised by pumping.

(5) The daily supply that could be obtained from the twe
sources even In three consecutive dry years and all lean years will
not be less than 220 million gallons per day, while that in a year
like 1839, it would amount to 163 million gallons per day through-
out }he year, provided steps are taken to curtail it as soon as some

S
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indications of a draught are known.

(6) The Vaitarna Reservoir mdepcndently of Tansa,” on the
strength of its own storage capacity can give a uniform supply of
150 million gallons per day n all good and lean vears, except in
only a worst year like 1899, when the supply would be 110 million
gallons. per day.

(7); A large quantity of water flowing over the waste weirs
of the Tansa lake and the Valtama ‘Reservoir could be diverted
through the existing and the new pipe line into the Vehar lake in
good yearsand stored therein to cbtain an additional supplythercfrom
to the extent of about 4 million gallons per day, because the carrylns

“capacity of the new 967 dia. pipe line with the water level in the
Vaitarna Reservoir standing at 535 T.H.D. (F.8.L.) will be about
140 million gatlons per day and that of the two 727 dia. pipe lines
from the Tansa lake with F.S.L. at 422 T.H.D. will be about 90
million gallons per day. Vehar lake on account of its inadequate
catchmerit area does not fill normally, but the water level therein
“stands on an average about 8 feet below its F.S.L.. at the  end of the
monsoon as estimated from the actual records of its water level
for the past ten years.
(8) No.expenditure need be incarred on reconditioning the duct,
- but it may be done away with altogether, by laying in lieu thereof
a reinforced concrete pipe or by stoppmg its use altogether, by
replacing a few lengths of the existmg 72 p:pes by 96" dia. plpes
when the former are due for renewal due to * age *,

(9)-1t decision is taken not to recondition the duct at any

- future date, but to allow it to function in its present condition with
necessary repairs, about 20 miles of 48" C.1. pipe line can be released
from the syphons immediately for being used for improving the
distribution system in the City as these pipes are lying 1dle for the
past 20 years and it would not be advisable to continue them to do,

- a0 for another 20 years, when at the present moment there is dearth
of steel and C. L. pipes. The cost of the pipes so released at the
present market rates will be abuut Rs. 80 lacs.

{10) It may be possible in the future when the duct i is finally
scrapped (a) to utilise 20 miles of 50" dia. lock~bar steel pipes for
extending the distribution system in the suburbs for the Greater
Bombay Region and (b)to save the expendlture on the reconstruction
of the bridges on the Ulhas River, carrying the existing syphons.
-The bridges are already showing signs of deterioration and hesvy

* In case of Tansalake is thrown out of commiesion.
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expenditure will have ta be ineurred in reconditioning or streng.
thening them if they are to be retained as a permanent part of water
works system. - ‘ oo

(11) The cost to be incurred in lowering the existing pipe
lines and the new pipe line at Mohili and Pivli cuttings will be
saved as'due to maintenance of higher water level in the Tansa

lake, the hydraulic grade line will always remain above the pipe -
lines.

(12) No additional outlets may be driven in the Tansa dam’
immediately to increase the discharging capacity of the existing
outlets below 385 T.H.D. to 220 million gallons per day, because
with an independent pipe line from the Vaitarna Reservoir a supply

" equivalent to about 110 million gallons per day can.be conveyed
to the City independently of the Tansa lake. E

(13) The supply to be obtained being 220 million gallons per
day it would meet the requirements of the City for the next 20 years
without having to go in for any othe? scheme. A total supply of
160 million gallons per day from the two sources as originally ‘con-
templated (Tansa and Vaitarna) will certainly not be adequate
to meet the requirements of the citizens for the next 20 years due to
the unprecedented growth in the City's population. Besides, the
Vaitarna-cum-Tansa scheme of 160 million gallons per day capacity
was only considered as the first step in the augmentation of the City's
water supply and it was intended to undertake either the Bhivpuri
or Kalu Shai schemes after the former was completed. Even with
the execution of a 160 million. gallons per day Vaitarna-cum-Tanss
scheme, the hardship and inconvenience at present caused to the
citizens due to the inadequacy of the water supply, will continue
- till an additional supply is made available for the City by harnessing

ather sources. T

Though the present moment is not the opportune time for
carrying out large works due to prices of materials and wages of
labour having gone up, the augmentation of the City's water supply
does not brook delay, It must be proceeded with, at whatever
cost, as ont its execution, hinges the health and sanitation of the City.
Besides, no one knows when the prices will go down. Ina water -
supply scheme, the various component parts ate so inter-dependent
that some of them have to be constructed from the very commence-
ment to fitin with the ultimate utilisation of the source. As pointed
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out previously, in the present case it is only the dam that may not be
constructed to its ultimate height at the very commencement but
its foundations and the structures must be made strong enough to
withstand final stresses to which it would be subjected when raised
to the ultimate height.

19. With decision to construct all the works from the very
What type of waste COMMENcEment to obtain a cpmbined depend-
woir would be suitahls able supply of 220 million gallons per day,
f"“:?:pe?a‘m:he:x; the choice of the. waste weir will necessarily
commencimeattosscure lie between the ordinary overflow waste
:gl‘:':ih":‘::;mw“ﬂﬂ“ weir (in conjunction with automatic gates)
; and a syphon spillway. The automatic gates

' are ob)cctcd to by some engineers on the following grounds :—

(1) The gates, being mechamcal contrivances, may fail
to tunction at the right time resulting in a catastrophe.

(2) A large recurring expenditure per annum is required
to be incurred in keeping them in good condition.

~ (3) There is a tendency for leakage through their sides
and the bottom and due to this, a large guantity of water may -
run to waste. ‘

As pomted out prevmusly, if an over flow waste weir is adopted’
its crest will have to be kept at 515 T.H.D. and the F.8.L. of 535
T.H.D. could be obtained by using gates of 20 feet height, With
a syphon spillway, the F.S.L. of the reservoir will have 1o be kept
at 535 T.H.D. and the H.F.L. at 537 T.H.D. asadepthonfeeth
reduired for the operation of the syphons.

Before taking a decision as regards the type of the waste weir
it. would be advisable to-carry out experiments at the Government
of India Hydro-dynamic Retearch Station at Khadakwasla both
on the overflow waste weir and the syphon spillway to ascertain
which type would be most suitable and economical. TheResearch
Station will also have to be requested to carry out experiments on the
protective works necessary for preventing the dam being undermined
by the fall of a large mass of water through a height of nearly 250
feat and for determlmng the value of " C"™* for working out the
. reqmred length of the weir. Mr. Framji, the Director, Khadnkwaala

* Valua of cosfficient of discharge in the formula Qeeelh 372,

v
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Research Stntion,. is agreeable to carry out the necessary experi-
ments and to give us the results as early as possible so that by the
time the work on the dam is started, the declsﬁn regarding the type
of the waste weir could be taken. A provision of Rs, 50, 000 -has
been included in the cstlmate of the dam and the waste weir for
carrying out the expenments )

20, Itis now to bc: seen whethcr, from a financial point of
view, also, the execution of the whole scheme
‘Financial  Justifica ‘

tion for nndertaking the for obtaining immediately a dependable
" whole seheme fram the combined supply of 220 million ga]!onn ‘
very comumentoment. per day can be justified. The criterion
to be used in this connection will not be the total cost of the various
7 schemes, but the cost of water per 1000 gallons obtainable therefram.
In order to estimate the cost of water per 1000 gallons under each
scheme, its cost as a whole must be first worked out. - It is difficult
at the present moment to estimbte with any degree of accuracy’ the
cost of the varidus items included in the scheme when the market
is unstable and prices of materials and ‘wages of labour show a
tendency towards soaring up and the output of labour has gone down
considerably, There is also a dearth of essential materials like
cement and steel and other materials like petrol, fuel oil etc. There
_are thus several unforeseen items the cost of which cannot be worked
nut The costs warked out here may be said to be relative. They
are intended mainly for the purpose of comparing the costs of water

' pcfr 1000 zallons under cach scheme

" Cost of a scheme for giving an ultimate combined
supply of 160 million gallons per day as
originally suggested, -

If the scheme as originally contemplated viz., of obtaming
a combined dependable supply of 160 million gallons per day were
to be executed without any allowance for future development, the
F.S.L. of the reservoir will have to be maintained at 495 T.H.D.
(vide table No. 11) and not at 480 T.H.D. as originally suggested.
This F.S.L. can be built up cither by keeping the crest of the waste
weir at 475 T.HLD. and providing automatic gates thereon to increase
itto 495 T.H.D. or by using a syphon spillway. In the case of the
latter, the F.S.L.. of the lake will be at 495. T.H.D., but its HF L.
willbe at 497 T.H.D. and the top of the dam will be at 507 TH.D.
against 505 T.H.D. in the former case,
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The cost of the twa alternatives is tabulated below :—

1

Scheme No,'I '
F.S.L. 45 Scheme No. 11
Ttems. . with 20 feet ~ F.S. L. 495
high automatic with syphon
- shutters (Cen-  spillway.
“tral spillway), )

Rupees in lacs. Rupeas in laca.

~

Cost of survey work T e 337 3.37
Preliminary works (Revmcd) - 3707 3707
Acquisition of land s - 12.00 12.00
Dam and waste welr S e 3N087 272.75
Tunnel ST e 209,04 209,04

72" pipe line from Tansa to Powai :

(40 myles) v 456,00 456,00
Reconditioning duct ° C e - 1752 7152
Reinstating the missing syphons ... 11.68 11.68

'Rs. 1,118.65 1079.53

Say Rs. | ;”.20 crores 10,80

crores.

(Videitem. 2and 3 of Tablo)
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)
v, "The cost of water per 1,000 gallons after taking into considerse~
tion the expenditure of Rs. 7.45 erores already incurred on Tansa

works, will be at As. 4 10 and As. 4.00 for schemes Nos, 1 and 2

respectlvely

© "The total cost of the schéme as now estimated is much ‘more
than that of Rs. 6.9 crores mentioned in the Interim Report. The
estimate of Rs. 6.9 ¢rores included a provision of Rs. 88 lats re-
presentmg half the cost of the trunk inlet mains to the existing

- service reservoirs as worked out by the Specml Officer (Survey),

The difference between the original rough estimate and that now
framed is about Rs. 5.17 crores [Rs. 11.20 crores less (Re. 6.9|--
- 0.88) crores]. The excessis attribuitable ta the followmg —

Costin lucs of Rupnes.

Item. :
' - Dam. Tunnel, Pipeline.
Extra quantity ofcement rcqulred riz 49,00C tans ot Rs.

03 perton duetotheincreasein the F. S. L. of the
reservoir fromn 480 1o 495 TH.D. and also dueto

inadequatelengshavailablefor the waste weir . 5145 . w
lncreuelntheprlce of cement 29,600 tons at Rs. 40 per - .
- ton 7 e ‘ - 9.84 s 2.00
lnereuelnthe rate of steelfrom Rs 220to Rs, 4|0 per
ton for30, 600 ton _ - 58.44

Additional quanm;r of utm:l for 96” pipe line on Kasheli

bridges 3,300tons at Re. 410 perton. This wawnot

included in the originalblock estimate. Thisprovision
ltnowcunsldereclnecemmm maintainthe fullsupply

tothe Cityin anemergeney anising duetothe eollapse .
ofthealdbridgexonthe Uthassiverat Kasheli ... .. . .. 185%

Extradepth of foundations far the dum asaresultofthe’
ore holes w108

o

Bxtra for lmlngoft!le tunnelas a result of bore hnies
alongtheslignment ofthetunnel

. 35.00 -
. Extraforexcavation in tunnel. The size of the tunnel
has to be increased to keepthe Tansalske fill ed on 15t
anbmnlhreeconummedryyeau L9t L

!

—— e cermtt—

8.9 12600 7367




Gmiu Lass t;f l_upuﬁ.’

Ttam, "
‘ Dam, Tunnel. Pipsline
B.O. 629 12600 © 7367
. Additiona} Works on dam.
Rollexbucket and protoctive work on the
down-treamaide ofthedem, . 10.55
Extra for groutingthe foundations w 120
Inspaction nru{dmnugegnllm« ‘ o 370
Drains - - < e 122
Contraction jointa  * ~.7 . L56
Reinforcement forthexpillway T 021
Extraforcauseway . - 10
Bridgeonthe dam e 447
Gunnitingthe upstream face of dam e 374
Cost of experiments ;".. 0.50
Automatic shutters : . 20,00
Arrangement lorpmmgthe ﬂoods during éon-
wruclton o
Other minor items hke the rnudway, parapets
etc. ) PR N [ e
C N 60,25 60.25 -
Extraitems on Tunnel —_
Ruinforcementin lining o 300
Masonry _— )
Pitching e 100
Bridges “we 360
Pipe linom'—'ﬁ:' . w350
Aditaand shafts ‘ o 2800
Extrafor intake and offtake W 8,00
. 5180 .. T sl50 L.
Batraitem gn pipe lime e :
Chairs undey the pipeline v e . . 8.90
128.54- . 177.50 82.57
- - Ra.388.61. ’
‘Extrafor laqullltmu ofland (incrente in cost dus to e
ineresyein the priceof timher) Rs. 10.40
Re.399.01 .
SayRe.4 croressn

-+ After deducting Rs. 4.0 crores from the difference of Rs. 5.17
crores, there still remains an excess of Rs. 117 ¢rores which works
out to about 19.5 per cent.and is due to thei ingresse in the. cost of
other materials, fabrication and labour, etc,
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Cost of diverting the waters of Vaitarna river into the
Tansa lake to ensure a supply of 110 million
gallons per day therefrom including the cost
of conduits for conveying the supply to City. -

(Ultimate Capacity==200 m.g.p.d. enly)

" If, on the other hend, the dam were constructed to'a helgh'-'"
of 431 T.H.D. with prov:snon for its being raised to am ultimate
hexght of 515 T.H.D. just to divert the monsoon waters of the Vaitarna
river into the Tansa lake, to ensure a supply of 110 mllhon gallons
per day, therefrom, the cost of the scheme allowing for a pipe lme of
48" dia. to convey the supply to the City in excess of the carrymg
capacity of the existing conduits will be Rs, 7.97 crores, with a pipe-
line of 72" dia. the cost will be Rs. 9.55 crores and with a pipe line
of 96" dia. the cost will be Ra. 11.63 crores as detailed below :— -

Scheme  Scheme Scheme

No. 1 No. 11 - No.HI .
48" pipe. . 72" pipe. . 96" pipe.
Rupeesin  Rupees in  Rupeesn

' crores. crores. croves,
Costofthedam ~ .. 2.90 290 290
Cost of tunnel w209 2.09 - 2.09
Cost of pipeline (40 miles - -2.98 45 - 6.64

long). . ’
797 - 935 . 163
JT..... —— r——

The cost of water per 1,000 gallons after allowing for the cost
- of Rs, 7.45 crores already incurred on Tansa Works works out ta
annas 4.95, 5.46 and 6.2 for schemes Nos. I, 11 and 11T respectively,
Such 2 Scheme however will prove cost]y in" the long run as
compa.fed with other Schemes described im this report and hence
it requires no further consideration.

The cost of the works for obtaining a combined dependable
Roush cort of the supply-of 220 million gallons per day from the
ultimate acheme, very commencement with automatic falling-

shutters or with a syphon spillway will be
Rs. 16,00 and Rs. 15. 50 crores respectively as tabulated below
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~ With With
“automatic  syphon
gates, spillway.
(Rupees in (Rupees in
lacs).  lacs). -
Cost of survey work - 337 3.37
Preliminary works w327 3717
Acquisition of land e 2500 2500
Dam, waste weir and gates “v. 4,71.18 4,31.00
Tunnels e 209.04. 0 209.04
96" dia. pipeline from end of tunnel to . «
Powai 463 miles o 190,81 790.81
Quarters, Storehouses, Offices . looe 1000
M:scellaneous item - .. - 92,07 52.07

- 1598.64  15,58.46
Say\ ..Rs. 16 crores;Rs. 15.50

. ¢Yores,

(Vide items 6 &7, 12& 13, |4& 15 ahnblu)
The dlfferencc is due to the cost of the syphon being ]ess than
that of the waste weir portion'with  gates, :

- Note.~~The details of the syphon are not worked out. - The cost -
of a syphon to be constructed in the body of the damis taken to be
Rs. 20 lacs on & very rough basis: :

Comparison with Bhlvpun Scheme for obtaining a supply
of 60 million gallons per day and 100 million gallons
. per day.

The cost of the two Bhwpun Sc])emes, one of brmglng a suppIy

" of 69 million gallons per day and the other of 100 million gallons per -
day as estimated in the Interim Report was Rs. 7.82 (8.70.88%)
and Rs. 13.35 (14.71.35*) crores respectively. With the execution
of the former scheme the dependable supply would have amounted

to 124 million gallons per day (64 frem  Tansa and 60 fromn Bhivpuri), .
With the execution of the latter, the dependable supply would have
amounted te 164 million gallons per day. The cost of the 60 million
gallons per day schenie according to the presgnt rates will be about
Rs. 1150 crores and that of the 100 million gallons per day after
making ‘an allowance of Rs. 2} crores ior dwcrtlng the waters of the

* Cost of Trunk iplet mying,
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Bhama river into th;.- Andhra lake, which feeds the Bhwpuri Power
House W’l“ be about Rs, 21 crores as detailed below

60 m. g.p.d.. lOOmgpd

Bhivpuri -Bhivpuri
Scheme © . Scheme.
(in crores) (in crores)
. " Rs. . - Rs.
Steel pipe line we 600 . 12.40
‘Roadways 0.69 0.70
Shifting high tenslon pylons e’ 0.03 . 003
Earth work 1.24- 1.92
Balancing reservoir at Bhivpuri ... 0.90 1.08
Rolling stock for transport w. . 003 ©0.04
Building structures . w038 0.41
Telephone system s 0.02 0.03
Bridges, culverts. etc. v 041 0.46
Tunnel - v 0.51 . . 051
Coagulation and chlarmatmn plant 0.16 . 016
Chatkopar reservoir 0.40 0.40
Land and building acquisition ... ol Q.15
Pej Nala Scheme - 062 -
Chembur reservolr j . 0.6
11.50 - 18.90
(For diversion of waters of Bhanm ‘
river) - e : . 250
) ' 21.40
Say Rs. ... 21.00

——— - —

(Vu{qltems‘ 5 8.9, |0 IV of tuble)

If it was pussible to wmplctc the 160 million gallons per day
Vaitarna-cum-Tansa scheme at Rs. 6.03 (6.91-0.88") crores the cost
to be incurred for inreasing the supply to 220 million gallons per day
by executing the 60 million gallons per day Bhivpuri scheme would
have been Rs. 7.82 crores as per rates included in the Interim Report
making atotal of Rs. 13.85 crores.  Thus by spending an additional
amaunt of oaly about Rs. 2 crores over the original estimates, a
supply of 220 million gallons per day would be madeavailable from
the Vaitarna-cum-Tansa Scheme. .

* Cost of trunk inlet mainy,



o Caostof wa.ter pex 1,000 gallons for different schemes.
The following table gires at a glarice the cost of water per 1,000 gatlons for different schemes :— -

* : CosT. o
Serial Scheme * . Assured supply - — Costper - Remarks.
No. . . - . inmifliongalionsper  Capitzlsincrores.  Annoal in 1,000
: day. . lakhs.  in Annss.
1. Pick-upweirat Vaitarnaendtunnel tostaBikise e 5984745 = 1067 . 425 The u? %ﬁkﬂp weir at
.. . Hiomilliongallons perdayfor Tansa. . i i BETHD.
2 Vaitarneand Tansa .- 160 11264745 . 150.1 41 Withautomatic gates.
3 Do. - 150 - 10.80+-7.45 14711 400  Withsyphon spiliwey-t
4 Bhivpuri . . - 80 113 105.8 7.7
5 Pick-upweirand Tansaand Bhivpuri 110+560=17¢ 5.98-+7.65-115 2125 - 547 L
6 Vaitarnasnd Tansa - 229 16.004-7.45 188.7 3.75 Withantomaticgates.
7. Do, . - 220 15547.45 184,5 3.68 Withayphonspillway. *
8 ‘Tanss,Vaitarnaznd Bhivpuri we UOH50-4-60=220 74541020405 3559 5.} With automatic gates.
- " 'gn}:isvn.vqiﬂmuné Bhivpuri o |10+59i{630=220 7.45+50i8¥0+1 1.5 %3%‘2) isﬂ(; . With syphon spiilway.
puri U e : .
1 Pick-upweirand Tansaand Bhivpurs w  VHH100=210 5,984-7.45-+21 2999 625 .o
E2** Veitarna{lndependeat) - 112 16.00-1-2.2% 147.94 580  Withautomalic gates. .
3% Do, ° e 1o . 185+2.2 143.54 575 Withsyphon spillway.
Yve Veitpatindependent) Tl S Bt i W mtomaticge.
d e .. . 94 .21 ith syphon spillway.
16 Tuns(Dipendtln & 745 T I Y. S
17 . 3 - rel - 145 52.5 3.4
18 Da. - 34 : 7.45 57.5 268 Ingoodyears.
Noie: (1) Sinking fund and maintensice cost is caleulaicd at— :
{a) 7.7 pereent.on Tansa Works,
&) 8.2 peveent. on Vaytarma Works. Vide page No. 71 ofth Interim Report—February 1947.
¢} 9.2 percent.on Bhivpuni Wuﬂ.ﬁ. . .
*(2) A crodit of 2.2 croresia giventowardsthecost of ons 72° pipeline. - L .
*43) 'l?:e?n!!f_mumewqirwithﬁ'.s.L:535T.H.D.ifdired1rwnnededtotﬁe’r'mh Maira willgive -adaily s of 150 million gallensand
H0million gallonsin gond and driestyear Jiks | 899 respoctively. The cost per 1.0G0gallons iswarked suton thishasis, * -
§ Asthe detaibs of the Sypionspmw:y have notbeen worked out, it isassumed, in the (ﬁvt.cs!imatea that the cost of a syphon spillway in general,

be about Rs. 40 Lakhe less than that of sn ovesflow weir with automatic gaies.

‘_ p
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21. There is another way by which the capntal cost of the

scheme can be compared according to the -

Cost per millionC.f. reliable supply available from each source.

:;lff;:::u? I':fl:ﬁaf::p- The cost for a reliable supply of 64 million )
l‘““ﬂ - gallons per day from the Tansa lake works

out to Rs. 4,050 per million C.ft. while that

fur .obtaining a rehable supply of 110 millior gallons per day from

the Vaitarna reservoir in dependently of Tansa lake worksoutto

Rs. 6,300* and Rs. 5,750** per million C ft.

For a total reliable supply of 220 million gallons per day f}rom
both the sources’ (Vaitarna and Tansa) the cost works “out to
Rs.ﬁOOO* and Rs. 5720 per million C.ft.

On the basis of the supply available in good years, viz,, of 94
million gallons per day the cost per million G.ft. for Tansa, works
out to Rs. 2,940 ard that for a supply of 150 million gallors per day
from the Vaitarna Reservoir works out to Rs. 4,800*and Rs.4,360.** -
The Tansa works were executed in normal times while the Vaitaina
reservoir will be constructed when the prices of matetials and wages
of labour have reached their erst-while maximum. (F'or details

“wof the cost pide Appendix XI).

22. Tt was pointed out in the Interim Report para. 26 page 41,
¢ und that along with the exscution of the Vaitaina-
,g&:"ﬂ‘: o e cum-Tansa Scheme, the work of improving
improving the iaternal the water distribution system to distiibute
:lx;::;tb:::;;;ly. ms’am the additional supply evenly, uniformally
.~ and atadequate pressure to all the inhabitants
.of the City irrespective of the locality in which they live, should be
taken in hand simultancously along with the main scﬁeme It was
further pointed out that the work of remodelling the existing sewerage
- system to take care of the additional supply that would be brought
into the city should also be taken in hand immediately. A separate
report regardmg the latter has already been submitted to the Cor-
por&tlon and it is hoped that the Corporation will approve of the
récommendations made therein and.pass orders to start the work
immediately on the same, according to the priority loid down in
that report to enable the wholc work of remodelling baing
completed in about 5t6 yean. time.

* With automatic gates.
" With Syphon Spillway.
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A reportt on measires for improving the supply to the existing
and the pioposed service reservoirs by providing additiohal inlet
trunk mains of adeguate capacity is also being submitted separately.
It has been recommended in this report that the inlet trunk mains to
belaid now would be capable of dealing with an initial total supply of
176 million gallons per day (160 million gallons per day from Tansa
and Vaitarna and 16 illior gallons per day from Vehar and Tulsi)
and of 236 million gallons per day ultimately (220 from Vaitarna
and Tansa and 16 from Vehar and Tulei). This course is suggested
because it would prove more economical in the long un. 1f a small
51ze pipeline to meet the ttial) requirements islaid, it will have to be
duplicated in the very near feature and the cost of duplication would

‘be heavy. Another reason why this course has to bc?ollowcd is that
there is no room in the existing-main roads to accommodate two or
three additional pipe lines of large size 2¢ they (roads) are already
conwested with uuderground public utility #ervicee cuch as water
mains, gas matns, ‘electric ¢cables, sewers, storm water drains,

 telephone lines, ete. Further, if the roads” are broken twice to
accommodale an additional pipe live orlines, the cost of rcstoratlon

" of the road surfaces would beheavy, because most ofthem are
treated with permanent mmle of eonstruction. ~

In the separate repart on improving the supply to the service
reservoirs by laying additional maips, it has not been possible for me
to include therein improvements to the internal distribution system
and to the outlets from the existing and ﬂ’le proposed service reser-
voirs for lack of adequate data for prepuring such & scheme, Itis,
therefore, suggested that the Hydraalic Engineer should be requested
to make necessary recommendations regarding the improvemenis
to the internal distribution system after collecting the necessary
data. If the work of improving the internal distnbuting system
élong with the enlaigﬁment Jf the ‘outlets from the cxisling and the
praposed service reservoirs is not taken'in' hand simultaneously with
the execution of the Vaitarna-cum-Tansa Scheme, the citizens
occupying upper floors of the tall buildings will not get material
_benefit by the additional water that would be brought intothe city,
What s really wanted isa * Master Plan” for the distribution system
and a programune giving prioritics for e‘.\ccutmg the works included
therein. The expenditure iricurred in the course of the last 10 years
in simply’ enlarging the mains of small sizes without a “Master

,Plan” does not appear to havehelped much wo remove the hardships |
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of the citizens occupying upper flcors of tall buildings, The re-
iodelling of the distribution system and the enlaryement of the
outlets from the existing reservotrs should have been done in 1925-26
when the supply brought into the ity from the Tansa lake, as a
result of the completion of the Tansa quadruplication scheme, was
nearly doubled. The same outlets have to cairy the additional
supply with the result that the velocity in them increases consider~
ably and the pressure drops, because the loss of head due to friction
in a pipe line varies divectly as the square of the velceity. The
existing outlets do carry a large quantity of water but at a lower
pressure and consequently the residents on the ground floors of the
buildings are more benefitted than those occupying upper floors. -

23, As far as | can see, additional mains in the following
localities ar ider , _—

Yatornal distribution (C2ITMIES are cons dered ne(:essargr .

system-immediate needs, :

(1) Two new outlets of a fairly large size from the Malbar
Hill Reservoir to make up the deficiency in the supply
to the zones of Kalbadevi, Dhobi Talao and the Colaba

area.,

(2) A separate outlet of a small size for the Tardeo area
~which is at present given direct supply from the tail

- end of the 48" old Tansa main,
(3) Two new outlets from the Bhandarwada Hill Reservoir -
to improve pressures particularly in the Dongn area
which 1s situated at a high level, some places being at

120 T. H. D. while the F. §, L, of the Bhandarwada
Reservoir s at 195 T, H. D, ‘

(4) A fiew pipe linc of 60" dia. to improve the supply to the
areas abutting Lady Jamshedji Road, Gokhale Road
(North) ete., in ‘G’ Ward. This main will probably
start from Mahim and will have to be continued
upto Worli Naka vie the Globe Mill passage. It
can very well be made to act as an inlet main to the
proposed Worli reservoir by extending it in the North

~ upto Powai, ~ .

(5) A 48" main from Futka tauk in the proposed 100 feet
Wadala Road right upto Bhandarwada Hill Reservoir
viu., Sewrl, to improve the supply to ‘F’ Ward.
This main also, when extended upte  Ghatkopar,
will act as an additional inlet main to the Bhandarwada
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Hill Reservoir to which an addmonal inlet is absolutely
. necessary.

24. As per permission granted bythc Corporatmn under their
Detailed astimates can resolution No. 728, dated the 25th September
be lubmltfted a‘f;er tflw 1947, detailed estimates for the various
recalpt of tenders Xor
T s tandars for. items of the major scheme will be submitted
_ for sanction one by one as tenders for the
same are received. So far, tenders for the following works have
been invited after completing the detailed plans and estimates and
schedule of quantities for the same :—

(i) Construction of the tunnel ;-
(ii) supply and fabrication of the pipe line ;
 (iif) Preparation of the embankments fur accommadating
the additicnal pipe line referred ta in (i) above.

The only major tender which remains to be invited is for the dam.
A tentative design for a cement concrete dam with F. S, L. at 535
T. H. D, has been completed together with the necessary specifica-
tions. As soon as the Corporation decide whether the scheme
should be restricted to obtain an ultimate supply of 160 m.g. p.d. as
originally suggested or whether full advantage should be taken of this
source to abtain a combined dependable supply of 220 m. g. p. d.,
tenders for the dam will be invited.

25. The rough estimates given in para, 21 page 67 have been
ptepared only for the purpose of comparing

Contractors likesly to .the cost ofthe various altesratives to enable
quote high rates to cover the Corporation to take a decisiun; but

fi th. . R .
:3,:::":?";::::;,?1;"“; these estimates will have to be revised

wages of labour, If prices 5eeording to the rates that will be quoted

b, k : . .y .
qroted '?ah’ﬁ“;feﬁw:{,t by the ténderers if the wotk is to be carried

~

~departientally, out by contract. Itis likely that the work -

being of ar intricate and specialised nature

- mvolvmg the usé of speclal machinery and equipmedt and the dif-
culty of getting them in time, only a few firms may come- forward to
carry out the work. -As the work is to be spread over a-period of
five years, itislikely thatthe contractors might quote higher prices to
gover any unforeseen rise in respect’ of the wages of labour and
prices of materials. They would also take into consideration the
difficulty at present experienced in getting materials like petrol
diesel oil, cement, steel, Llasting powder ete, which are essential
{for the speedy execution. No one at this stage car predict what the
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position regarding the above would be in the course of the next 4 or
5 years. The rates on which the  1ough estimates in para. 21 are
based have been worked outin consultation with persons
" dealing with this type of work according to the prevailing
market rates.  1f there " are prospects of the situation
regarding wages, of labour and the availability of materials:
etc., Jike petrol, diesel oil, cement and stecl heing €ased
in the course of the next four or five years, the Co‘rporatlon
wi.l be weu advised to make up their mind to carry out major items
of the work departmentally or by negoliating with the firms who
tender for the work on the basis of actual cost plus a'certain percent-
age for profit. Such a procedure will be advantageous both to the .
Corporation as well as to the contlacfora, beeauge they will not in
that case include a large prov:s!on in their tender to meet the cost of
‘the unforescen items. . .

~

- 26, This schemeAs of a great magnitude, It comprises works

Desxmblhty og gotting like driving a tummel, construction of a:
the designs checked by concreie dam and fabricotion of @ pipe line
- Experts. of a larger diameter than 72", So far,
pipe line of more than 72" dia. for a lorger length than as now
proposed has not beenlaid in this country, as far as Tam aware. If
full advantage of the advance and the resdarch that has taken place in
the realm of the engineering science dealingwith driving tunnel, the
constructlon of a concrete dam and mam_factuw and laying of .
pipe line of la¥ge size, is to be taken, it will be in the intesest of the™
_ Corporation to get the designs and specifications, for the concrete -
® dam, servtinised by competent Engineers wn o have specialised in the
design and constmctlon of high concrefe dams. There may he
hardly a few men in India who have experience of the construction
of a concrete dam of 250 feet hetght. The only concrete dam so far
wonstructed in this country, as far as | know, isthe Mettur dam in-
Madras. Itisa composite dam consisting of masonry ard concrete
and not a wholly concrete dam. The Governmert of India have
under their consideration the construction of a high concrete damy
for Kodiand other projects and they have engaged the services of ar
Expert from America, Dr. Savage, the well-know# Engineer in tha
geology of dam foundations. He is likely to visit India shortly as
per his terms with the Government of India and it is suggested that
his ad vice sh ould also he taken regarding the geology of the founda-
tion of the dam when he visits India. So far, the opirion ¢ xpressed
by the Expert from the Ceological Survey of India regarding the
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suitability of the site of the dam and the river basin as a whole for
being developed as anim pounding reservoir 1s favourable.

I.could only think of the Associated Counsulting Engineers
who are at present helping the Corporation in the valuation of the
Tramway undertaking fo be a suitable firm for checking up the
de51gns of the various works and suggesting Improvemerts with a
view to economy where necesszty. I also contacted the Cement
Marketing Company of India and requested them whether they
would suggest the name of any suitable Enginecr who would check
up the calculations and the specifications for the dare prepared by me.
Mr. Batliwala, the Acting Chief Engineer of, the Concrete Associa-
tion of India, has informed me that they would get the design and
specifications checked by an Expert in England and that they have

" already contacted him and are communicating with him.

The terms and conditions on which the Associated Consulting
Engineers are prepan.d to do the work for us on the retaining fee
basis are given in their letter dated 27th F ebruary 1948, (Appendix
XII). They are agreeable to do the work on a minimum payment
of Rs. 18,000 per annum, “Any cost incurred in connection with
the Munmicipal work in excess of the annual minimnum fee would be
charged for by the firm on the tiine basis as set out by themin their
letter under reference. [t is earnestly requested that Corporation
should give this matter their serious consideration. If the Experts
are engaged for checking up the designs and specifications, the execu~
tion of the work will not be delayed as it will kake at least one season
before the foundations of the dam are exposed and by that time the
experts would haveadvised regarding the modifications ete., required
in the design of the dam. The superstructure of the dam could
then be built either according to the desizn now suggested or that
modified by the Experts

‘27, 1 may further suggest that the Corporation should send
- abroud two or three young and energetic
Dmrabxhty of sending engmeers to study the works of this nature, .

* young Engineers abroad o510 and under construction. The know-

d of at Jeast . o
fsa::;:fl:am OF 8 151 ledge obtained by personal visits would be

7 very helpful in organising or supervising the
execution of the scheme as a whole, as well as that of its component
parts—the dam and the waste weir, antomatic shutters, the tunnel,

v
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pipe fabrication ete.. If three Fngineers are sent for a period of
six months, the cost to be incursed is not likely to exceed Rs. 50,000
which is negligible compared with the advantages to be gained.
These Engineers can return back by December 1948 when the execu-
tion of the scheme is expected to start in full swing. The knowledge
gained by personal visits to similar works under construction abroad.

. will be very helpful in executing the works especially departmentally,
if it 1s found necessary to do so, due to high prices being quoted .
by the tenderers or even when the work is entrusted to a contractor or
contractors, ) ‘

. 28, A chart showing the personnel required for organising
and supervising the work during the period of
construction is attached  herewith. (vide
; Appendix XIII).” The staff shown in ‘this
«chart must be conversant with the nature of the work that they would
be required to supervise and organise.. Staff to the tull extent as
shown in the chart is expected to work tor a period of 3 years and-
probably half the staff might have to be engaged for a period of
abouttwo years, because, inthe beginning a'full complement ot the
staff may fiot be necessary,  [he total cost to'beincurred is estimated -
atabout Rs. 60 lacs whichis less than 5 percent. of the total cost of the
. scheme.. On a work of this magnitude, the usual practice of the
P. W.D.isto incur expenditure on the supervising staff to the extent
of 10 per cent, of the estimated cost of the works.

Staffrequired forthe
exscutionofthe Scheme,

29. Another request that I would like to make to the Corpo-
ration is to give the same powers to the
Devirability of givig Municipal Executive as those enioyed by the
%ﬂ:&:ﬁ l}:":“:;m‘; QHief Engineers .of the Provinces to emfble
execution ofthe scheme, him to pushthe work to speedy completion,
' \ The powers of the Municipal Cotrunissioner
tu-day are so restricted that a considerable time is spent in cbtaining
sanctions.  If the work is to be carried out departmentally, there is
more reason why this should be done, otherwise, the departmental
work will suffer due to lack of powers and it mey not be possible to
complete the scheme within the stipulated period not on dccount of
inability or ineapacity of the staff but because of the delays in obtain-
. ing the requisite sanctions. The Municipal Act, may be suitably
amended unly for the execution of this scheme. .
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30, .The whale scheme can be completed in abeut 5 years'

time as originally estimated in spite of the

Tiine required for »3ditional work involved in the dam. The
i:::l;al::mfikel.; ¢ mt:: dam of 250 feet height should not take more
g:“'&'::"‘i;"l"tf;‘i’; as tha::x three wgrking seasonsto comp}ete. The
Yine advances. period required for the completion of the

tunnel, embankment of the pipe line would

. be about three working seasons. The fabrication of the pipe line
will however depend upon the quantity of steel released from time
to time for tlns purpose by the Govérnment of India. Even'if the
work on the pipe line is extended by another two years due to the
non-avmlabll:ty of the steel plates, the scheme will begin to give
relief to the citizens after the tunnel is completed and as the work on
the pipe line and the dam progrésses as is shown m the table

on the following page :—



The table sflowmg how the City wxll be’ benefitted withthe progress in the laying
construction of the dam.—

.

of the pipe line an& the

SverLy ;¢ Miiion Gaitons  Total  Supply
o PER PAY. supply ‘om. Grand .
) — - — _ frem_ Vehar totslin
Sarial  Position of  Position of Position of  ° From i From Tensaznd and Tulsi - millien
No. dam (F.S.L.}.  tuenel 96" pipe.  Vaitarne. Tansa. Vaitarna inmillisn  gallens Remarxs.
. X ] : fnmillion gallons  per
9" JXW 72" Duct.  gallons per day. day.
o . East. perday. -
R ) B ® . m ® O a0,
1 400 TH.D.... Complete ... 63} Miles... - 52 43 il 105 i5 120 The discharges ﬂmﬂlsﬁ the pins
. s L lines have been worked on the
2 508 derw. Do .. 16} do. .. 50 - 47 20 17 5 132 lowest level thatmaybereached
= ) - : ) : - at the end of the hot-weather,
3 515 do... Do .. 213 da. .. 57 0 20 27 . 15 142 after bringing the qunnhty as
: . showninColuma 5.
4 515 de... Do ..268 .do... . 60 52 20 132 15 147
. ) . N ’ *As the 957 pipe. fine will be
5 535 do... Doe. e 263 do. ... 65 52 20 137 15 152 completely Inid i.e., miles,
) . ; : both the 72" East and West
6 535 do.... Do, ...361 do... .80 (60 20 Ts0 15 175 Tans; mm{;s -mialﬂbe f!‘eedte
- ) ’ T cnrty G.million ons perda;
7 53 do... Do .46 dot..  ilo* 8° 20 20 15 m e gremay

89



69

31, The scheme now recommended after ‘studying the

“Em“:‘:gn;&zn d:}.‘ geological, topographical and hydrographical

details may be summarised as under 1—

(1) Thatit would be in the interest of the Corporation to utilise
the Vaitarna Reservoir source to its most economical benefit compa-
tible with the phym(.al conditions obtained at the site of the dam
This source can be economically developed to obtain the maximum
useful storage of 46,000 millian gallons by keeping its F. S. L. at
535 T, H. D.with.20" high automatic gates or by constructin
syphon spillway in the body of the dam. This storage will pmv:cf
good ‘ carry aver ' in years of good rainfall and would also be ade~
guate to give a cependable combined supply of 220 m. g. p. d.in all
lean years including the three consecutive dry years except in a year
like 1899 which occurs snce in 200 years. The supply available in
such a year will be 220 m. . p. d. in the wet weatherand 115 m.g.p.d.
in the dry weather.

(2) The development of the Vaitarna source to impound 46,000
_ million gallons would also enable the Vaitarna Reservoir to function
independently ofthe Tansa lake, when it is thrown out of commission
when so used, 1t would be capable of givinga uniform supply of 150
m. ¢ p.din all good and lean years, except only a driest year like
1899, when it will be reduced to 110 m.g.p.d.

'(3) All the water stored in the Vaitarna Reservoir need not be

transferred to the Tansa lake for being drawn upen thraugh its

. autlet well for being supplied to the city but that a part of the supply
equivalent to the carrying capacity of the new 94" pipe line could be
conveyed directly to the city. With the lowest level of water at
about 422 T, H, D., this pipe line, when new, will convey a supply
of [10m.g.p.d. and of 100 m.g.p.d. attheendof 20 years' service.

(4) The waters fromthe Vaitaria Reservoir could be transferred
to the Tansa lake in such a manner as to maintain the lowest level
of draw-off in that lake at the end of the hot weather not below

399T.H.D. Thiswillhelptoincrease the carrying capacity of the
existing pipe lines and would also get over the difficulty at present
experienced of the two pipe lines touching the hydraulic grade line
at Pivli'and Mohili cuttings when the water level in the lake drops
to 390 T.H.D.
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{(5) The waste weir will be designed to deal with a maximum
flood discharge of 92,000 cusecs with a flood depth of 207, over its
crest and, in order_that the co-efficient of discharge of the waste

wair should be as high as possible, experiments will be carried out
at the Khadakwasla Redearch Station to determine the most
suitable ' ogee’ shape for the waste weir to accomplish this end.
The flood discharge of 92,000 cusecs has been arrived at, by the
application of Inglis formula for a *‘fan-shaped® catchment
which compares favourably with the actual flood discharge estima-
ted for the Vaitaina river from .the velocity curve for a maximum

flood depth of 31°-6" in the year 1941,

»

-~ {6) ‘Experiments will be carried out onthe syphon spillway _

constructed in the body of the dam and an overflow weir with

autonatic gates at Khadakwasla Research Station to determine the

inore suitable type of the waste weir. The Station will also carry
out experiments on the protective works necessary on the down-
stream side of the dam to prevent undermmmg of the foundations

of the dam.

6. (a) Inthe words of Mr. K. K., Framjl,the Director orthe

Hydro Dynamic Reserach Station at Khandakwasla, model ex-
perlments in respect orthe followingare required to be carried ottt +—

(1) To ascertain the most etticient profile for the waste
weir orthe siphon spilway, as the case may be énd its coefficient.

{2) To ascertain the shape of the piers to obtain a hlgh
coefficient ofdischarge.

3 To determine-the shape of the side walls Yo deflect
the discharge rushing out through the 8'X10" under-sluices

(to be provided, alternatively, in the flanks or in the centre) .

into the tall channels.

(4) To find out the protective ‘works necessary sucl'l as
,the size and shape of the dentated sill, or other . dissipeting
" devices on the downstream side of the spillway to dissipate

the energy of the falling water to reduce the -scouring on the
downstream sidetothe mimmum.

(7) The tunnel will have a maximum carrying capacity of

685 million gallons per day at -Full Supply Level of the Vaitarna
Reservoirstanding at 535 T.H.D. Tt wouldbea 10" diameter horse
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shoe type. It will be lined with cement concrete and the thicknes
of lining will depend upon the nature of the rock met with. .

(8 The dam will be 250" high and will be built in concrete. It

has been designed according to the modern techniquein the design

of such damis and proviston for uplift has also been made therein

- though the foundation at the site of the dam can be said to be

- satisfactory. The dam will be provided with cut off walls (if neces-

sary), ga]leries, drains, etc., to reduce the seepage of water and’
thereby minimise uplift. Grouting will also be resorted to, under

the heel of the dam for the same feason, vz, to prevent seepage

and to minimise uplift. T

(9) It will be economical in the long run to lay from the very
commencement a 96" diameter pipe line 46 miles longmto convey
the additional supply to the city. 1f this were done, it will not be _
necessary to recondition the duct, This will release about 20 miles
0F48"C L. Pipes for being used in improving the distribution system
in the city.

(10) If the duct were done away with, a further length of 20
miles of 50" diameter lock-bar pipes will be released for being
used in improving the distribution system in the city. This will
" only be possible when the time for renewing the existing 72 pipe

lines, comes. It may be taken advantageous to replace some por-
tions of the existing 72" pipe lines by a new 96" pipe line to increase
the carrying capacity so as to close down the duct.

With the duct out of commission, it would pot be necessary to
incur heavy expenditure in strengthening or rebuilding the old
Kasheli bridges supporting its syphons.

32 A ‘rough idea of the financial lmphcatlons mvolved by
. Financial . considéra- the execution of the scheme was given in
tion. " para.28, sub-paras. 5,6 and 7 of the Interim
Report {pages 44-45), At that time, the financial consideration
was based on the estimated cost of the scheme, viz., Rs. 6.9 crores
for a total supply of 160 million gallons per day from both the
sources Tansa and Vaitarna. As now the cost of the scheme will
amount to Rs. 16 crores for a total dependable supply of 220

- million gallons per day, it is necessary to review the position regarding
the financial aspects ot the scheme. As pointed out previously,*
if the amount of 45 lakhs of rupees which at present remains  surplus
after meeting the cost ot maintenance, establishment and debt

" charkes on Water Works were to be utilised, it would Le possible

*Vide p. 4 of the Interim Report,
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with this amount to raise a loan of Rs. 7} crores without additional -
liability on the Corporation. The question row remains how the
interest and sinking fund charges on a loan of Rs. 8% crores (16-7%)
and the additional maintenance charges should be met with, Dueto

- no building activities going on in the City ‘at present owing tonon- .
availability of essential building matertals and the high cost thereof,
it is doubtful whether in the course of the next 7 years new buildings
will crop up which will bring substantial revenue by way of water
tax on rateable value. The position regarding housing will certainly
improve after a pertod of 4 to 5 years when a great slump in prices of
building materialsis expected. The collection of water tax on rateable

“value will considerably increase if the Greater Bombay Scheme  is
implemented and the Corporation undertakes to supply waterte the

. regionsincluded inthe Greater Bombay Schemeand not toleave it to
the Government as is being done at present. New buildings to the
extent of nearly onelakh are immediately required if the citizens
of Bombay and the suburbs are to be housed in" comfortable and
healthy surroundings. Assuming the average rateable value
of the premises to be about Rs. 500 each, the toal rateble value
will bé Rs. 5 crores and the water tax at 33 per cent. will be about
Rs. 18.75 lakhs. If the suburbs are not included in the Bombay
Municipal limits, we shall have to pay-income-tax on the profit
made by the sale of water and a large portion of this amount i3
likely to be taken away by Government by way of income-tax. As
additional water supply will be brought intothe city, the income
likely to be derived by the sale of water to the industries in the neigh-
bourhood of Kalyan area and in the suburbs close to the City as
well as to the Local authorities on the way, will be considerable.
It may be pointed out here that pipe lines of about 24" diameter
size for a length of 8 to 10 miles will be required to be laid from
suitable points on the trunk mains upto the town limits like Kalyan
and Bhivandi and the cost of this item will be very small compared
to the total cost of the scheme and the revenue that would be-
derived by giving such tappings. It is roughly estimated that
revenue likely to be derived by the sale of water by measurement
on the assumption that the rate is kept only annas 8 per 1,000 gallons
will be about Rs, 30 lakhs. The increase in the total income will
therefore be about Rs. 45 lakhs which would be adequate to meet
the interest and sinking fund charges on the balance of loan of
Rs. 8% crores and the additional maintenance cost due to gom-
pletion of the Vaitarna-cum-Tansa scheme, bringing to . the
city a total dependzble supply of 220 million gallons per day.
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It may however be pointed out thet at the end of the year 1954,
a part of the loan at present ontstanding against the water works
will be wipedrout to the extent of Rs, 23 crores. The dekt charges
that ate being paid on this loan amount to Rs. 30 lakhs which car’
then be diverted to meet the additional liability to be incurred.
Thus, the amount of Rs, 30 lakhs likely to. be made available from
1954 and Rs. 45 lakhs surplus already existing will be sufficient
to defray the interest and sinking fund chaiges on a loan of Rs. 16
crotes from 1954 onwards. If the development as suggested
above does not take place, there will be some difficulty in making
bath ends meet in the initial stages of the scheme and it may be
necessary during this period to raise the income on the rateable
value by increasing the water tax from 34 per cent. to 5 per cent.
as was suggested in the Interim Report.

833f H; }{‘ou approve of the recomimendations contained in

anction of the

Corparation vequned for this Report, the Cor.poratlon may l:-eapproach-
ed to accord sanction to the following —

. i

(I} To create a useful storage of 46,000 million gallons

from the very commencement on the river Vaitarna to obtain

a combined dependable supply of 220 million gallons per day

. from the two sources (Tansa and Vaitarria) by laying a 96” pipe
line in lieu of the 72" diameter pipe line originally proposed.

(2) To carry out expenments at Khadakwasla Research |
Station at a total cost not exceeding Rs 50,000 for ascertaining
the most suitable type of waste weir (syphon spillway or an
ordinary overflow weir with automatic shutters) and for the
protective works requlred on the downstream side of the dam
‘to prevent scouring.

» To get the designs and specifications especially for
the dam, scrutinised by Experts at a cost not exceeding Rs. 2 lakhs

(4 To the staff as shown in the chart (Appendix X1
being employed as and when required for the execution of the
scheme.

(59 To send three Municipal Engineers abroad to visit
the works of tunneland concrete dam construction and to study
the methods followed in their execution so thst they can be
used in the speedy execution of the scheme,
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' (6\ To give additions] powers to the Mumclpal Executwe
similar to those enjoyed by the Chief Engineers of P W.D. by
amending the Municipal Act forthe period of the execution

of the scheme.

(N To carry out the works departmentally or on the cost
plus percentage basis by negotiating with the tenderers or other
firms specialised in the particular type-of work if the tenders
received are found to be very high.
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CHAPTER I

DAM.

"~ 'The site selected for the location of the dam has one great
advantage vlz., that it reduces the length
of the tunnel from the Vaitama Reservoir to
the Tansa lake. Tt bas, however. one drawback, It is devoid ofa
natural site for a waste weir,

A}
Introduction.

" Tnview of the feasibility of the waters of the Vaitama Reservoir
being conveyed to the city independently of the Tansa lake by an
independent pipe line, it was considered desirable to teke full advant~
age of the storage offered by the Vaitama river at the site of the dam,
instead of restricting it to 17,000 million gallons as originally contemn.
plated, Investigations have since shown that the Vaitarna river at
the site of the dam can be economically developed to create a useful
storage of 46,000 million gallons above the invert of the tunnel,
viz., 422 T.HD. It should be posmble to obtain this storage by
keeping the F.S.L. of the reservoir at 535 T.H.D.  This F.S.L.
may be maintained either by adopting a waste weir of the overflow
weir type with its crest at 515 T.H.D. and erecting automatic falling
shutters of about 20 feet height thereon, or by providing a syphon
spillway with the crest of the syphons at 535 TH.D. The final

. cholce rggardmg the type of the waste weir'will depend upon the
result of experiments propcsed to be carried out at the Hydro-
dynsinic Research Station of the Government of India at Khadak-
~wasla,” If the syphon spillway is found to be more economical, the
*F.S.L. of the Reservoir will be kept at 535 T. H.D. and the H. F. L.
at 537 T.H.D., as a margin of 2 feet is reqmred tor the priming ot
the syphons bciore they come into operatidn. The top of the
dam must be raised higher than 537 T.H.D. to prevent waves etc.,
going over its top during the monsoon when the reservolr i3 over-
flowing. In this particular case, the waves are Ilke]y to rise about
5 feet over the H.F.L. This extra height, ie.; the difference
between the H. F.L.and the top of the dam is known as ‘Free-borad.’

- (2) Free-board is usua]ly determined by making rough calculs.

tionsas regardsthe costofthedemasa whele.

, he%:;l:: l;?:ga ?:d f“"' In this partncular case, it was folind that for
an overflow weir with automatic gates, »

free board of 8 feet would be economical. It s however proposed

to pravide a free-board of 10 ft The height of the top of the dam
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withthis free-hoard will be 545 TH.D. The height of the dam
above the river bed (310 T.H.D.) will therefore be 235 feet and
addingthereto the depth of 15 feet in the foundaticis, the maximum
height of the dam in the deepest portion will be 250 feet. It may
appear at first sight that by keeping the free-board 2 feet. higherthan
the economical height o 8 feet., the cost of the masonry in the dam
would beincreased. But calculations have shown that the additional
masonry, covered by the extra 2 feet helght of the dam will be
largely compensated by the reduction in the width of the dam at °
lower levels whlch will reduce not only excavation for foundations
and the masonryinthe dam atlower levels but also the total, uplift.

* (3) The length of the dam including the spillway length of
Longth of the dmia about 400 feet will be about 1700 feet  which
nEth o " isthe width of the gorge at the level carres-

" ponding to the top ol the dam:

-

(4) The most econ}t:rnlca] width Et ;}ll: top of the dumulto suit
. - the maximum height ot 250 feet would have
Top mdth ofthedum, | en a little less then 24 feet. But taking
into conslderanon the fact thet the dam has to carry a roadway to
connect.up the two villages of Khardi and Pareli, it was considered
necessaty to increase the width to 28 feet for pmwdmg a carriageway
of 20 feet and adequate fcotpaths on either side. The additional
width recquired for increasing the width of the roadway could have
been secured either by providing cantilevers or by corbelling out.
But both the methods have not been followed in view of the shortage
of steel and the dlihculty of corbelling in plain cement concrete.
The excess masonry inthe dam due to the additional width of 4 feet,
is also compensated considerably by the decrease in the width of the
dam at lower levels involving less excavation,

(5) Dams are mainly classified under two heads, dependmg
Cfloi“ mm“ upon the way the water load is carried :— -
thmﬁ.
' (I) Arch dams, where hnrlzontal water pressureis directly
resisted by horizontal reactions at abutments.

(I1) Gravity dams, where the sliding of dam due to hon-
zontal pressure of water is prevented either by action of friction
ar shear, while the moment of the horizontal thrust is counter~
acted by the shifting of the position of the vertical reactien of
foundation which pmwdes the required moment of opposxte
type.
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_Gravity dams are again sub-divided into two classes

() Hollow dams wherg the horizontal load of water is
‘transferred to a series of buttresses placed at intervals by means
of arches, slabs, etc., spanning between two consecutive buttres-
865, :

. {2)Solid gravity dams, where at every elevation, every
foot width of dam is subjected to uniform pressure-and resists
it byits wieght alone. C, ,

(6) At first sight the steepness of the gorge naturally suggests
Avch dam pot foa ¥ arch dam, An arch dam however is not
sible, -usually found to be cheaper than a gravity

damunlessitslength is less than three timesits height. '

Though this criterion is not fulfilled in the case of the Vaitama
dam, preliminery calculations based on the ‘ Thick Cylinder’
theory were made for an arch'dam and they revealed that the width
of the dam st the foundation level would be about 340 feet, i.e.,
* tnuch more than the corresponding width for a gravity dam (whether
built in concrete or in masonry). Besides, the length of an arch
dam being the arc of the segment, is 2lways greater than the length
of the straight gravity dam which forms the chord of that segment.
The arch dam has therefore to be ruled out.

(7) The next choice would be that of the hollow type gravity
Hollow type gravity dam. It requires énly about 40 to 45 per
dn: also nt:tyfunible. - cent, of masonry as compared to that

required for a solid g{ravity dam.

This type of the dam has also to be ruled out, because, saving
effected in materials would be more than offsct by the heavy cost
involvedin the complicated shuttering required. Skilledsupervision
. during construction would be necessary which it would be difficult
tosecure. Further, arrangements for passing the floods during con- *
struction, would present many difficulties, The number of hollow
dams so far constructed inthe werldis smalland sufficient e:speriencc'
has vet to be gained of their behaviour. However, a design for a
hollow dam with F.8.L. at 480 T.H.D. was actually prepared but
the idea of its adoption was thereafter abandoned because it was
thought thatitwouldbe better after all, not to try a new typeof

design which has not been put to sufficient test. . s
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" (8) The next in order of consideration would be the solld
A solid grmty dam, gravity dam, This type of dam is’ more

Musonry dam also not commonly used than a dam of any Fother
feasible under pecalinr type, . "
circumstances. .

_Here also two alternatives present themselves () Masonry
dam and () Cement concrete &a

Masonry dams of 270 feet hexght have been successfu]]y con~ -
structed in Bembay Prevince {lor example, Bhandardara Dam on the
Pravara), The masonry dam possesses certam advantages over thé
cement concrete dam~—(1)its construction 1is simpler and requires
hardly any machinery, (2) it requires less skilled labour and: less
supervision, (3} it can be constructed in ordinay bydraukc lime

mortar, thus dispensing with cement of which there is a shortagé at
present. This advantage is obtained at the cost of extra time
required for its completion; The overall cost of & masonry
dam is less than that of 4 cement concrete dam even
though the total quantity of masonry in a masonry
dam exceeds that of a cement concrete dam, because, the cement
- concrete dam requires the necessary skilled. supervision, special
equipment, form work and very sound organisation. Drawing No,
V.T./134,/3rd April 1948, shows a concrete dam super-imposed
on a masonry dam. The following are some of the reasons why
a cemerit concrete dam is - considered preferable’ to an orclmary

rpasonry dam —
1) There are propsects of gettmg requlred equipment

and machinery,»

(2) The required skilled personnel having expenence of
such work are also available. . .~ .

(3) The hydraullc lime required for a masonry dam is
not available in the neighbourhood and will have to be trans-
ported to site from long distandes.

(4) The time ‘required for the completion of a masonry
dam would be over B years while a cement concrete dam can he
constructed in about 3 years provided, adequatesteps are taken
before starting the work to keepall the equipment and materials
ready. Time is the governing factor, in our case and the cost
is of no consideration. The city is in need of additional supply
of water and it must be made available in the shortest time
possible. Any delay in the exeaution of the scheme would



79

seriously affect public health. . Tt may not even be possible to
make available fo the citizens a supply that is being given at
present if the monsoon fails. . Bombay has been fortunate in '
getting for the last ten years, godd rainfall in the Tansa catch-
ment. We may have toface a scanty year or a° series of scanty
years in the near future and if such years do oceur, the supply
available from the Tansa lake would be considerably less than
what 1s available today. It is Recessary to specd up the con-
st ruction of the dam and the tunnel and 1o build the former,
atleast to a height-of 430 T.H:D. so that the, waters of the
Vgltama could he diverted into t})e\'rausa lake i in Jean years to
keep it filled on ﬁrst of October.

-Underthese cireumsétances, t he chaice naturally fal ls ona cement
concrete dam of the solid gravity type. - -

9 In wcrkmg out the 3mvnly section of thé dam, the following

" Assumptions for desiga assumptions have been made v

. puxYpases.
(a) The completed structure will be a monolithic  mass so
that thelstress conditions developed in the loaded dam would
be esqentmlly the same as calculated in the stress analysis,

()] The weight of concrete in the dam will be 150 Ibs, per
Cenft. '

{c} The dam will be sub]ectecl to the maximum uph‘it ot

50 per cent. at the heel decreasing uniformally to zero-at the
e,

{d) The coefficicnl: of frigtion belween ccnerete and

- eonerete and alse between eencrete and Faundatlon rock will

be 0.65.

() The inclined compredsive stress should not exceed
50 000 Ibs. per square foot; while the inclined tensile stress
should always be less than one pound per squaré inch. '

. () The average sheer stress should never exceed the figure
- of 350 Ibs. per square inch.

(g) The factor of safety’ for the resulfant shear friction to
be limited to the minimurm figure of 5,

Drawing Nos, V.T./(25, dezted the 23rd February 1948 and
+ V.T. /126, dated the 26th February 1948 show respectively the cross-
sections of the dam for the abutment and the spﬂlway section with
their stability and stres§* enalysis..



80 .

(10) ltis pmposed‘;o grout rock lying under the upstream
Grout holes and cat- face ofthe.dam even though pmvi‘si(m ffn' the
off trench, 7 whole uplittexpected, has been made in its
design. Four lines of grout holes, each about' 2" dia, size .running
along the heel of the dam at 12 centres are proposed. The distance
between the consecutive lines will be 4 feet and the holes in alter-
pate lines willbestaggered. The first two rows as measured from the
upstream face of the dam will be drilledto a depth not less than 25
feet below the foundaticn level of the . dam and will be grouted
- with cement groutata pressure of about  1501bs, per square inch
‘betore the foundation concrete islaid, When the concrete forthedam .
has been deposited for a height of about 25 feet, the rows Nos. 3 and
4 as measured from 'the upstream face will be drilled through the
concrete and rock to a depth not less than 50 feet below the foun-
dation level and. will then be grouted with cement grout at a
higher pressure of about 200 |bs. per square inch. Wherever
possible, holes in the fourth row will he drilled at an inclination
towards the upstrear side so as to interceptthe three preceeding
lines of grout holesto form an impervious barrier in the bed rock.

In addition to the above precautions if the foundation condition
so demands, a cut-off trench 10" X 10" will be provided under the
hzel of th: dam and this trench along  with™ the grouted rock will-
form a begter barrier under the heel of the dam. ‘

During the preliminary mvestlgatmns, 1o major faults in the -
bed rack have been discovered. " But if such a tault in the bed rock
is encountered when the foundations are finally opened up,
special treatment will have to be given thereto,

(1) The rack foundation for the dam shall be drained by a -
~ series of drain trenches 2 feet wide by 1 foot
deep to be provided about 25 feet apart as
shown on the drawing No. V.T./1 43/20-8248. These trenches will
be filled up with broken stones to form a permeable path for
any water if atall leaking tnto the foundations. -~

A line of 3" dia. holes drilled into the bed rock for a depth of
about 25 f2et below the foundation level along the above transverse
drains is also being provided, These holes willi mtercept any water
finding its way through or around the grouted curtain. The seepage
water will be collected in the transverse drainsthrough the vertical
drains from where it will be led to the drainage gallery through 47

Fouadation drains,



8l
dia. cement eonerete pipes provided in the body of the dam at about
25 feet apart connecting the transverse foundation drain to the
drainage gallery.

(12) 6” dia, porous concrete pipes placed at about 25 feet
centres about 3 feet downstream ofthe axis
of the dam, running vertically down and
connected to the d?amage galleries will be
“provided, These drains are planned to intercept and collect the
water entering the portion of the dam between the upstream face
»f th: Jam'aad thedrainage galleries through construction joints,
though very little leakage in this form s actually cxpected. -

Interoal drainage
systemn. -

(13) A5 feet dia. shaft from the top of the central pier in the
spillway will extend right down to R.L.

. 300,00 T.H.D. Thisshaft will be located
(Ae::mﬁgn‘;:‘:“"l'““l‘,z' alongside tl}e “inspection  galleriestn the
pravided i foundation Spillway section of the dam. On completion
::ﬂf::;ﬂ;rﬁ;":m‘i‘“‘h of the. works, if experience demands, an
electrically operated 6" dia. vertical “spindle

pump will be lowered through this shaft and

" mounted ovey the dramage sumyp pit situated alongside the 314.00
T.H.D. elevation inspection gallery,

(14 Drawing Nos. V.T./143/20-4-48 and V.T.[/144/22-4.48
show the general arrangements of the inspec-
tion galleries which will be 5'-0” wide by 7°-0/
high and will Le provided in the interior of the dam at about 60 fect
difference of levels, the lowest being at R.L. 314 T.H.D. Though
these are being called inspection galleries, they will be useful not
only for inspection but for draining, cooling and grouting the
contraction joints, Each mspection gallery will extend frdm one
bank of the river to the other and will be approachable from both

the ends. These galleries will be provided with lighting and ven-
tilation arrangements.

N
(15) Two under slutces each -0 wx}ti]e by 100" high are
' being provided on either side ofthe central
Under shuiso. spillway. The main purpose of these sluice
_gates is to let go the first fill of the lake from the catchment area.
Theé sluice gates will be located withtheir invertat 325,00 T.H.D.
and each will be able to pass a maximum discharge of about 5,000
cusees only when the reservoir is full. These gates will be operated

Inspection golleries.
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electrically as -well as manually. A curtain to go in front of
either of these gates wlllalso be provided to meet an emergency in
case, repairs to ‘the main gates are necessary, The gates can be-
approached from theahaft by steel ladders pmv:ded forthe purpose

* (16). After considering various alternatives such as, sxde
channel spillway, syphon spillway and a-central

mg;:l’;:‘t:rﬂ"’:zw‘;;;h spillway witha high “coefficient nappe»-shapc
spillway. no decision has yet been taken in regard to
the type of the spillway.to be provided. It is

bﬂng recommended that this matter should be investigatad by the

KRadakwasla Research Station and till the results of the syphon ~

spillway as well as of an overflow spillway in- corjunction with

autematic gatesare - kaown, the final decision should not be taken.

In case it is decided te go in for an ordinary overflow spillivay in

conjunction with automatic gates, 4 gates, each 20 feet highand 70 -
feet longwill be required. If, on the other hand, a syphon spillway

is found to be cheaper, it wn[l have to be lucatcd mn the body ofthc

dam, _ o

(17) The gates if erected will be "of copper bearing M.S
. .f th"Saclions and will be counter-balanced with
adial gates Ror the ooneperp counter-welghts and will be float
comral spillway. : operated. C“mem concrete fonts are linked to.
the radial acms of the gates at about one third of the length of the
arms. The concrete” floats will be housed in chambers in the
piers on each side of the gates. When the water m the lake reaches
the level of 535.00 T.H.D. it will be admitied into two chambers,
over weirs at 535.00 T.HD. These chambers will be housed
over the two 28°-0" wide piers on either side of the spillway. The
water admitted into the weir ¢hambers will ‘flow into the float
chambers. These float chambers will also be provided with escapé
pipes with control valves having indicators and locks. When the
inflow into the flnat chambers exceeds the escape from them, the
water level will rise within the float chambers thus making the
floats buoyant. As the, floats rise, the gates will be lifted nll

uhxmateiy they arerquite clear nf the waterway,

On the ﬂoods receding and the lake level falling be[ow 535.00
TH D., the escape from the float chambers will exceed the inflow
into the weir chamber and thence into the float chamber rthis, in its
turn will result in lowering the water level irrthe float chambersand:
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falling of the floats and closing of the gates. - As the weights ofthe
~floats will be considerable, they will keep the gates hard down o
‘theirsills. properly staunched, .

A further advantage of the gates of this type is that during
the dry season, they can be lifted for complete examination, ad-
justment of staunching, painting etc., merely by closing the escape
Valves from the float chambers and filling them with water,

- In case the choice falls on a syphon spillway, there will be
-about 6 batteries, each: containing about 5 to 6 syphons each
10" %10,

(18) As aforesaid, model tests are necessary to determine
tho nappe-shape as would give the highest

oefficient of discharge, Model experiments

- are also necessary to determine the shape of the side walls
to deflect the dlscharge rushing out through the 8'—0"%10'—0"
under sluices, into the tail channel. Experiments will also be .
required to determine the size end shape of the dentated sill at the
downstream side of the spillway to dissipate the energy of the
fa]llng water to reduce the scour on the downstream side to the
minimum. -

Model Tests.

(19) A Waterleve] indicator and recorder will be mstalled m.
Measuring Equipmoat, 2 feet diameter shaft alongside one of the

. - 80" X 10°0" sluice gates. This machine will
be mechanically operated with an electrical tramsmitter to indicate
and record the Vaitarna lake levels, at the control station at Tansa
and in the Hydraulic Engmeer 5 OfflC&In Bombay.

- Eachoftbefour Radial Gates willalso befitted with mechamcully :
perated- mdlcatqrs. Integraters and recorders for the purpose of
lcee:pmg full records as to when cach gate operated and the quentity .
of water spilled through it. - These machines alsé will be elcctm
cally connected with the instrument panels at Tansa and in the
Hydraulic Engmeer soffice in Bombay. .

(20) The Z(Meet roadway with 3 feet side pathways on either

" side will be the mainlink between the’ Agra

R:l&‘:‘{ ﬁi aB“dﬁ' Road on the East and Surat Rcad on the

over the spill wag. West. The roadway will be provided with

36" high parapets which will be about 12" wide at top and will be
provided with toe nichesat bottom. The road surface will have a
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wearing coat 43 thick of | :2:4 concrete. Thema}dway will be
drained with 3" concrete pipeson tothedownstream side,

The bridge, over the spillway will consist of four indgpendent .
spans each 70 feet long. " 1t may be either a M.S. plate girder, or
a R.C.C. slab and girder type, or a RC.C. arch type. The bnd'gc
will be designed to class ‘A’ loading as prescribed by the Indian
Rozd Congress, with 750 lbs./square inch compressive stress
in concrete and~ 18,000 lbs./square inch tensile stress in
steel. The beant ends will be supported on roller frames

“Iree to expand or contract. The road surface on the bridge will be
given the same treatment as in the case of the roadway on the top
‘of thedam. Thusa first class roadway having two traffic lanes with
‘A" class loading will be provided across the Vaitarna Reservorr.

Construction of the Dam.

21) Atotal excav;atiqn of abouit 35,00,000 cubic teet of earth
Kxcavatiod.. mixed with boulders and about 22,00,000

~ cubic feetin rock will be required for the
foundatians of the dam. On the basis of the exploratory boring, it has

been expected that no unusually large seams exist and the removal
of 10 feet of top rock lying just underneath the overburden of earth
and boulders ‘will be sufficient to obtain.a firm and good rock for
the foundation throughout the length of the dam, The spoil from

the foundations will be deposited along the banks of the river
beyond a distance of 300feet froim the toe of the dam.

(22) The whole process of manufacture of conrete from the
Concrete. . point of origin of raw materials to the finished

produf:t zs lald in the dam, will be under strict
cantrol and laboratory testing, The conerete to be used in the dam

will generallybeof 1:3:6 mix by volume but this proporticn may
be varied, after laboratory tests with the actual materials, are carried
out duiing the progress of the work to obtain a minimum crushing
strength of about 1,400 1bs. per square inch (factor of safety=<4) at

'_the end o_f 28 days. Lhe total quantity of cement concrete will be
in the neighbourhood of 172,00,000 cubic feet.

(226) 'The coarse aggregate willbe crushed at site, out of the
Coarse Aggregate  DIue basalt trap rack for which quarries will
be opeped at site. Selected quality of stone-
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will be transported from the quarries to the crushing plant whore
the stone willbe crushed and classified into four grades :—

Grade [Fine  metal 1/4"to 3/4"
v HMedium 5 301§
w Ml Coarse ,, 14"to 2"

w IV P]ums 3" to 6"

All thcfourgradesofaggregate willbe washedin orderto remove
all unsatisfactory matecials. If any change in the grades of the
aggregstes as a result of labo&atory test is considered necessary, it

_willbe done during construction.

{22b) A large guantity of trap sand is available in the bed of the
Vaitarna river about ten miles downstream
of the site of the dam. This sand will
be transported to the site of worfs by road transport. The sand
will be screened and graded to give the fineness modulus of not less
than 2.50 and not more than 3,00, Thesard will also be washed
clean to remove any objectionable matter. If sand in sufficient -
quantities is not obtained from the Vaitarna river, either crushed
grit or else sand from Mumbra* may have tobe used. Itis felt
that sufficient quantity of sand will be available from  the
Vaitarra rwer. -

Fine Aggregate (Sand).

(ZZC) Water for aggregate washing will be pumped from that

stored by the temporary bund constructed en

w:?;:;‘; for sgEregste the upstream side of the site for main dam,t3l]

A the main dam rises above the top of the

temporary bund. Water used for washing the aggregate will be
aslowinturbidityas posslb]e .

(22d) The Cement Marketing Company of India have shown

their willingness to supply “the special
) Low-Heat cement requtreo for making
concrete. . Negctiationsin this behalf are still going on. Low-
heat cement will be used in order to reduce the gmount of heat
generated during the curing process which facilitates the cooling
.ofthe concreteafteritisplaced inthe dam.

Cement.

* Mumbrs is g railway station, 21 miles from Bombay on the Thuna Creek and s a
great source of und
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The Low-heat cement will tentitively conform te the following
~ specifications =
The Chemical composition—
Loss on 1gmtlon not to exceed 3.00 per cent,
' Insolub]e Resxdue not to exceed 0.85 per . cent.
Magnesm (MgO) not to exceed 5.00 per cent,
Sul phuricAnl::ydride (SO nottoexceed 2,00 per cent.

The Compound Compasitiorn—-
" Tricalcium Silicate (CasS)not to exceed 40 per cent. -
Dicalcium Silicate (CazS) not to exceed 65 per cent.
Tricalcium aluminate (Ca3A) not to exceed 7 per cent.

Tetracalcium alumino-ferrite (CaAF) not to exceed 20
per cent.

-Fincn*essm
The specific surface to be not less than 1,700 ner more than

2,300 squere centimeters per gram as determmec‘z by the
‘Wagner turblde-meter ' :

Time of Seitmg-—-—

The Cement not to devclop imtial set in less than 60
minutes and the final set w1thm I0hours. -

.G ampresswc strengthw :

" The compressive strength of mortar at 7 days, (one day in
moist air and six days in water) to ba not less than 1,000 Ibs.
persquareinch. and at 28 days, (one day in moist airand twenty
seven days in water) to ;be ot less than 3,750 Ibs. per

. square inch. *

Heat of Hydration~— o

Cumulative heat of hydration not to exceed 65 calories
per gramat 7 days and 75 calories per gram at 28 days.
Water——

The water for mkmg concrete w1llulso be pumped from the
same temporary lake from which water for aggregate washing

will be taken.
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From the information available so far, the water is suitable for”
mixing canctete but when the work pregresses, it may be necessary
to instal a filtration plant to remove objectionable impurities.
However, under no circumstances, solids in water used for concret-
“ng will be allowed ta exceed 50 parts per hundred thousand,

(22¢) The total of about 172,00,000 cubic feet, of cement
concrete 1s to be laid for the construction

of the dam. To complete the workin three
years with 200 werking days in a year, about 28,000 cubic feet of
concrete must be laid perday, Itis proposedthat the mixing plant
willconsist of four rotary type concrete mixers., Each of these
mixers will be of 42 cubic feet output capacity givingabout 9,000
cubic feet of mixed concrete per 8 hours working day. Normally,
three mixers will be workingand cne willbeastardby.

“ Mi!:ing of concrete.

The mixing plant will be a stationary one and mounted on the
eastern side of the valley, Two mixers will form cne unit and will
have their own batching plant consisting of aggregate and cement
storage bins. From the storage bins, materials will flow by gravity
to the weighing mechanism installed directly beneath’ the bins.
These weighing mechanisms will be - s:mp]e in construction and
operation and will have a simple correction device which will com-
pensate for the moisture contents of the aggregate. - The weight

cortrol mechanism upon which depends the uniformity of the batche?,
will consist of separate weigh beams for each, aggregate, cement
and water, The mmisture correction which will make accurate
allowance for the moisture contents in the aggregate, will be carried
out by ad]ustmg percentage weights on the weigh beams. For this
Purpose, moisture determination ‘scales will ke supplisd with the
plant to obtain the moisture contents. Thus, the correct amcunt of
cement, aggregates and water, including the water m the adgregate
. will be obtained in each mix. g ,

(22f) The mixed concrete from the - mixing plant will be
transported to the point, by 270 gauge
trolley wagons, hauled by diesel engines,
whereiit will be’picked up by ropeway. Flat decked wagons will
be used for this purpose. l L

'l‘rancpon of concrete.

Two rope-ways each of about 20 ton capacity with self-propelled
travelling head and tail towers. mll be necessary. These rope-
ways should be capable of dumping about 50 charges per 8 hour
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working day at the farthest point. It issuggested that the hotsting-
spéed should be about 200 feet per mmute.

(22¢) Large numbers of containers of special construction

and design will be requ:red [+ 13 suggested
*  that the general sizes, 200, 100 and 50
cubic feet, be adopted. .

(ZZh) The concrete will be laid in 50 feet X50 feet s square
Placing of concrete. . blocks and ‘in 5'-0" high liftsin one con-
acing " tinuous operation of 8 hours. All along
the forms and edges, the concrete will be vibrated by means
o} mechanical vibrators as the conerete is. being deposited.
As scon as the 3 fect lift isset but notlater than 24 haurs

of its placing, the top surface will ‘be thoroughly cleaned with
" water jet to remove the laitance and coating of mortar. However,
care must be taken to epsure that no excessive mortar is
removed and the green .concrete is not injured in any way.
Atter cleaning the surface, it will'be kept molst with 2 layer of water
till the next kift of concrete is laid o it.” Immedlately before con--
creting thé next lift, the surface will be once again cleaned with sand
blast and water jet. All inclined and vertlcal faces of concrete wlll
be kept wet for 22 days from the date of concretmg.

Contmeu.

(221) Timber forms are to be used. However, these forms
will be so made that they will be self-support-

Forme, ing*and will provide vertical keys in the

crusswise Joinfs,

(23) All the vertical contraction joints will be provided
with water, seals’ about 18" from the up-
stream and downstream faces of the dam.
They will be either of 9" wide hollow-central triple bulb type made
from especially treated rubber compound or 18 gauge annealed copper
plates.  Rubber andicopper seals have been used at Clla, Boulder
Canyon, Yakima, Kalamath and many cther projects in U.S.A.,-
orgamsed by the Bureau of Reclamatlon with great success. -

" Water seals. -

.\

(24) With Amerlcan Engineers, wha have built high concrete

(_“]mg of the dam. .dams, the cooling of the dam by artificial

means and _thus contracting the concrete

. and opening up the vertical j ]omts and then grouting them under
high pressure has become a regular practice.
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The purpose of artificial cooling, is to'minimise the temperature
rise from hydration heat of cement immiediately after placing ot.
concrete and to speed up the inevitable shrinkage so that the
-structure quickly . reaches a constant size. During the entire
coolmg period, the mass structure shrinks and joints in the
interior open up. The artificial ccoling therefore speeds up
the temperature change, firstly to cause the entire shrinkage while
the concrete is relatively plastic, and thus secondly ta open
up the joints to their maximum limit which can then be grouted
full before stresses frorm the load in the reservoir come on the struc-
ture. Thus, the full mass of the structure takes compression with-
out internal movement,

» It is an established fact that in the cace of mass concrete struc-
tures, to hold the temperatures low, specially when the conerete is
“green, 1s very effective in controlling surface cracking. Withqut
preartificial cooling, sudden drop in temperature on concrete sur-
faces, in winter months, produces marked temperature gradieats at
and near the surface of the concrete, such that the ultimate tensile’
“strength of the green concrete 18 exceedcd ) . \

¢ * The Grand Coulee dam which is 540 feet above foundations,
Shasta which is 560 feet high above the foundations, Owyhee Dam
which is also 405 feet high and many other high dams have heen
cooled and.grouted. In the case of Friant Dam built across the
river San Joaquin in California and completéd in the year 1943, a
'238 ton capacity plant cooled and circulated water through small
pipes spaced at 2} to 5 feet centres on 5 feet lifts of concrete. This
dam is 300 feet high above foundatlons and about 3,430 feet long.

- As pointed out before, the first condition of design is that-the
complete structure should be a manolithic mass so that the stress
Conditicns developed in the loaded dam would be cssentislly as
caleulated in the stress analysis, Itis therefore necessary to cool the
dam’ nrtlﬁclally and to grout all the contraction joints. .

(240) One inch outside dlameter thin walled M. 5. tubing w:]]
Cooling Pi be placed in the bottom part of each of the 5
oolng Fipes. feet lift. These plpes will be p]aced in coil,
_the distance between any two coils not exceeding 5'-0". Wherever
the conlmg pxpes pass from one black to another, suitably designed
expansion ]omts will be provided. These coils will be connected



90

to about 60 feet long header pipes placed verric:ally at suitable dis-
tances so that the total length of any of the 1" pipe coils does not
exceed 1,000 feet. These header plpes will be placed along the lme
of inspegtion galleries and will terminate between two successive
galleries. Theinlet headers will be connected to the main refrigerant
feed pipe running aleng the lower gallery in the section of the dam
that is being ¢ooled. The cutlet headers will be connected to the
main return refrigerant pipe running along the upper gallery of the
sectmn of the dam. -

The vertical header pipe will be 3 dlameter while th&]‘lorlzontal

main refrigerant feed and return pipes will be 6, diameter, suitably
inzulated either with 27 thick cork or any other suitable material.
These pipes will be provided with expansion jeints at every 50 feet
so that the jomnt is located cpposite every crosswise construction
joint in the dam. The cooling arrangements here suggested may
haveto be modified during construction but they have been mention-
ed here to give only a general idea of the equipment rcquired.

(245) The destgn of the cooling plants will be left to the
contractors who specializein this line of pro-
oli‘;‘;l:;_‘:)i”m‘ aad . fossion. .The cooling will be carried
o eut in two . stages. The' first stage
will consist of circulating air-cooled  water through
the pipe system. The .second stage = will consist of
circulating of refrigerated water through the same. pipe system.
The reduction in temperature will be obtained by air-cooled water
to the maximum extent possible. In both stages, water will be
pumped at the rate of not more than 4 gallons a minute and not less
than 2 gallons a minute through each of the coils, “It is proposed
that the mass concrete will be cooled down to 45°F. Further inves-
tigations on the subject, however, are necessary before final decisions
can be taken.

After cooling has been effected down to 45°F, the temperature
will be maiutained at that level for at least 48 hours, before final
groutmg is started and also throughout the process of grouting the
contraction jeints.. The cooling will be done for two adjacent sec-
tions of 50 feet length between crossawise contraction joints and
extending throughout the width of the dam, The section taken
for cooling will be about 60 feet high between two successive
pallery elevations at a time.
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It~xs estlmated that two 100 ton refrigeration plants giving a
total capacity of 200 tons of refrigeration will be ample when coupled
up with a suitably designed cooling rower,

(24c) About 98 thermometersand 38 joint opening indicators
Tlurmommn and will be insertedin the body of the mass con-
Joint opening indicators. Creteas the work progresses, - These instru-
‘ments  will be of electrical resistance type. The ter-
minals of the ‘electrical conductors from these instru-
ments will be conveniently -located in the respective
inspection - galleries, - A portable Wheatsone Bridge type
instrument when connected to the terminals in the galleries will give
the readings of the temperature of the concrete and the extent to

whlch the construction jomt has opened
,Groutmg of construction Joims.

(25) Strips 12" wide 18 gauge annealed copper sheet hent in

‘ . - “Z"shape will be embedded across the joints

Grout scaler. - along the boundaries of each grout lift rupning

. = * vertically both upstream and down-stream

faces of the dam so that-a complete barrier is effected to a!tam the
required pressure of grout within the joint.

(250) As work progresses, pipes will be embedded in the mass
Grout Pipes: concrete for groutmg the crosswise Joints. )
Ata distance of about 18" trom the grout stop barrier, 1}’ dia-
meter header pipes atthe topand bottom ot the joint running across
the dam from upstreamto downstream face will be laid in the block
to be grouted. These two header pipes are connected by %" dia,
pipes at 6 feet centres running vertically with grout-heles located in
such a-way that they are at a distance of about 12" abdve the 5 feet
concreted lift surface.” Tl’llS set of piping W1]l gerve to grwt the
cross-w:se Joints.
(256) Suitable vent holes with control valves will ke prowdcd
‘on the downstream side to ensure proper
- Vout Hales, venting of the joints as the grouting is beirg

.done.
(25¢) Bgfore grouding operaticn is started, the joints will be

filled with water and allowed to be scaked for.’

- Grouting ”mma' at least 24 hours. The grouting will
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continue as slowly as possible. When the “required quantity -

" of grout as per calculations has gene in, a final pressure of-50 Ibs.
per square inch measured at top of the lift, will be applied to ensure
that the grout penetratesintoallcrevices, Extreme care willbetaken
when applying this pressure. Low heat cement will be used for
grouting purpcses after it has been sieved through a 200 sieve,.
The grout mix willbeinthe pnoportmh of 0 7to | water to cement
by volume in allthe jeints. o S

The whole des:gn of the mass cement concrete dam depends on
etfective cooling and grouting c f the construction joints. Therefore
every care must be taken to ensure that the completed-structure is
a monolithic mass so that the stress condition developed in the

 loaded dam would be essentially as caleulated inthe stress analysis.
To achieve this result, no efforts can be spared.

MAGNITUDE OF THE WQRK.

. ' f .’ N
(Vaitarna-cum~Tansa Scheme) -

P

ﬁxcqvation :

The excavation for the fourdatmns of the dam will be as
under i

(a)- Excavation in ordinary earthanﬂloose material—17,500
brass.
(b} Excavation in murum snd -imft rock-— 17500 brass

(c) Excavatnon in-hard reck: rcqulrmg b]astmgmzz 000
brass, '

Thelabour for (a) and (b) will be about 2, 000 labourers per day,

. forabout four months and for {c) about 600 labourers pet day, for
 two seasons.

‘Plcmf and Machinery : ~
. . The following machinery will be rcquired 1

()] Compressors 40 H.P, with necessary pneumatic drills,
* ete.~5 Nos. .- > ‘

- -

(6) Pumps with 3" to 4" suction—10 Nos.
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Concreting of the dam :

. The quahtlty of' concrete (13 6) wn]l be about 172 0co brass
(with 20 per cent. plums)

Matenals for the concrete: -
{a) Cement - - . o 1,20,000.tons

(5) Plum stones (i used) Cvee 34,400 brass
(c) Aggregate i oo, 1,52,000 Brass

(d) Sand e - 77,000 brass
o
Crushing programmc

A stone crushing programme “of about 1 52 000 brass in four
“seasons will have_to be arranged for. Its tipping should be on an
‘average 220 brass per day for 175 working days in a year., Quarry
- nrr:lngements for obtaining about 250 brass per day will have to be

made :

P]ant and mdchinery required for crushing :

About 14 Nos. of 20"X9" Baxt® make cmshers each with 30
H.P. will be required. The capacity of eachi crusher for 10 hours
working will be about 13 brass per day. The screening will glve
abouit 7% per cant, fine matal which can be used as sand.

: '—Sand.

Sandwill have to be obtained from Tilsa—10 miles downstream’
. of the-dam site, ¢ither by lorsy or a tram line. by making a road.
- Arrangements will have to be made to collect and bring 100 brass of
sand per day. A flect of about 20 1ornes will be rcqulred

. Labour

The man-power required for cmstmctmn of the dam will be
- mughly as fol]ow:. :

Numbers

. . per day. -
(a) Quafries . weee 1,300

() Crushers e 800 .

-

(£) Sand collection 300
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Numbars

o ~ per day.

(d) Breakers w300
(2) Mixers . 630

'~ {f) Casting and concreting 650
- {g) Stores -~ . . 100

(k) Miscellaneous, for trolley lines, attendants.
drivers, machanics, masons, carpenters,

Bhisties, etc. e, 30

——————————

4,450

In all roughly 5,000 workmen will be required daily at least for a
period of 3 years.

CHAPTERIL
| —TUNNELS.—

1 The work on the tutmel ahgnment is divided into three .

© sections. The carrying capacity of the tunel

T_f.’“‘ ”‘l""l‘:e' skworks 3y, each secticn'is to be 685 million gallons per
on fanasl algament day w1t]1 a maximurm head of 118 feet.

Total
length
Rit
(l) 2 Nos. of approach and tail channels (30 fr. |
‘ anrl 35 feet bed width respectively with .
a ‘maximum depth of 50 feet) S e 3,300
- (2) 3 Nos. of Horse-shoe type tuﬁnels (cgncrete -
* lined) of 10 feet diameter size” . 21,600
(3) 2Nos of 126" diameter steel pipes, 3[4" thlck
: supported on hndges L v 1,010

2. To facilitate constmqtlon. the entire work on the tunnel
Division of work iate alignment is divided into three different parts.
suitablo tenders,

(1) Tunpel work proper, mcludmg the works of the two open :
‘ . channels and intake arid offtake wells ‘
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(2) €inll works, i.e., work of "the- twer bridges on Balwant
and Tasu Nallas, together with the works of providing
C. C. chairs for steel pipe, deflection blacks, ete.

(3) The work of fabricating and laying stee] plpes togcther
with their appurtenances.

3. The quantities involved are as follows :—
« Maln ftemns of tanders.

(A) Turmel Work:—~

(1) Excavation in open channel in

carth and myrum ~ ° v 40lakhs Ct.
(2Y Excavationinopenchannelinhard
rock . ' . 40,

(3) Excavation in tunnels proper ... "‘23.7I "
(4) Lining of concrete 1 : 224 for

good rock we 5,250 brass,
() megofconqretel 23 4forpoor :
rock © . - %0
. (6) Llnmg of porta]s e %
- C C. 12326 for hollows outside |
]mlng ' 600

(8) Steel required for reinforcement 6,000 Cwts,

(9) Goursed rubble masonryincement 1,200 brass
(10) Pitching - ‘ v 2,000 5,
(11) Construction of Intake Well - ... o | Job.
(12) " Oﬂ-take Well v . [

{B) Civil Worksu—(Balwant and Tasu Nalla Bridges).

1)) Excavatlon n Murum and Boulder }
in trenches e 46,500 G.ft.

2 Do, inrock - 21,000
(3) &ci:4; gfoundatmn . 2900 ,, -
(4) Coursed rubble masonry ih cement 98,800,
'(5) Formation of cmbankment ... 6,20,000 ,,°
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(6) R. €. Comerete - e 2360 ’C.ft.- .
HREY '4pla1n concrete in blocks 7,700 -

_(§)I 13 : 6 Deflection blocks _7.000 .
(9 Cut-stone work ) = 970 ,,

[

(10) Metalled road . 10,600 S 8t
() Pnpe Lme.
126" dismeter steel pipe, 3/4” thick ... - ,OIOR.t.

" Apputtenances—Manholes, Scour; valves, Expansion joints,
ete. o

- 4. List of Building materials mquirad“':-ff‘ -

Quantities of Building
matorials required.

s

Serial Item. Tunnel  Givil Pnpes Total
" No. - - work  work. :

I Cement .. 134000 1,000 - .. 145000

bags bags. - bags. |
2 Sand - we . 3,200 551 . 3,751
- ~ Brass.  Brass, © . Brass.
3 Metal w6520 2 .. - 6,940
. ‘Brass, . Brass, Brass. '
4 Stome G 2700 . 1040 ... - 3740
-+ Brass. . Brass. - Brass,
5 Stéel .. 300 . 10 0 505 - 8I5
. 7 tons, tons. tons. ‘tom.

Thls exc]udes the materials requlredgéf intoke aﬁd oﬂtake
arrangements and steel requlred for appurtenances of l|26 diameter
pipes.
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B.—List of equipment . and machmery requlred.
(l) Air compressors (about 300 C.h.

capacity each) we 15 Nos.
(2) Drills of all types 40 ,,
(3) Jack hammers - 12 ,,
_ (4 Dnill sharpeners . 3.
{5) Grinders 3 .,
. (6) Air blowers : 4,
(D Generating sets (about 250 K.V. A B
capacity each) " 6 .
. {8} Tempering furnaces e 4 .
(9) Mucking machines - ~ 8 .,
(IO) Tunne] trollies (40- C ft. capuclty :
. Each) w1007,
- (I1) Tipping tralliés =~ - 50 ,,
12) Hoists ~ - 4,
13y Electric winches - 2.,
(14) Air pipes 4" and 6 diameter ... = 5 miles,
(15)-Water pipes (various sizés) ... i ,,
(18) Ventilating fans (about 80 H.P. '
capacity each) - | 10 Nos.
(17) Ventilating pipes vee 4 miles
{18) Stone crushers " . 3Nos
(\9] Trolley line— - '
- (a) 30 Ibs.fyd. - 6 miles.
(6) 201bs./yd. . %,
(20) Diesel locomotives. T " 6’ Nos. -
@210 Bull- dozers o e _2 Nos.

22) Other equlpment such as concrete mixers and placerss
workshop equipment such as lathes ctc.

The work will be carrlecl out by clay and mght and the w:)rkmen
will have to stay as near the work site as possible. At each tunnel
face there will be in all about ZOQ labourers including 50 skilled

labourers warking in the tunnel
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6. Thesize ofthe tunnel, viz., 10 feet diameter, isamall, leavig
very little room for removal of muck. The
Progrens.  length of two of the three tunnels exceeds
8,000 feet each, and there are hardly any
sites where shalfts or adits can be driven.  The work will thus be
found to be rather difficult and the progress will be, slow. Itis
proposed that the work will be carried out all the year round
including the monsoon season, in suitable daily shifts, ~With
such programme,itis expected thatthe working days in & year
will be about 300 at least and the daily progress on any tunnel,
including work on both the faces will be 13 feet. )

Asthe tunml‘wmk is expected to be carried out simultaneously
onallthethreetunnelsand as the longest length of a tunnel is 10,000
feet,the period required for completion of the work will be about 850

- working days or a total period of 3 Years an the basns of 300 warking
daysina year.

As the total period for completion wf work will depend on
the longest length between any two working faces, the period of
3 years may be further reduced if it be found possible to reduce.
the long lenghths of tunnels Nos. | and No, 3 by driving shafts of

adits and thus providing additional working faces.

CHAPTER I
PIPE LINE.

" Cast Iron p:pes are out ofconsxderatlon because they give way
without warmng; are heavy to handle, and
f:l_ ;g';:m of material difficult for repairs as they cannot beensily
! ’ - welded. For similar reasons, reinforced cement
concrete pipes would alsa be not suitable. [Further, they are not
likely to prove economical as the cost of reinforfement required to be
.provided to make them sufficiently strong to withstand the internal
water pressure, together with the cost of cement concreto will

_ almost be the same (probably more) as that of a steel pipe.

Steel pipes may be used with cement concrete lining on: ({)

" outside, (ii) inside or (ifi) both outside and inside. Outsidelining is
'smted to posxtlons where the pipe line is buried underground. But
in exposed positions, hair-cracks are developed in the lining due to
variation in temperature, and minor settlements which take place
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when the pipe line is laid. These hair-cracks harbour moisture
which causes faster deterioration of the steel shell, For facility of
_maintenance,itis, therefore, desirable that the pipe line from Tansa
to Powai should be laid above ground, and withotit outside lining,
In some places the pipe line will have to be lsid underground, for
example, at yoad cressings, etc.  The soil into which the pipe line )
‘has to be laid through is generally good but in some stretches it is
saltish, In such positions, the steel shell of the pipe is likely to
deteriorate.very.quickly. . In such positions, the pipes with outside
lining of concrete will be used. :

‘ ' Theinsidelining of cement concrete is helpful in maintaining
a high and uniform discharging capacity even with age, [t is also
helpful in giving additional rigidity te prevent any tendency to co-

lapse due to partial vacuum created inside the pipe line consequent
upon a burst, or sudden closing of a valve, in the upper section.
It is very doubtfu] whether the inside lining could remain without
cracking as the embankment on which the pipe line would be laid is
[ikely to settle unevenly. Besides, the circular section of the pipe
line will not remain the same when buckling takes place and this
would result not only in producing cracks in the inside lining but -
some of it might fall off. Welded steel and inside-lined steel mains
have the same disgharging capacities whén the pipes are new. The
discharging capacity of unlined steel pipes, however, decreases
with age. The analysisof cost for-inside-lined steel pipesand
unlined welded pipes giving the same dischargealter 25 years as’
that of inside-lined pipe was made, ani it was found that anun- .
lined welded steel pipe was more economical.

" Havihg found that unlined steel pipes were more gcfmomical»,
2—Joint for pi the next step was to §pecify the type of joint. The
PP three principal classifications of steel pipes accor-

ding to the type of joint acopted are: (1} fally riveted pipes,
(2)girth riveted pipes,and (3)continuous i nterior pipes, :

Class No.'(1) viz., fully tiveted pipes have been used for the 72"
diameter existing Tansa mains.. The efficiency of the double row
lap riveted joints being limited tq 70 per cent, this class requiresa
thicker shell, and consequently more metal for the same  strength
as compared to all welded pipes falling m class (3) above. (F_m: the
welded pipes anefficiency of 90 per cent is adopted for welded joints;
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and where good welding is dune, the strength of the ioint is almost..
thésame as that ofthe plate 6fthe plpe) Moreover,the projections of
the plate thickness and the rivet heads ingidethe pipe,hinder the flow
of water and cause greater frictional losses. Consequently, the
value of the co-efficient of discharge for such plpes hasto be taken
18 percent Jower than that for the fully welded pipes.

Class No, (2yviz., girth rlveted plpes Lave not been so far used
on a large scale. The lack-bar pipes used in the existing Vehar
‘mams belong to this class. The ‘discharging capacity of this class

* of pipes is about 14 per cent more than that of a fully riveted pipe

. Clags No. (3) viz., continuous interior pipes include all welded
steel pipes with no projecting rivet heads or plate thickness on the
inside, The discharging capacity of this class of pipes is about 22
per cent more than that of a fully riveted pipe. This type of pipe
passesses a further advantage of having a higher efficiency of joints,
resulting in substantial saving in the thlckuess of shell plates. This’
class of pipe i.e., fully we]ded pipe is now-a-days being used oif a
large scale.

- All welded stéel pipes however would not be suitable for la}mg
underground. The portion of the twin unlined steel mains running
alongthe Mahalaxmi Race Course, laid during the Tansa Comipleticn
Works deteriorated within 2 years and it had to be immediately
renewed. Owing to the corrosive action of the soil, many other
. sections of steel mains in the City have been found to have corroded .
badly, resulting in numercus leaks, and consequent loss of water.
These had to be repaired at very heavy costs by guniting. In order .
to ensure long life witheut heavy expenditure for repairs, it is de-
sirable that the pipes inside the Ciy area.'shau]d be either €1)
outside-lined all welded steel pipe or (2) cast iron pipes. The dis.-
a&mntages of C. 1. pipes have been already stated. The only ad-
‘vantage in favour of C, 1, pipes is that they admit of easy service
connections: Where a large number of service connectiuns are pot
required to be made, outside-lined steel pipes deserve preference
over the C. L. plpes '

Itis necessary to select the most sunable formula for the
dls«:harge through the 'pipe line. At the time’
of designing the existing 72" diameter - Tansa-
mains, Prof, Unwin was consulted ‘in legard to
‘the formulato be used for working outthé discharge of these pipes.”

Marrymg <a-
pacity of pipes
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For all riveted steel pipes, he recommended a value of 108 for 'C’in

the Chezy's formula V=CVys, but rightly pointed out that this

- formula was unsatisfactory as a general formula, because of varia-
tions of ‘C.” In his opinion, this formula was convenient and trust.

- worthy when-used as an mterpolahon formula after ‘C’ was deter- "
mined from experiments onpipesofa giventype ofthes samediameter
- working with the same velocity.

- As the type of pipe now proposed for the thlrd pipe line is die
fferent to that of the existing 72" pipe Jiries, Chezy's formula with
'value of ‘C’ as recommended by Prof. Unwin cannot be adopted.

A number of formulas have since been evalved, arid the most N
" Yeliable are those evolved by William Hazen and Scuby William
Hazen's formula is as follows .

063 054 . —004
V-Cr' Xs . -x0.001

“where Cis a constant dependmg upon the class of the pipe, *r
hydrauhc mean depth in feet and "5’ hydraulic gradlent

. This formula does not dnrect]y take into account the age of the'
pipe and its effect on its cairying capacnty. but the value bf ‘C'is .
rcducecl accordingtotheageofthe pipe, The Committee appointed
ln 1935 hy the New 'f;.ngla.nd Water Works Association Ltd. to deter-
minethe Pipe Line Friction Coeffcwnt ,have scrutinized the avail-
able data on the sub;cct amcl have given a trend curve for the age
effect onthe capacity of the pipes.

Scoby s formula evolved in, 1930 based on 1, 178 different ob-
servations carried out on 198 stretches of pipes covermg all elasses is
a8 fol]ows —

0.526 0.58
V=H xD
.. 0.526

~ . Ks~
Where ‘H' is fall in feet per 1,000 feet length ‘D the diameter

ofthe pipein feetand Ks is a constant depen&mg onthe class ofthe
plpe and its age.’ ‘

. Actual observationsin 1946 on the exlstmg 7 dlameterTansa
mains showed that ‘C’ equalled to 99 for V=3 feet/second. This
resulf agrees thh Scoby s recommendation of C=110 for new pipes



102

of this type reduced by 10 per cenit duetothe age effect of 20 yesrs.
Scoby has pomted ouf that a factor of safety should be adopted
in the design of the discharging capacitigs of pipes. It is difficult
to fore- see the condition of pipes after 10, 20 or 30 years; and
this is why occasionally wide divergence is found between
_computed | and actual results. ~

“ The factor of safety as reco mmended by Scoby is as follows t—

(a) 5 per cent where water is known to be non-aggressive,
when the pipe line is practically straight, and when the condi-
tions of operatlons are such that no penaltyattaches to a slight

- reduction in capaclty.

(b) 25 per cent in case of very aggressive water, inferior
\ - . . v -
coating, crooked alignment, flow laden with silt apd at low |
velocity, and when penalty attaches to a slight reduction in
‘capacity. For intermediate conditions“an intermediate per-
centage shoultd be adopted.

In working out the carrying capacity of a steel plpe the most
unfavourable condition of head and the condition of pipe after 25
years, have to be taken into consideration, so thatthe requiréd dis-
charge could be obtained even when the pipe line is old. In the
calculations of the structural design of the pipe, the higher head to
which it will be subjected, has to'be taken nto account, Narmally,
the highest head would be the maximum static head, namely the
difference between F. S. L. of the Reservoir and the level at the
lowest point in the pipe line such as at Kasheli in our case, Tt
would not, however, be proper to consider this total head for de-
signing the whole pipe line as it would result in making the lower
portions of the pipe line (from Kasheli onwards to Powa1) unneces-
sarily thick to withstand the maximum static head. There is loss of
head dug to pipe friction, and it is, therekore, desirable to design the
pipe line for maximum internal pressure on account of the hydranlic
grachenl: only, introducing such expedients i in the demgn as would
restrict the head to this llmltatmn. e .

The steelselected hasto have spec1al qualmeb ,wand to he smtablc
. for welding and hence a low carbon steel with 0,20
4-—Properhel of

pesoy 10 0.25 per cent of copper is generally spe.caﬁed
Steeltab s breaking stress should be 50,000 to 55,000
Ibs. per square inch 4nd the yield point 29,000 lhs, per
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oquare inch. The ‘working stress would normally be half of the
yield point stress, reduced by 10 per cent for the efficiency of the
+ welded joints but for occasional higher stresses caused by static
water pressure, water hammer, etc., the limiit may be increased to
0.8 of the yield point stress reduced by 10 per cent for the ethiciency
_ of welded joints. -

JJoints are proposed to be buit-welded. The efficiency of
such joints 15 usually as that of the plate itselt but to erron the safe
side it 1s assumed as 90 per cent as stated above. The normal
working stresses are, theretore, restricted to 13,104 1bs. square inch
and extreme stresses to 21,000 bs.[square inch. :

“The thickdess of the shell is guided more by the consideration
) 5 Design of Pipe of a partiaﬁl internal vacuum co'psequ?.nt
" thickneps. upon a burst than by the consideration
ot the internal pressure. Air valves have tc be pro~- .
vided to allow air inside the pipe at the maximurn rate at which the
pipe can get empty in the event ot a burst, and without creating such
difference of pressure between the inside and the outside, as the shell
thickness can be relied upon to withstand buckling. A minimum
shell thickness of 3/8” assumed to have an allowance of 1/16” for
corrosion, cte,. shall have to be provided for on this account. This
allowance of 1/16" in shellthickness over whatis required Lo withstand
the stresses, is essential to provide against future reduction of the
thickness consequent to corrosion, so that the stresses will still be
within the permissible limits even after many years.

A pipe line is subjected to the following stresses ;-
(i) Circumferential stress due to internal pressure.
({t) Longitudinal stress due to—

(a) pressure inpipe. This stress is always tensile and
océurs when the Anchor Blocks at the sluice valves do not -
take up the longitudinal thrust. It may occur momenterily -
when a stretch of pipe line is tested or has to be flanged during
maintenance. ‘ ‘ ‘

(8) Beam action~This iz due to weight of pipe and water
when the pipe acts as a beam, when supported on chairs! For
96" and 727 dia. pipes, chairs are provided at 24' centres
and for 126" dia. pipes at 30’ centres.
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tc\ Slope of the pipe line.

() ‘Temperature variations. Expansion joints allow the
pipes to move freely over the lubricated bearings of the chairs
when pipe expands or contracts, and this stress ‘need not be .
taken into consideration.

(&) Force of friction at. supports when the pip Kr'es to
move due to temperature variations. Tlus causes d\rect and
bending stresses.

(N Friction at the expansion ]omts exerting a force against
movements ‘due to temperature variations, This can be com-
presswe or tensile depending upon the expanmqn or contractmn'
of the pipe.

(2) The pressure of water on the annular areas of the spigot
ofthe expansion joint. The stresses on this account are very
small and are always compressive.

(k) Tractive force due to flow of water.

All the above stresses do not occur at one and
the same”time, and . are not of the samesign. How-
ever, it is necessary to find out the maximum
comptessive and tensile stresses to which a pipe will be sub- .
jested under the most unfavourable combinations of the above
stresses for two conditions viz., (1) Pipe empty, (2) Plpe full,
under normal working conditions. :

Detailed calculations have been made in \ the above manner
and it is found tbat 3/8” thickness of plate 15 suitable for 727 dia
pipes, 3" for 96" pipes and 3" for 126" dia. pipes._

The effect of water hammer is to create a temporary head, due
to sudden closure of valves. This stress will be for a temporary
_duration, and with the selection of slow closing valves, (closing time
not less than 10 minutes) it is possible to limit the same to a very low
figure. The total stresses mdudmg that due to water hammer have
been kept within 0.8 of the yield point stress for steel plates further
reduced to 90 per cent. to allow for the efﬁcxency of we[ded joints
as stated earlier.

It is necessary to prowde a preservatlve coat for the steel plpe
line so as to prevent corrosion due to atmospheric etfects. A coating
on the inside will give a higher co-efficient of discharge tor many
years .
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Bituministic enamel has been specified for the new pipe lines,
as per latest practice.

The alignment of '}‘he new 96 dia, steel pipe line 3" thick from
ansa to Powa will be parallel te the exlstmg
§-Alignment dHPaLmtwo 72" dia. steel mains known, as ** East "'
and “West” mains. From Tansa to Kasheli, the new
pipe line will be laid on the west-side of the existing
mains. Qver the South Kasheli Bridge, this pipe line will be laid
on the east cantilever, from the point of view of structural stability
of the bridge. It shall then continue on the east side of the existing
mains upte Powai,

The pipe line will be spaced from the existing mains at the same
distance as maintained between.the two existing mains, i.e. about
3feetapart. 1t willbelaid above ground on concrete chairs fixed on
the embankment at 24 feet centres. Wherever the pipe line dips
underground, i.e. at the level crossings, etc., the underground por-
tion will be either coated un the outsiderwith R.C.C, of about 2

. thickness or encased in a block of cement concrete not less than 6”

thick.
. .

The pipes will be of all welded construction. The factory
joints to joina mintmum of four strakes ofthe pipe each 6’ long, ora’
total length ot about 24’ shallbe of single*V'butt type. The welding
will be dorre by automatic machines, The field joints will be of the
single V' butt  type, but a sealing run of weld will be given from the
inside of the pipe. The field weldmg willbe done by oxy-acetylene
flame, or shielded electric arc.

The lonpitudmal joints will be placed at 45° to the horizontal

’ p]ane alcmg the axis of the pipe and any two consecutive strakes

shall have a break of joint to form 90° at the centre of the pipe.
- Asthe new pipe line has te be laid paralle] to the existing pipc

" hine, the horizontal and vertical curves have necessarily to be almest

equal to those or the latter. The pesitions of the appurtenances,
cross connections, expansion ioints, anchor blocks, etc., will almost
be the samé as those ot the exnstmg mains, for the facility of simula-
taneous maintenance.*

Expansion joints will ke ~provided along lhc pipe line, In
general, at every 1000 feet interval, and also in addition, en either
side of an anchor block where such one occurs,
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* The following is the List of appurtenances that will be fixed on
T—Appurtenaces. this pipe line :—

Description. “Size,  Quantity.
‘ Nos.

 Kinetic Air Valves S

Da. D U
Do - 12y 2
Auti Vacuum Air Valve - o 12 -2

Scour Valves - PR | 1.
Do. R Vi 38

Dao. 9 7
Do. 3 3
Manholes : S 49
_ Sluice Valves - 367 12
Cross connections with 24" :
sluice valves - 23

Venturi meter: 1.
Burst alarms - 13
" Pressure gauges : 25
Pressure recorders e -4
Expansion joints o 228

The entire pipe line ‘will require about 52 200 tons of steel
' plates,f)feet widex25'-33" long 3" thick, and the length of the .
" pipelinewill bc about 40 miles. : l
The pape lfne between Tunnel faces 2, 3 and 4, 5 along the
tunnel lme EetwLen the proposed Vaitarna

wre o v reserveir and the Tansa lake, to cross over
bnz;:,fst:;:; '?:gl;fe Balvant and Tasu Nallas respectively, will
. - be 126" dia. steelplpehne,g thick, electrical
arcwelded The length of the two sections: will be about 470 ft,”
- and 530 feet respectively. The pipe line will be laid above groind

on concrete chairs fixed on the embankment at 30 feet centres.

"The pipes will be of all welded constryction and the stipulaticns
regarding factory and field joints applicable to 96" dia, steel pipes are
also applicable to these pipes, but the joints will be of double 'V’
butt type, dueto the greater thickness of the pipe plates.
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- Thereare no vertical bends in this pipe line, which i practically
horizontal, :There aretwo horizontal bends oné of 16©and the othes

of 200. |

Deflection anchor blocks of suitable sizes have been provided
at these bends with an expansion joint on either side of cach block.
There wili thus be 4 expansion juints in this pipe line. Two scour
valves 12" size, have been provided one at Tasu and one at Balvant
Nallas respectively for draining the entire pipe line if required.
Four manholes, 15" size, 2 Kinetic Air Valves 12" size, one burst
. alarm, two pressure gauges, and two pressure recorders are also
_provided at suitable places, '

The total fength of this pipe line will be about 1,000 Rit, and
- will require about 455 tens 'ostteel plates, 6 feet wideX33}
fEetXé"'thic{: ‘ L.

The 64 miles of pipe line from the tunnel end upto the Tansa

0. 90" dis. pice “Mlal_ce will _alac: he .Of 96" dia. steel pipes 3"

from the end of the tunnet thick. This pipe line will also belaidabove”
to_connect up with the ground  on  concrete chairs, fixed on
ovisting Tansa malas, ) nkment at 24 feet centres.” The pipe
line will be of welded construction and will be of exactly similar
type to that fram Tansa to Powai. The steelrequired for this pipe

" line will be about 7,930 tons plates, 6 feet wide X25°-3}" X 3" thick .

As pointed out before, calculations have shown that the north

10, Luying96"dia, pips Pridge on the Ulhas creck will not require

line.onthe newly construc- any strengthening to carry s 96" dia, pipe

ted Kasholi Bridges. line as now proposed, though the space left
onthis bridgeis fora 72" dia. pipeline. .

The south iqridge will not be capable of taking the 96" dia. pipe
line in-the place reserved on it for the 72" dia. steel pipe. It will
require strengthening and the nature of the strengthening required

" has been fullyinvcstigal:'ed. oot

The bridges have been designed to carry a roadway 24" wide
with arrangement for 2'-6" trolley trackand also three steel pipe lines
each 6 feet, dia. The bridge is of “N" Girders “through’ type with
cross girders. The "“N" girders are placed 36 feet apart and cross
girders are attached to the bottom booms'of the same. The crogs
girders are extended on both sides by cantilevers, each 13 feet long,
Thus, the overall length of the each cross girder is 62 fce}.



108

As actually constructed, the central portion of cross girder
carrics‘one 6 feet dia. pipe line and a 24 feet roadway. The east
cantilever carries the second 6 feet dia. pipe line. - The west tanti-
lever is at present unloaded and 1s meant to carry the third p1pe line -

of 6 feet dia.

“The following alternative combinations of the pipe lines over
-the bridge were examined~rom the point of view of structural
stability forlaying a 96" dia, pipelineinlieuofa 72"dia, pipeline,

East cantilever. Central portion. West cantilever. -
~(a) 8'dia.pipe.»*. 6'dis.pipe.s - _  6"dia.pipe.r
by 6  Do. 6 Do 8  Do.
(c)6" Do. 8 Do. 6' Da,
DH8 Do 6 -Do. - 8 Da.
()6 Do, 8  Do. 8  Do.
(8 - Do. g8  Do. 6 » Do.r

The alternatives (c); (e} and (f) which have 8' dm pipe on n the .
Central Portion of the girder are ruled out, as maximumB M
exceeds permissible limits,

Out of the remammg three alternatives, viz., (a), (b) and (d)

which have 6 feet dia, pipe on the central portion of the girder, the

first one, having 8’ dxa. pipe on the East Cantilever and 6’ dia. pipe
on the Central Portion and West cantilever is most suiteble.

Due to road-load, the central portion of the cross girder is more
heavily loaded on the west side suppert. Assuming’6 féet dia. pipe
. onthe central portion and the west cantilever as per original design,
the reaction at.the West side support due to cross girder works out
to 107.53 tons as per our calculations.  In the alternative {a)the
reaction at East supports of the cross girders worksto iust about the
same. In view of the symmetrical design of the “N'* Girders, it
. can be safely assumed that the same have been originally de51gned
for the higher reaction at the west support. If this assumptlon is
correct, the question of strengthening the ' N” girders does not arise
in case of alternative (a). Some portisiis of cross girders between
supports require strengthening for shear only.

Mestrs Rendel Palmer & Trittcn, Consulting Engineers, London
_who were consulted in 1923, for the design of this Bridge, have been
cortacted and theiradvice has been sought for as regards theadapta- -
bility of the altemau\re {a). The reply of the.said consulting
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Engmeers, has since been received and they have recommended the
alternative (c)in preference to remaining 3 alternatives mentioned

above.

" Investigations, however, are now, being carried out to find out
whether, in addition to laying the proposed 96" dia. main, one of the
two existing 72" dia mains can also be replaced by a 96" dia. main,
by incurring only a reasonable expenditure on strengthening the said
bndge, so that the said bridge w1ll finally carry two 96" dia. mains
and one 72’ dia. mam '

END OF PART IL



