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S8YNOPSIS

Tenughat Dam built ocrooss river Dameday is a wator supply pro-
Ject for Bokare Stoel Plont and othor industries around tho otool
plant. Th2 dam 18 6460 m long and cver 50 m high above the river
bed. No dam in this aroa wed peossiblo without crossing tho foule-
ead junction of ths scdimcntarics and tho matamorphics, and tha
Tonughat Dom had therofora to bo built across this foult.

Ths cutoff for tho dom in thn rivor portion hagd to bo pro-
vided through a sand strotum mixod with pobbles and ot places
boulder stratum of 5 meto,l5 m thicknoss. On tcot, river-bed

sond wos not found prone to liquafootion or excessivo settlemant,

various alternatives of providing an cffective feundation
cutoff in the rivor bod wvere examined and a doublo-row concrato
dlophregm wall with sand inbotweon grouted, wos adopted from
timo and economy considoration. Tho upstrocm diaphrogm wall
wos oxtonded 33.6 m into the right bonk and 134 m into tho left
bank to provida effective bondege botwcon open tronch cutoff
and disphregm wall.,

Longe=torm porformanca data for such diaphregms are not
availoble. Thoroforo., adequato ins trumontation of tho dam and
the digphregm was done and dota cbocrvod. In thio dissortation,
a bricf dcoeription of Ll oito ond conostruction of ¢ha dliaphra-
gra hoo beon givon., Tho cvalloblo porformonce dqata hovoe hoan
analyscd ond it heo been concluded thot tho conerete dicphrogm

walls aro functioning catisfoctorily.

{ v)



Chgpter 1
PROJECT DESCRIPTION

1.1. General

Damodor besin contains India'o largest coal deposits in
the lowor besin and othar minorals like mica,lim> otono, boux~
ite and grophites in abundanco in tho upper velley. Tho adja-
cent basin Subarnrokha contains iron ore and othor procicus
minersls like uranium and copper. All these minoral deposits
have immense prospoct for repid industrialisation of the area
which will require powor and wator in abundange, Domodar ba-
sin has limited hydro powar potontial most of which hes already
becn tepped by D.V.C. but there is ample scope for thormal gena-
ration at low cost from the coal availeble in the basin. Damo-
qar valley Corporation has installed copacity [1] of 1035 (W
thormal in addition to 104 MW hydel powor inm the grid. In this
area, the Bihar State Electricity Board hes also brie thermal
powar 'éthtton of 400~1W capacity under extension to BOO MW
during tho fifth Five-Yoar Plan and another upcoming thormal
power atation of 1000~-MI7 capecity just 4 km downstream of this

dam,

1,2. D.V.C. Proposalo

Mr. Voordwin, a TVA axport, hod rccommondced construction
of a ocerics of cight damws [ 2] for cﬁzcking rccurrent £locho An
lowor Domodar basin ot Adyar, Sormo and Panchoet Hill on rivor
Domodar, Tclaiya, Bolpohari cnd Maithon on its principoal tribu~
tary Daxf_f:ar. and at Konor on river Konar, ond at¢ Dania on Bokuaro



Nala, its two other tributaries (Fig. 1.1).

1.2,.1. Ths D.V.C., corpleted four doma, viz. Paonchot HALY
dam on rivor Damodar, Telaiyd and Maithon doms on river Barakar
and Konar dam on rivor Konar. Root of tho four dams proposed
ware shelved.

1.3, Tenugpat Dam Proposal

tith decision to locate tho fourth stweel plant in public
sector at Dokaro, for meoting ito industrial wator rogquiremont,
a dam ot Alyar on tho main rivor wos neadéd. put th2 gitce hao
a disadvantoge of submorging epproximately 22 million tonnes of -
motallurgical coal in cddition to noneavallability of good earth
within tho cconomic leoed. Henceo, the site hed to be shifted to
Tenughat which doeg not have thase two shortcomings of tha upper
site [ 3].

1.3.1. Location. Tecnughot dam site is located necr villege
Tenu (23°44°H, B85°50°E, 75 BE/14) abuut 24 km uest of Bokaro Steol
Pleznt. The nearest railway station is Gomia, zbout 8 km north
of the 8ito on South Eastorn Railuay,

1.3.2. Wotor wvallchla: The doroito intorcepts o catchment of
44302 (1730 sq. miles) ond the dopendeblo lean yoar flow of ppe

roximatoly 1850 million m>

io asvallable for storcge. The dam
will hova Q groso storego copecity of 1150 mdllion m® at ito full
height ot the ond of otggo IZ and a live storcgo copecity of 814

millicn ms.

1.3.3. sSclicnt fogturcs. Tho dom with o moximam holght 50 @
is pollcd, toncd earth dom, 64G0 m long at formation lovel
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273.00 m, Tho sitc is located in hilly trect and the valley

i3 quito wide to moet tha required storgge ot conparatively low
helght. The alignmont 18 straight betwoen stn. 3048 m to 6460 m
and botwcen chainage O to 3048 m follows the topography (Fig, 1.2).
The mcaonry spillway 344.6 m in length with 10 nos. of crest

gatas of 15.1 x 12.4~m siza, havo splllind capocity of 18000 cu-
ma2cs, io located between chainegge 5597 m o 5941 m,

Tho earthﬁn dam has a trizonal scection with slenting contral
impervious corc flanked by samiporvicus casing both on upstroom
and downstrezm with 3 m thick sand chimmey filter, sandwichzd bote
ween contral core and devmstream casing. The sand chimmey is co~
nnected to a 1.5 m thick blanket filter laid below the downstream
somi-pervious cesing leading to a toe drain with sultable woight-
ond filtor,

The cutoff below th2 carth dam on ths loft and right flanks
consists of backfilled rolled imarviouws clay in trenchss cug
balow ihé scat of tho dam. Tho rivor bed matorial consiscts of
highly pervious alluvieol deposits of varying thiclmoss from S m
to 15 m of differcnt grain sizes ranging £rom Dio * 0.23vmm to
piecas of boulders at places. The permesbility of rivoer bed ueo
so high that it would hecve cost millions of rupces only for punde-
ing out wator while pProviding conventional rolled backﬁillea
carth oo cutoff, o in plceo of a comventional epen trench cute

off in tho river bod, thd cutoff consists of two rows of roin-
foreufl concrote dicphrogm, 323 @ An length, ond upstroam aloph=
ragn extenuions of 134 m on tho left bank end 334m on tho right
bank, all cemdedacd 1 @ in hard bedreck.
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Chaptar 2
FOUNDATICN INVESTIGATICN ¢ PRODLEMS

2.1. General

Detalled invostigotion of th2 present dam sito was start-
¢d 4n 1965 and had a target to supply wotor in Deneomber 1969
for commisoioning of tha lst phoso of Dokaro Stecl Plant. Tho
construction work was started on proliminory geological investis=
gations on the 14th of March 19658, Tho proliminory investigo-
tions of thz dom area ingicated that the besamant complern of
the ancient gneisses [4] prevail in tho south and they ore ovore
lain in ths north by rocks balonging 'to locer Gondwana forme
ations. The junction between the two, matamorphics of Arche
aoen ogo and the sedimontaries of lower Gondwana formation, is
a faulted one and this boundory fault was © long range fault
running almost along the rivor upto large distances. Tho dam
has to ko constructed oorese this foult., Bosced on limited boree
holo data, rest of the foundotion was considerod to bo without
any problem, a set of design wore preparcd ond the construction
ptarted. A nunbor of problema eropped up thoroastor [ 8).

2. 2. Investigation Dotalls

Tharaforo, it wes noccosasary Lo horo much noro information
regording tho foundation., Drill holes at overy 1532.5m (500~£¢)
intorval boleow tho ontiro length of tho gcartéhon dom woaroe token
up. In ¢ho opilludy zono, 5 rows of drill holes at cleosor upece
ings varying £rom 12.0 m to 30 m wora tokon up., Theso investie
gationo woro further intenoificd in apoes indicating obnormal
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=itics, Ths intonsitios incroesed betweon stn 5597 m to 5982 m,
i.e, at tho spillvay site and 48 nunbers of holos of total depth
850 matres ware drilled., In addition to this, 13 more holes of
270m dcpth ware drilled in tha spill channel area to deciphor
tho subesurfiee conditon dowantroam of tho spillway.

Ths natural scoils coverlying the bed zock wera tested for
otrongth paramater, tho rivor bod deposits for thoir rolative
donsities, the rock permacbilities bolow tho entiro dem cute
off including spillway and strongth p&ramtic';zr of reck under tho
spillway. Based on resultant pormoobilitics dorived from insitu
wvator porcolotion test (Teble 2.1) and interprotations of cores,
a gaologicsl profile bolow tha entire dom wos propored (Fig. 2.1).
The cores of tho dvilling indicatod that northern pert oftho dem
lay on the Barakar and Bartron Mrasuren, vwhich consists of tighte
ly-packed interbandeq loyern of medium-groin sand stona end
carbonacecus sholes. In tho southorn part, tho dcm which lay
over tho motemorphic suito of rocks consisting of garnetifcou.o
biotitae gnelsses, hormblende biotito schist ond amphibolited.

It wesalso found thot adjzcent ¢o ths boundory fault betwoon tho
ratanorphics and tho sedimentarios, tho metomerphico havo oufforw
cd deop wodthering which generally followv the topogridhy of tho
arca, being deop under the valloy and shallow undor tha ridgo.

The foundation cxplorations o carried in tho entire longth
of the dom ond gcolegical profila (Pig. 2.1) preparcd indicoted
varying probleomo ot chaincges discusscod in tho following pard

grﬂphﬂ.

2.2.1. guspected Crodo touwdfar (2561 m = 2622 m)

Canventional typo opan tronch cuteoff hos boon provided in
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this section. On bockfilling the cut~poff tronch, percolation

of wator in pits dug downstroom of the dam opposite station

2562 m was noticed. Thic created a doubt 4o this percalation
waa through an agquifor crossing the dam and opening out into tho
reservoir., To traco ths exiatence of such an aquifer wollo upe-
streom i dovmstyeam at 3 and 4 locations, respectively, wore
dug and pumping-out tosts were cargled ocut, which indicoted that
while downstroam wells could be dricd up fully, thoro was no
fall of lovels in the upstroam wello, 7Tracer Technique mplied
to these wells while pumping out, too did not indicateany conn-
ectlon from any of tho upstreom wells to those on downstroam,
For furthor chockup, the wvater in tha existing walls in the orca
dowastream and upstream were pumped cat and water lovels in tho
upstream walls recorded. 'Thzsa ddd not, also show any £all or
connection, vhatsoever. Th: observations for waterwlovel fluce
tuations in theose wolls ware carried for obout six’ménths. which
did not indicato any gradiont, whatoosver, batweon the wolls on
the ypstrosm and thoso on Chay downatoaim. It wis: thareforo, .
inforred that ths wator pcmcalgt&on notiéed wvos dua to tha trap-
pad rainwatar, Tho presenco of &n aquifor crossing tho dem

wos eccordingly ruloed out. It Aid not roquiro any spocial troats

rant.

2.2.2. Boundary foul¢ (stn. 3445 m to 3588 m)

Tho boundary foult botwoon motamorphicu nd Cho oclilimonts
arien wes complatoly troeed Cad R_pped %o o longth of approsid-
matoly 457 m (1500 £t) both upotroem and dovnotrocm by sultobly
plonned verticallinclined holco going upto 21.356-m (70-£t) doptha,
the exaemination of thy coreo of the drillsg, wvator-loss teots ond



surfoeo exominations Chrough drifit pits,

Ir; tho matemorphics, tho shattering affact was found oxtondw
ing upto stn 34838 m ond the woathoring cifoct upto otn 3887,.85 .
Tho matemorphic rcc)::heaz tho conteet are highly decomposed,
brocelated and frectured with dovolopment of slikon sides ang
goaugy materiél. Borakor sandadtono is highly recrystolliced and
broeecliated near ths contoet. sandotone oand o'halea of B@rakar
and Barren Moasures stegeo strike E-W and dﬂ.p at 50° to 70° to~
wards M, |

-.;:m fault was troated by stego gronting. 7Tha armca betuoeon
chainegc 3443 m and 3580 m wao grouted in four stagco of top
1.5m 3m 4.5 m and 6 m ot pressure varying between 2,80 ky/
r::m2 and 4.20 hg/cmz in a pattern 3»m equilateral triangles. Tho
grouting brought th2 pormaability from 10”3 cm/Bec to less than
10"4 en/Bee, | This wes tasted by pastewator losces tests and
drilling groutced rogk mass with double core barrel which showed
substantial grout rocoverics in thd cores, indicating oatisfectory

grout parmeationo.

A deabt, houvcvor, in regord to ths rocctivisation of ¢tho
fault, duc to earthquaka arese, For an appraisal of these co-
peets of tha pro&)lc;m.' various roports in regard ¢o telomicity of
tha aroa wore studicd, tho meat inmportant out of which 4o tho
roport of Dr. J. B. Mdon [5] (1D48) who mado particular studios
o2 carthaualt®s din relation to Domodar b-coin, Dr. Zudon exprossw
e that Domodar booin ves 0 port of otéble paninoula ond had not
uncorgono faulting and folding since iazozoie ora, although it
- hed been subjocted to regional uplift, Tho bosin feols only tha
fringo offocts of carthguoked originating in soiomically cotiva



13

arcos, The faulting in Gondwanos are are believed as olad frac-
turcs which have become part of the pattern of tho peninsula.
Thore 1o no avidenco of regcent ectivities along these faults,

Two of the recent great carthgquakes, nameoly t¢he one of the
15th Jenuary 1934, originating noar Bihar-Nepal border, and tho
othar of tho 12Iith June 1897 in Aseam, were An sciomic zono ond
about 250 km away. o record of demoge to structural installe
ations such @z buildingo and Lridges during these carthguakes in
tho area is avallablo. All thooo lond support to the inforonco
that the faults are not likoly to rocetivisce: Howover, tho Koyna
carthquaka of tho 1lth vccombor 1967 rocorced aftor filling of
the reservolr, hasled to rethinking uwith rcgard to carth tramors
occurring in peninsular shicld. Tho recent cbsarvation of a
couple of shocks at anothor dam site on the shicld maoss ot 3alimala
Gom in Horaput dj.stx:iaﬁ of Orissao leaves no doubt that thoso arces

cannot be assumsd to be seismically incctive.

This lod to investigotion of tionorn cxparz;cmad in the past
ond mocourcs to be taken., The mattor was roforred to ths Dirce-
tor, School of Resaarch & Troining in Earthyuako Cngdncoring, Unie
vaersity of Reorkese, to carry cut investigotionfor colloction of
data of poot earthgquoka in tho arce around Tenughat. Th2 roport
of Dr, Joi Krishma [6], Professor & Dircctor, end Dr., L, S,
grivestcova, Roador in anpllicd Ceology in tha school, dated Jwly
1970, centalng ol ooommonuations. DBxtrosts £from the roport
Qrg pleced oo ropenudn L. Gao of tho recommondations wod o Looe
tall € sct of coiomological stations in o ¢riongular grid, thio

hovovaer hes nol been dono oo for.

2'203‘1-.



14

2.2.3. shoor 7zono {otn., 4060 m)
buring oxploration of foundation at stn, 4060 m sticky

groy matarials were dotacted at g depth of 16.5 o balow tho
11.8.L. 7This lcd tp 0 suspicion of o shoar plana crossing ﬁhe
dom. “he oxtent of this shear pleane aiong the koy tranch hes

to be known. sc; two holes at otn, 4063.06 m and 4056.94 m

(10 £t both way) wore drilled, The'drillad hole at stu., 4063.006
(ch. 133.90) indicoteﬂ prosenceof cloy while the other holo aid
not indicato the presence of shgar zone. Furthor exploxatory
holes were drilled to establish the oxact width of sinar planc
which indicated only 3=m width. Permaability tests éarried
‘through this zone indicated permosbility from 2.5 x 10°¢ cn/ec
to 6.5 % 10 -4 em/scc. As 8 raomedial measure, gmutiug from atn,
4030 » to stn. 4090 m with gﬁmt holes 1in 3om equilaterai tri-
ongle pattern was done and permcability cut down below 2 x 10“5 |
cm/boe. £rom 6.5 x 10 ° cm/bec.

2.2.4. Artcoian otrotum (Stn. 4520 m)

At stn., 4520 n, artosion wotor wes dotected from ¢ha drdill
holes, Tho crtcolan hood nd diochazge werc moasurcd which
vere found to bo 1.53 m ond 30 cec/Bee.. respectively. In order
to traco tho width of the grtcoion arca along the cut-off ang
ito courecs, gditional arillings in tho }cey tronch upto 15m
depth balow the bottom of tha kay tronch wore done ond tho rock
PLUERDCLLLCACT I ontormined. Yho rock pemoabuztico WIED

o I
found ronging frem 4 x 10

c/oae, to 4.6 2 l(bucL cn/sca. upvo
a acpth of G m £ren the bottom o: tho koy tronch, cnd below Gem
depthy tha promochility droppod dovn to only 5 x 10°6 cm/see.

Tha oxomdnation of ¢tho cores of tha drill holes, tha permacbie



=lity ot rock etrota &9 also therock exposurcs around tha koy
trench indicatbed that the source of artosien wator were tho intor-
stices in tho brokon pegatites whose fracturcs continued only up-
to 6 m below the bottom of the cutoff. The width upto which tho
ari:esign effoct peroisted along tha hkey trench was found to bo
only .z\o\zn sterting from otn. 4520 m, The remodial mazsures con=
sistod of grouting of broken pegmatites aftor balancing tho arte-
sicn hoeds. Tho permeabilities woro thus rouuced toless than

3 x 10”2 em/sec.

2.2.5. weghk Clay Tongme (Stn. 4760 m to 4945 m)

Tho existence of a weak clay tongue crossing ths entire
width of the dam botweon tho obove chalneges was detected., This
waak aiay tongue was found protruding in the river bed adjacent
to the left bank, upto a width of 61 m, The total vidth of tha
weak clay tongue on tho dowmstreas wes 183 m which thinned out
to only 15 m on the upotrezm ond of tho dem., The tongue wes found
to be varying in thickness from 1.5 m to 4.5 m and occurring at
1.5 to 4.25 m bolow tho normal seil level. Tho denoitics and
ohear poremotors of the weak clay were dotormined by loboratory
tests on undioturbed samplos collected £rom various locations ond
by vene shoar testo in the f;!.e‘ld.‘ Tests woere aluo parformad in
tho laboratory for dotermining consoildation charcgtoristics of
tho tonguo. Tcot r.-aault:n\ of two of such soles shown in Tobles
2.2, 2.3, 2.6 irddcated that ¢ho cxioting donsiclices of tho woak
cley varied from 1,506 gn/B.e. to 1.85 gn/S.c. mnd tha molotusy
contont ranged from 29,235 o 33.49%.

In vicew of tho fzet thot tha woak clay tonguc onisted ot
depth varying from 1,5 m to 4.25 m from natural soll surfoce, it
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Toble 2.
- Wi, .D. THom | ROmoU | SN AE . P oranaeord
>, | Location ¢. | b. |ulasa|-laca|ltFEce unaisLobea
ibo/ {M.Cc.%|D.D, |=tive
% cft C

3 2 3I_1&a 1% € 5’% 9 ’f"o
1 ¢ch.157.00, 200 £¢& 33.4 85.4 28,01 84.80 Ccrurd~ 1.5 15°

4/ R.L. 730.5 to lco

R.L.?Zg.zo
2 Ch.,159.00, 400 £t 29,23 90,00 29.3 $0.0 Do. 0,75 15°

4/c R.L.729.00 to

R.Li. 728.00

Teble 2.3 = COnsol:mation Tests on Undisturbec‘l

anples collcoted

200 £E d/B;
Tppiicd|veld [ 72, L v % Conw | 73 Pormo(oi~
prassuﬁ Ratic gm ﬁéﬁd lity K
/s aa rm? e | | am/ee | em/oea
1 2 3 & 1 8 N A 3]
0.025 ©.758 s - - - 1.506 -
0.25% ©0.713 0.02  0.0117 0.189 2.670 1.546  2.24x10"7
0.500 00.691 0.0088 0.0052 0.331 3.830 1.565  1.72x10"/
1.000 0.661 0.0063 0.0933, 0.233 5.550 1.89  8,¢0xlo"°
2.000 ©0.626 0.0033 0.002 0.198 7,580 1.628  3.20x10" 3
4.000 0,585 0.002 0,001 0.¢00 9.900 1.670  6.00x10"°
8.000 ©.5(0 ©0.0011 0.000¢ 0.326 12.450 1.720  1.80x10"°
4.000 0.544 0.0001 - - -  1.715 -
2.000 0.548 0503 - - - 1.72 o
0.25 0.566 ©0,0009 0,00057 = ==~ 1,69 o
0.025 O0.560 0.0070 .004 . - 1.677 -

Polroonoolidatd

e hoca P o 1,48 ley/om®

M © c.ocs.z.’.ﬂ.ciont of volumd comprcooibility in /e
Gy ° Coufficlant of conoolidotion in m‘?/f‘
Yd = Dry donoity in gm/ce



Applied{vold 2 ‘ ‘ 5 Con= ' Pormaobi~
pre~ Ratio mgzm/ " cv solidee ya lity
soune 2 2 tion K
‘ : mn“/ceg jmm/beel 0 | am/ee | em/oce
T z 3 aq Xy G 7 s
0.025 0.058 = = - - © = 1.635 -
0.25 ©0.625 0©0.018 0.0092 0.116 2.00 1.67  1.06x10°7
0.500 0.605 0.008 0.0050 0.103  3.190 1.69  5.15x10~C
8

1.000 .'o.‘svs. 0.0054 0.0034 0.166  5.800 1.72 5.65x10"
2.000 0.546 0.003 0.002 0.6%0 6.700 1.755 1.38x10"7
4.000 0.504 0.002 0.0013 0.2998 9.060. 1.80  3.50x10° 8

B8.000 0.464 0.001 0.00068 0.357 11.660 1.85  2,4x10"°

4.000 0.468 0.0001 - - -« 1,845 -
2.000 0.472 0.002 = - -  1.88 -
0.250 0.487 0.0009 0.0006 - - 1.825 -

00025 OG wé v 00007 0&005; bad . - lugog -

Tablo 2.5 = Rolative Densition of Rivor Bod Send

Ll Mol Location |[Depth in N Raol ative Dansitico
. . . 1. ¢ 4 75 por . |70 PSt Gibbo

ch. ) Jxy/cm Toraoahd & _Holtm
1 2.33 28 25 57
P 161.00 4,33 41 35 67
3 5.33 80 38 G7
1 2.70 38 3a 68
2 3.70 az 35 65
3 162.00 5.70 48 39 64
4 . 80.70 co 45 GS
5 9.70 64 a7 G8
i 2.L0 a4 30 G7
2 3.C0 0 29 60
3 5.C0 86 4 (614}
4 163.00 6.C0 co , 45 GO
5 8,89 GB 49 fe1e]
6 10.80 76 52 60
7 11,30 82 58 60
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was nelther oconomical nor feeoible within the timz limito to

| remove it out and back£ill with suitable motorial. In ordor,
théroforc. to improva the density, thy shoar propertien, it wos
necessary to droin out oxcess water from tho tongue through conw
soligation process, The remzdial msasures adoptaed, thorafore,
consisted of 25-cm dia. vortdcal draincge holes darilled acroso
the weak clay tongue at intorvals of 3 m, 3.65 m 5.5 m dopond-
iny upon the depth and drainzge faoges, and backfilling tho droine
ege holes with selected sond filtor and connecting them to the
base of filter. Piezomotcro have beon inotalled ot selected
intervals to i».véf.ch thadrainoge gimcess oo t,h:?i‘ load of dzm over
ths weak claly bulldup, buring first two years of successive
partial loading by dam €111, it has béen cbserved that the mois~

turc contcnt has been reduced £rom 33% to about 23%.

2.2.6. River bod o ond

The river-bed doposit consists of loose sand of varying
grain sizes inciulive of pebbles ond bouwlders at places. Tha
'chickné-...s of sand in. vivor bed abovo bed rock varico from 1.5 m
on the right bank, o ls-m' on the left benk. The density charaee
toristics of tha osond wore considered to bo of primary importance
and vore investigotod 4in detail. Direct determination of in-situy
donosity of saturated sand at variocus depths is an intricate opo-
rotion and requires opeciolisod oquipment for extroction of une
diosturbod saples. (o, for osocrodng tho rolative conoicies of
tho notureal cond Goposits, stondard Toerscghi’ 8 penotration Lol
vorg ecarried cut at O=m interval undor the ontiro coat of tho
dam. Side~byw~oido, static ponatration tests at selected locations

noar tho points where Terzaghi’sc ponotration toots woro carricd
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, warg also dono, for correlating the relative donsities as

toinable £rom Gibbe and Holtz curve which wore found to ba
mich in execss to those obtainable from Terzoghi’s (Table 2.5,
Fig. 2.2). Tho pogsible reasons for the differ.nco in the re-
lative densitics may be the large surcharges in sctatic penetrae
tion. For a safer assessmont, it was congsidered bettor to odopt
rolative donmsitics as givon by Teorseghi’s standard penctration
rosistence curve. ‘Yhe samples of cond £rom differont depths
were also collected and analyscd for thoir mechonical cenposi-
tion (Fig. 2.3) anu permosbilities. Tho tosts indicoted that
the sand densities werc irregular and portly deficiont, Tho ze-
lative densitico vary from 25% to 55% (Teblo 2.5). |

s the rdver bed sands have inadequate indg irregular den-
sitios, to seat o dam without studying seiomic cffept on these
loosa deposits would hove been unwise, Therofora, necassary
investigation regarding partlal or totol ligquoefection and un~
desirable setticmont warae carried out in the field angd also at
the School of Resoorch & Training in Barthgunko Engincering,
Roorkes, on Tenughat sands both with ond without surchoarges.

2.2.6.1, Blest tcots waro carried out [7 ] at sito in the bed
of tho river coarmorkod for tha purpooc divided in threo plots
(rig. 2.4). Spocial gelatine (8055) alonguith clectrice detonator
vore instolled at prodotornminod Gopth in o cescd borcholo. Tha
holo vis «4M1cd vaAth oomd and cooing wvithdroum bofore blasting.
Doth horizontal and vertical accolorations wore mecsurcd with
diotonce €roa tho point of dotonaticn. %ho surfaco sctllomont
end pora pressuras ob 3@m, G~m and 9-n dopth wora cbhsorved with

diostonee from tho point of dotonation. Static and dynanie cono
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penetration teots were also done before and after the blests.

2.2.6.2. Details of Tests:. Sspecial gelatine (80%) was em~
bedded at a predetermined depth (usually 6 m) below tha bed and
the fired. The moasurement of surface acceleration both in tho
horizontal and vertical dircction was made by embedding two (iiller
acceleration pickups at sbout 20 cm below the bed such that one
would sense horizontol ond ths other vertical aceoleration, The
pickup 18 of inductance typc in vhich tha displecement 6Ff an iron
core in a mognotic fiold is proportional to ehsoluts acceleration
of motion. Tholr signolo wore amplified by “Brush Universal ame
plificy” and recorded on Brush Pen rocorder. In a fow casos,
the acceleration was mossured 3 m below the bed, In some tests
the depth of blast was kept 4 m and 9 m also.

The site was divided into three plots as shown in Fig. 2.4,
Depth of blast, siza of blast, distance of ecceleration pickup
from the blast point and depth of pickup are indicated in column
3 4, 5 and 6, respoctively, in Table 2.6. ¢hacrved horizontal
and vertical sccelerations have becen shown in column 7 and 8,
respectivaly. In test Bl ‘ 83 ang 93 the charges vora fired
from tho sams 1cct;tion aftor lapse of a day or so. In plot 1,
B, - Bis (rable 2.6) blasts wore fired and only surfoce acceloe-

ration wes moasured,

In plot 2, By, and By g WerQ £ired end accoloration at 3-m
depth wea rocorded. Ioceleoration pickups wora atteched to ona
and of S5vcm hollow pipo ond lowarced in boroholos supported by
cooing pipa. Tho bore weg then f£illed with ocond and casingA vithe
draym. Dug to cortain difficully of working the piclih in situe
goted 80dd, only vertical ecceleration at 3»m dopth woro obtaincd
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ot Vercic | Remarrs
No. cal
. LAeceln,
m Yy m m ] g ,
1l 2 1.3 1.4 s 1 7 18 2
B.l 2] 1.28 30 0 0.16F ©.321
B, 6 1.0 30 0 0.182 0,258
?33 6 1.0 30 0 0,156 0©0.372
By 6 1.28 20 0 0.208 1.12 rvorsge
BG o 1.0 20 0 0.637 1.68 v=0.318
one By, 6 2 20 0 0.5¢0 1,22
By 6 0.8 20 © 0.166 1.14 Rosults
Bg 6 1.0 10 O 0.70 1.88  corrected
Byg 4 1.0 10 's) 0.447 1.52 for 1 kg
By 9 1.0 10 o 1.36 4.0 charge
Bla 8 0.5 10 O 0.46 1.17
1313 6 1.0 0 0.0645 0,168
B 6 1.0 3 bl 2.46
mwo ¢
3 Bleots
B16 * P17
Theee B, dn O 0.8 9] 0 0.224 0.937
18 ccah
cuicl: suge 0.29¢ 1.048

coaoicn




29

in cost Bl 4 and 815. llo othar 4data couid »e recorded.,

In plot 3, sories blesting was done, only threc O.5% kg
charges (By, + Byg + Byg) could be fired ot an interval of 3
gcconds and $ seconds, and both horizontal and vertical cocelerw
otion recoxded {(column 7. 8, Teblo 2.6). .

|  Settlement of ground surfaco was recorded on settlomant
platos cmbedded at shallow depth ana thae pore-prassupe risc wen
observed on improviged piczomator along predotarmined grido from
blest pointo, The summary of rosults recorded arc shown in
Table 2.7, 2.8, 2.9, 2.10. |

It wes cbservod from thoso results that in most cescs tho

blaat had consed cppreciable settlement of the sand in an area

of 6~rri radius. In case of three successive blaats of 0.5 kg each,
vertical acceleration {x,) went upte 1.08 g and o only 0.29¢g
(Table 2.6). Igeinot these maximum observed % effective stress
wos noted &8 70.5% at a dopth 6 m at a distance of 3 m from the
blst point. 7The corrcoponding scttlenont camo 29 ~0.61cm to
~2.13 em at 6~m depth ond Alstanco 3 m to 6 m, reopectively
(Poble 2.9). It woo furthor observed from Table 2.7 that on four
ouccesaive blests, tho % cffective atross rooched @3 high oo 106%
ond that the sond was apparently forced to liquofy. But as Tonue
ghat dom site is situated in isosolsmal zone Vi oa M.il.Scela
corrcspondiing to which tho manimum intonsity of carthquala likow
ly to bo felt would bo moximyy of 103, Frem thesce cservetions i
was calculated that rivor sand will not liquofy and excessive
cottlomnt of foundation will not take plcco under anticipatad

intenoicy of tromors.

Tha £i0ld teosts wore vorifiod by dotailed laboratory testof 8]



26

Agbin 2.7 < |
3
Plot No.!| Blest e a's' urae
5.54) At S9~m depth (B.54) .
Pr. [ % PP O EfE, Pr. - % PP
. Minutes
T S 3T 13 13 T4
1 B, (Rey2 64.4 2.18 m 8.92 35,6
17.
%) 6 39,7 2.66 m B.95 29.7
20.9 0.546m  8.75 6. 25
8 5.1 0.343m  B8.58 4.0
B, 9 78.5 4.32 m 8.88 49.8
Hs2ebs 32.5 3.04 m 8.93 34.0
by 23.2 0.585m  8.73 6.7
!fs 28.2 0.216 m  B8.58 2.52
By 5 75.8 4.03 m 8.85 45.5
170 8.1 . :. y
TEE 29,2 3.34 m 8.91 37.4
b1 21.4 0.649 m  8.73 7.4
6 3.6 0.222m 8,58 2.6
Bg 56 2.26 Om | 0
BG §6 5.2 Om O
B, 6 277 0.33m  8.64 3.8
Bg le 1.25 ©0.0127m B.08 0.18
By ks 42.2 2.20 m 8.64 25.6
Blo ])6 44-6 1.99 m 80 64 2300"
Byy U6 32.0  1.805m  8.64 2.9
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Tebla 2.7 « Tepighat BLstdmy Tent o favimun Inosoc3o 10 Pore Pressuro aftor Blasting of
pifferent charmos

‘ No. Doth  lstsy  [Ddotnno of Rise in Porg Propouro
Plot o, | Blast ofé of  [plozomoter [ 0 depth (2.50) A 6=n depth (5,54) 1t e de%th B
chrpd  lchamo [romblest [ 0 [SER PR A P U [GEE, Pr, [ 9P 0 [eet, oI,
n ] nofnt dnn | linutes Mateo | Mnutes
{ ) 3 4 } i i g ] 10 il 12 13 {{
1 Bi(RePeat) 3 Ligm 3 %60 388n 600 et Al8m 892 35,6
nae o o g § Len WS %) adm 606 BT agsm BS B
0950 he
15 005 28 104 lunm 58 09  056m 875 6,25
1 0.0%m 218 AT 0.9Mnm 568 51 03m B85 4,0
By 3 208m 306 6800 4Tom 5% BS  4nm 88 9.8
1.1(.)2.67um 6 { 6 5m 313 463 Lo%m a8 RS 3m 8 340
15 Odn 282 M8 L¥n &8 22 0.58m 87 6.1
» o0le  a% 18 0.m 566 B2 0.6m 858 25
5 3 wom 303 0 4Slm 595 758 40m 8.8 .5

ey

prvd P
<
.
<

LW Al 40 LTBn oe0l B2 3Mm 881 a4
15 0830 297 165 Lasm 5B 24 o6dm 873 14
¥ 00Me 2% o7 oMim e 36 oam 6% 2

3 6 1 % 0.87m 285 94  oelsm 0% 0 05 0.02n 6.6 0.2
b 4 ! 2 oa6m 285 76 olnm S8 2% on 0
3 5 1 A 0m 485 48 odm K% 52 on 0
3 6 2 0 o6lom 285 A4 LeBn S8 N7 omm B 38
B 6 » 00%m 285 27 ootym B LB oolfa 60 0.8
B 6 ! 0 Ipn 285 40 280 Bk 42 upm 84 %58
by { ! 10 Lasn 285 458 a%am o Bk M6 1¥n 8e DO
By 9 1 10 08lim 285 A5 LU0 58 0 Losm 8.4 0.9
Py

{continued)



Table 2.7 {eontinued)

10

- 3 { 3 § Y/ 13 14
n i § l X
) § ! 10
3 6 - 1 2
{ § ! 10
11 3 blsts 6 V) Pooooakm 2% S a8m 5% NS adm 8y %
in quick kg exch ‘ ,
succession § L45m 2% %5 aMm 5% Wi oakim 8 0.0
vithatie . 4 ,
{nterval of 1§ 0.03%n 26 L2 005m 5% 0 085%m 8.4 1y
0.5 to 1 sec,
{blgts 6 l 3
by exch N ' ' :
£ e 2B 180 Ah%m 50 1060 4%m 8% 60
15 0% 2B+ 60m S0 80 i Be

83

Bff. Pr.s Effective Presoure in metre helght, T b

4B = Pore pressure in ¥ of effective stress

plupz ﬂgé-gi
qroety

37 h



Thble 9.7 {continued)

o

I 3 4 S ) b 1 8 9 10 1l 12 13 14
nol il 2 |
2 6 { 10
3 6 1 P
4 6 | 10
qoibse - 6 W §oamn % LS A 5® 0 W5 a%n B0 %
in quick ky oxch , |
Succession 6 05n 2% 555 aum 59 45 ahm B0 00
vithatine A ‘
interval of 15 0.0%m 260 L2 «0.05m 5B 0 08%m 8.4 1y
0,5 to 1 see,
jhlasts ] 1 3
ky exch . \ ' - ' '
) 0n 2% B0 5h%m o 50 060 48 8 6.0
15 0%m 2%+ BpE S0 PO 3dn Y B8

£6¢, Pr.a Effective Pressuze in metee teoht o % ¢ o

4P« Pore praseure n % of effective stress

RS

q°0h

Bt
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Tablo 2.8 - Horizontal and Vertical Accelerxation

Bl ast No. gggnrggty Depth 23::@-5“?5 tion 3523“ mge:lz.gg;- recolem
Blasting fof piciaption ration
jPoint

m m o q,
1 2 3 4. 5 6 7

| Repeat Blest

B, (®y) 1 30 surfeco 0.2 0.4

B, (Py) 1 30 surfece 0,2 0.25

B, (91}* 1 30 surtace 0.16 0.4

Depth vo Accoleration

BS(PI) 1 4 » 20 surfosa .32 1.3

B.a(pl) 1 6 20 aurfeca 0.32 -0.88

By (Py) 9 20 surfezeq ©.70 1.70

Chamio va_Accelerpticm

B () 2'2- 6 20  surfeco 0.17 1.1

Bg (P4) 1 6 20 surfoce 0.32 0.88

B, (®)) 2 6 20  surfsco 0.5 1.4

Distance v8 Acceloration (charge 1/2 k).
By,(®)  1/2 6 10 surfsco 0.5 1.3
By (Py) - 1/2 6 20 Surfcco .12 .1
Distence ve Accoloracion (pbopth of chamo 4 m)
Byg (Py) 1 4 10  surfoco 0.6 2.0
Bg(Py) 1 4 20 surfeca 0.32 1.3
Listance vg rccchration (Depth of chorme 6. m

By (Py) 1 6 1o Surfieno 0.8 2.0

DG(P]_) 1 6 20 surfeoe 0.32 0.8

Ly ®,) 1 G 30 LUPE 0L 0.2 0.4

Bla('?l) 1 6 50 surg o 0.06 0.1

{continued)
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Tablo 2.8 (continued)

Distince vs Acccleration (Depth of chago 9w

By, Py) 1 - ® 10 Surfece 10.5 3.0
Bg (PIJ 1 o 30 surfcee 0.7 1.7
' Depthaf piclup vo Acceleration
Bp,) 1 6 10  surfeco - 2.0
Bé (PJ.) 1l 6 kXe 3m - 4.4
Depth of Pick v Accoleration
(Distance from tho blasting polnt . 20 m)
By (Pl) , 1 G 2 surfeco - 0.89
By (Py) . 1 6 20 3m - 2.8
Effect of cycles of Acceleration
By (P,) 1/2 6 20  surfece 0.17 1.1

ive blasts each

iii) 0.3 1.0

\




Table 2.2 ~ summary of Scttlemont Data

30

Plot

Charge

sottlo=-

Blest Depth {Dopth of Sattla- Scttle-
Ho. No. ‘ sattlo ment atlmont atimant at
mant ainm cm 15 m
plate aio=- distan~ [Aistancoe
} ' 2an¢e. ce in {in em.
oy m n cm__{cm
i 2 3 4 5 6 17 )
Bl 1 surfaco 8,85 3.0 Nil
6 i 1503 -3, 35
B 1 6 surfeco 5.8 2.758
2 6 m 8.25  2.48 %2
B 1 ¢! surfeee 3.08 2.44
3 6 m G.10 2.40 1:83
B B, 1 6 surfoeo 5.20 4,27 0.30
BS\ 1 4 surfoco 6.10 2.76 1.83
86 1 9 Surfmﬁ "'0461 “2.74 -3036
By 2 6 Surfeaco 7.33 3.66 ~0.81
Bg 1/2 6  Surfoco  3.35 c.92 o.sl
Bib 1 4 surfaca 8.25 3.66 1,22
311 1l o sure eco 7.33 1.83 0.61
1z Bl- 1 6 surfeog
.IIX 4 cycles 1 6  surfeco  9.46 4.58 ) g3
' 8.55 7.02 *
3 cyclos % 6 surfooco  =0.93 =122 _; ..
6 e "0051 "’2413 ¢

~yo sign showo hooving
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at the School of Rasearch and Troining in Carthquake Engincoring,
Roorkes, and possibility of liquefaction and total gottlemants oxw
pacted wore estimated. Ths field results were in conformity with
the lzborotory results, Tho concluslion drawvn on tho badio of the
chove field and laboratory toeatso vore [ 8]
(4) Thaot the Tenughat sands ore not prone to liquefection
undeyr anticipoated ground motion.
(11) .That tho settlomsnt of the sond are not oxcessivo (0,42 m
on anticipated ground motion of 0.1 g).
Hence né treamem? of foundation iz nocevsary. Howevor, at
tha junct;;.onﬁé eha'upamam and downotroam toes with the bed,

a flexible apron 3 m (Fig. 2.5) thick greded as invert.cd filter
matoerial in a length of 30 m hove been provided. Now tho found~
ation sand was only. a problenm for scepage and to prwidé an im~
permecble barrier across this depth was a tosk before the projoct
cuthorities. |

2.2.7. Undorlyiny old stroem Bed (Ston. €070 m to 6375 m)
Detalled inventigation betwsen $¢hio longth conalsting of

arilling and watereless teatsd, indicatad high pormacbhbilitics bot=

waen stn 6100 to 6250 m., rFurthor lnvestigation broughd. . out tho
oxtotonce of on underlying old strotm bed crossing tho dom, Hard
rogk strato o, hotowor, found on an aversgye of 3 m of the bottom
of hkoy tronch. It hoo, tharefore, boon declded to grout from

atn GO70 m to G375 m upto 10 10 22locw tha bottom of cutoff,

“hug in the ontdrg length of tha dom there was preoetically
no preblom in providing the cutoff except in Che river bod whora
concroto dicphrpgn wall was cdopied o9 permoncent cutoff.
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Chaptor 3
CHOICE OF CUTOrRP

3.1. Genaral

Tha safety of @ dam with a foundatiocn of deep alluvium is
dircctly ralated to the effectivancse of thes cutoff in tho ro-
duction or control of secpege under th dam. vwhon tho found-
ation alluvium i1s shallow, or whero dowotering probloms are not
groat, a positivo cutoff in the form of an oxcevoted open core
tronch backfilled with conpacted impervious material iso usuolly
adopted, In situations requiring a decp cutoff, tho compaocted
corg tronch motheod often becomes quito expensive ond improcti-
cable, speclally vhen working poriod is restricted.

3.2. In casc of Tenughot dom, where ths river bed sand posed
soerious dowvatoring problem, dlffarent alternetivo megthods for
providing cutoff in the river bed wore consldercd on the base of
tima and economy. Thosg are =

{1) stecl shoot piling

(11) Provicion of upstream imperviocug blankot
(111) Deck€illed open trench

(iv) Grouting

(v) siurry tronch

(vi) Conprote cutoff wallo

Theso oltornatives wore considored on tho hoveemontioncd
bpgso of tim2 £id cconomy. In c2to of Tenughat,tims wog mord im=
portont than co3t ©a tho targot weo to otoro wator during July
1969 ¢o Cctaobor 1969 and supply to Bokaro Stecl Projcet £rom
decembor 1969,
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3.2.1, Stecl shoot piling

steel sheat pilces cutoff hove been provided in o nugder
of dam3, soma of the examples being Fort Peék, Garrison, Oahs
[9], Denison and Santiego Dam [10] in U.S.A. and Faithon, Pan-
chot Hill [11] about 80 km downstrecam from this sitc whoro allu-
viol deposit Ao olso of the samo depth, L.0. 15w, It is vory
Aifficult to moke a ahoot pille cutoff watertight, Thoere orc al-
ways chéncas of leaksgo through the jolnto and et contact with
bed rock. Duc to prescnce of picces of boulders in thay moss of
bed sond at lower depth, and irregular bed rock surfeco, toaring
and curding of stecl sheet pilles could not be fuled out., Again,
to drive shagt pile without the foor of damsgo to interlocking
and in the vhole river bed in onc season was difficult task ot
Tenughat dam. A study of effectivencss of shogt piles at Fort
Pockg‘ Garrison and Oahg dams as presented by Lene and tohlt [9]
rovoals that "sheet piléng hoo been relatively ineffective for
controlling underscepege’. At Kota dam [12] also 4¢ was not
found to bo cffectivae., Hence this posoibility wes ocntiroly ruled

out.

3.2.2. Provision of upstroam imporvigcus blanket
Upstream blanketting io also o massure to control scopege.
I¢o usa alono or in combinaticn with otesl ohoot piles wes cone
oidored but wes found to be unsuitcblo under circumstances. Tho
lowor valley dom on thio river at Ponchet Hill, wioro tho cut-
off io a combination of oheet piles and blenkotting hos tho waln
purpcoag of flcod control whoroes in this project, tho purpeao io

censorvation for utilisation wuring lean months of flow. In

Panchet Hill dam, o singlo row of sheot pilo driveon upto rock
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in foundation bolow river bed and extonded 6 m dbove river bed
in the core with a blanketvspmading 150 m upstraam of tha dam
[13] in the river bed. This arrangement wes not workeble at Tenu-
ghat as the wholc work wes to be completed within one working sea-

oon of ncarly 200 doys.

3.2.3. Bogkfilled opon trench
This ig tha commonly used method under many doms., It pro-

vides direct @vonues to inopection and contrel of quaiity of

work. 25 0 result this type of cutoff provides # tight mnd offoce
‘tiva barrior to scopege . Tha principal difficulty in construee
tion of a rolled esrth cutioff is froguently the dewatéring of tho
excavation and holding down tho wator level until ths trench ie
backeilled. | |

At Tepughat, this preoblem of dewatering and holding down
ths water leval for backfilling tho oxcavated trench was stuw
pendous. ©On working ocut th? cost of dowatoring itself, it was
coming moro than the cost of cutoff finally sdopted, the exco-
vation and backfilling cost wos in eddition. A foreign firm
o.forod to use the techniquo of freczing the water which would
mako the exceavation nd bockfilling taosk much casior, Tha coat
of this mathod wes cotimated to bo lower than the comventional
dowatering ond beckfilling opon tranchy but this techniguo hao
bucit tricd osuccesofully in cold climotos 0.d not in a tropical
climato liko that of Tenughat whoro day torporaturs durding ouaanr
working ccpoon varios betwecon 100°F ond 120°F. 8o, conplotion
of opon trench cutoff in one working socson wes found uncco

nonical.

3‘2.4’ L
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3.2.4. Grout Curtain

This method is providing a dependoble cutoff and being
frequently zdopted nowadays in dams with large pervious depos
sits in river bed ¢s permanent seepage bacrrier. Such grout cure
tains hsve beon used in many dam, th@ notable oxamples boing
Serrc Poncon Dam in Pranco [14], High aswan Dam in Dgypt [15].
Idseion Dam in Canada [1G]. Mattmark Dom in sSwvitzerlend [17].
and Kotd Dam in Indis [12]. Sarious doubto on tho cfficccy of
cutoff containing cvon very small porceontego of openings havo
been cast by Casegronde in his first Rankine lcocture [18]. He
has given exanples of a mombrance which hes slits 1.5 mm (116
in.) wide speced evory 1.8 m (5 £t). Thic would corrcspond with
an open=spacte ratio of 0.15%. For the caso whers base nidtﬁh of
structure is 30.5 m (100 £t) and so is the depth of curtain, so
that for a 1.5 m spacing tho nunber of alits, n, is 20, the
thooretical cutoff efficiency, L.¢. the ratio of the reduction
ofsecpage discharge due ta the cutoff to the rato of flow without
tho cutoff 1s 293%. In other words, 715 of tho rate of flow withe
out cutoff would otill ba going through those slits, 1If the
some 0,.1%% of tho aron is dividod into a larger number of slits,
the cutoff efficicncy dropos dovn cvan lowor, with n equal to
120 it 48 6% In somd of the recent dosigns increasing roliance
hao boen placed on thd grout curtaln, and ths provision of tha
long imporvicis blcoakath heo haon omittod or curteiled in somd dam
in vhich thio was provided. Houvcvor, thio groit curtoln hes moste
ly beon found to be more ouccesaful in grovol ond boulcdor otrata,
whore clpy-comont, clay, or clay chomiccol grout can bo omployod.
At Kotd, it was uancd purely 9 &an agditional safoty feoaturo.For
dopendobility, it is nocoseory thot thoe thickness of tho gi’outeﬁ
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zonc should not bo amall in relation to the haod, and this tends
to make tho mothod expensive., At Tenughat where bed wldth was
nore than 300 m, both tima and economy woroe ggainst the tech-
nique, cven with cemant or bantonite grouting. In cze of chomie
cal grouting. the cost would heve been four-to~five times thot

of the adopted mothod.

3.2.5. slurry trench
Tha’slurry trench’ procedurg with soll beckg£4ll had been

used a3 a permanont cutoff under a dam f£first at t.anopum Dem [192,
207 in U.S.a, in 1958, Thore the foundation material consisted
of an erratic deposit of sands, gravels, and cobbles with some
open work gravel extonding upto a depth of 27 m, The permeabi~
lity of the various layors ranged roughly between 0.1 cm/Sec.
and 3 cm/Sec. In case of Tenughat Dam, sand deposit vaories from
Smto 15 m only and permadbility of nand 1 cm/eec:: magimunm to
0.1 em/sec. |

Global tenders wore invited for providing tho cutofé with
dooign in Octcohar 1966 with tima limit of complotion upto Juns
19G67. UlNo tonder who received for slurry trenching end tho Rivor
Valley Departmont hed no such earthmoving mechine in hand to
provide thin typo of cutoff though, it ccoms, _thia might \have beon
tho chogpest cutoff., T2 usunl depth upto which this type of cuv gf
con be proviaced 4s not limited ond At doponds on tho cguipmont
working, Theo usunl cqaipmant currontly cvaillaoble indicato proge
tical tmite of cbout 37 m [21] with a drcglino, chout 30 @ with
a cilamshol., Soma f:mncw;ng aechines euch &3 tho Parsons 355
Sronchlinor, can bc squipped with a opeciod lodder to oxcovato
dopths upto 14 m, A9 tie deposit v ondy 15 m, the dregling
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could have vorked and it would have proved choapor, Leck of
provious expericenco in this type of work wos also & considor~
ation in the decioion.

3.2.6. Coperoto Disphregm vall

Vertical concrate walls of various types have beon ingte
slled under a fow major earth dm;.'ﬁc;&ﬁﬁatlom a8 pgopogo barriceys
(rablo 4.1). whon founded on rock over their whole length, cone
craete walls aro porfoctly satisfactory ond provide almost comploto
imperviouaness. Tho offer by th: firm Massors Rodio Fourxiation
Eng‘inearing'and Hagrat & Co. of Bomboy under the Rodio~iarcond
process was workeble with both timo and economy condidoration and
wse adopted at Tonughat Dom.

withthe decision to provide a doublo concrete diaphragm as
pormancnt cutoff wall, the dam scction 6e shown in Fig. 2.5 was
adopted. The earthsn dam as shown in the figuro (2.5) heo o tri-
zonal section vith a slanting control impervious core flonked by
semiporvious casing both on upstrcam and downstream vith a 3 m
(10 £t) thick sand chimney filtor, sendwichad between central
core and downotream imperviocus £i1l, leeding to a tod draln
with suitable wolght and £ilter. In the river bed portion whoxo
the dem rosts on pervious deposits, a rock too has beon provided
both at too and haeol.,
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‘ Chaptor 4
DIXNPHRIGM TECEIIQUR

3.1, Genaoaral

Design of dams on pevious foundations pregsents many probe
lems, and these tend to bocomo much more complex when ths per-
vious ptratum is not woll=compeocted and is irregular in density.
where thickness of tha deposit is large and of high permasbility,
the cost of providing a pesitive cutoff for sifting o dam boe
comss elmost prohibitive. Ths diaphrogm tochnique, whick i3 of
recent origin is a very useful method of tackling such problems

umder & dam or similar othor structureo.

4.2. Hiatoggaa; Developmonit

Tha Engineering profossion was greatly in need of somo new
technique which could ensblo doep tronching without ‘prwxdmg
support in prescencoe of sub~toil wator ond without affecting the
the stability of ths suxrounding soil. Tho principlo for deop oil
woll drilling with thiznotroplc 11@& support wim woll known to
the Engincoring pro:asaion. Thie Mtrep&c property was first
utilioed for oxcwation of a roctangular trench in Itoly [ 22] in
tho yeor 1980, sinco then tharo has been a continuous improve-
WwenS An the tochniquo and 4ts usce has also wigiened. Tha art of
plocing concroto under water vl <h or without roinforcomont by tro-
mio is in prectice since carly forties, Yho coneroto diophroguw
wall tocchnique 4o a combination oL tho tronching in prosoncea of
bhixotropic liquids end concroting by trxomio,
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4.2.1. This tochniquo was initlated for the construction
of sub=way in Milan, Italy, by I.C.0.5. (Impreso Construzioni
opre specializzeta) [22], a €irm doing tho specialised jaob.

4.2.2. Ths mathod by now had boen widely used in Franco,
Switzerland, Great Britaln, Grooce, Centdo, U.S8.A., Austrolia
and many othor countries in the world., The €£irs¢ uso of this
technique in U,5.A. was for a pormanont structure ot Kenaowick
Loveo in 1952, end in India ot Cbra dom in 1966. ‘ihe construce
tion of this slurry trench wes done by patented cquipmant. Tha
pioncering firms uncertsking this typo of work ave I.C.0.8..
Milan, Italy’ E.L.S.E., also Milan, Italy; Harzt Engincoring
Co.., Chicago, U.S.A.; Soletanchs, Franco: Bonato, Fm:ic:ea.‘ ’Roaia
Foundation Engincering Ltd., Switzerlasnd, [McDougalt~Irxeland Pvt,
Ltd,, Malbourns, In India, Rodio-Hozarat and Co.. Boubay, and
Willner and Co., Bangalors [ 23] undertake thzs work of this naturoc.

4.2.3. Many dams of low-towmodorate height seated on pervious
foundation have been constructed with slurry tronch cutoff withe
in lest tworandwa=holf docadas, One of the mest recont and ime-
portent oxcaples 4o that of & 91 m (300 £t) high Bighorn Dam [ 24]
in Coneda on a 65m (212=£t) dcposit of sand, cobbles ond bouldero
without any probloms of maintengnes so £ar. A listof somo of tho
dam, founded on porvious doposito of lowetoe=nodorato doptha in
which permenont cutoff hod beon provided by olurry-tronch toches
nicita, and hIn ceorved the purpDess wvdthout Sny modntononee ook

lem oo faor, 30 ppondced in the ond of thioc chantor(Tasles)

4.3. slurzyetronch Techniquo

Tha slurry-tronch technicuo of conastructipy o soccpego cutoff
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cansiats of excevatipy a trench with vertical sides supported by
bentonite slurry and backfuling this trench with selected soil
matarial bleonded with bent«onﬁ.te slurry.

J:s the matorials arc ramoved from tho trench, bentonito slu~
rry is eﬂded at a rato auc'h that the trench always remains £ill-
ed, This slyrry, slightly hoavier thom wator, forms an impor-
macble filter cake on tha trench sides and exorts sufficient pre~
spure on the walls of tho tronchto support thom in thin vartical
positions. Aftor g sufficient length of trench has been excavate
ed, backfilling operations con be started. The pelected beokfgll
may éona‘iah of part of ‘the materiols £rom trench excevation miuod
méh borroy mauerﬁ.ala to provide ta wall~gredod backfill that will
bo xmpemaamla, safe from pips.ng. and 211l minimisa settlemt.
slurry is mxad with tha bmkﬂll matarisal primarily to reduce
the pemabuity. It also aids in blending £ine and coarsc backe
£411 materials and improves the beokfill plmemaﬁt charactorio-
tics. _

~ Since tho beckfllling operation prograsses at tho same
roto os trench excovation, tho slurpy dlopleoced by the brhkidlld

i used in tho oxtonsicn of the trench.

4.4, Types of Disphregm

Thoro Lo no brocd cleodoification for tho typo of diaphrogm
which hcs beou couwstovoted oo fer., It hos boon montionad carlior,
that it is prootical innovotion., Honeo 4t can e broodly clacsis
fled into two on the besio of construction precoduro, vis., o

(1) rigia typo

{(11) Plootic type
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3.4.1. Rigid type of digphragms arae concrete, both plain and
reinforced cast insitu disphregm. The rigid type of diaphrzgm
are constructed in different monner. According to Edison { 23]
Group rigid disphregmsof the following important types aro known:

(1) Dizphregm consisting of tangential piles (bored without
drilling mud) or Bonoto type with drilling mud) Fig. 4.10.

(11) Diephregm with intorlocked piles (Fig. 4.1b).

(111) Disdphregm with overlaspping elements (Fig. 4.1c).

(fv) Digphragm with eiongaﬁad elemants either circular or straight
aight (Plain, roinforced ér Plastic concrete) rig. 4.14d.

(v) speclal load bearing tyPe. C. Veder [22] indicatas thot
current trend 15 to pﬁavidc aeéérate loed beoaxing clemant
such as I.L.H., and doublae Y=shaped for load bsaring grouﬁa
of disphragms. Thasae elements allow vertical loads, sheare
ing forces ond bending moments to be resisted. They also
exhibit the same advantago as continuocus diaphragms, such
23 obsence of dioturbsnce o the surrounding coil, minimum
noise, tha possibility of construction very closo to the
bulldings, high load boaring capeacity ond groat vorsotility
(Fig. 4.1l@).

4.4,2. Plastic Dicphrogm: This type of digphregms aro provige

cd by beckfilling the olurry trenchas with solected soill matorial

blended with bentonite slurry. Mpst of the olurry troench cutoff

provided in Mmoricon uwd aro of this type. (Fig. 4.2)

4,5. Nachinory used for Disphregm Construction

Tha construction of dicphregma on dams cnd othor structures

is being dono by patonted mechinory. Thoy con bo sub~divided
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into two categorics on continental basis, i.c. -

(1) turopoan (Fig. 44e)
(11) ameriecan (Fig. 4.2)

4.5.1. Europcan Typo. Tha BEuropoan typo potonts for tho var-
ioup techniquos knowvn in dliephregm £iclds are = |
(1) I.c.0.8, {(Italy)
(44) Bdison Group {Milano)
{111) 7Titonia system (Italy)
{iv} Rodic Horconi (rronce~italy)
(v) E.L.S.E. (Italy)

A list of machines [ 23] usod for oxcavating trenches is
given at the end of the chaptor (Teble 4-2)

4.5.2. American typo. The U.S.A. hos also made headway in
dosigning special techniquo for diaphrogm wall constmctibn. A
number of patents rolpting to disphragm walla havo boen 1ss:6d.
iany of thom relote to special excavating tools ond mathods for
oxcevating a slot or a trench scction., Ono of the £omous patento
10 Havza Engincoring Co., Chicego.

4.6, Construction Procedurc

-The principle of construction of tho slurry tronch is bescd
on “Roversc mud circulation systam’ in which “rich ective clay”
or “bentonito” 4o w.cd @8 o drilling mud to oupport the walle
of tha clcments or boruhiolou., Why gCvorco cimculaticn oyrtem one
ourcs continuous £low of bontonito in tho clomont boing oxeovots
ed or drilled, 4wha patentod “‘tronching oquipment’’ with o povor-
£ful opon veno pur® sucks out the drilled or excavated matorials

alongwith tho bontonito slurry. Tho dobfio is discharged into
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slurry pits speclially excavaeted ncarby to receive the mud and
cuttings, Tho bentonite plurry flows out to enter sgain the
element boing excevated through a system of drains. . All the
while,, the level of bontonito slurry is maintained in tho elo~
mant or panel belng oporated so that supporting ection is contie
nuous, Whatover slurry ic cbsrobed inside the volds of tho suryw
ounding material or used for forming a membrano along tho wallop
i to be repléni.ﬁhad, Till tho excevation of tha element is com=
ploted, the circulation of the drilling mud 1o to be continucd.
The sounding of the trench for its clearance from the lovso maw
toriole are repoated and tho diophregnm minﬁorcamnt. cega (i€
rodnforced) is lowored and conmcrete poured through th2 tremmie.
Tho detailed construction of 'reni}.ghat dam diaphragm 1is inscribed .
in Chapter 8. o -

4.7. Factors Accounting for Stsbility of tho Exceavated Tronch

Much work ho2 been undertekon in reoent yzars o detormine
tho noturo and oxtent of ths forees which est on the vortical
wolls of tho slurry aupportod tronches., Before sixties, there
WOro no theoretical raesoning cavanced towards tho stabilising
factor of tho olurry tronchas, In sixtlies, tho foctors and foreos
wvero exporimontally verified in tho leboratory and olaseo obsorved
in fiold. Tho £cctoros which cecount for tho stability of long
tronehss ©3 suggosted by various zuthors are -

(a) Hydrostatic prcosurcof tho clayslucry.

(b) Posoive resistonce of tha slurrny.

{c) l}egiig.ance to deformation of the filtor cake = vVodor
196%).
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(@) Electro~Oamotic forceo
(e) Foctor prevonting initial disturbances,

Tha prominont rescarchers in this fiold aro Moradi (1962),
Lorenz { 26] (1963), Veder [ 22] (1963), Nesh and Jono [27]£1963).
Horgenstorn and amir-Tohmassch { 28] (19685), Pzaskov;sky [ 29] (1965).
and Elson [30] (1968).

Rocontly, Tem [31] (1975) has alsc conducted exporiments
ond verified recently the density snd properties of the c¢lay slue
rry at the Water Resources Devolopmant Training Centro, Univeroity
of Roorkeo, esccounting for ths stabillity of trenches in dry sands. -
For long trenches whore the length may be several timss the trench-
depth, a foxmn;és for stebility of the trench wall was first deve-
loped by Morgestern and Amir-Tahlosseb, Further, it was confirme
ed by bDuguid {32] (The slurry trench cutoff for the buncan Dam
1971). However, for narrow and decp trenchag, whore the length
i only a fraction of depth, no rational mathematical analysis
of the stebility forees has yet been cchicved. This is beepuseo
of the short desp tremeh, thare is an arching sction around the
oxcovotion, 5 shown schematically in Fig. 4.3, which contributes
towDmio @ stoble excovation., Full use of this arching ection 1o
mado in O round hola, which 18 moro steble than a flatewalled

trench,

4.8, Functions of tho Slurry (scatonito)

It hes boen noted that during excavotion of the wall panclo,
tho functions o. the bentonita slurry wero very cimilar to come
of thooc montioned in 4.7. In odlewdll Qrilling, the mud used

hos aloo similar ~unctions and ¢haoc are =
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(1) To provent the tronch wall from ceving.

{11) To Geposit o thin flltor ceke of minimum permaebility
on tha sidea of thas trench walls, praventing ercessive
loss of slurry, and also enabling the slurry prassuro
to balance tho soll preasure, ’

(114) To koop the cutting in cuspension. §>
(iv) To remove thz cuttings from exczvatior but rcloase them
readily in ths side trenches aftps 14fting from tho
e
e
. T
The viscosity of the slur= . an important fector in lifting

panel trenchzs,

cuttings, a highﬁz'viscosityfgivimg botter lifting proporties,
High densities account for botter gstability bacouse of higher hy-

drogstatic hsed, but reduce the rate of excavation.

4.9, Coneretoc Disphragm tialls

Moinly thé disphragms are constructed of three type of
conareto - |

(1) Plain coment concroto

(1) Reinforced coment concrote, and

(141) Plestic concreto.

4.9.1. For disphrogms with no structural roguiremsnts, plain

cemans is usoed.,

4.9.2. then the Glaphregms aro subjocted to Qifforontiol pree
sourae, structural ctobility roculres tha uso of roinforcod cone

crota,

4.9.3. 8tresoestrain studics on ploatic concrote indicats that
ploatic conerote of sultdlo mix, ylelds ddeguotaly boforo rupturo
cithar in comprescion or tonslon. ABeosides, ito cohaoivencss, im-

5/
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rROORKEE



=pormoability and £luidity in ficld 14 quite satisfectory. Thz
plastic concrote with coarse gggregate also indlcates good results,

Therefora, use of plestic concrete under earth dams is increasing.

4.10,. Pleocement of Concrets

Thz concrete in the tronch is placed by either of two mathe
od8 -

(1) Tremmie method
and (ii) Pumping mothod

4.10,1. Tremmie Mathod = The pleeoemant of concrete by tremmioe

ic moot common and has been descoribed in Cheptor 5.

4.10.2. Pumping Mothod:

Recently, the Americans heve started to place tha concrate
by pumping methods, through pumps of tho plston-displecomont type.
Th2 method of placement of concrote by pumping ensures fastor
and continuous supply, but 1i¢ nocds richor mix with plasticizors
and rotardors. This placemant tochnique io costiior than the tre-
mmie method.



Table 4, 1 ~ Diophraym Cutoff under Dams {slucry)

B

Sio.| Projoct Foundation Materiel Trench Wgdmm  |Depth of |Year of Copstruce
. | ideh Hoed lcutoff {tlon
1 { 3 ) B b |
1 Kennewick Jevee, Moary  Sendy of Sllty gravelo with 2ones of dpen grovel 1,89 n g92m  Tn 1952
Dam Project, Colunbla River, Ko 0.4 en/oep, conteal coro
U.SA
3 vangpun Dem, Columbia River, Sandy grevels ond grcvelly sends uudorlaim oen 3.8 78n B 19506
V.S work grevels K = 2.5 noeg, M. K= 1 en/see, centtal core
3 Mengla Closure Dam, sandy gravel vith cobblos and bouldors gap graded 380 Tadm To 194
Nangla Dan Projoct, Jhalum fn ramo of £no gravel tnd coatno sand Ke 0.4 o/ central coro
River, Pakistan, - Bee,
§  Duncen Leke Dan, Dunpen  Surfece zone of andd andgrwoia over oone of silt 3B n N0 18n 196566
Mver, Britlsa Columbla,  to £lne silty oend vith silty cloy Kelourface zone)  upotream shott term
cangda, o] enfbes, born
§  fest Polnt Dam, Chattale  Upper Stratum of elluvil sodl, dltemating Layors NI 192n 18n 196
odehée Mver, Georgla  6f clay, silt, sonds sand and quavel, K varles upstredm - Groutlay sound
state, U.S.4, from 1,8 % .01 on/sec to 3.5 % 0000 ewbec, lower  blanket rock below tho
stratun of residuel sodl, brown eblty sand; Ke trench upto 3
6  Saylorville Dan, Sucfane zone of inpervious alluvial sandy clay, a5 B2m ¥n 199
Des Yolnes Rlver, Iowd,  Pervious zome, mediumetorfing send end gravelly upstream short
U.8.A ~ coarse-toElno send, everege K (gravelly seng) batn tom
= 0,15 en/see, :
7 Broko Pondo Project Uniforn £ine~tomcoaroo sand with some gravel 1.6m 1.6n 490 1959
Surinene Rives, Surlnane, Dwno.l m, ,
0,54
§  vells Dam Colunble River, Pervious gravels 2.5 namooum o 19
Heshington state, U,S.A Contral cor
9 Yard Greck Lowar‘Reser- Sands gravols, cebbles, and houldors, 25 le8m o Iom o 194
volt) New Jersey, U,SiA : canteal cory -
10 Comenche Dam, Dike 2 Nluvial deposits of varylny nature, M. K 2521 e %n 19

Hokelunne River, Calif.)

U.Soh

15 19'3 en/oee,

{continucd)
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Table 4.1 ~ continued (Concrete Dizphraom Cuboff under Deams)
slo, | Project | roundation Haterdal |rench tlgth {Hadmm {Depth of [Year of Construge
— , Heed _[Cutoff tion

1 2 3 4 5 ] ]

11 Peneos Dam, Grrece Thick loyer of allwial deposits, sends, gravels of 0,61 oa o 150 1%5

high pernedbility, |
13 CoraDem Ingla /Alluvial overburden vith altemate bands b carhee 061 o dn i966-67
' © /naceous ghales and 1imestones, double row

K= 133 10'2 on/aee to 8.6 x 10"2 on/see

14 Temghet Dan, Inile sand, grsvels and bouldors, K:0,75 en/bee to 060 om l5m, 1357
| 10 /s, dodble row ;

15 Dighorn Dam Cemefie  Allwial deposits of highar pormesbility with mass O6n 9n fhm 199

of rocks,

16 Temorary ouof |

16 Ukal Damy Indla sand; grave) and boulders | 06 Bim Ym0
- double zov

1T aerodo Duro Dany Brgdl . sendy materddls 04 Am ¥n 194

18 Madcougen b Canede  Perviows sldwial deposdts e boulders 06n 25k n g

(under cofferdan) | ateh dan
19 Mandeouigen 3 Canada' Perviows slluvium 0.6m 07 ‘m‘ 105 0
foikle roulplles)

9 melstelty Dan, Astela  Forviow river bed depootts B 2 x 10°° enhen W M a6
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Chaptor 8
COISTRICTICON OF CUTORF 1IN TENUGHAT DAM

8.1, Gonoral

Economy ond time consideration cs discussed in Cheptor 3,
led to tho dacision of providing concreto diaphregm wplls 09 per-
manent cutoff in the Tenughat Dam. Th tender quoted by Missors
Rodio Foundation Engineoring and Hazarat and Co. of Bombay wes
accopted. Th2 work was entrusted to the firm within tha frcch
vork of the contract [33] as per 5.3.

§.2. M per construction schedule propared before starting of
the trenching operation, the entire cutoff in the rivor bed and
accomplishmaﬂt of the clesure and diversion of the river had to
be done in twe working seasons only, viz, 1966-67 and 1967=68.

The closure required laying of 18 million m>

of earthwork to come
to & safe level againat a diverslion dlacharge of 10618 m? per sec-
ond. Befora th2 raising of tha dam. R.C. capping of tho concrete
diephrogm hrd to be done ond oncesed. in 8 1.5 m thick plastic
clay cover, It, therefore, becano imperativo to conplete the en~
tire cutoff across the river bed and tha grout curtoin bolow the
cutoff in the working seeson 1966~67 ond allow monsoon f£lood to
pass over tho diaphrggm after providing protective cover., R.C.
capping of diasphregm, grouting of sand boetwecen the two walls,
1.5 m plastic covor ond clooupre of river bed wes in the working

schadule fos sococon 196768,

5.3. The docision on the dosign and construction footurcs waero
takon aftor caroful considoration. Tho maln points woro -

1) Two reinforced concrote diaphregmo walla, cach 0.6 m thick,



2)

3)

4)

5)

6)

7)

8)

9)

06

6~m pancl longth end dpaced 3 m apart were to be provided in
the rivor bod, the upstream wall only was to extend on either
sido (33.6 m on right bank and 134 m on loft bank).

The bottom of the diephragm wall was to be keyed ot lcast 1

matre into hard rock.

The jeints in the two rows of diaphregms to be steggered to
svold eny straight-line passcge of water from upstrean to

dowmo tyoom,

Tha rock below the upstreom diaphregm to be grouted through
holes formed into the upstresm row Co a depth of 12 m, Tho
spacing of holes for grouting to be 3 m - o/,

R.C, capping to be provided menolithically with ths disphrogm
projecting 1 metro gbgvo the river bed. Tha capping to be
tapered at the top to facilitate penotration into plastic

cover, and to minimise stress congentration.

Cross=walls at 30 m to 60 mt gpart, 0.6 m in thickness, to be
provided to connect tha two diaophragms for better rigidity of
the otructuro.

Tha top of the digohragm to be encased in plostic clay of 1.5
m minimun thickness f£rom ol) sides. The sand upto 2=m depth
botwacn the two rows to be excavated and filled back with ime

pervious cloy before laying the plestic clay.

The oond botween ths digphrogm walla tobo groutad for better
resiotonco egainst differentiol pressures and uncrual sottlee

ment and to icrovo beck-rasistanco.

Tho monsoon flood during 1967 to be allouvad over ¢ha bullieup
dlaphregm koeping it 1.5 m bolow river boed and providing due



protection.

5. 4. Construction Procedura

Messrs Rodia-H;S\zarat and Co., Bombay, construct th;z outoff
under Rodio~lorconi process, This type of cutoff wall wos first
constructod in India by tho cama £irm at tha 30 m high Obra Dam
[3445] in Uttar Pradesh., Tha procedurs cdopted at this oite wpo
tho Aama,

A working platform with its top clevation kept 3.5 m obove
the groundwater table, was constructed first., It had € top wide
th of 18,25 matres with a viev to accommodoting tha 2 motra deep
and 6 metre wide bentonite slurry tanks on wostrosm oido f£ollowe
cd by the pretrenches for tho two walle in next 3.75w wideh
and & haul road for movemont of men and oquipment on ths balance
8, 5% m spacc on tha dowvaotroeom side. Tha puipaaa of keeping the
top of the platform 3 motres highor than the soil-water table
wes to allow highar l'atete}. pregsure to be exerted egainst tha
tranch wall than Che wator preacuro for otobility ggainst caving
ond for imparting regquired graovitational head to tho goncroto

to flow with czso,

A 70 em wvide pmtrénch wen oxcavoted manually all along
tha diephregm alignment and was linod with 15 om thick and 1 m
Gacep reinforccd concreta, meont to scrve the twin purpoda of guige
ing the tronching chisel during excavatiéh of tha troneh and pro-
viding rcoioConco cgainat collcpuo of the Cop of tho uronch dua
to movomant of nceching ote. 2y tho tims protednehcd vOrd come
plated, othor conotruction feecilities like tho bontonita mixing

plant, the concroto mixing plent end bontonito slurry tank wera
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establishad and tronching for tho construction of thoe diophregm
wall wes started on tho 26th rPebruary 1967. After €11ling the
protrench with thick bentonito slurry with density 1.4 to 1447
the Calyx and percussion rigs wers mpunted on 40~kgy rails laid
elong the pretronches while the clemsheld was operated by a moe
bile crane. Alluvium wags excavatod with the Calyx and claomw

shell rigs, whereas the percussion rigs with a chisol waighing -
0.47 tonne was used for excavation in rock. Th2 chisel of ths
percussion rigs used was 60-om dia, corresponding to a width of
wall with a 20,32-cm hole located contrally and connected to the
drill stem to suck out the bentonite slurry containing chipped and
broken rock, as part of tha reverse circulation. Th2 trench was
always kept full with tho bentonite slurry under motion to maiﬁ»
tain a ménsh cone viscesity inbetwoon 100 to 30D, Aftor tho
trench was excavated to thz desired level, the bottom lovels were
choecked by close sounding in the entire panel length and wes tho-
roughly cleaned by th2 roverse circulation £flow of tho bentonite
olurry. This operation was followed by leuoring of tho roinforce=
- ment eege (Plg. 5.1) firmly welded to on anglo«iron frawd, into
tho trench, with the angle frams, 7.62~cm dia. galvanisegdeiron
pipo weée olso walded 3 motres spart for forming Cha required
holes, in tha upstresn diaphvim wall for grouting of the bedrock

otrata.

The trommie wed placed 4n tho middlo of tho penol, and con-
oroting £ron tho minero vwed corsizsd by durd trucks ond dischasgod
into the funnolled mouth of tho trommio. “ha bottom o the tremmio
was kopt olwayo ombodded in concroto pourcd by asout 0.5 m till tho

ocntire panol wag corpleted. Thoe mix design for tha concroto at
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Tonughat differed from that ot Gora Dom or Ukod Dam., oOnc cubic
matre of concreto at Tonughat comprised -

Oordinary portlend cema2nt 252 kg
River bed asnd (F.!, 2.6) 669 kg
Coarve oggregate (18-mm) 995 Iy
Wator - ' 252 Ig
W/l | 0.265
slum : | i8 enm
28 days cubo strongth 178.5 Iag/cma

(Concrote mix proportion wsed at Cbra dam and Ukal dom are shown
in Table 5.1 for comporicon.) The bentonite slurry displaced
quring concroting operations flomod back into tho tanks wharo it

wax rejuvenated for further uso.

5.5. The sequencing of operations adopted for tonching ang
conémting panclewise are shown in Fig., 5.2 and dotalled soil
slurry propercies ag shown in Tablo 5.2.

Trenching of pancl was taken up £irst and two casgestoal
form tubes 60=cm ocutor diamotor woro lowsred in dead plusd, at
the two endo befoml concroting wos started, Aftor the concrota
achieved tho initial oei, the tubes ware pulled out. Tha axcae
vatlon end concroting of pccondary panelo was taken up only aftor
28 days s0 ©3 to allow adeguata timo for the drilling and groute
ing followiny tho construction of ponols.

dop of diophrigm OLOEG JUnD 19267 wes kopt 1.5 motrna below
tho rivor bod to ovold disphregn wall wvorking ©o a protruding
wolr « leunching oron of bouldorn wos provided for protoction

cgadnst peour £or a divarsion £lood of 10, GOO n3/bac. Tronching

\



-t

DETAIL-X
/

a5 -
N AR PR
> ," :"3’ > < 5"." “ A“\ &
RN %\ . 2
N 3:5M ‘al RN
R \ NooNY
. x‘c% AN y
NN \x\\x\ \1\ \\\\:\\\\\l\\& _\
< . O 5"_‘.. V 5\ e h,l
o :v.‘ 4~‘-..~\ '." '. '
I ~ [} o N
St -0 . ’
, AN ) A N, A - .
- o . : 4
. - [ =
[ - . AT T -1_“"_”_._'_; R
PN
lemz2m
Mo —ose ™74
: i S=2:}
LD - !
+—
\ i ri
| i
P
!
.
b
l ! i '«..._ R
i t
o ] ‘
[ |
_REFERENCE i’ ‘

!;l

SequeNCE OF OPERATI G%
4 il

1, TeencHinG

2. CONCRETING
3, CONCRETED PANNEL
4. TRENCHING MACHINE

5, TREMIE 5=24

6. FROM TUuBEL L m :

7 WORKING PLATFROM |

|
7. WORKING PLATFROM [
8 ARENTONITE TANK |

9. PREL TRENCHES

,_
N
Z

10. HAUL ROAD

=

11, RAILS !
TAILS OF CONCRETE DIAPHRGM CUTT-OFF

NUGHAT EARTH DAM.

4




o -

—~ G a4

 DEQUENCE. OF ORERATION

g Lestsam
| RIFERIACE

JLQuenct. OF opERATION

~

RERT o v v vy ‘1

\\\ A \ \“"‘[ |
2, CONCRETING

LM\
3, CONCRETED PANNEL
4, TRENCHING MACHINE

3, TREMIE

b, FROM TURL

7 WORKING PLATFROM DETAILS \\
] HORKING PLATFROM \

\
8 RLNTONITE TANK Vool \\

A

9 PRE TRENGHE § \\\ \\\ \\\\\\
10.HAUL ROAD
I, RAILS DUML-X

chLt-'~ Jem:joem.

r P it

a

&7

ke - 75N et 0 C M L TG EM

oyl

K\‘\\v s \\ T

,\:\ \‘v\ \\i.. "o )scM —mﬁ\-

IO 35¢M

{

(Y]

§:2)

SECTION

/ALE" lCM: ™M

ﬂl -GM wiM)S.r nfT - 8gu )13
| |

$221

/:-Al(,chﬂM

V&JOQKNG PLATFROM

7 CONSTRUCTION DETAILS QF CONCRLTE DIAPHRGM CUTT-O

FOR_TEMIGHAT_CARTH DAY,

=gk * 4

s

[

]




Cbora Dam vkal Dam
1

ror (1; 1313 mix) (Proportion by weight for pl::ﬂt-
ic concrete)

coment 1150 kg Cemant ' 1.7
kg;gr:egato -

3/4 in.to 1/2 in. 45 cft clay (Bleck Cotton,

1/2 in. to 3/8 in. 45 cft PI=25 to 30 3.0

sand . B0 cft sand (F.M.=3.7 t0 4.2 6.0

wWator 5 litres/2 bag water 4.6

o omdax : :
slump 6 in, to 9 in, slur® 25 emn

90 days cube strongth 25 kg/em?

Table 5.2 = Foundotion Soil and Slurry Proporties at Tonughat Dam

Soll Property ' ] Slurry Proporey

1. Type of soil « Madium to coarse 1. Slurry(for Bontonits) =

sang LL . = 30 to 350
2. Dio « 0.23 mm PL - 850 to 58

Pl - = above 2850
3. Dm . 0.55 mm
' ' 2. a) Initial density - 1.4

4. Max. void ratio - 0,79 b) Density in trench 1.20 tp
5. Min, vold rotio = 0.49 1.25
6. Rolative density = ggg,‘ to 3. slurry lovel - 3 m above sub=
7. 8p. Gravity = 2. 6:2 Soll water
B. F.M. - 2.6 evel

9. Uniformity Cooff.~ 2.27

Trench Dima_nsions

1. Length of panel - 6m

2. Width of panal = 0.6 m

3. Penotration of slurry - 15 cm o 25 cm

6. oopth off pancl = Upto 1 m in hard bedrock
5. Collapoc of oildes = Nono

6. any cho.deal acded - il



operations worc startcd on 26th February ond tha £irot panel wes
c&t on the 6th rorch 1967, The portion of tho diaphragm in

the rivor bed was completed by the end of May 1967, thz launche
ing apron weas provided ond working piatﬁorm conmplotely removed by
15th Junc. The extension' of the upstroam concrete wall in tho
£lonls continued till middle of Soptember 1967. Th2 grout cure
tain bolovw the upstresm wall through 3.7«om dia, holes placed at
3>m 4ntorvals wes comploted by Dccembex} 1967. Tho grouting pro=
codure crvisgged grouting of top 1.5 m £imte 80 &3 to buildd up o
roofing and ensure watertight joint between thae bottom of tin
dicphrogm and the bed rock. The grout inteke in the top scction
was ganerau& larger than in ,ﬁh@ lowor sections,

Tho entire cutoff dlaphrognu in two rows for a length of

323 metres togetherwith crossewallo and single row in a length
of 134 metres, mak;tng a total of 5780 8q. mim& was thus bullt
in 150 working dayn ot a dally werego of 38.5 m® of wall arca.
During tho monsoon, poak floods varying from 3145 m3/3e¢. to 4570
@3 foce. passed over the bullt, but protected, diephrogm and sound»
ings taken after roceding of flood rovoaled that upstroam tpron
had romaincd unagfectod whilo the dowmotgoam had lounched to a
depth of 1.5 motre only. Tho idth of tho 1.5 m thick lounching
apron wes kept 15 m on both sides, This arrongaem.nt stood tho
monooon £lows without any damego,whatsocver. This wes Ch uniquo
ochiovemant oinco thore wore no peast records of olloving £loods

to poas ocver dlcphrogmo,

with ths mondoon ovar, oporotions waro cgain resumad ofter
robuildbng tho coffordom and removal of launchod opron. Tho Cop
GO cm of tha bullt concrota diophrigm wello which docs not onouro
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gound concroto, wes chipped of£, ©s provided for in tho gpacifi-
cations, &and furthar raiolng of ths wall ond plocing of the cop
was taken up &3 conventional R.C. work, Hoving corploted thig,
tha sand inbetwoen the diophrogms weﬂl romevad upto & depth of
1.5 motro and-bagkfuled wvith compected Lmporvious clay beforo

the plastic cloy encascmont wes built up.

. Le gt
The plastic clay consistedef clays havirg limito higher

than 40% which wexe compacted arcund the concrote diophregm wallp
in 10-em layers at moisturc contents 53 move thon b.;::.c. Tha
maqhamcal composition of o fow somples is given in Toblo 5. 3.
Tehle 5.3
Plastic clay uaed at Tonughat Dom

send stlt clay o MDD  L.,L. P.L, P.I,
1. 57.2 8,65 34.15 16.2 112.2 41.5 18,95 22,55
2. 39,75 '26._45 33.80 15,30 112.6 - 45.0 18,35 26.65
3. 35.50 38.80 25.70 15.8 112.2 47.0 18.30 28.70

Ths compection of ths plootic clay inside tho wall wes cohieved
monually eand by ponumatic tompers t4ll it rosc to tho top of wall
agtor which normal compoction by rollor was done. For this pur-
poso, light rollors of 3=tonno cgpoodty wore uscd and compation
ochieved .25 of the ordor of 955 to 975,

5.6. Grouting of sand inbotwecn tho Dicphregrs

The rooules of pormachbilitcy cém; of pand inbotwoon Cho cice
phrogms, carricd out beforo ~nu oftur gwwatliy 2i1 S o€ 2lob,
rovoealed thot Zrom point of viow of roducing po&mability of sand
botroon ths twe diaphrogmo, thio grouting wes not vory offcetivae.
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But grouting of ths sand did help Azn improving the imperviouse

ncss of ths digpohrogm wolls along the jodnts and would further

holp in adding otructural stability to the two disphregms which
with grouted saend inbetwasn thsm would better resist unequal sottlee
monts and Qi ferential pressures., Initfally, 1t was decided that
tha sand betweoen the diaphragm should be grouted completely in
throo rows, the outer rows with cement bentonitc and central row
with bentonite chsmical, Later on, the scheme wes changed, and
groutiny was done only in two rows and that too with coment banto«

nito only, the outer row noar wownstream disphragm was given up.

Tho grouting of the oend betwoen the diaphragms was done
vith 3.78-cm (1=1/2=in.) Aia. tubes by’ Solotancho’ mathod., The
holes wore drilled by driving casings inside whicéh the tube-a=
manchatto rubber shoath opened at pressures rangirg fyom 9 Xg/
am? to 11 hg/cmz and falls down to 4 kg/émz at which grouting is
being done. The amount of grout has been restricted to & prefix-
ed quantity of 2.5 ms/eleeve. the idea being to grout 25% of the
volds in the sand mass., A mix of cement+15% bentonite by weight
of gem2nt wes uscd for both tho rows, A8 mentioned earlier, tho
griuting of thd sand in this areo was not essentiol for reduction
in pdmnéability but it wes dono to roduce the permeability to
gomz axtent ©5 wall o5 ©o aud to structural stability. The dio-
phragms and coibination provide permanent cutoff at Tenughat, as
oloo at tha earlior construction of Obra Dam, At Ukal bam in
Gujaraé. the dicpPhrogs wore only wisod &3 cutoffo for pit oxeo
vation, and inbotuoon tho AAohroyrs opan Lruach vacwution and
£421ling beck woo dona, This rathor o conscrvative cpprooch weo

Justifioblo Auo to the disastor potontial of, and possible foil-
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~ure for ths large town of Surat situated dowmatrocm,

5.7. Inopection ond Testing

fs this typo of cutoff wall had not been corstructod preve~
iocusly in tho country, except at Obra Dam which was not tested
under fullw=reservoir hoed, the designors wished toba fully cosure
ed doout 4ts effcectivencss. Thare wero some opprohonsicns chout
the watertightnoss of joints betweon the panels and betwocn. ¢ho
dicphragm wall and bedreck duce to the fellowing roesong?

1) thile trenching procecds, &nd orxcovated materials arc punp~
od out, there remains a chance of somd of the heavier matorialo
remaining at the bottom of tha tronch. This further gets cggra-
vatad due to some possible minor sandewall collpses at lowor clea~
vations, which may remain as Q thin sandwichzd layer betweon the
rock &nd tho diaphragm concrete.

2) since the diophragm wall is bullt by flow of concrete through
tho tremmie kept in tho centre of the 6=~m panel, chances of sound
concrota forming at the ends of tho puonel in the entire vortical
loength with ths same donsity, 88 in tho main wall, was rather
doubtfud.,

3) lorot & prohsnsion was about the jointing of tha pancls, pore
ticularly ot the hottom whore thoro is covory likelihood of bottom
sand collecting and forming into a smoller hacve, which may form
triangulor wodge botweon tha two ponolo,  Honee, viouol checking
for tho following warce considercd ncoccsocry and Cecordingly dono -

{a) Jointo botucen tho ponclo
{b) Jointo with tha bed rocks

(¢} sounincss of concrote in tha cntdre dopth of wall.
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5.7.1. Pancl Joints

in ordor to chack the jointo botwcon tho two poacls omd the
bed rock, &nd inspection charber was comtructed at tho lofig~-bmk
ond (Fig. 5.8) by constructing enothor cross=dianphrogm upio bed
rock. Thio gave a clogsed chembeor of 3 m x 2.4 m, through which
visual inspeccotion of the entire depth of joints inbotwcon two
panclo and joint of the concrete vith tho bodrock was carricd
out. Thn depths of the concrateo walls at this location, below
tho bod level, wes 9 motres ond at tho tims .of inspection, tho
water level on the upstream of the disphregm was 8 motros. Agains
gt, this head of water ﬁhﬂ top onc motrae did notrcvoal any oecpe
aga, vhatsogver. From this point €0 tha bottom therc wos soms owadt-
ing only. %he joint aloo oppoared fairly regular and tight with
a8 thin bentonite £ilm 6f obout 3=mm thickness firmly sticking
with the wall. Th2 concreto wall wes sound and togular., The
Joint with the bottom rock was also sound aond tight with the

conerete firmly sdhoring to the reok. Two inclincd holes intore
cepting the joints wore aloo drilled. Tho jointo wore intorcapted
botvcon 7.5 m to 2 m bolow tho top. The coves raveafled tha jointo
gbutting tight cgainst cech othor, ooparatod by 2 thin £4lm of
bantonito, obout 3»mm, 4in. thickno 8 only.

5.7.2, Jodnto of tho Dicohronm with Bed Reck

port foom tho vioual inopection through tho incssection
calabor, G uvesdcivaey o CD junetion bEotucon Sha botten of G
aloohrogn, and bod reck od tho grout curtaln bolov tho upatromd
aleohrogm, wes chocked by dedlling ning 3.75@cm dda, toot-holcea,
0.5 motra dovnoltroom of upstroam diephrogm wall, ot locaotions
which hed talion largo intoko of grout. Those teoto haye indicated
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permeebility of loss than 2 lugeons oxcept into 3 motres in

two cases where it went up to 7 lugeons.

5.7.3. Soundness of Concroto

Three nuibers of vertical holes, in sddition to those indi-
cated in 5.7.2 wero arilled making a8 total of '59 matres of coro
driliing through the diaphragm, Thas avoresgo core recovery in the
inclined holo waes 70% while the core recovery in thoe voertical
holes varicd from 90% to 100%. 7h test detalls of concrate dia-
phrots are shown in Fig. 5.3. There wes no segregation of aggro-
gates, honey-comd or any sign!-ﬁc:an@ intrusion of bontonito ex~
cept that near a fow joints, the wall had to be rcobuilt in a depth
of 1.5 m, Ths density of concreto was found to be varyingy betwoon
2.43 /0> ana 2.45 T/,

5.8, cons truction Gbsez_vationa

As there was no poot experience of this nature of work, ute
most caution was tolken by both conscruction and quality-control
wings of thao project, A few obsorvations made during the construcge

tion are discussed bolovw.

5.8.1. At a fow joints, concrote in the pancl was not found
ecccptoblo in o depth of 1.5 m and width of 1.25 m £rom tha top.
This wes howcvor romoved and rebullt without any difficuliy.

§.8.3. M CIn goinforcomant coge wes lowored into bontonito
plurry £40cd tronch, thore wos o possibility of a thin £ilm c;f
bontonito sticiing imbotwoon thz ccheroto and roinforccmonts, cowoe
ing reduction in bond stxcss, Howeover, whon the top GO=cm of Cha
wall wos ghipacd off, it wes found thot concrots woo firmly osticke
ing to tho roinforcomonts bars, ond no viosiblce dbentonite £film waoo
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noticed. Pousible reduction in bond strosscs, tho megnitudo of
which has yot to be determined by adequate research, could bo made
goed by inoroasing bond arca, through use of smaller-dia. baro

or twisted baro.

5.8.3. ' A thin £ilm (3>mm) of»bentanite geto intorposed ine
batwean tho panel joints. Though the jointo have been found to
bo watertight, the efficiency of the joints could be furthor im-
proved by forming keys botwean them and subsequently grouting.

5.8,4. To ensure a completely watertight joint with the bed
rock, the reverso circulation of slurry and perfect oounding
should be cgontinued till all ths loosaned materials are removed.
Th2 joints should be properly grouted also.

5.8,8, nnring exce:v?atwn of sand in the inspection chambeyr, it
wes found that the bentonite penetrated 15 em to 25 em. Thoe peno-
tration was more wherever there ware gravoels or pcobbles., This would
curtail substantially the parmoability of tho sand in ths slurry-

pociurated zone.

5.9, Precautions

Tha construction of tho concroto diasphregm wall ic fully
machanised, hence chance3 of defecte are minimised, howsvor,

tho following preocantions are necded.

5.9.1, thile ¢ronching operagion was going, the difforonco
sotuoen tho slurrny lovel and subesoll wator lovel wps kept ot
not 1cos than 3 m., Thio wes found nocessary o provent collpose

img of the trench.
5.9.2. Th2 densoity of tho slurry was chocked conctontly ond

CEITRAL LIDRARY UNIVERSITY CF ROORKEE
ROORKT v
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wes never allowad to deop balow 1.2 in thoe circulation and

plurry tronch was alwayn rejuvenatoed.

5.9.3. Roinforecomont coge was lowered, aftor fully cloaning
the boed rock by reverue circulation of bantonlte slurry.

5.10. Cost ofthe Di ephrogm

The cogt of the comploted diaphrapm, including laying and
removal of protoction works for 1967 mensoon flood, dowatoring
to keop woter tablo 3 m bolow surfoce level, grouting of osond
on;s grout curtain below upgtroam diophregm wall worked out to
Rﬁ.l 778 per mZ, This was cstinated to bo 50% lower then tho
positive clay cutefs,

S.11. Recent 2dvancamont in Construction

For the last two decades, tho number of lapgo ocarth and
rockfill dams hes incressed sharply, 89 morae challanging solu-
tiong warae adopted to handlo situations of incxaasing AL£Li~
culty., Th2 grouving trond towards thd construction of thote damy
wed cbviously due to tho leck of othor sites with moro Lovoursble
geological cenditions on tho one hand, ond to tho cdvanconont
of cngincoring which providod roliable solutions to prebleoms

proviocusly conaidered unsurmountsblo, on tha othor,

Doop donoolts of alluviol solil in valloyo, othartiso sulted
So...'*v leontiny carth dems, procluded their uso cuo to ook of okill
in providiry on offcotivo ocoepcdo barrdor.  Juv Ulugo Wi oovrent
of grouting tcchniquo tnd othor mothsds, thelo gitco arc bolng
groaally doevelopad.,  Coneroto cutoff wolls © inporvicuo barpe

{or had boon uocd carlior on clluvial deposito vut now it Lo
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being used for doup dcpesits also at ral atively modorate dapths.
Thz recent construction of 65 m decp singlowrow concrote cutoff
on 91 m high Bighorn [24] ermbenkmant dam {(above otreem bed), io
a new landmark 4n this technique{ At this sito, tho problem

of removing doposit of unsuitablo sand stone 11 m long ond 5 m
deép had aloo to be solved, This was done by using an oxplosive
charge of 18 ky. Ths sand stone wes broken up by two such char-
ges and satisfactorily removod.

At this site, the stability of trench undor such blast¢
conditions hes also beon demonstreatod., It was observed during
tha blast carried mt_ at 17=m depth, thot 1t ejocted all tho
slurry from tho top 9 m of the panol and throw it upto 18 m
into the elr, Tho gmmh. howaver, remained open and steble;
hovever, fresh slurry wos quickly introduced as a sefety mossure.
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6.71. concral

So far tho concroto dianhragm used o9 pcmanﬂn‘t cutoifo
undor casenkmont qoTs ara f.‘ou in numbor oand :ln tho chosenco of
tcoquato porfornanee records may not bo congi clcmd fully dcponge
thla, ror projocts involving conoidorchlo cutlay on disphrogrs
or sinilar now and opeocicliocd jobs, no opportunity should bo
micocd to utudy the bohavicur of such otructurcs by providing
:Lnatmmahm and tcuelysing tho pucorded dotd., For studying tho
behaviour of concrato digphrogm wallo, instoumonio such o3 éiow
somotors, alopd Indicators, crosseamm ingtollations combinad
with hor:.zonta, movemont dovicas, surficee osettlomont pins,
atrocs memm ond otradn moters (whoro posoibla) arc to be ins-:
tolled and choosved., Presently, two ouch dans, in which concreto
Glephrogrn wollo function ©3 pormancont cutoff cro in cporation
in this country. i.c. vcnughat bem [33] ond Chra Dom [34] 4in which
gcmo of tl'mt_awo instrmints hod boen i.nsi:allca ond obuorvationn

ncdo reguldarlyy,

6. 2. Inmcrerontation in Yonughat com

rMoouced Anstmucontation heo boea done in ¢bo | venughat Ge
Lo cLoonve eattloilnt, pors-irosiure vo.v:ﬂ.cét:lom sz?m;; o afeon
conwtruetdon of the CC. ond sdce AnlAoulol LOE wdlaUdibil) Cie .o
fioetien oF thn CAChmegrs wmoor (ASToront 0toyso of Gl don couso
trueticn ond nosoovoly oporotlons., Wi cutallo of Lo 'ir.:)tz.'a.:z_n;‘m{:u

inctolled aro o3 given baolow.
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U.S5.8.R. plozometors, both foundation and emdankacnt Cypo.
heve been provided ot five soctions in the dam ot Chcoincgo 124.00,
133.00, 160.00, 164.00 and 167.00. 7The terminal wolle hovo not
boen completad go far at Ch, 124.00 and 133.00 and observations
arg made at the torminal walle at Ch. 160,00 and 164.00, respocte
tvoly. Thore ic no provision for o torminal woll at ch. 167,00
and the tips of Ch. 1467.00 have becn connected to tho stand of
torminal wall at Ch. 164.00. Tho lcocations of theoo plezomatern

tips arc showm in Fig. 6.1.

6.2.2. Slqye 1ndicotor

This has been installed at Ch., 158+96.5 pancl L=7 of con-
crete disphrem in tha left benk of the river to record deflocs
tion of the cams under lateral loodings, both before and after
£4lling of tha rosorvolr. Slope indicator is comparatively &
now devico atoptod in this project to medsure angular displace-
ment of concroto diohregm undor lotoral loadings. 2dricef dod-
cription of tho apparotus which 4o bascd on £finding null point
in a balorneced clectrical circuit, 42 enclosced in tho cnd togothar-
wvith a set of oboorvaotions taken on 2let July 1967 o rocord inde
tial deflection of tho dicphrognm from vortical plund,

6.2.3. Cross ormd combined with horizontalemcrcamont maosuree
mont dovico havo boun inostallod ot two scotions but far oway from
Sl cloonedyan wailo.,

G.2.4., Sottlomant platos: “Chooo hovo boen instollced at diffce
rent chalneges ond olevaetiono oo Andlcated below -
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Bottlomane Ploto Loecatlions

- Borm lovel chaoincgeo (odd)
812,00 137.00
B72.00 171.00
804.00 129.00

Chainages (cven)
852.C0 114,00
834.00 116.00

6.3. Choorvation of Data

R )

The regular obserxvations of data in respect of 4ll theoe inoe
trumonts inotolled hove not been made. However, in cese of ple-
zometor tips [35] at secction 164.00, data in cesc of numbers of
foundation tips both upstream ond downstroam of tho dlaphrogms
10 svailedlo, In cwo of plezomotric tips of scctions 160,00 and
167.00, tho roepdings for upstroem tips are only svailcble which
arce not of much significance to otudy tho performance of tho dies
phregm in dbscnce of downsiroom tips data. Tho oboarvaotions ot
Ch. 164,00 arc taken rcgularly ot doily intervaln, hovsver, for
studying tho performance random dota at monthly intogfvalo havo
beon sclected (Tablo 6.1) and studied.

6.4. Porg Proaouro Study

Pora prossuro obaoé}aumw £rom piczomdtor tips coancetod
o tomidudd woll ot Che 164.00 woro stoarted £ron July 1970 and
from thon onwards racorin upte Jdcorch 1975 aro ovailablo. 7Tho
proosures rocorded by various foundotion tips org tchulated in

Table 6.1 and computations for working haod, hoad losc due to upe
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- Ttblo 6.1 « Plozoncters (ervations st Teghat Dem

Insteuwmnts {nstalled « | USBR Piezomaters

Chainege . 164,00 (stns 5000,00m)

pal elevation L0 TSLET TEALT e LA T8 8.y

Mp elevation 710,00 710,00 710,00 0.0 T0.00 910,00 740,00

Distanes from den aule 3060”2370 020" V0" g6'e0" g0'e0" OR0eQ

ih b

DS T [TGNGeR] 0 | W2 | B8 | W8 ] W0 | 6 T 07 v Jod T % ioss T4 ics Tiow
watei' Level bl {loss duolloss Quoldue to | duc o [% loss
l&ve.

touh leodf lu/s wall dfe
. wall el well
1 2 3 { 3 ] 1 4 Y (i ) 17 13 WL | e

717|7° 7“-40 732&60 . hd o L . "

L] » L] [ . - »

808170 784020 732.06 783010 181\63 163-11 760.7? . . L] L] L} L] Y » L]
9,90 8180 7385 Gllal0 B9 LY MM . . B
84070 250 76 T80 ey M0 T - » - B

43‘43 - ™ « H

29‘73 - » - -

901,70 78990 M0 850 78B6Y TGS THT TRl 785 WP S a3 a6 BB 9D 1050

1002790 19295 M2 89,00 G637 LT TaAA a8+ BOS 8 w46 R0 6LH 14D

LA TGS TGS TR0 TBLEY 9T R T A+ @0 BB B B 8T8 108,75
WATL 71995 73440 TR.00 789,63 T96AT 7edTT T MBS . 6285 8 w6 B0 B WK

AT WD D WD TS T IR TRR A QG Wb e B B 008

DA a0 0 000 TBRE TALLT LT Tl T« B0 093 A6 B 818 L0138

0,570 %040 73435 9000 T8 BT e T TS o RG0S B8 N B BN
0,67 19035 7448 7BLIC 780,63 TELIT 1T LA 48« 468 A8 14

1L

60 0¥ BN
2T L0 7362 719600 1956 AT T6LIT TR T8 o M® Ml UG

WATL 865 T340 8410 B0.60 BT ORI TILAL MBS

6L NI 985

*

o 08 B Mo e B
0.5 538 ©46 425 %0 %45
$.00 1623 6.4 200 B 9545

100 M5 1heS B3l B4aed 8T 9T TRl A

10070 19,00 7300 T 0.6 T 6T T M
LT M2 1348 TR0 T3 AT BT 1AL MO

BI040 D46 AR SO Yo
1270 T80 TIE T TG TILAT T T3l 728,88

5,75 23 1046 08 4.0 8.8
{contdnued)



Tablo 6.1 » continued |

col ool s el s Le e Ly ool | W]
1,172 185,05 752.65 8L 863 BT 78897 43 MSEE - .60 26,00 1566 4940 2.8 79;20
Dol PLA MG WO WO W W7 WA WE KRG A né LB BB U
sal B TS TRD T BT T 0 T+ 40 Al nd Do BO B
0470 095 TOD0 KO WA B TRTT M3 WL+ 665 W8 N4 B5 W5 8505
0572 WL TGS M BLE P LT 03 MM - 685 nE Ak 50 W0 B0
saT T T TR TLE L BT WA A - 6o W24 KI5 B 9
Wit 5 TR0 Bl B WL 6D MR B . @0 B4 B 6k Lo 70
DAN B TR G0 6 BRI TRT WA TAB . URO 48 B %6 60 50
097 86D 106 B0 B56 REL TRT Ml TME  + LIl 68 B HH 2D 90K
DT S8 TG EED 86 M BN Ted TR - UL 008 64 B BB %
oIl BRD TA® KED BLE TOL BRI TBAL TR - 180 NG B B0 BB
il W6 WS WD MG BRI BT BRI TBE - 0 nE 6 53 60 0.
017 695 1606 B0 GRG 6MT BT 7B RS - LD N0 WA 2B 60 80
La7s 805 TH® S50 SOG SO4 BLT TS TR - USH A% MA Bl o 8.9
375 WS B BED MG SO BLT TR TAE - UL AN Tu B0 o 0
AT S0 TB BB10 Mgl BL BT TR ML - UM L8 BO M2 Tl 0.9
ST B0 T S50 G663 BT 87 T T8+ LR %8 M 235 65 89
0673 8000 A6 BAD0 Bpg BmI1 WAT TAY ME -+ BB BH bW BB D 00
000 80 T GSW0 G O710 6T T T8+ a8 2k 6 46 Do LY
DET Bt RO BED g GRN MM TBA THE - 10 56 06 4B s 9
19,73 84045 73230 00600 838,63 83817 G187 63l 73685 . 100,05 2.0 8246 1985 6.5 | %.35
130073 8580 736,00 S0 G563 ST G 7B TGS+ MEL B 0% Mmm MUI5 %BIS
DAL G000 TLO G510 BP.6 BT AT ML MBS . 103 1913 O 1R M 9P
0107 B TDJ2 B0 BB SO07 fM Medt MGG+ M0 1060 O6l 16k M %l
9070 84210 70,42 02800 Bel.63 B4l 6L il 7685 - NULEE 1210 D30 1092 8400 %492
10070 808 Tpdo B0 8863 BT 087 TR TN« 40 1203 %246 0.5 71950 90,00

(contdnued)
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WAT 050 T8 B0 B '934:}7 MO AT TS+ LLE 156 S8 10T TA 800
1670 063 180 G180 G463 S01T G5 TR M« 107 1058 6 5 TR 805
0000 8235 MBS G180 BM.EY SNLT GILT ML TMES - M 068 Teds 10 825 848
MA20 805 ML 8600 BT ST 85T AL TGS« UBLD 2363 B M5 W %5
HOT G50 T B0 BLG ST T TBAL TAS « Al 20 B4 10 BB 9D
12007 843,85 T Gratle 822,63 SBIT 877 T TIES  « 1047 08 8546 1935 5 9.6
81T B0 T ermatle B3 83T BIOMT TEAL THEE ¢ UL BN B DK KD %0
120006 84235 70,65 ermatle BIE ST BT 3L TS« UL 1S M6 1590 815 8765
905 B0 T ermatle 8.6 807 LTI AL NG« UL A3 846 815 7900 B8
19,075 840,05 7000 ermatle 84163 8KA7T 8T AL T8 - 1497 108 45 6% TE 9
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sgtratn conerato dicphrogn wall reocorded by Plegomator €ip no.
304 inbotwoon tho two rovws of tho concrota disphrogm walls, hoad
loos duo to tho downotroam plozomator locdted about 3 m dovnstroom
of dovnstream dlephregm and thoe 5 haeﬂ‘losg by thn two diophragns
and the totdl ¢ loso. From Toblo 6.1 4t is observed that tha
totol head dicaipation dus to ths conbined two rows 40 minicum
775, ond maydimun 11435, (Tho aobserved valucs above 1005 may bo
wao to mﬁaouxemcnt orfor'end/br Cima lég in tho ad justmant off
pore=prcaosure 4in rosponso to hoadwator ond tollwotor voriotions. )
Tho porovprossura gissipation Guo to upstroam concrote digphrogm
wall varico from 10,24 to 615 and that due to downstroem concreto
diuéhragm wall, from 295 to B84%. A plot of all theae pore pé@v
osured rocorded by tha piezomators, Lakowator elevation and tﬁix-
wator level os ordinato and timo £3 dbscisea hes beon made (Fig.
6.2) which prosents a plotorinl viow of prassure dlstrubution
through the perviow foundation upstrotm and dovnstraan of cobe
crote diaphregm wallo.,

From Flg. 6.2, it 18 obsorved that the pliezomoter tips no.
303, wvhich is located about 3 @ upatreem of the upstrelm concrotd
dicohregm woll rocords ohout 1 motrzo laos hood thon tho resosvolr
ong tha nnéure o2 the flugtuotions rccorded by this tip 4o oimb-
lor to that of lakowater elovotion. At ¢imed, ouch @3 Hovembor
1971, July 1972, thin tip rocords slighidy highar poxo prossurn
thtn tho resorvoir lovel which scoma cbnormal but 4¢ moy bo quo
to the rine in resorvolr lovol prior to t¢ha dota of rocording.

Tho pleozomator Cip no. 304 rocording Chd poro prcigure bote
teon Cho Cwo rovwd, tho cumvo 4o almosC ddontical to Cho rooomvolir
lovol ond preoosurd diooipotion Auringy tho construction utlgo ro= |

corded aro highor Chon in ¢ho lattor poriod whon thn resosvolg
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lcvel 40 almost stotiondry quring major peried of the ycar showe
ing only a icu lideks. The prcasurc disoipation shovn is lowast
Guring July 1974 ond highest during Scptombor 1972, since thon

the rciarvoir remains stationary for largor part of the year,

Tho plozomotor tips no, 308, which 48 cohout 2 m downstroom
of downstroom conczre't.e wall records almost constant level, ond
most of tho timo reocording highor pore proosurce than the tail wator
oxcept in the beginning upto Moy 1971 ond during Scptember 1971,
Tha curvo showp many kicks wharees toillwater rating 4o ncarly
0 straight lino,

2part from tha above plot, o plot of poroeprassurc variation
of different tipo 09 ordinate and their horizontal location o3
abscigea (Plg. G.3ab,c) for dlfferent dates and years hod beon
mcda, which shovws clearly the pressure digsipation through the
alcpohragm, In thio plot, reservoir level and tailwater lovel have
also been shown., These curves for different dates are similar

in nature.

Plots of ¢ poro-preoasurc dissipation (Pig. 6.4) through tho
unotroch concrote dirphregm wall ond dovnstroam conesoto dloe
pPhesgm wall €9 ordinato cnd timy oo abaciced ond §f Pore~prassuro
Glovinotion of Cho cordbinad two rovws &3 ordinate end timz o3 ob-
celeca hove boen mcdo wideh show tha offectivencss of the two rown
ococrctaly and the c?tﬁ:ined offecet of the cutoff, The crorogo %
porcprossure Aissipation of tlw canbined oyoton i Hout 2048
ond curing como intoxvals it 40 moro then 100 which 4s dGuo to
roooviir off CrCIndel. dowor chan the tatlwator lovel by tin no.
305. 2o m:ntioncd oorlior this could bo duo to trondlCat cendd-

o, Thoero 40 no Ciend for roduction in ¢ hoed long cvor thn
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pariod of obscrvotion « noarly 4 yoaro. Thio showg that ovor
this poriod thoro hed beon no locs of cfficlency of tho cutoff
eclither Gue to cracking of tha diophregm walls or duo to logs of
gellification of the grouted sand between the two cutoffs.

6.8, Stmcmral Porformanca of Diaphrgm

Tho thin digphregm wall was likeoly to get tiltod dua to
differential pressures in tho alluvium on the two sifes of thz
vall, Th2 slopo indicator (USBR-type) inatalled in tha left
bank at Cch, 158+96.5 panel 1=7 shows an initial tilt of 0°~-30’
ot a depth 13 m (42.5 £t initial readings) shown in Tsble 6. 3.
Aftor about a yeor when the damfill had been raiscd to @
height above the top of the diaphragm, readings were again
taken. This has indicatod a tilt of 1/100 seconds st ths top
of tho diaphragm wall and 1/1000 seconds at o depth of 7 m,
This shows that the diaphregms are structurally sound.

6.6. Seepige Obsorvationo

Rolief wolls havo been provided in the dam which do not
record tny discharge so far. Tho surfeepe downstroan of tho dam
in the river soction is completely dry which also confirms tho
effectivenons of tho diaphregm as permanent cutoff,

¢.7. Porformaacc of Cora Dom Diaphrcgm wall

chra Deo hioo chudlar cuvodt dn tho river section whore the
olluviun i aloo of similar charceteristicn., Porceproosurc ab-
ocrvations through foundation tips (Table 6.2) hove boon rocords
¢d oinco Cctober 1970. A plot of poro prossurcs obsorved by
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difforont tips hoos beon made (Fig. 6.5) with timo & obscigona
and pressure o8 ordinatse, which shows prossure variations through
the feundation tips. In the beginning these readings show somo
erratic bohaviour but since april 1970 the pressure readings are
noarly stoady. In caso of tip no. 9, which 10 just downotroam

of the d/s diaphregm wall, @ few roadings ure orratic upto Novem
bor 1970, aftar that all the tips shows similar pressuro dicgi-
pation a3 in ctsa of Tenughat Dom, The pressurae dissipation
through the diaphregnm cutoff oo indicated by the tips hes stabie
lioed and is consistent.

mother plot (fig. 6.6& b) hes beon made showing prossure
recording of all the foundation tips on a particular dato simi-
lor to Fig. 6.3 for Tenughat Dam. Theso indlcate substantial
pressura dissipation. Ths % pore~water dissipation could not

be computed in absonce of tailwater laevel,

The cbsorvations of ths only two existing dems in our coun=
try in which concroto diaphregm walls heve been provided &3 pore
manent cutoffs, indicate the performance of the cutoff ic fully
sotisfectory. |
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slope Indicator

(Zzvailable from Slope-Indicator Co., Seattle, Washington, U.S.A.)

Genoral Description

Slope indicator msasures slide movements, &lsplacemants
wvithin earth dams, bending of sheet pile bulkhceds and other types

of lateral asarth movemonts., Ingtrument is watorproof.

The ingtrument is normally lowercd down on extruded alumin-
ium or grooved plastic casing, the grooves controlling the orien-
tation of the instrument in a predetermined direction., Inclin-
ation raadihga ara taoken at frequent intorvales of deopth and are
subsequently converted into displacemants. Consecutive feadings
at ths same deptheintervals at periodic intervals of time aro uscd

to determine depth and rate of ground movement.

The special grnuvea casing, plastic or aluminium, can bo
installed in 4,5-in.’ or largor borings, or it may be built up
with the erbenkmantsof ¢arth dams or even cpoxied %o tha fzco
of oheot piling or beews., 7ho plestic cesing 45 svallable in
S5=-£¢ lengths and the alumindum cesdng is svailcble in eithor 5-£4
or 10-£ft lengths,

sensitivity = 1/1000, i.e. @ little &8s 3 _minutcs, can
can be dotected, 1.e. a lateral displecomant of 1 in.
in 100«£¢ depth can bae noted.

otually, displacemont in thin ahoar zonop of loss then
1/16 in. hea boen detocted ocarlior.

Tho instrument is so dasignod that thy inclihation by tho
plano uefined by the four guido-vhoels 14 dircetly proportional
to the potentiometer dial reading whon the circuit ig in bolonco.
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Tha slope indicator megsures tho Inclination of tho cooing
in an observation well at frequent intezvaels of dopth. OHo sot
of readings 1o taken in one groove and &kikiitional scet io takon
in the groove on tho oppesite wiall of tho cesing. Tha inatruw
ment 4s adjuntced oo that tho inclination of the casing from the
vertical may bo computod by the following equaotion -

D-Ds

tan 4 = """iZ"""nz,
where, Dn = dial reading in northerly groovo,
Dy = Giol repding in southarly groove,
K = 1000 for sories 200 instrument
= 2000 for aories 200~B instrument

= 3600 for sories 100 instrumant.

CONCLUSIONS (on the basis of Table 6.3)

(L) at depth 42.5 £t

D e D
tan 4 = nzx 8 . 535;25.88 = Tg‘g"o’ = 9/1000 = O.009

Hence 4 = 0°30° (This gives initial position of the slopa
inalcator (tube) fixed in upstream concrete disphrogm,

(i1i) At othor depths, inclincation of tubo can be similarly
calculated. o

(111) Markod increcse in worked out difference at sl. 7, 13,
19, 22 indicoto joints, whoro tubo picees have been coupled to-
gether, not boing in one plumb, oHpaorontly.

Table 6.3 ..
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Cheptor 7

CONCLUSIONS

On the basis of tha study of tha foregoing chepters, follows

ing conclusions arw dorived -

(L)Thr concrote diaphragm wall provided in Tenughat Dam o9

(11)

(448

{iv)

v)

lQm‘

pei:mamnt cutoff 45 cffective and working satisfactorily.
The upstroom concreote diaphrogm wall is not a8 effective
as the downstroom concrota diaphrogm wall. This might be
Gue to leakoge through the joints botwaon bad rock and

tha diaphragm wall ox between pensl joints,

A double~row of diaphregm with cross waells and sand ine
betwaen grouted, 18 structurally sound and more dependcblo
than single dlaphregm, '

The £loods myy be allowed to pass over builte-in disphragm
wall with suiteble protective maasures leading to possible
reduction in tho construction period ~ by one yoar, as had
been achieved in ths Tonughat bem Project.

Tha gost of thay comploted disphragm walls including laying
ond removal of protections, dowatering, grouting of sand in-
botween tho walls and grout curtain below tho upstream wall
works out to be Rs. 778 { 33] per sq. metre in tho poriod
which 18 about 50% lowar than thz convantional open troench
cutoff, in tha samo perioed.

Recommondationg

Daoiyn of dams on loogo porviocus stratum presents many prob-

In caso whon odoquato oquipmant to arodgo out ths looso

motorials is availablo, tho imporvious zone can be takon dovn o
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bed rook, Howovor, whon tho gost becomap prohibitivoe for pro-
vision of an open tronch, altornative sites are scarched. This
may boe the reason why so fow dams have been constructed so far
on notwtoo densesand. In such cascs, the conerote diaphregm
wvalls may prove to be economical by the methods deseribed in
Chaoter 4. Those methods are patent and there 1is scope of deve-
loping new indigenous technique which would further reduce the
dalaphragm ccaés. one such technique by jetting has been develop=-
od:tﬁa Central Building R@searéh Institute, Roorkes, which is
guitaoble for sand strata and for modorato ﬂepthé of upto sbout
10 - 12 m., Thy tcehnique hes boon successfully adoptod 4n conse
tructing threo syphons in Sordo Sahayok Pariyojona in Uttar Pro-
desh and work on two more syphons is in progress on th: somo

project.,

In developed countrics whore most of the sites with rock
feundation hzve alroady been utilised, sites with pervious founde-
ation will have to be increasingly taken up. Thsrefore, it is
regomnended to adept this technlque s cutoff, Tho recommandw
otionp aro -

1) If o dlaphrogm cutoff is adqptéd. a doublce row of disphragm
wallp should be adopted o9 4t will bo mozre reliedvle.

2) Adeguoto instrumantation should be provided to hovesuffis-
cient performance data which will raisce the confidonce for
the futuro projocts.

3) Tho porformanco at Tenughat, Obra ond durlng cexccution at
Uhal [ 36, 39] ohow tho watertightness of tha diephregrn., She
maasuremants aloo indicoto no less of offectivencsu with

timz, Thus, diophrogm chould bo used ©3 pormanont cutof£fo,



4)

5)

and in the light of present experience tho decision to use
them as terporary cutoffs only for excavation of open trench
seems over-conservative.

The construction of the digphregms has not presented any
serious prohlems at any Indian site. This is 4in contrast

to grouting of alluvial deposits, which proved costly as
well o8 troublescme at Girnalbam in Maharashtra [403,

To compare cost and performance slurry trenching with £ille
back of soil material slould be teken up on a suitable pro-

ject,
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pxtreet Report on collectiofl of data of pest ocarthguske
pccurrences in the arca around Temeghat Dam aito, Diste
rict Hazaribegh (Bihar), and the sciomicity of tha region,

by

Dr, Joid Krishna & Dr. L. 8. Sriveatava

3.00, Data from past earthgquakes in the various rift zones

of tho peninsulor shicld has showm that tho maximum .M, Ine
tonoity hts verded f£rom VIXI to VIII. Thus on M4, Intonoity
of VII could bo anticipated to cccur in tha rcgion, ond o
highor M,!l, Intensity VIII could be oxpected in immediato vieis
nity of tho cctive faults or shoor zono (within o distonce of
obout 10 km cn oithor side of ths faults assuming tha deopth

of focus at about 20 km), Thus in order to take Ddeguato
safeguards in tho design and construction of important struce
tures, it is rocommonded that o dynamic onalysio should bo
carried out to check 1if the desighns of otructugces proparod on
ths basis of tho Codo would withitand tho otrong ground motion
of tho typo of tho Koyna carthgualln, sultchblo ocaled down for

various .14, intensitico.

3.01. 75 Tenughat Dom site lico vory near o the bonding foulis
of the Gondwona basin of the Damodar rift, it is recommanded
that dynamic ondlysis bo éax'ré.od out tochack 1£ tho Tomughat
drm (Barch dom ¢35 vold ©s tho concroto opilluway ccction) wil)
withstand ¢ho otrong motdon ¢33 rocomicd during Dogondor 11,

1967 Koyna carthgualo, '

4.00, ns tho geology cnd toctonico of tha Chotancgpur Plotoon

hcs not beon studicd in groat gotail, it 40 not possible to doe

lincoto tha various ccotive foults and ohoap zoneo, In ordor o
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have @ botter koowledge of tho oai:thqualce cccurraenco in the
region, 4t is recommonded that the Geclogical survaey of Indic

l.:»e osked to proparc a tectnolc map of tha Chotansgpur Platou on
a scalo of 1.233,400 (1 inchad miles). It would also be usefuk
for futurc dovalopmant of tha valleoys in this platesu that a not~
work of sciomological obscrvatories bae estabiichszd with sonsitivo
seoiomographo and cccoloregriph to demarcate the active belts and
asoess their solomic potontialitics,

4.01, It i rccommanded that in this network of soismologienl
observatorics for tha Damedar Valloy in Chotanegpur Platoau, tha
main cbservatories be established at Tenughat Dam site and oubsi-
diary obscrvatories bo estiblished at Plamau, Lohardegan, Ranchi,
Hazaribegh, Giridih., Jamshoadpur, Kodarma, Gayd and Monghyr and
instyuments be installed as per Recommondation for sSeicmic Instrue
montations for River vValloy Projects (ISGQG‘?*WGB) of ths Indian
Stondards Institution. Studios of micro tremors at various sites
along major faults and shaar zona usoing consitive seilsmographs

are also rocomnonded.,

4.02. Data cobtained from the abovo ptudios and inotallation of
cbsarvatories, will help in a bettor asscsomont of tho seismicity
of the arcaaround the whole Chotanegpur Platoou and lood to moro
efficient dosigng of etmctumé to resist futuro sarthguakon in

tho region,
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