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Tii! o.per decrab.! rtc r.slr of .!p.rin.rt t ir!6tiAatio! on ,ros
brlrrvjor hclor hydR(lic*rucruEs or peniou soil layc6.
Tllt prcssurc ltineo, rh. ho on' ofrn.3incir( drriag,.d.r, io*.n.t rh.
quInri0 of scqlg. dis.hDrg. srtu ne.ruRd,
Th. pRr.lr pap.r proridB dorc *id.ft., *hict r,pron il. pNim rrrk
bardl on r1r dilf(rcnft of$our hol. depth rh. bo(om,.d at rlc soll
3urf.c. behinJ rht rprons.
Ixboralor) .xperinehlr hrt. hei cnri.d duib i nv.r lig.r., . rlllol .rc. ol
Io* b.t.uor heb*rnthdotrll.rrr.cruB.rtr .fierdrb..b6inryotrh
hydnulicnructuEiard nhrity.he l.n3Ih ofpro.*do! ror&!. The p.€suF
drus.ft r!.l}zd itr d.r.it rs ctra6
dr.wi lor.ach dlprh ofs{M ldul.lr r.' rolied thit nrrhhln d.rBer ol

Effcct ofSecpage Bela\f l!ydra!!i. St.rcitrrcs
otr 'Ihe Sco'rrine

i.jir' i+e r! ii.J_ rJlall .r,4! Jr,r sJ..il' llE

;]i:----l' a*r.,-{, ri;r.r 6: +r-,} url- .je !rr5. eE Jr+! 
'n Liri-,

rlll i4F-..r 
'L-".i L+ir L--.i eLj P bri--! qr+ F. rlLtj !_, dJ'

: ,i,,! eill' C!' ,j.r Lr,i,i eO rt id ,rrr 6, )ii ut rit&rr,dna
,i|r + a . i.:..i * Jjr r+-r &-n i.J.r' n!r..r jr.n +A .Llrii.r

.L.J!.i !u.i J* rlr vqrjrra.! Lr4'r Jr-terJ arjlJi o.b
ri !1 {:.r iJr: Jl.il jl j]#r ,t I J. .!- Jllr (J1... Jri }rr,.,t.!4 FJ p

The s.ur G i phsometuD, rlich
dahlge lhe s!$fln so of fi.
dd'arlic ndctuftt. Th. scour
ph.mmemn G a pmblc s.y lilc
rh. dr, condirions, nmds Md soil

ah. hores fonn aoh lh. l6s of rh.
$ I nahc.. llohs are rcgards an
unrivomhlc condir'otr as regards b
0c srbi trt of rl'. lL)druulic

wcns arc coiuor ) Ned lor lo"
Esuldioi md m4rucn6r in .

!ai.B of hydrrllic airucturcs.
Becuuk therc kadiffercice i 'ac,I.Y.l bcrwn up{E m dd
down{ram. tlEre k mdeF llow ond
$c puletidns in flos und.hsd rn.
$ndur$ h thc 

'najor 
cause ror ih.

sr{biliry of rh. hydaulic srrucruEs

trt. pl.
Thcsc plkariois as rlE re$[ ol
ilos prublen tro rhc npsre.m
cdsc ro rhe end or rhc tr.uc(uEs rnd
sublequ.nr rtat&hmcm.r a ccdin
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Th. dif.rcnc. berw.h utirEam
N.i.r level and down{rc. *rcr
l.v.l. ques nr,n) probl r, onc oa
rh.s. o'obl. n s.eprs.. Thc
sepas. *ars ou..r fi. nplih
pE$uie uidenEath thc sbddr. {nd

lh.r.fore, Ihc nudl ol rh. prsr,o
J"kibrriotr. hrdatrli! smdi.nl rnd
dufli .l rhe scour lrlc rsu'nc
inrpoaaN. lor strd4eaidirs dr
dtnamic b.hrvior b.lo* the
nncturc For hldmulic stucluEs
sith und -ro*. rhc s.epagc lnd
s.ourirg hole d tlP borlom phls i!
in,Ooilar rol. in it dsi8tr. Ir is
lh.r.liore ness$rj L srdinn. $k

I'o' hth laluer oi low d.pt, I ir
krown rhii th. dBpih of thc *our
holc is pri@il! a luftrion ol ril
chlr.cE hrics. clinhology, thc
dilfcren!. iLr pisrmdric he d- sh.p.
oT rh. soil prnic!6 ind d.pth of
*dcfurl.lv's,uin uI dE nruclu.e
tr r.rj
In rlrc prcs.trr.ase rhL uid.r llo! h
\ih fr. rarn surf.$ upirdn of
the hld.du ic jructues. er.trrualiy
th. &rndtri.! aru d.r.hin.d b! rh.
nnnre.n *m.' l$el. rho rdn lev.l

Ihls io snre cascs, &! uplii
prcsure 

'rdy 
ao rlqrlt ro ih. boronr

.fti cvenrollly lii $. coic* 116!
IrveL. 

'rrh. 
rh cl(ne$ oftlE emrclc

fler is nor d.qur. rhis c.es

On the orher ha - in eme hcr
crses n ir.ycau*3 5courholc to fic
soil and l.lrhch the concrtt. fl@!
t3l.
ll rE s.otr JDr 

^ 
roiaching rhc

.otrcd. noor rhe @nrhm. i5

lhc trtrjrN. cotrdiri(n' R np.nr{
r'or rhe d6i$ o, d,e honom ofrhe
hyd6 lic n.ucrur.s.lr lhis p.pc.. it

Etrddrsg$HolHrfuE

srs d€ridsd ro cl'$ify rhc uplirt
prcse.., $our hole lnJ th. qmrity
of seepsg. qurd inlo difT.rcnr
clas$s, bascd otr lho up!1re.m wller

Thc cxp.in ts uerc condueled i',
Rqingul& fluhci r30 ch lon& 15

cm side rrd 70 cn deep, hving

w.E dep6 *6 accrftt ly
ncu$red by dcans ofrhe tul., ind
d* sep.g. dischrgc h€Gnh (h.
m.d.l wa3 calculakd by h.isurinE
d. !olm. ofEarc' *irh rin..
Thc 6odsl ol ih. len is @rdgul.r
.ro$ serion mlde of fim pLqiic
dr.d rnh i ndc.ial prcqrilg 0y
leakdgc oalhe waier 'lhe lcn$h of
rlr mqi.l k 60 .n, wnh fiv.
pr.z.m.106 pu! rr equal dh0ic.!, in
od.r ro 4rd lh uplifr pEs$res 6

Mosr of rhe rmpl. of thc eil *a
hko am AasBh (Kmmat Ali). T.n
e\pc.imerrll dnr grr periom.d,
In c.ch run &c m.dcl Nas plt on .
conrpa .d loil wnh dcprh 6qml r.
40 .m !i .!.h rh. di6
b.rscen k 0oo. lctrEh iid rh.
dqnh of sterpil. *as hdld cortut
Nnh ! kn.ble h.rd ofsarq
Ths pre$ure n.GuGtuenr! wft
oboi!.d fom Ih. mr.r l*15 i. rh.
piezohecn add wer ldd o an

Beioe rh. sd or eaqh run ollh.
exp.rinMllt ! 8r.ar cc hrd b€en

rik.i ro s.c !h.. lhr pi.zonetic
n'binsuas fEe lon sn bubbl.s.
ThG prqurion wis folldd i. .ll
tlt run or cxperimenB psaomen ii

Uiiiotr iow v.s aclricvcd $hen
bofi rhe w er snd *o hol.& hs
bea'ne coinad al.ie major pontui



ir cach rui.rh. trpn@!'n waier lcvcl,
tlt nplilr pe$urc, quo ny ol rhe
!c.pcg. s er and llE scour dept
NcR ncistrftd. An.r lh. colledion
of p.ni':{r dab. rh. cxp.nMhl
rai ,oired. th. $il .lelEd out
compldcl) and !h. nun. rva ser

Ar tre id,ed b.toE nEn, *16 of
re{:\eEcmi.dour 1n. Durp.s of
rh.a seris enr *.r ro obbii rhe
uphlt prc$ure. sour hol. deprh. s
dnun(e aid rh. quaNiry oi rhe

$.prg. warer ar lhich rhe hed
b.com. unsbbL. aid rhe b.d w$
Nash.d away Durine nDdcF nos.
$. uplift pEsuE .r rt. b.dd ol
.he n@r .nd *.ur hole dept

di.leation of ihc sour holc, At th.
finr, the sconr hol. lillbedcvelop.d
d the exn S.our lDle d.pth ad th.
qunrjty of tn. $.0.3. *ris scr.
Bord€d. nr Br *a,llowd log

ough ro.ns!rc rh.! rhe *our hoL
ldd Lte qumary ofde s€pog. w.rct
did not clBngc rl lh3t sefiin8 Arthis
deprh of thc lcour ho1e, d. structu!.
lbtrnd io b. uisrahlc There h i ldil,
Ihe sconed fln of fic exp€rideni
.nd , dE sh. d€prh ol$nr.r ld.l
d uFsraq 3M in onls ro . roid
rlD scour hol. L\. cxir. I

nftm hyer *ilh a vcry l!rt6
bouldeB as r prcrarion *od, Afr.r
wc Dd lnk lr,!r. rh. gsr hol. *ill
b€ dcvclop.d ! q rh. fld a
shown in fi$. (r), (.1). Drcftailg
rhe lengih ofih. prcrcciion wo*!, i[
ord ro d.monsrraE how iudr
letrgrh ol th. prorc ioi *orks alorg
de down*t.rm 6 sufii.i.nr. s.our
h6r. wiu h. d.\abFn d B/t lm
lh. .\n d rho\ri in fiss. (lI ({) Tnc
Elulis dro{.! $d the l.nrlh oflhc
prororion Norks bcyoned B/5 rfto
the exir, rhcE ir no cb!n_!e eitllsi
rail!re of th. hydaulic slruclurcs
The dara ror orhs dc h of !.Er
kre obtined in similar m.nnd
Usina all rh. dda. Figs. 5, 6 3nd 7
lee plon d dm*inE the influ.ic.
of I|. pi.zon.i.rio hcd alonS fi.
door or fie scour holc lostioi. lt
.m b. cl.!.ly s..n rhat ifth. *ou.
hol. lies d rh. exir. it wa Aiv. rh.
sjgn ofrh. h)d'.ulic gEdi.nr dd i$
Ehiionship *nh the pipin8
p[emtrcnon which is danacrcur ro
ie hldmuli. nrucrure lor rh.

IIE qusiny of lh. lepag. *.r.r,
scour hol. d.prh .nd irs lm.rion.E
sho*n in ]abl. l. Fom fiis bbl.. it
ir found thot ii rh. *er hol. li.s ar I
d nance a/5 fm/n rhe e\n. wherc B

dowNreim iNrcu$s $irh ilE deprh
ol wai.r upsElm Wnh an
imp*viotrs br*. ih. floN lines rend
n) hc horizonki aid rrc diErn
cuNard roEds rhe dosrn@m.
TIE boloddD l.\clofRar.rch Bcs
iccorditrB !o a deprh .l kour rh.
dePrlr oIicour hole. rd'nagtriruds of
pr.$ue on tl€ bononr oirhe lloor
nc dePeMdor on rh. velo.io rfd.
Dar4r (fi. diararcncs h.'ren nE
*.! \ar.r let.l r'l!l dND{r*3nr
N.i.r rercl) Md nrc d.Eee oa rhe

1lE renLl6 ol rhc .xporihsiHl dsra
i.is obrained I r n ra! 

'nAMer. [9
ro lil Fiquc 12) sho\3 rhc €larion
b.rrdr rh. pied'ncric h.rd ,ion!
rhc lloor md rhe letrg$ orrh. b.d for
dlff.rcnr dcprl6of*dc, !r up{r.!nr
Frcf rhis neurc. n u$ be cLearl]
s..n llLar fa \ererdcp up$re.rn
ituti\es rhe piez.muth head
n{u!s.r As klii lirh rin:c, s.6ur
hor. riri br d.r.lop.d ar difa.E,r
J iri."i ai,J difr.r.[ l*aricns
riar O). rr) rec ploned nD\ is



lig&]$lsolq}'vdaNo9,?00'

ir rh. kn3rh of 0w. .h. itu1uE it
nable, Th. md of pderion
*orkr is rcquired dt drc dounstrcam
sid. ol rhe $rucruft .r { dhrrncc

eeld!!!!!I B1$d o ft. upiB.m ware.
lcv.l. rhc pre$urc dhkibtrion ir
rlt bo(om ol th. struclue h.s

2 'th. s@trr hole h ldred d
dosnsrlt dd8e ol $€ botum
fle. rh..nd dflh. fiffi 'at a dilrank r/t B fron th. ad

ttrdufs..p!g!&lo*H'nl1.

Ir ha b..n fo{trd lhor !h. s@u
holc .r rh. cnd of ln. t@r is
much l.r!.r for ihe c!s. dl
unshble iii oompari$, wilh lhr
sour hol. { difi'eenr dnktrc.s.r

Fr d'c d.iign lid Msturion of
srisfxror, a eondicrl
subnc4c'l w.ns. rhe con iach,
n th. mo( inDondnt
oonsiderarioi. n ha! becn found
fr.m rhk papd rha he l.n8b of
rhe Dor6rion Dork .qulls ro

D3,srcr, €.w Elsw.i6.
ahlja, L R. lid Ban.( a.P.,
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