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HYDROSTATIC UPLIFT PRESSURES UND::R DA.VS ON PERVIOUS FOUNDATIONS 

The purpose of this study is .to investigate the existing 
methods of estimating the magnitude of uplift prassure, due to a head 
of water, under masonry structures on porous foundations. A compari-

:son of th� various methods is made on the basis of a collection of 
observed pressures under a number of existing structures on porous 
foundations. Pressures at significant points under the structure 
are computed from each of the methods and then these values arc com­
pared with actual measured pressures under the dam. 

The most definite conclusion that can be drawn from this 
study is that nonu of tho methods investigatdd for com�uting uplift 
is satisfactory in its present form. The empirical methods are admit­
tedly only approximations and while they givd fair results for some 
portions of any one dam they arc cofisidorably in orror for the re­
maining portions. Tho curve comparing theoretical and actual pressures 
indicate that tho plain creep thoo�y of Bligh can bo discarded in 
favor of tho weighted creep m�thod., From a consideration of safety 
it seems Ei,dvisable to assume that tho horizontal creep is one-third 
as offocti Vu as tho vertical croep.'. This is the weight propos.Jd by 
E. W. Lane in Toch. Memo No. 303, u. s.·Dopt. of Intorior, Bureau 
of Reclar,iation. The electric analogy method, which is the most 
attrac_tivo as a basis for rational design, was found to give results 
at considorablo variance with tho measurom0nts on thu dams analized. 
Until it is made morG elastic to talce caro of the variable factors in 
tho problem, it is no bettor than tlw .Jmpirical method of wcight.3d 
cro�p. 

Tho desirability of having a method for pr�dicting pressures 
with a reasonably high degree of accuracy is r0adily apporont. It is 
possible to insure masonry dams o� porous,foundations against some of 
tho various ways of possible failure by using largo factors of safety. 
Besides being uneconomical, designs of this kind may still foil due 
to a condition which was not taken into consideration� Tho most 
desir�blo theory for design purposG is, of course, one which will give 
a structure that is safe against any method of fnilure. This theory 
should also ovoluotc pressures to a sufficient dogl,'BO of �ccuracy 
thnt largo safety rectors need not be us0d. Th..; :scope of this pnpor 
docs not allow an att0mpt to set up any no� theory. It includos only 
an ruinlysis of present d0sign theories cs w,}11 C$ the proposed elec­
tric �n�logy thoory. 

The basis for the nnnlysis �nd comparison of thcsu muthods, 
used in design, was a collection of prossur0 pipe observations under 
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actucl structures. A gr�phic�l picturu of th0 compcxison, is shonn 
for c�ch d:::nn on Figs. 1 - 13. Th;:, dr-.tn ns r0ceiv0d consistJd of 
re.d"din�s of vmtor lDvuls in prossuru nines J?l -ccd io vQrious positions un er 'tno a::uns. Tnoso wcr,.� oxpr,Jssct1 1.n t,.,rms of .Los1. hcrla.. 
To ('.ny point the hcnd los� is tho difforonco in hond bctwc,m tho 
point of entry r.nd th,, point under consid:Jrntion. This loss was 
found by subtr�cting, from tho u,stro�m u"ter lovol, tho u�tor lovol 
in a piozomctcr pipe rising from tho· point in tho sub-soil. Th,::i loss 
of hand ,rr.s thon expressed in porcontr.go of tho tot.J.l hood on thw dnm. 
The prossuro 0xpr,Jssod this wo.y '.7US assumed to b.:: construit at nny 
point. From Dercy' s Lrm for flo,;, in thv soil v::-1 hcvo 

V = Kh or h • n. 
l K 

Since 1/K is constent for rlny point in r.: homo,r_:;onoous subsoil, (h) is 
directly proportion�l to velocity (V). (V) in turn dc,onds on thu 
totnl head ( H) which cnusos flor;. \7hon ( H) incrc.:::i.scs ( V) �.lso 
incroGsos �nd causos :t grcr;tcr loss duo ·to friction. Finr:-.'ily uc sny 
thnt ( h) incrensos r'.s H increases kccpinr; th0 ratio of tho t77O thoor-
oticclly constant. By expressing th0 loss in this ��Y, the effect of 
fluctur.tions in her..d ,;-mt0r nnd teil ,.-mter wcro elimin"tod. 

Crc.Jp distnnco '.1hich is dcfinod es tho distnnco of trnvul 
along tho under surfnc::, of the.; dr.:.m, is di vidcd into t-;:o clr.sscs for 
this r0port - creap ns computed for Bligh's mothod ::nd onl10d .herein 
plain cr0op rind n s.;cond cl�ss cr:llod •:10i,'.htod cr;)op. Th.:, s-:.cond ono 
arises from tho assumption thnt creep nlong e v0rtic11l pl-:nc is more 
offooti vo for dissipating ho:::d th�n is croop ".lone ,, horizont,.l surfncc. 
Therefore n fnctor is r-nnliod to th.J horizont::11 croc-p distonc0 to give 
cquiv�lont vortic11l creep. This mothod of ·.-:;:.ir,htim�-;�s used in tho 
report o.lthouch thu sr-.mc rosult or·.n b..:; obt�·.inc:d by ov'.!luntine: V'.lr-
ticr.l in torms of horizontnl creep. Cr�cp to nny point und.::ir thJ dmn 
is oxprossud in percent of the total creep. 

All tho drit'.l \:r·.s r0ducod to tlD s�.m-:; besis ond oxorossod 
in tho so.'no terms. To m" k..:; th� compn;· i son be t•.:c ,:n thooro ti cr.l 
pressures �nd observed prossur0s o. grr-iph \i:1S plottud for ooch dr.m. 
For this gr�oh the pvrcontng8- cruop ·:ms plott.::d nlong the o.bscissn 
and th-:. porccatago-hoad-lost "lon� th,., ordinnt,1. Tho ,rnluos nt tho 
various obsorvotion pipes i?oro connected by strr;icht lines. In 
ordur to computu the porccntllgo pl('.in cro:,p for locntinr; th0 pipes 
along the �bsc i ssc: it ·.-1.':s n-:ic0ssr.ry to fix the point \,horo croop 
would be considered to ,�nd. Th;.;. dot.Jrminc-.tion·of thi9 l)Oint 1� 
comT)licntod by tho fnct t\1et t::-.il ·.:ntJr potonti�l must bo ,ssurnod to 
oxist nt th.; und of cruop. Duu to tho prc;scnco of i70cp bolos, long 
dounstror...-n eprons, grouted and ungrou tad rubbl0 · .. ork, tho boginning 
of tcil nntor potcnti�l or croop ond could riot be loo�tod rigidly. 
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An analysis of toe conditions and the assumed location of creep end 
are given for each dam. 

Colorado River Dam. Fig. A-1. 

In this cuse the last pressure pipe was located 29'-3" upstream from 
point A- Downstream from the pressure pipe there was no waJ,r of 
telline; what the pressure was. The location of the actual tail 
water was not Z,iven. Beyond A the water c1:1n escape freely to the 
tailwater so pressure correspondin� to tail water elevation was 
assumed to exist from section A-A dovmstre8r'J.. The weep hole '17as 
assumod to be too small to. release the, residual pressure under it 
so it was not takP;n for th,J cruop �nd point. 

Percha Dam. Fig. A-2. 

For this dam an analysis wos made ar.d cur7Ls drawn UGing two different 
points of creep end. For the fi.rst casu t�(.; .:md point was t&kon 
at point B. It was thus assumed that th,, rubble concrete 'Ni th 
the w0cp hol.0s thru it off0rcd uno11c,.11 resistance to rotain somo of the 
uplift pressure bonoath it. 

In the socond caso the cruop �nd was takon at th� first weep 
hole, point A. If the tail -;mt(lr prussuro ts takon at A inst•rnd of 
B the total cr0ep is short,:::nod horizontally (30 minus 8') = 22' and 
vertically by 17'. In order for tail ·.·:ati::r ,rcssure to oxi::it W1•ier 
the first ·i/oop halo it must bo rathc.r large s o  that the subsoil water 
can pass thru it frc.:..ly. 

Kabo Head1::orks. Fig • .A-3. 

End of cro0p for this dar.i. ':'lfJ.s takc;n o. t A. The criginel data did not 
indicate tho location of tr:il s.·;at..;r pot,.ntinl. Th·:. observntions 
of wato::· levels i::i. this pipe ho..-,ov-.:r i'r!d.icute;d that tho pross:J.ru 
at ( d�) rro.s grcator than tho amour:.t oqu0l to tnil wator elevation. 
The brick pitching nns then boing su�j�ct3d to uplift and the crco��nd 
-;:as assumed at th0 ond of this pitching. 

pcoha Barroeo. Fi.g, A-4. 

Tho ond point for this dnm is pr-:tty ·,,_:11 fixod. Both in this r.:;,:,ort 
and in the co1'1puta tions eccon:onnying thc.: original data the point A 
was used. 
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Pnn jn.:d Heed Works . 

In tho comput�tion for cro op thG b(.;ei nning of  tho filtor a t  po int A 
�cs tokun as 100 per cent cr0 op .  A ros i ducl he�d rema i ns at this 
point of about 9 . 4�{ of total ho nd . 'rhi s  dccrocsl..,s to 7. 4% of tho 
hand nt th.J ,md of the fi l tor but i ncre ases c.g:�in to s .  2% nt th0 
be ginning cf thu dmmstr0 nm r ip-r�:p . Th_ r0 cson for this nction of 
tho prossur0s is prob nbly thct t he strG� 1 in0s divide nft::ir t}1,:;y 
poss under thu sh0 ct piling .  One:. pr> rt of th- ,  lir • .:.l c;oo s up thru 
tho r'il tor and tho othe r con tinucs on to go undur th,.; do· mstr0r:m m::1 1. 
Thero i s  pr obably � layer o f  clc.y at or nc nr th ·� surfncc ·:,hi ch kcops 
this rosidu11l prossur 0 undor it . This v-.yer is shmm in n goologi.c:;l 
socti on of othur ports of tho subso il nnd c rm no doubt bo ossumod to 
exist at this section . 

Nr-.rora Weir. Fie . A-6 . 

In thi s  c�so the :-in:-:lys i s  •, cc o�:rr nyin:� th,.; d(,k. r-,�.d0 tho assumption 
that the creep ende d at po int  .P;. .  Al th 0•.1 ;-:h tho skJtiJ h shows grouted 
pitching at this po int th ::rc "IO.s no wa y  of t 0llinr: what condi ti on it 
wa s  in. So the sam0 cro on en� wa s us0 d  in  th0 computr::. tion for 
Fig. 5A. Thon ths p i  tchi np; ':'T�s  ass ume d to be  ti cht and the end of 
creep was tak,m at po int B for 1 Fig. 5b . 

Pinhook Dam.  Fig. A-7 . 

The end of creep was taken at (i).i Jlt . - �  · · · thrJ bogi nninr:: o:' the dmm-
str3 ar;1 a:.)ron . Thon it was ass umed that tho apron restricts flov1 ,:;nough 
to mai ntain a he ad under it and the und of th, '.; anron wa s usod for 
crocp end . Th..:. c hane:c of cr �op end c hrm 0c s  t h:;  grad i ent .::sncci:::: l ly 
a t  th0 too of the a�ron . 

As ho.s be;(.n explai n0 d  b e;for ,: th � act•_ml end thcor..:: t i c al unl i ft 
prossuro •;1er o plo t t ,.::d on tho some f,rer:ih. Thre;.:; di f fe re n t  t\-i-.;or i ,) s  
w0re used t o  ovclm.1 tc th· , uplift :9r..:. s :-3 ur -..; s . Th. i first  on0 i ;; t ;h.: 
well kno'.m Bligh Lino o f  Cr'-'ep Hethod '.'l '.°li ch a ssw1(,s th .; loss o f  h1..- '.ld 
proportionnl to the; cr0 op di star:co whi c h  h·i s b i;c;n call0 d h cr..) in pla in 
cr0op. Th..., lin.:-; of pro ssur::; s for t hi s me: thQ'd. sho'!!s a.s  a strr: i ,.,.ht 
lino from zero to ono hundred nc..r c-:mt . Th¥ s  i s  bccaus ,:, of the; n:::thod 
of plo tting . Tho s econd t110ory is t h :, Wdp:l,tcd Cr,::i:;p 'rhoory propo sed 

I 
by Mr . :s .  "!. Lane, in th , Tuch . : �- ;mo rcfcr:t :. d. t o  w cvi ou fly .  'I'r- i s  
method 0 3 SU.."'.:.:rn  th.; horizontal cro ep t o  :L only one -th ird as ::: ff' -..::ctivc­
os vcrticcl creep. All slopes gr:. u t ,:;r thun 45o 'i7uro calhJ d v ... rticril 
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and le s s  than 45° were cal led horizontal.  To deter�i ne this  line 
points were taken at critical nl, c�s such as breaks in t he under 
surface profile . Th·� lo ss o f  ho ad i s  as sJ med to b e  proportional 
to the weighted croep. 7he points alon� the abscissa remain the 
same and the percentage weighte d creep is plotted as the · percentage 
loss of head ,  Th .:. third theoretical l iac is ono that i s  mo asurod 
by means of an electric-analogy sot  up. The undorlying theor:' 
for th i s  me thod and tho set-up usod for tMs study arc a.s follows. 

Tho analogy is b e.sod on the assumption that Dare :>'' s La,.: 
for flow in soils holds rigidly. This la-Y ,  as has b .,cn sto t0 d hith­
erto, establishes the vcloci ty to be dj_ r.::; c tly prooortional to  tlL; loss 
o f  hce.d. Tho lav, has b oon c heck ed by nun.Jrous cxporimen te rs sincu 
it was fir st sot up by Darcy. Tho vquo tion of flow , fr Jm this law , 
is tho equation of viscous or la:-:li!lar flow 0�1d hos  the s nmc form as 
Ohm ' s  Lor! for flO'.'i of olcctr ic i ty in o conductor , viz. I =( 1/R ) E. 
Therefore , th,, flon of 0L.:ctrici ty can · b e:  con si dcr,Jd an'llogous to 
tho flo 1. :  of �niter thru soil s . Th1 !s , b J  simulnt,! d  h:rclr�n.: l i c 
conditions in an clectrici:!l se t up , a mo a sur · ��.,mt oi' notontinl vrill 
by onnlc,:gy [:i v,J ,hood . 

A sko tch o f  t h� cmc::lo cy sot up is s �(' · :n o., pa (''.<J J... AmL, . 
For a conductor o. s ·.:il  •" solution ···�: s u s'- d •  Th� e;x2ct str(m:�tii' of  thu· 
solution is no t kno-:m us i t  ···a s 111-;r�: J. y t:m ·,r:. t ,r ,1 hi c h  co n tc.inod 
enough si:!l t to carry t h ·� curr - .nt.  Tl, : mod0 l s  11s�d ·;;ore cons tructod 
from pyrclin , n non-con<luc tor , ,,· .d t; h . 1) 0un cl ·:ry conditions -:1or0 s�t 
up by mo uns o f  putty. Putty ':.'' s �1 �· 0  t r i ed :. s  � ,r,'°' t0 ri '.11. for tr. �  
model d�.:!Tl but dif ficul ty ·,r s 0nc o1mkr ..' rl.  i n  r, t t  5 !1:: it to ntri.nd 
vcrticr>. lly ovo n ·:,he n mos t of t 1:o oil h • d  b..;0n r ..:> .o v  .... �d. Th � pyr�lin 
models ·,70 �' 0 co ns truct.:.d to variou s  scr l ,; s  fr0m 1 " = 15 ' to 1 "  = 40 ' 
and rmro cill ::l·,proxi.mnt,: ly 8"  inlen 3th. T' . .' O  coupor s tr ip elec-
trode s ,  under � vol t:·,ge, o f  ·1bout 50 vo l ts · .. · , . r } us .:.. d  t o  simul�to 
po tonti r:l act i ng on the dnr:::. Th0s" str i ps ·:;or, .  nle c0d  ct th .; pl::-.no s  
where ·:m t .:- r  ould  vn t , :r : : n, i l ..;'.1V- t h . s uhsn il. 

The proc..: dm• .. l lB Yi ·, : :. r; r).G fc 1 1. ;J'," s. Th .: drun ti rl c, -ple:c..:-d  
b o tr10 ,:;n the  c L;ctrodc; w i  t J ,  t hJ v::iri0 us cu t -ofr's ··1r.d r;oll s n ,:J \lc.J. 
to the � n. s n  to uruV...;Dt  :".Il:f flo . .. U!1dor th ;;m. Tl : ,. vo lt� � - -. ;:-'. '.' t"" . ·n 
applied fro1:1 '1n"ll0 - volt "lino thru a b ,:1k or 1. L 1 1t s. Th . m· o�, o 
\1ns  plr.ccd n. t  cri t i e r.! po ints r,nd tli . ; r . . ; s i st:· :�c0 sl i dor 1:-iovo d nlon:-; 
tho rosist::-.nc...; . :iru unt il th-:; hum of r. \'olt o e;o dil'f0rl) :1co sto ·)pcd �t 
th" pcrcontn r,�, lo'1 s  corrunpondi n g  to th :,t of th _ probe positi on. 
Thu nccurncy of thi s  po int dcp :mds on th;., :.1r:oun t  0f po t...:nti r;l d iff­
oruncu tht, t C r'.n b .1 d0tuctud by r. set cf ho n d  pho:ws on "' n  runplifior 
Yl i th loud spc · •.J<:;,r. Th , :  s ·:ms t t1 · ,1 t :r o r  thJ r.;:::,l i fi-.-r ·.nd sp -".k.:r 
is r,bout fl'Ul' t i m..: r,: er .J · : t e,r th '"'.n thn t  of tho h0ul r,hono s �,low.:. 
Tho h or .d p hono s  cr,. :1 do t<Jct no thine; L ; 1,s  t h  n . 002 v olt ·, ,hih tb 
nmplifier cnn pick un --: di ff :::lr ..:nc.....: of ,,�1ly . 0005 Yclt. An · T:nl i -
fi :.:.r u ·  s u s  . .; d  i u  �.11 th,J uXT),. ri' '·..::!'l t1':I  nor f(")rr\c d. T}1 ,. rosi st� nc<: 
wire 17'.'.S d i v j d . d  into r, hund:c:;d prrt� , ll i ch !' ; - · J :.:· s t h, .  :, lid,)r r-;� ii n,'.". 
oqurl to th0 n<Jrc0 nt:, go drop f ·r nlott i 11 ,; tl :u  curve .. ,r pros suro. 
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By chr�nr,inr.: th.:: pro cedure u li v,h tly ,;;.n :.ntirc. flor: no t C "' !l  
b o  drmm .  Plcco the r osistmico nli dor a t  sc mu pu rc ontr.eo point end 
then l o cotu  tho oqui -po tonti ::il lir:o in th� m:> ci.;'i by r.io �ri ne t he  
pr obe along tho lino of silonco in th:: model . A s  r. moons for 
facil i t a t ing the trnnsf,:.>r of tho oqui -po t :; ;-:.ti11J. lim. tc- '"' s hoo t of 
pr.par , a pnntogr "',ph �·ms us c:d. Tho usur.l p .:ncil ins or t ,ms ro-
pl c:cod b y  � co pper probo n.; odle insulr1 tod from the mctr-:1 'lrm. Tc 
.conrplc t .) t he flm, not tho ol oc trodo �.nd tho bound r:r f o s  nro inter­
changed . With th o sr:mo procedure "S outlinor. , th :l strcr:.m l ine :; c-::n 
nor, bo drmm. Only one. comnlotc flou UG s plott1.,;d in thi� :;tudy �.nd 
it wns undJr the Pnnjnnd Weir locr:to d i l'l ·u . 1 j . . b ,  Indir. . F0r th .. 
o ther dams onl y thr; ends  of tho pot :..:n t i - 1 li n•.::s , nt th-, under s ur-
fnce , \10ro loc n t od. Th0 fl o•.1 net tr-,k::n  1 ::: sho·:·n or. lili gurc 7 - c .  
Tho mo del o f  this d-::m W::1 1'1 C" ns idcrnb ly lr.rgor th· ·.n th,.; ot h<..rr; · !i th 
tho result thnt much short ·J r  'Jl ectrodos hr. d to b _; usc. d. Th.J ot'l"'oct 
of tho shor t .:;r .. loc tro do s  i n  · :-:;pr. r-::nt frc,m tho f"ip.;ur-;,. Th;;rc 1 ::- [. 
crowding of th:.; s tro� line s r,i t h  r. corros-po nding volo ci ty increase 
at tho cn trr.n co and oxi t of th.:.: s ub soil. This represents P. fr:lso 
condition as th,� uctur-,1 pl ".n es  cf ,:;ntr.ncc r· nd cxi t -·r :; "lr,:;ctic11J. ly 
unbounded.  Tho c'.' ndi tion ·.1-:i s rt.rn.odiod b y  th ., us� of sm· 11 ·.::r 
mo dels nnd l ong,:r clu ctrc d0s , ?.nrl t he r::sults , usi ne;  th·.; smr llor 
models , ,1orc usv d  t' or th·., c :.1n:9r. rison di ".i.gI'ct.rns . It ·7 111 b:.. n,, tod 
th:".t in the so t -up to t �kc r: corrplot -J flo·;; no t f or this �:ruir th.:: 
do·.mstrc'l!Tl -;;e ll ·:ms no glcctod. Whcm th,:; s ;-.mJ d-:-.r. ·. 1 r: s  run ,7i th ths 
smr..l l or modul , tho n..lll ';7r:s inclu ck d  �nd vu ry 1 1  t tl ,..: diff�, rc.; :.c o  i n  
re sults ·.r:-:s cb£ - :::rvcd .  

Al though th<- curve s f::.1r  .:. � :ch d 3lll  nrL almo e t  s :;lf c:>..--pl ".n­
. at ory ,  thoro nru n fc.:-: po int ll on .7hi ch pos si b l e  c onfus ion cr ·n be 

fores tolle d by o fiJ·.1 ·.1c rds abou t o :--.ch dCT11.  

Color ado Rivor Dom Grrmd_V.Qhl ,;Y Pro jo cj_ - Fig .  -1-

Thu obsorv. ·t iC'ns • ;hi ch ,10r o ,, ...:.ry nur.icrous for thi s dr-,r.1 covered 
r. wido ra.ngo (1 f vo.ri 'J ti on. Th- .. y ,, c.r � di vi de d i;,,t o six groups chrc-,n-
ologic�,ll y. A !00 '.:.Il  u ·  s cD upu t ·:.. d  fr, - r.1 the. rcndi �?3 in o�  ch gr�:up 
nnd t his mc nn vnluo '\7E\S plottoti r.s r Jp rc 3c, n ting c ,),1diti ::ms ·::i thi n  
i t s  pnrt icul:!r timoJ i!lt crvd. A ST.>..; ci '"'.l c on di  ti ,::-n exists nt  thi s 
drun. . WhiL:; t ho 7tnt::ir c�m o nt..:. r t h:J soil , undor t ho upstrc r.n �.pron ,  
across th0 entire 11id th , i t  c- n -:: nly oscf'lpc thr-�ugh � c01'!.strictod 
section dir e ctly under th:. v; : . ir prop.:} r .  Thi s co �1rliti :,n c'l.us,.; s  ;: 
n dccrcnsod pro ssuru i n  tho section by t?:lo 3f'. !'L; o. otion � :t c0ns tric t-
i c n  in a pipe. Bcc�us0 o f  this c:- nt rcl s c ct ic-n  vr.rir1 t i c ns f'!r·..:. likely 
to be r.mg!lifi cd in fr,-,nt of t ho noct fon si nco no co�mon s�ti�r, ncti.:-n 
iii thi n  t h1... s..; il con rclic v..:i tt:: ·.- rio.tions in th-, pr e s sures. It  
r dll be no t -:.id thut in thi s c�s.:: cs  in c th0rs '. ; h_rc ,·ertic n.l creep 
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distnncc s arc a sm::ill part of thl- totnl creep , the plnin creep l".nd 
the woir;hted creep line fall c lose togc:tht:;r thro ughout their l engths. 

Percha Dam ,  Rio ()rand Pro ject - Fi g .  2 .  

In th is plate, there are ·three ob se rvation lines wh i ch 
fall out of U ne with the rest. Ono of those lines represents the 
fi rst sot of observations ta ken and thw other two re"9 rosont th0 fi n al 
two sots . In the casu of tho f ir st on:.i , tho  sma ll los s of hea d  
ma y  hav� boon thu ro sult of the snrollc r thickn0 ss o f  s i lt o n  the bed 
which upon the increase  in thi ckness incroasc d th0 ro �istancc to flow 
from free rm tor to pip0 nun:bor one. Tho last t,,o wcr,:.; take n afte r 
a swrmcr flood whi c h  pro babl y disturbe d tho silt b od and this changed 
,!he resi stance to a value ap,rac hinc that for tha fir st ob sorva tion . 
In order to s hov1 th0 effect on th·: . curv0s of vary ing tho po siti on 
at tho end of creep , ano thv r  pla t e  was rro dc Ptote No. 2A. 
For this plat.:: th, ,  und of cro ;.) p wa s taL:..n a t  th0 fi rst woup hol e. 
Then a mean observati on lino dra'."m on plF.J tc 2 '. l'J s  transf;:;IT ;) d  to 
plate 2A where a com1Jarison of theore t i c al pr i..: S :3UI'<) S 1 co mputed h y 
us inc: th .; nci·N end of cr;;;op , i:;; ma do ·.n t�, thu prcb oble m:; un of tho 
obsorvutions . 

Pinhook Dam , Marquolrnta_,_ Iown. Fi�;. -4 

'!Tro s uts of curvo o · ; e re mo de up for thv Pinhoo k Dam - f i gs. 4 
and 4A. Fig. � us ,.}d tho boginninr · of  th0 l on r.  downstream a pron 13. s 
creep ond ,.-,hil o  Fi g. � .  uso s  t:t: c e; nd o f  t h, ;  C.rJron. Tho true end 
of creep no doubt lie s  sorn,, ·. :ho r0 h o t·,10- J T1 thc s :: t�·,o oxtrcmoR · Th0 
datu s  Of the ob s o rvotio!ls rr,) s ho · n on t h., curve s. Tho first four 
l ines repr0scnt conditions b c, for ·.: r.my c.i,proc iab li u sil t duponi t hnd 
accumula ted over th· � bottor.i of the. r D s.::.rvoir. Tlw fifth line r ;;pr .... -
s cnts moa s ure;mon ts nftcr a goo d dcpo s i t  hG d for :-:-:od. 

I 

Kabo Hand Work3 . Fig. - 3  

Pr,.;ssu rc pious werv ins t r. l hid r.ilon c thr.:.ic diff,, rcnt cro :rn  
s ections labollc d in th.: .  o ri gin· ! df!t:-: :-i s  Sh·::r�bo C[l nol Side; , Yc -U c�nril 
Si de r.nd C;.; nt or lino. The soc i on s  differ only sl ip.htly in thuir 
dimei nsions  so o nly  on.; .; lo ctri c nl s . ;t up w:.:1s us -.Jd. Pl'.'.tr;s 6. �. nd  ea 
sho· . pr o ssu r.:.. curv0s fo r r ll thr .:. c.  crCt:J:J  s,.; c ti om1. Th · ;  hi .r. h . r pro r: s-
uru s  at UJ. ,U2 rmr.l U3 on t h� c ont•..;r lin-�: �.r0 du , �  t.o n ridg,., of c lny 
under th-::. c .:m t ..; r  lin-.: of dr::m. Bc.:c r.m: .: or th - rc stri ct": d p'1 s:r n {';c 
tho pro ssur.: ::: r.ir..;; bui l t up in '1 dv:-.n cr.:; of t'�·- r - �t ric tion. 
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A groat m�·. ny  prc::isurc pil')(; s ·. ,or,.: inst�1l lc d in thi s  dnm 
�nd numc.raus obs ·.)rv:::t io ns r-.ro -�\V C: ilnblu . By t.-.\l<: ing th, : mor.n r..::r.di ng 
'."',long Q lino of pipe s n0rmnl to flo· · n rc prll '..1 l, nt':ti v 0  p ic ture of 
tho flo0.-: �cross  th,.:: · : hole section o i· sub -coil in obt'1in..:: d.  A 
disturb ing o lamc !1t ·,7ns prc so!1t in tl li s d·J 1:1 i n  th -:.: form of r.. thirty 
foot cut-o ff of Uni vur ::wl Sh0..;:t pi l i ns ·:: lli c h  hc·. d OJK nings {-
inch �low-: thv j c1 ints . Th·:.: effect ,1f t hu lc '.'.ky p i linp: i s eviden t 
in th(; cu.rvc s Fig .  3. Thu re strictio n  of f lo•:: i!'1croasu s tl 10 lo s s  
-ind roduco s th - pr,0s sur" nt pip -� lino numb er 8. Cr,,up di str.ncos 
·,7oro computed both ct� nsidori ng tho piling c,ffo c tivJ rl � ld ,ls o 
neglecti ng it. Curvus '.·\r �· shon �for b et h  ca se s .  

Narorr.1 Woir , 

This d:1111 f .', i lo d  du0 tci uprrri.rd pro s rurc �  L�f r n 1 e h  m�.c;1i tudo 
undor th,) do,·mstrorun npron , thr.t /porti .)!W were c1c tunl ly liftud 
ollo·:.'i n::;  m�t--- ri ril t0 be  W'\ Gh,,d  f:tc- m t h -:J  rub fwil. Unfo rtu n-,t:.: ly only  
very fc-:, mo r.surcm·.:n t s  :-i.ru "\1:r.il:i.bl<; b cf c'l· 0 the f ·: i lur.:; . In ro-
constructin� th..: d r.m prc ssnr-.; p ipe .1oro pl·· cod �nd t h �  ob sorvc:ticn;·J on 
the se., pi,..,o s uero u r::c:d  in the; ::m r·tysi s . Only th0 cro s s -sec ti on 
nt chr.in 32 mm US<Jd in plc1ttin : ': 1  t h �  C U I'\'0 S bOC �U Sc, this S (; Ctio:1 tt[·. s Q 

typ ic�·.l cn0 �.nd h· .. d t h ..l  mc- nt c omplot �'. o ,; t  0f ob s( .. rv··· t i ons.  

?un ;ab Ho '1dr;o rks I l�ni:·'\}> , In U2,_-_ Fig. - 7 

Thi s f' et Of Ob sorv:-::.ti O !'!S et p1;�·1 j )!C •.d is .�. ,· . ry comphrel: ri r j ,·e 
ono ,::d hr-.s fllr0 '1dy b ...: c  :1 s : tb j :j ct tc � co :n sirJ.or �bl ·. ·:n,)un t c f  �-n:-ily sis 
by Indi c:n ongir13crs . Th ·, pine s r .r.J no pl0'.cu d  tr.-:: t �� rourh  flo•. : not 
c-:n b e::  drn,m frc rn th...: obsorv,:. tio�w . A c· )py c- f '.' flo-:, no t drrr·1: t b y  
A .  N .  Kho s1 .� of the Pnn.J ,b IrriG; ' t i�l1 Dis trict i� sh ,  .n cm Fi1�. 7c 
nlong ·::i th th0 flm: n - �t plo tta d by  ,; h: ctrj_c r ,·1 · lor-,:y . I;1 cornp11tine; 
tho croon dist·mcG s t.h.J 0nrl p:::,int o f  th� fi lt-�r ·;r, s us -.::d :"l.s 71r-..s  
expl � ino d pr0vi0 usly . Frol"! ,_: study 0::.'  the; l� --=-0 10,r:;ic ·�l s ..:cti: n o f  the 
sub soil, it sc.oms qui t,..: n .-i ssi 1 J l .::  th�. t tho 1 � :rc r ,�r c} -: y  .,t tho sur­
f':1CO oxt-_.n,ds8t lo �1 st t ,:, thi_; s,..:ct io n  ".rhich �n nt '.' ins th e; ob s orv�:t i •m 
pipe s .  The g.:o logic nl z..::c ti r.ns  in, : ' udod c· aly th6 b ays fr 0-i Nn . 2 
to No. 3 2 .  Sinc e the section co.r.t - in in;- th ,., pipe s ·.x . n  -:,t Pi ur 44 
tho cb c,vo stntom,Jnt r:ibou t tllc clny l· yur i r;  m(.; roly ' ;: n ss umpti c n .  
A grc �!t numbor c,f mc -: su r0m mt s n-or o t .':' kc.:n on !;J-:.! s d ,, ur:. dor r. · li do 
V['.rio. t ioa  i� hoed. B:rnud  on tho :1. ssu mptic n ,th '1 t  thu  pl;rcentnec 
: f h,:,c : lo st to :lny n'ipo romr, ins ccnst-::.nt , th..; 0 b s  . .  rvod , ,, ., lu:::i s '.7oro 
plottod ncninst hu r.:. d  · for c 0.ch pi p e .  Tl�� sl �p0  c, f "'. '!l(.; '·n line t hru 
the po int give s the; T)orcon t hcrld loft ct t1:: o pino r- :1d by subtrr· ct­
ing from 100% tho hor:d lest is obt, i:1..; d .  1'h.:; ori rin"' l dr:tn vr,,s 
TTorkcd up in thi s  m:.y r: n.d the '1_) ,-;rco ,1 t · g . �a  r,::if .:, j ·ro � tn  ·. ' l'l' . u s, ; 1  in 
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thi s  present study. In addition to the re Bul ar analocy set up ,  one wwas 
made using a tipped troy giving a var::,i ng  depth of electrolyte of 1/8" 
per inch of tray width. Some idea of the variahle permeability in 
the underground may bo gained from a study of the f low net drawn from 
the ob servations. For perfectly homogeneous sub soil the rectangles ,  
formed b y  the inters ections of s tronm a nd potential line s , havo a cons-
tant ratio of length to w idth. The dogrco that thi n ra tio depar t s  
1'r om a constant quanti ty a s  it doe s in Khosl& · s flow not may b o  tuk0n 
as a mea sure of non-homogeneity. 

Discupsi o n :  

In al l  of tho curve s the pr·.J ssurc line a s  mc asu r0d b y  electric 
analogy take s very much the same form. , Thero is a steep slope  at 
tho e ntrance and exi t while thu midd le portion i s  rather flat with 
one or moro point s of inflec tion dopon ding on th., pr of i le of th :J 
un der surface. Tha t this form i s  th� s houc which thw curvo must t ake 
can be soon by anali zing thL fo llowi ng simple case . 

_____ ,Jt..._ ... . .  . 

I A  B ___ .JI._ _ _ _ _ _ __ _ 

---- -- - -- --- - · - - ---!.-- .--- -+-- ·-·--- · ·· ·-\� � , .  : .} ! 
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----- --·---------

With a simpl._: struc tur"' on a porpus found at i on as sh owlll in th, )  figure , 
tho stream lino ( n) w il l  tako the i' c•rm nhown. Th b sh,.mo cun ho 
shown mathematically to b e  an ullipso with foci ot  the ,  to o  anrl h0,, l  

• of thiJ structuro .  Lot1 s o f  hcnd  occur .::1 nlons th,: s trenr.i. lino . In 
tho por tion uh,md of Section A-A o rrl h CJ hind s�1 0 t i on B-B tho lcrwth 
of the stroarn lino po r unit hori zont al rlist unc,1 i �  e:root0r th·in h-.; tl'loon 
tho h,o soctions w huro tho la.ir.i 1rnr flat t0 ns out . So ,  tll ,.rvforo , tho 
curve of hoad los s  will he.vu t•.•,o st1;Cp port i ons co n nuc tod hy n muc h  
flo ttor sec tion os  D ll the curv0 s r.ho�, . 

Thu onnlogy curV'J or  prc m:rn r(, S i ndic ot v s  t l : '.1 t  c1.1mp: �r n t ivoly 
l argo lossos ore to be  (;X'[)(; ctod C1 t th . ;  en tr:mco 0 •1d 1Jxi t.  A � t uop 
gradient is i ndiontod at th .:.. t o ..t r1h i ch L� not a •,p '.Jr u�1 t in th,.; c urvo 
of octuC\l pr o ss ur o s .  It mus t b� ko pt i n  mind , ho i':i;Vor , th r1 t  du� to 
the dif fi culty of fixing th0 c reep and thu gr:�d io nt sho\m by the.. 
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mc n.suro d  prussurc s i s  r-, thcr i n dc f iai �o . 

Aftor rm r:.nrilys i s  b y the, .:.:lGc tri c rm lnr;y '.:iu thod to 
c onfirn: tho m : thomc. t i c� :l  dovclopm (;11 t t r 1 ,_. problem of comput inr, up-
l ift  pro ssuro s i s  by no mo rns so l v0 d .  As ,. pr :;l i!"'li mry to r :ny such 
me thod o.s thu electr i c  on� logy , ·.-,hi ch nllo:rn of ,::, v , FJ ni ce dogr:.; o  
Of rofi11or,1cnt ,  r� study o f  m:: c su rornc nt s under '1C tur: l  drnns shcul d be  
mr:-.do .  Ho.v ing d:Jno thi s ,  th:::  i nvc s t i ge tor c rt n  int orl)r , J t  hi s cn:clOeY 
re sult s for ·.,hr!. t tho y r.ro ,;;or t h .  With suc h n c lc r:r cut  r:1o th0d 1:s 
tho oloc tric nl s e t  up it is  1"'.lucys '1 tumpt:.ti on to lo se s i,'7,ht of t he 
true r10i ght of  the, ro sul t s  n.nd to pr oceed beyond r.ny jus t if ir:blo 
l imit .  An i ndi c rJ ti on of t he l imi t s  c m  bu obtai ne d  di rec t ly from 
oxpcrimonts ;; i th hydrr!ul ic  t1o dcls . A comp� ri so n  bu tu,::,on th,:; r 0 sul t s  
of those oxpcrim::; nt s r:md rnnlo�· p:0r1 suromcnts o n  th0 s�mo drun profile 
s hould givo n bc ttu r ngrocmcn t t han c ,_-,n bo  ob t-::i n.:- d ·.1i th nctur-1  
mc r::suromont s .  

Be fore on tcr in(� :; d i scu ssi on  of th i s  me thod of o skbl i ching 
tho oxi-s t .. .mce of i ,_1 i 11 :r /flJJ_1w ox:-.rrin:.: t j_ on of  thr� obsorv3d d ro tr- -. r ill be 
mado  0.-: i th thu snrn . .J und  i n  ·;i u;: .  Wi th  stri c tly l r· n."ia:::r flo•;; the loss 
to  �my point  OXl)rOssod  BS r :  p0r c cn tr,. r�u O�' tll0 to t r:l h0 r· d  ,-.c ul d rvm.'lin 
constnnt . Thi s f r• c t  fol l <x; s di rec tly  fr�rci th o cons true ti on of '1 flow 
not r:h i ch  rer:nins  �he, sr, n,,.i r,; g".rdl oss o f  th .; r.--,<\ r;ni tudo of thw h::.; �d .  
The d .'J.to from four of  t h:; d r:ms ,.- r s dr:-:. :n up in  uriphic  fol'!'l Fi r�s . 8 -
lOA .  Timo wn s mv nsu rc: d  :;lon{-". tho n.h sc i ssr: , ·.nd ups trom lcv0l , do-.me 
stror-.rn. lovcl , ho"d , r, nd pcrc :,nt2co h�  -: d los t ·;:ore 1Jlo t  t ,,d 0long tho 
ordi nate for e ", ch  pipe . In t he c n. s , , of' IJnth -'1r,- Esc ' p0 Eerid  tho 
tc. il  •:mt or el cv0 t ions  ·. ,o r.:; not r--v:- il�bL: so th,.:: vr..:ri '1 1, ion fr; hor d  co uld 
no t be  sho·.7n . Thc..;r ,1 sc�cr.;s t o  b J  no r:1l �· t ic,n  h ,,:; t·.-.- ..; ,, �1 ups trc. -· !"' 1 ::.,_- . _,1 
c.nd upl i£t prossurv S e  In t h .; c r:- s c  01' th 0 Color-: do :Ri vu r rrm i t  i s  
di fficult  t o  no to any f0r. tur,, s  o f  t ' , ,_; vr:r i nt i0n in t hu pc rc .:mt r gc 
l i nu s  as comp nrcd -.·I i th th0 V".r i -" t ion o f  hv:d  boc •: ·.ts ·.:: of  the; long 
int(}rvnl bc t'. 1 ..;on  ob scr-m tiona . It i ::  r.L1 r ys p os s ib l -:: for 'l fluc­
turi tion i n  han d t o  occur ,ti t hi n  on -� in t.;rv'"ll '.".'_nd not she ·. :  it s effe c t  
unti l  t ho next i ntcr,-, , 1  ·-,hon n n8 · .· h or-. d i n  re:cordud.  I n  th.:.: ins t �  ..... c o  
o f  t h o  Dcoh0 Bnrrng0 curve s ,  r- f�;·. :  c, � th0 p ipe s s-Jur,! t o  fo llon t:L 
hu "'.d ';78.t cr but  th ·� oth  ,r n s h0 . . n c  r, uch r . l " t ions hip . fa;ro � -·'.i :1 tho 
intcrvnl s b ..) t,;:..; ,.Jn o bsurv� t ions �wr ::i  too e;r0 �.t t o  h ·J of much , -- lu ,J in  
thi s  p r,.rt icu l ::ir cn:: lys i s . O f  t h-..; four d": : s  sh o·,m , Kribo Ho r·.J· ··crks 
i s  tho mo st co nsi s tent . Th ot serv:..:t ions plott..::d 1:F! N t".kwn ·:1 i th i n  
n pur io d of 4 d;� ys . Th,_; pcrcc : ,t�: , ·c l in1c- s dn : iot f.�: l lo·� tl: ,:.: curv.-, 
of ho".d :i.t f irs t bu t b ec orn .. cc: .1S tr-- :1.t ·. :h -..; n  t he, hc " d  rcc -,1 1 : s  :-:onst�nt . 

ThJ dcc i dod v-::ri ,1ti o n  i n  t h.:; po rc'-'11tcgc le s s  l ine s is  
a ·1cry d i sturb in[ f - .c tor unl cs ,j i t  C".n b.;  c.:xpl ·-'. in ,J d  on  the b r..: s i s of  
thu flm, under th0 d� shif t ing �.nd c 11 - n,o;i nc the  flo : l in.;;s r, t r'.ny 
p�rti cu l �r soc t i on .  The no:r:-cxi. .s tcncc of  stu �.dy � rc c,!t--ir;0 dro!)s i s  
r. r:1.y o f  s�. yi ng th'"lt  tho flo ·.-; no t for th0 scc ti c•n l'., s ch":i.god . A flo:·, 
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no t can �1.10.y s  bo drnwn ,:hvn t he flo: : is dcfi nit ,;ly l r.'.". 1innr nn d r0mr:ins 
const:'"'cnt as long ns conditio ns of the r.10 diUI'l rcr:�-"\in  co nstnnt. 

Tho oxporimont s u i  th hydraul ic mode l s  which h".vc 'll ro r:dy 
boon roforro d to hr.·:c b .,on of t ,. 19  type s. In one t ypo the pr o G suros 
under the no do l  di)]'!! �re r-.o n ru rod in t h.:. S"l!lC : : cy  r.s t.lios ,:; exi s ting 

• .under r.-.n r.. ctu�l dnm. A mod u l  of n di:>J:'l is s ot up on s crocnod snnd 
with piozo:r.iu tur tubas instnll od for rondinc pr essures. Thu r.iodol 
is then sub jected to r: hond of '.7 r-,tor and the p iozom; tor luvcls rirc 
rand. Tho most complete s ot of o:iq,ori mrn ts of this  ·typ,:i is th'"'.t of 
Ool.mc.n ,  � record of .'.7hich mn y bw f'o und in tho Trrmsnctions A.,nor. 
Soc. Civ. Engl. ncors , Vol .  BO , p. 421 , 1916. A seri es of ox'JCrirnu1! t s  
using electric �.n�logy ',7!1s node on thl,; sr 1:10 d �lIP.. sh'1 nc s  b y  tho U. s .  
Bureau of Roclm!l.'"l tion. A co:-:1p.-:-.ri so n o f  th,;; sc r;.;sult s  >1i t h  thos ,J o f  
Colmr.n is gi1:on in Tech . Mo;.JO . 303 , Socuri ty o f  !'.;: son,,r y Dnrns on 
Earth Found ::1ti0ns by E .  w. Len-.,. Th.; r 1J sult s do not ch-:: ck �nd on 
tho bns:1.§ of th as,J oxperiro nts  thu 01 .-j ctric r-n.".logy nu ·tho d ·:10.ul d 
have to/��riously r�stric tod in i ts u se . 

Tho second t ype of  ex,;,o rir.-i.:.nts r.xmt ioned b ufor0 riro  thos -3 
in ;:h i ch tho nc tulll stro�m 1 inc.. s ':ro trace d under n struc ture by 
monns of dyos introdu ced int0 th<.; s , 13p ng0 ,;mt:,r. Th Js1. oxpurinents 
shou v..:,;ry cl or.rly th'1t  th-:. TTr.tor clo-:; s flo,'i in l ,,:1inr:. s. The: dyo s 
travel vury do fini to curvvs end thus s ,ot1 t 1  cc-ntr11dict the: '.7ork 
of Colmrn. 

In order to roconcilc th .:. tr1u n o ts c f  o:iq, urin0nts � 
nogl.c c tod source of error nust be f0 und in one o f  th 0 t-:/0 typlls. 
From th.::; - s tnndpcint of nctu'11 pres s ure s  exis ting , ,mdc r dr.n:is , ·. : hich 
con cr. 11 so fn iluro , tho oxporim,;;nt s o f  Colr.r n ·. :oul d s,)ar. to bo thv 
noro di ro ctly opplic..,blc of t he t:!r• typo s. H.:.; us0 d  t· ·:o s · ·mplo s 1.."f 
snnd rofurru d  to as snnd A 11nd s:'"'cnd B .  Sand A ·:ms � n" turi::.l  e �nd 
vdry fng :t'ror1 largo pobbL.: s to f in 0  grc: :!.na ·:;1 th vory l it tle  c l r..y. 
SPnd B rr�s ob tni nc d  by sorooninr A thru n ½" squ�ro mesh sieve 
\7hi ch rc!!lovcd ab ou t 3� of tho 1 :-.rco.r· pebbles. ThQ uXT>J rir :o nt s  
usi ng Sand B �ore usod b y  Mr .  Lr.no in sho·:rinr: the compnr im n  ·. : 1th 
nnn logy ro sults. Colm� n in his so t -up did not tnko nny pru- ticul�r 
precaution to i nsure unifol"Tl distribut i •)n or his fo und:-. t i ·m rn�t0 r ir..1 .  
S inoo tho ran ge  of  size i n  his r.r. t�; rin l �-ms co n:ndorablo r•. url s inco no 
provi s ion w9JL,�9de for uni forn distrib u tion , it i s  dif fi cult to any 
h0\7 ruch mo� fl"orr!o gonu.-,us hi s :ir. t � ri:,l is th i .n tht; irr. t .. ri-- 1 of nn 
nc tu�.l dam sub -so i l .  

Khoslr stct\l s  thnt t h u  el ectr i c  � nr.ilogy ia  only ' ppl icnb lc 
und�r thu follo ·::i ng condi ti ona :  

o. . " If grr. 11i ty '".'Oru ribs :mt. : 

b. "Ir  thv trr:msnisai on c:-nston.t fo r :f'lo ·  · in  thu vcrtic r:il 

11 . 



di re c tion woro oxnc tlJ t he so.nu " . . ::- in th � h0rizontnl. " 

Ho c.ttributu s (b) t .... s trn ti fio r� ti,.·n or t o  s,� .- , ., o th r c·,us ,._; n  ;/!1 ich 
have a s  yot bG ,}n undut crr'1ined. II.:: gp c s  t(, sc :"'.'.u l ocnth fr. �u �nr.lys i s  
o f  th.J; Panjn·--:d (1b s0rv tions  t0 (, S kblish � foct or b y  1:1.:rn � o f ·:, hich 
i ndicr.tud !;)re s suro s aru corroc tod fo r griw:i t y. This co rroc tod pre s-
s ure he:. c -:l ls tLc v:-:luG cf : . .  ·r the hydro-dyn� --d c -- 1  prc ss ur :; .  The 
ob servations t.\t  t ·.m pro ssurt. pipes N:,s. 28 �nd 29  aru us .:.d to c s tnb li s h  
thu cxi s t(.}nco r. nd mogni tudo o f  it hi s correction . H ,,,ovor , t:10 o th0r 
pipes Nos. 14 P.nd 15 ,  r;h i ch r.iru o qurlly -;;a ll si tu tod for s ho·:,i nr; 
thi s  cc rroc tion , f�i l  to indicnto  i t s  oxi s t 0nc u . �ftur c onput ing 
tho c,,rro c ti -:' n , Khn sl:·. nC; gl octs it bcc r-.us0 it is very snc-11 . 

Th<.; ques tions of orc s i=:urv ··:i t h  rcg::,.rd tc 1 ·1.'iincr flo ·, :  is 
ap t to bo V.Jry c cnfu si ng. · It  sh · ul d  bw rcmbt:r9.1 thri t in hyrlro-
dyn::unic s  onl y potuntin.1 i s  cc nsidcrod n s  &·o.usinr. flo·.:· . By T) O tonti .'.:l 
i s  r.:o an t  th;;; . inhoront �bility () f  � body b y  ru� oo n  of its pi: , si ti0n , 
to occonplish ·.wrk .  In hydrrulics pot�; nti {'.l r;. :·y bu said to c ,...rrnist 
o f  tr,o pnrts , pro ssuro nnd po si ti on .  / Pru s sur .:, cr:n be  dofinc:d in 
toms of potcnti '.". l  thus : i t  i s  t h  ... notpntir. l  of  '.l po int ··:1 th rcf­
eronco to  r: dr.  tur. thru th ... p : · int .  Froh the j;::fini tion of  pot c ntin.l 
given it i s  obvious thnt th0r� nu st b-, � d;-:t \rn or plr:nc of rcfor.:mco .  
When ov-..r�' pc int in r111 hydr�ul i c  sys t0: :: i : J ro f..:;rr .... d t o  snrl.; c,:r:·on 
plcno , t ho 'po t ,:mti,l :,f c ·1ch p >int rol�.tiv ._; fo t h� dr: t'lm i s  o.c omn-
plis hcd . As �. sir-1pl u illus trr. tion or t h.;; diff ,� r-.. mo ..; b..::. tr:c.wn po t -
enti al and pressure n t:·. 1J.k o f  :rt�1r is u s(;d . 

7- � - -r 
- --T- -r-,- i 

I "" l '-�r.  I • / ... 1 · .. .. 
t,,, · --'! ..L .. 

_fi__j __ 
. 

I t.,� � i _ _!_ .... I 

Tho prossura nt t·.w po ints , i1� thL t�nk , su ;�h n s  M. r.nd . N. is equ� 1 in 
co.ch c cso to tho -;1,.::ight of t lv, · -.-�. tor colurm r1br,·t0  t he, po int . Uni t 
pressure c r-.n bo s e t  equal t0 tll . .; h\,i .'1"1 tt e r  th..:: c ,)lurrn,,fiulti pliod. by  t�c 
unit ·,10i ght of t ha l i quid . Thus thJ pr ..:ssu r,:. OXT)ru i,s.:: d r.. n ho rvl of li-
qui d is Sn for poi n t  M n.nd E1n f,-.r point N. Sinc e 1'3r: ,., :-Ll Sn r.rc: 
d ifferent th_: prussu r o s  · :re :11 fi'c.r ..; : 1 t. Th:} r,n tunt'i r·l . . 1' t:)Oint 1-.� 
roforro d to  Pl!"';!1C B-B is  eq ur.l to tho prc i::ri ur..:; '!')lus tr-. :- .li ffo rcnc 1 } in 
ol cvc. tion. ThG ,-,ot\lntir:1 tL;ru cqunl s S,, plus t: . or ( � ). Lik . .; · ;isc 
for point Sn th.;  ·,o tunt i c l  oq ur.ls Sa ..,lu -: tn er  ( r, ) .  So M · m:1 ?; h�· -rc 

1 2 .  
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tho so.no potc ntinl � 1 thou r,.l1 the; y nro un.Jor di ffc runt -r,ros �urcs . Pc-ton ­
ti::-.1 is  r:c r· su re;d usu�lly by r.'C ['.!' S nf � pic zol'!lo tcr tub 1.,. -Th , ;  -c::l cY�tion 
of the ·. :o.t0r surfaco in the tubo is ".', .:r.c � . sure of the pot..; nti '11. In 
nc asurinr · uplift unrlcr r:i dnn , tho do.tum for dot-.; r..·. ining pi(.;zo: :0t0r 
0lcvotion is us u�:lly tnk :m r:s the toilr: r. tcr  0nd tho dif f-::roncc i1: olc­
vction is c a lle d hJad. 

In do nling ·.-;i th sub s o il flo··; the ,·oloci ty is usu-- U y  so 
sr.mll th�.t total on,:;rgy c r:n bo ! :v('.surod b y  nJ !',ns of pot .mtf r.l . Tho 
necess ity of  superimpo sing an electri cal f i e l d  to represent gravity 
in the electrical analogy �c thoc.t iR very q uestionable. T�c e lectric 
potuntial at a point is certai nly analogous to the potential of 
water me asurod in the r..anner described horo if the flow is ler::inar. 
If the resistanc es are strictl y analo gous in tho sub-soil and in 
the analoey sot up , the fl ow wi 1 1  be t,i mil ar. 

The po int is well r:,ade t hat there arc factor s suc h as 
s tratific ation 71hic h d isrupt the ric;idi ty o f  th..; analogy. , Tho 
questions for solution is the dogroc of this dopartur0 froM stric t 
anal ogy and t he factors caus i ng it. 

From the expe riITI.en ts perforrl;) d b y  Tnylor and Unpr ,l at 
PUJl jab,  Indio , it is ovidont that tho flov.• con be brought very c lose 
to  thv pure ly theoretic al by co ntro1-liri� co !'l di ti on s. The sand usod 
horo was ve ry uniform. It vio.s of such o grod� that it possod o 60 
mash siuvo but wos retaine d on en 80 r:i0 sh. Tht s r,i vos n ronP;;Q of 
particle s i zo ep:oroxi r.10.tcl y fro 1 .1 . 0068" to . 0087 ". No r.ttor:ipt wns 
Mode to meas ure upl ift hut it is plo. nnod t o  do :=io at  o l Qtor datu. 
From thu shr.:po of the stro nn lin 0 s  it c �n bo u xnuc t.,;d th� t thos -­
mcosuro ::--,'--nt s will c hock ,vi th  ':\11/'.logy ,-:. n ru  r0 ·"10nt s. 

From a compnrison of olectri,:: r:m:l ogy resu lts w ith oc tunl 
'bc�suro::wnts '; nd no d.:il  expori ;-').';; nts tl� J conc lu.:i i o n  i ndi c ct,,d ':\t tr.c 
prosont s tnga is the. t any '..·p olic .... tion of nn -· loe;y ro flul ts to pro'b-
l oms of pr0ctic ,., l do s i gn  mu st pw nr:dc v:i th c , ro. I b ; l i av.:: the 
cnclor,:y nothod h0 e considernb l o  vr-luo for c. qunli t� tivc study o f  
subsoil flo · . It  is no t 11o ssibl 0 y,:; t to :::� k0 ::uch qu�.nti tctivi.; uso 
of tho :;1oth od. Thero ·1ro s t il l  to o �.-1 '1. ny fnc tor P- invo l vi nf th,; 
g.:iolor,ic� l con di t io ns · t '1ny d ::m s it .: ··,h i ch 0lud0 ov· 1lur.·. t i on r·.nd so 
cnnnot b o  s imul''.tcd i n  'll'l "IIH,logy s .: t  up. 

1 , . 
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I do not b ulic v .; th�t ns yet th , , r-.. is r.n y co nclusive 
ovidoncc thr.t flo ' : i n  sub so il of r:. r.i.'l SDJnry dr :: � c -- nnot o vuntur·lly 
bo studiod b oth q u ·  .li t· ·.tiv....:ly "Ind q u· :nti tc.ti v -..; l y  by r1J l1'1S o f  th�l 
cloctric ".'.nnlogy. I co nsi der no ,;vi dunc .. , co nc lusiv0 •;:h ich doss  not 
r.ttr\ck tho fund� .1:10 at"' l b r.wi s for r.n�:logy. Att ,mpts to do this 
hr v ;  ·b .: �n n::>.do but th-:; cv idun cc upon i'thich thoy r e st is 11r ,t co?wi ncinr,.  

The dn tf1 used in th is rl- p ort ·;:eru dr�,·::r. froM tho 
followi ne source s :  

Colorr• do Ri vcr D ;,,1r: Trr; :1s�ic tions A. S. G. E .  l <;:12:l , Vol. 93 

Pere hrt Dr.!:l - - " " " ., 

Pinhoo .tc  D�� - - - - - - - " " " " 
Nr.ror·t W0ir ... , - Lnginoor"i n ·  Confcr ;;11co, Si�J. --: , Vols. 1 & 4 ,  1913. 

Isl"lnd P-- rk D...-,;-; - - .Gnr;. : :0 7:s R , c ord , Vol. 84 , No . 21 ,  p 1015 

Kobe Ho �d·.-:orks - - D�to fur:.:. ishod b y  Sup t .  llngr. North ,rn 
Irri gc. t ion Circle . 

Nathr.urr. Escr.p .3 Ho'. ,d - - Unit0d  Province s , P. ·,:. o.  Indi� . 

Dooh'l B rrr:g;:; - Uni t ...: d  Provin e\,] � , P. '7. D. Indi r• • 

Pnnjnnd Ho nd• :orks - - Pu:!1 .i r.b Engi n..: orj n · ·  Congress , 
Pr:p..;r Fo. 162 ( 1933 ) ? 

Tho Bure :: u  o f  Roclr :·, : . tion i3 in dobt..:d tc til,J no orc·'. n i z-: t i o:1s 
for th0 vnlu :blv os si stnncu  th�y hav � ��rn i sr. 3d.  

14.  
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Pipe No. or l.ette r / 2 I 3 4 5 FND Remarks 
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NAME OF DAM .ftrc/2a_L2;;AJ __ � __ _____ Loc�i- 10N :E.o�-�raoa:b !t:µ.�L ___ SOURCE oF DATA : ,-:fao.s A . .5.CE /fZtJ 
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Pipe No. or Leiter C) 5 7 1 0 ' 5 1 4 3 1 2 1 / END I Remarks 
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