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7.7 Seepage and Flow Nets: Two_Dimensional Flow

FIGURE 7.14 Examples of
unconfined flow in aquifer A
and confined flow in aquifer B.
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Aquiclude t
Pumping from aquifers can be-e_irher unconfined or confined, depending on the geology. If awell penetrates only laver A in Fie. 7.14. flor toward the *"lf ;, ,r"""i.,"0. On lhc other hand, it rhewell peoetrares into rhe aquifer of layer B, seepage,. rf," *"if l, 

".rli."d. Seepage toward wells isdescribed in Sec. 7.8. When water seeps through e;rth dams an; le;;es, as ,fro*n in Eig. 2.13(a), flowis definitelv unconfined' because there 
" " f;"..;;i; ;,-; j;iif" pressure. As exprained inSec. 7.9,.the primary design problem is ro *"iiirr-' ,r* ,i"p" .i ri"" 

,.riii." 
"r.""0"r"Differenr kinds of heads and head to*". *"r" a.r"ril"Ji, S".. i.i,'un. ,, -ight be a good idealo rcview thal material before proceeding further in this section.

tsrgure 7.15 shows how the roral head (l,o + e) ,night be determi[ed ftom the positions andelevations of the water tevels in the standpipe;. ,{.lso ;iro;; i, ir", ner;;], n", energy or head is ,osrin flowing under a dam. Note how the water levels in each rr"""rri?"-fl"ron,a,er decrease as water
L."Tj::: 

rhe heet ro the toe of the a"* r,"rnpr.'i.ts ;*lain'r"fffi, how head computations
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TIGURE 7.15 Example of heads and head ross due to seepage under a dam. Afl dimensions in metres.

Datum



308 Chapter 7 Fluid Flow in Soils and Rock

Example 7.14

Given:

The dam with piezometen shown in Fig. 7.14. The total head loss is 19 m (ftl).

Required:

r. Calculate the pressure heads llp and the total heads,l for piezometers A through E.

b. Determine the uplift pressure acting on the base of the dam at point C

Solution:

a. Pressure and total head&
Piezometer A: The pressure head is the length of the column of water in the stand

pipe, or

hP = ha * Ze = ht:19 +'7 = 26m

Note that this dimension is also numerically equat to

The total head is

hL+hz:19+'1 :26m

h=(hp+z)=26-1:19m

which is the height of rise above the datum.
Piezometer B:

hp:h6+zB=15+i9:34m
h:(hP+z)=34-19=15m

Note that ll is also numerically the same as

ht-hu or fi=i9-4=15m

Piezometer C:

hn: h6 + zc: 10 + 10 = 20m

(We will use this pressure head to compute the uplift pressure at point C, below.)

h: (hp.+ z):20 * 10 : 10m

(Check:i : h7_ - h6: 19 9 = 10 m.)
Piezometer D:

hp=hD+zD=5+79:24m
h:he+7r-Zo=5m



(Check:i = hL- hLC:
Piezometer E:
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19 - 14:5m.)

hp:fir:7^
h=hp_zs=7_7=0

ht=19m
Note that at the tailwater all of the head has been lost.Thus the total head at this poi[t is zero.b. Uplift pressure at point C:

pc = hppug : (hc + zc)p-g : (hp - h6 + z)p-g
: 20 m (1000 kg/m3)(9.81 m/sr) : 196 kPa

7.7.1 Flow Nets

we courd represent the flow of water through the foundation under the dam in Fi g.7.15 by flow rines,which would represent an averag€ flow path ofa particle ofwater ftom the upstream reservoir down tothe tail water. Similarly, we could repreient the energy of flow by lines of equal potential, c"ll;;;;_
rutty, equipotential liner, or contou^ of constant totui rreua. arong-un;;l#il;i'ffi;;il;*;
:]:*"tt:"t:-":::: l:: y!" .i.",.-l:"rsely, the enersy tost uy tr,e wutei in gettirs,otrr;;li;;;d;
same all along the line. The network of flow lines and e{uipot"nii"t tin". i, 

"utt"a 
u-Jlo. n"t, u 

"on".ptthat illustrates graphically how the head or energy is lost as wu,", no*, ,f,rorgf, , porous medium, asshown in Fig. 7.16.

ab
FIGURE 7.16 Equipotential and flow lines (only a few shown).

Same elevation; ... same potential (total head)



Ngme Surname: N um Der:

4) A flow net is shown for a dam in the below figure. The permeability of soil (k) = l.96xl0'3cm/sn.
a) Compute the flow rate q.

b) Compute the water pressures at poinl A, B, and C.

1= L. - (+fo)= 4,ttx to-3" 4o 
txl 

"- W)
= 1-,815 v 4o-q ;/-l^

1,,o.

Ah{ = 
d}1. 

= ?L : J.6,6 
^,.tlol 6

Oq + ln -, ha= 2-f
I.^J 2e = 2{

hg= 2-2- * 
* 44L -t UB=

hc = zl- (z) " (1,t6) g 44,+

da a^.A

-=L
'l* Ot--tr X,t

=l$,b LPo-

rox3,8 =38 L?"..,

= g +t1-
Iw

l)c= L,+x3,S =%,\5 lfiq



Nrme surname: I\Umoer: uroupi

5) a) A soil profileand a footing are shown in 
":.r:l':]r',H.lt::";r'i,ffi"i,:'ff|il1ffi$,l::.i3JLl:-' 

uitor".a undemeath the center ofthe footing due to'1

ii.."f"r,l"ta (Q) that witl be canied by the footing'

b)oedometerteslona25mmthickclayspecimenrecoveredfromthesameclaylaYershowedthat50%
consolidation ,oor, pru..'in iti ,i"rLr. How long *tli'il.k; i; renl"ment of 0 02 n1 to take place

in the field?

1.= 10 kNmt

r.r' 19 kN/m!

ROCI( " .,

,O Cr= 2.xtb+ 2*(13-3,t)+ 3x (43'5-3'8) =aS'5 L?*

. so= r"fu,.,"$(9.$9)

o,ol-- 6x l!3- " t$ (?e'{+i
eS,s +AS' = (J'o38 )* +3'f

Basl-tLgirit^,,;1 Yant"^- 
AC4'e' I !-?a

a ,. a ?,t --) A + 1145 ^Lr''/

Cq{ 1) (er+)
Cvr'10
/2..s \t\ Ll

e o,re?g =)Cv=o,ogcti,faL

O, o$ x {

4+ 1,19 '' \ 73,5

lo l+b ooo dk-
* 4X .1 ,l

v

Time?5 minutes' Good Luck"'

u (%) T

l0 0.008

20 0.031

30 0.071

40 0.t26

50 0.197

60 0.287

70 0.408

80 0.567

90 0.848

0,8 t1tr --
(66)-

NORMALLY
coNsoloATEO
CLAY

1.t. 19.5 klvmr

Q'o to


