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A STUDY OF SEEPAGE THROUGH EARTH DAMS WITH CHIMNEY
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ABSTRACT

This research paper aims to study the eflect of bolly chimney end horizontal filters separately on
scepage characteristics (free water surface, scepage face lengzh and seepage discharge) Lthrough
carth dams based an impervious base. This.study was conducied through both the experimental
method by sand box model and the numerical method by boundary element method (BEM).
Alsc, the efect of position of either chimney or horizontal fil¥rs on seepage characteristic was
included. Comparison between (he experimental data and the corresponding numerical resulls
for ench type of filters was carried out. Also, a comparison berween chimney and horizontal
filters was presented. [t was found (hat for the same cross sectisn of the carth dam, decreasing
the distance between the dam inlet face and the filter position (D) for two types of filters
resulting in Jowering free water surface, increasing seepagz face length. and increasing the
seepage flow rate, The secpage face lengths Sr for chimney and horizontal filters were less than

the height of exit point for dam without filter, Also, the relative seepage face length S/S, . for
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chimney drain was larger than the corresponding value for horizontal filier by an average
difference value of 58 28%. Although the relative seepage discharge q__fa , for horizontal
filter was less than that for chimney filter, the Seepage discharge, q._ for both the horizontal
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studied since 1931 by Kozeny [15]. Basad
on the assumption of a parabolic upstream

face, Kozeny [15] used conformal mapping
to study seepage through an earth dam with
horizomtal filker. In 1940 Casagrande [6]

modified Kozeny's trestment and adjusted
the entrance conditions to suil & plane
upsiream face. Abdrabbo [4] used boundary
element method (BEM) 1o study effect of
ing angle of downstream face of the

varied from 30° to 90° Also, Hathoot [12]

solved the problem of seepage through earth
dam with horizontal filter using an (mage

EXPERIMENTAL SETUP
The sand box model illustrated in

Fig. | of dimensions |75cm length, 52 em

height, and 25em width was manufsctured
particularly for this study in Hydraulics and
igali ., Faculty of
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through hole (11) located at the bottom of
the box, and was measured by a praduated
tube (8). Fifty piezometers (10} were
distributed along the base of the dam (o
record the head distribution on this base.
The free water surface was determined by
dyeing the water ot the front fece of the dam.
The sand (5) was wetied and laid inside the
sand model almost by the same manner in
each experiment, so permeability of the sand
was not changed.

Procedure of Experimental Setup

1-For constamt dimensions of dam model
and head of water (H), the scepage
discharge from horizontal filter was
measured and the free water surface
was recorded by dyeing water.

2-The position of filter was changed, and
step No. | is repeated for seven
positions of chimney filier
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3.The horizontal filter was used instead the
chimney filter and steps | and 2 were
repeated.

NUMERICAL STUDY

Boundary elemen! method (BEM) becomes
morc widely recognized as one of the most
attractive and powerful method to solve
seepage problems.  The power of the
boundary element method derives from the
fact that only the boundary is discredited.
James and Philip [13], Brebbia [5], Paris ct
al. [16] and Chang [8,9] stated that the
boundary must have one dimension less than
the region, which affects a drastic reduction
in unknowns to be solved.

Governing Equation

The basic equations of porous media (low
are the continuity equation and the
generalized Darcy’s law.  Substituting
Darcy's law into continuity equation gels
Laplace equation.

? ?
Vih= g—’-:-;.%:ﬂ (N
14
in which
h total head = H + Y.
H pressure head.
Y clevation head.

XY X, ¥ directions,

Laplace Equation (1) 15 the governing
equation for steady state secpage through
homogenaous isotropic porous media.

Boundary Conditions

The considered problem of seepage through
homogeneous earth dam provided with
chimney drain was modeled for numerical
solution. To illustrate the corresponding
boundary conditions, the dam was divided
into four boundaries, as follows, Fig_ (3);

|- Boundary of rescrvoir “Surface AB”,
h=H.
2- Free water surface “Surface BC”
h=Y , ¢h/on inwhichnis
normal direction,

3- Seepage surface “Surface CD™
h=Y

In case of horizontal filter Fig. 3c, the
seepage surface CD is an equipotential line
and

h=Y=0.
4- Impervious boundary

Bh1dy

Verification of the Applied Model

The program was presented by Paris and
Canas [16}] to sclve confincd scepage
problems and was modified by the authors
to solve unconfined seepage problems. In
unconfined seepage problems the position of
free surface is one of the unknowns of the
problem and consequently are given two
boundary conditions along this boundary. To
determine the position of the free surface, it
is used an iterative procedure starting from a
given approximation of its position and
solving the linear system for the second
boundary condition (q=0). Cempare the
computed total head of the free surface
nodes and their elevation on the free surface,
If the difference belween them is greater
than a set tolerance number, then iterations
have lo be repeated. [f the difference is
smaller than the tolerance, than the solution
reaches the [linal itcration, and the solution
obtained is the final solution. In order to
verify the written computer program, the
problem of unconfined seepage through 2
homogencous earth dam with impervious
base for the case of dry downstream
condition, assumed dimensions, and unit
permeability in X and ¥ directions (K, =
K.) shown in Fig. 4, was solved

numerically using the above mentioned
techmaque, and compared with the analytical
solution by Casagrande 7). To solve this
problem numerically using BEM, the
domain under the initial free surface, was
divided into 175 linear elements with a total
J 7S nodal points, and the initial free surface
was assumed as straight linc contains 60
elements wilh 60 nodes. Afier 38 iterations
with a prescribed tolerance (0.01)ie. (h-y =
0.01), the seepage discharge was
1.56 m3/day/m, the obtained exit point
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location (Y__) was 233 m , and secpage
face length was 3.30 m. The same problem
was solved by Casagrande [7] wsing
conformal mapping (see Harr [11]), the
obtained  seepage  discharge  was
I 52 m3/day/m, estimated exil point location
(Y,.) was 2,14 m, and the seepage face

h was 303 m, The Percentage of
difference beiween BEM and Casagrande
[7) in illustrated Table |

Boandary Element Mesh

modeled (o the numuinl solution. Table 2
cantains the total number of elements, NEL,
and nodes, NOD. One of the considered
cases, D = 1.43H, is shown in Fig 5 with the
assumed free surface location,

RESULTS AND ANALYSIS
I- HORIZONTAL FILTER

From the oblained numencal results, Fig. 6
shows free water surface locations for the
conskdered cases  From this ligure it was
observed tha, the free water surface location
was lowered with decreasing of the distance
D. Also, the decreasing in distance D
resulted in increasing the seepage surface on
horizontal filter. Fig. 7 shows the recorded
phreatic surface for the considered cases
experimentally. Fig. § shows the companson
between the numerical solution aad
experimental model for the considered
cases. From this figure it was observed that,
the computed frec water surface from
numerical solution was lower than that of
the experimental onc for all cases. This
difference was due to the fact that the results

decreasing the relative length of seepage
face (S¢ /M) for both solutions  Also, for

were illustrated graphically as shown in Fig
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influence of capillary fringe. Fig. 14 shows
that the increasing of the relative distance
(DVH) decreased the relative height of exit
point (S4H) for both the numerical and
experimental results. Also, for bigger values
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of DVH, the difference between experimental
and numerical results decreased.

Fig 15 shows the comparison belween
experimental and numencal results of
relative seepage discharge (gKH) From
Fig 15 it was found that, the increasing of
relative distance resulted in  decreasing
relative seepage discharge for  both
solutions. Also, the figure shows that the
difference  between  numerical  and
eaperimenial results was approximetcly
constant, which could be referred 10 the fact
that the coeflicient of permeability in
numerical and experimental salutions had
some difTerences.

COMPARATIVE STUDY BETWEEN
HORIZONTAL AND CHIMNEY FILTERS

From the previous numerical  and
experimental results for two  fillers a
comparative study showed that for all cases,
the phreatic surface locations were lowered
with decreasing the relative distance of
filters as shown in Fig. 16. Also, it was
nbserved that the system of chimney drain
alightly lowered phreatic surface than the
other system  (horizontal  filter). A
comparison belween chimney and horzontal
fiers for $/5_ , is presented in Fig. 17. I
was shown (hat for the two considered
sysicms, the decreasing of relative distance
(I/H) resulted in increasing relative height
of exit point (/5 ). Also, it was cleared
that, the heights of exit point Yy for
chimney filler, seepage face length for
Horizonta! filter were less than the height of
exit point for the dam without filer The
relative height of exit point (5/5,_ ) for
chimney filter was larger than seepage face
length obtained by horizoatsl filer (an
average difference value 58.28% 58.28%)
Fig. 18 shows the comparison between
chimney and horizontal filters for relative
seepage discharge (q. /q_ ) It was

noticed that, decreasing the relative distance
(D/H) increased relative secpage descharge
(o, fa, o Also, it was obscrved that,
chimney dram gives slightly higher values
Concerning filter

than hongontal filter.

volume, it is preferred 1o ose horizontal filter

system than the chimney drain system lo
reduce the volume of filter material.

CONCLUSIONS

A sand box model was prepared and used in
studying the effect of wusing cither the
horizontal of the chimney filters on seepage
characteristics through carth dam. Also, the
problem of uncoafined secpage through

canth dam was solved

numencally and considered as & reference 1o

compare the effect of providing the dam

with chimney or horizontal filer. From the
obtained results in this study, the followng
points could be concluded.

I+ For the same cross section of an canth
dam, decreasing the distance between
the dam inlet face and filler position
(D) for two drainage systems resulied
in;

A- lowening of frec water surface,
B- increating ibe secpage flow rate, and
C- increasing secpage face length.

1- Chimney and horizontal filters had the
same effect on free water surface at
the same position.

3. The scepage face length (S) for
chimney snd horizontal fikers were
less than the height of exit point for
the dam without filier.

4- The relalive SCCPARE face l'm
(8/5,, ) for chimney drain was larges
than the relative seepage face length
for horigontal fiker by an average
difference value of 58 28%

3- Seepage discharge (q,, ) for either
chimney or harizontal fillers was
greater than seepage discharge through
the dam without filter.

6 The relative secpage discharge
(9,./a,, for chimney drain  was
laeger than that obtained by horizontal
one, but the difference was very small

7. For the filter volume, il is prefermed to
use horizontal filter than chimney
system to reduce the volume of used
material in filler construction
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NOTATION

The following symbols are used in this
rescarch paper

D = Distance between the point of
intersection between inlet surface
of a dam with upstream waler level
and filter position;

H = Pressure head,

h = Towml head on dam,

K = CoefTicient of permeability,

K, = Coefficient of permeability in
X- direction,

K, = Coefficient of permeability in
Y -direction;

MEL = Total number of elements,

NOD = Total number of nodes,

q = Seepage discharge per unit width;

Qe = Seepage Trom Miter,

Qwr = Seepage discharge for dam without

filter,

St = Secpage face length,

Y = Elevation head; and

Yea = Height of exit point.
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Table (1) Percentage difference between the present and Casagrande [7] solutions

Method Casagrande [7] BEM difference %
seepage discharge 1.52 1.56 2.63
exit peint (Y exit) 214 233 B.88

Table( 2) Total number of nodes (NOD) and elements (NEL)
for dams with chimney drain

D/H 0.94 |18 143 1.68 1.93 2.18 2.43
MNEL=NOD 145 145 150 150 160 160 170
&
_I‘t——@ "
PR o A R
Sec Elevation E:: Sec Side View Y-Y
|- Source 2- Valve 3- Feeder tank
4- 1J.§ face of the dam 5- The sand (dam body) 6- D.S face of the dam
7- The filter 8- Graduated tube 9- Overflow tube
10- Piezometers I 1- Exit (ube
Fig. (1) Sand box model
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Fig. (2) Grain size distribution of the used sand
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' P .
X Irperacul bute
b) Dam with horizontal filter
Fig. (3) Flow boundaries for earth dams

(15.00)

B 4 e
Fig. (4) Considered case for verification process

g

a) Dam with chimney filter

=]

" s ———
b) Dam with horizontal filter

Fig. (5) Boundary element mesh for one of the considered
position (D=1 .43H)
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Fig. (6) Phreatic surface locations for seepage
through earth dams with horizontal filter numerical

-l =

Fig. (7) Experimental traced phreatic surface locations for seepage
through earth dams with horizontal filter
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Fig. (8) Comparison between numerical and experimental results
of free surface locations for dams with horizontal filter
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Fig. (11) Numerical phreatic surface locations for seepage
through earth dams with chimney drain
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SSPA TYT, Y

Fig. (I12) Experimental traced phreatic surface
locations for seepage through earth dams with chimney drain
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Fig. (13) Comparison between [ree surface locations for

numerical and experimental results for dams with chimney filter
0.5
N —
—=&— Experimental |-

g4 L —
\ ——  Numerical
03

i L
i) — (-
a0
0 0.5 I 1.5 2 2.5 3

D/H
Fig. (14) 5, /H versus D/H for earth dam with chimney filter
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50 T 1
40 'y —=&— Expenimental | |
L, —&—  Numerical
§ 30— - —1——
= 20 ] o
wWpF—F+— | - s
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0 0S5 1 1.5 2 25 3

D/H
Fig. (15) g/KH versus D/H for earth dam with chimney drain

S
b)D=218H

—— wim
c)D=193H
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Fig. (16) Compariscn belween phreatic surface
locations for chimney and horizontal filters
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Fig. (17) Comparison between chimney and horizontal
Filters for S;/ Sy, ¢ (numerical solutions)
25 I —
2 - | —®— Chimney filter | |
——+—— Horizontal filter
b
Q‘: 1S —d - .\\ M. =
E } |————t Sreay ___J..__._..--._:-:!T‘_-_-
o
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0 |
0 0.5 [ L3 2 25 3
D/H

Fig. (18) Comparison between chimney and horizontal
filters for g, /qy ¢ (numerical solutions)
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