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ABSTRACT 

This research paper Aims 10 s(tJdy th~ efl~CI of hOlt! Chimney",1j horitQntal fit ters scparately on 
sc~page characlerist~ (free water surface. secpage face le n£'lh ~ rjd s~page dlschllrgc) through 
~ar1h dams based an impervious bllse This.Study wns conduc/«I 'hrQugh both the experimental 
mcthod by stlnd box model and Ihe Ilumerical melhod by ~ .. d.ary element melhod (HEM). 
Also, lhe effect of posilion of either chimn(), or horizontol fil p:r~ on seepage character Istie was 
inc luded. rom~rison !>elwf:t:1\ Ihe I:xperjm(nt~ 1 dala and the corr(sponding numerical rcsuhs 
for euch Iype of fillers was carried 0111. Also. II comparison ~"/lCell chimney and horiM>nlal 
filters was pl'tsentcd . II wos fo.md tholl for (he sallie cross seclbn of Ihc eanh dam . decrcils ing 
11'1: distlll1ce between Ihe dam in lei racc and the fill cr tX>S i'ion (0) for Iwo types of filters 
resulting in lowering free ~Ier surface, increaSinG SC(pa:;; f~ce lenglh. and illcrcasing (he 
seepage now ra le . The seepage fac( lenglhs Sr for chimney 8ml hOlilOnlal fillers were less I lian 

Ihe height of eILii Iloinl for dam ·,I.o,thoul filte r, A lso, lilc re laliv.: ~'!cpllgc face Itllglh S/Sw F fOf" 
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) ·The horizontal (i lter was used instead th~ 

chimney fi lter o.nd steps 1 (lnd 2 were 
repealed . 

NUMERlCAL STUDY 

Boundary element method (SeM) becomes ' 
more widely recogn ized ilS one of the most 
all ractive and. powerfu l method to solve 
seepage problems. The pOwer of tht 
boundary element method derives rrom the 
(flCI that only the boundary is discred ited . 
James and Phi lip ( I3 J, Drebbia (5), Pltris cl 
al. (16)' and Chan" (8,9J slBted that the 
boundary mllst have one dimension less than 
the region, which affects a drastic reduction 
in unknowns to be so lved, 

GOl'crning Equation 

The basic equations of porous media Oow 
tire the continu ity equation and the 
gcncrtlliud Darcy's law. Substituting 
Darcy's law into continuity equation gets 
Laplace equation . 

"iJ lh= fJ 1IJ ~ a)~ = 0 
i}x ' &y 

( I) 

in which 
h 10ulhead""H+Y . 
H pressure head . 
Y clevation head . 
x.y J( , y direct ions. 

Laplace Equation <I> is the governing 
equation (or steady state seepage through 
homogenous iSOlropic porous media. 

Boundary Co ndilion~ 

The considered prob lem of seepa.ge through 
homogeneous earth dam provided with 
chimney drain was modeled for numerical 
solution. To illustrll te tnc corresponding 
boundary condi ti olls, the darn was divided 
into fou r boundaries, as follows, Fig. (3); 

I· Boundary of reservoir "Surface AB", 
h= K. 

2· Free water surface "Surface Be" 
h-Y ,ah / On in which nis 

nOllnal din::ction. 

3- See page surface "Surrace CO" 
h=Y 

In case of horiz.olltal fi lte, Fig. 3e, the 
seepage: ~ur(ace CD is an equipotential line 
,"d 

h = Y = O. 
4· Imper\'ious boundary 

8h I ity 

Veri fic ation of the Applied M odel 

The proglUm was presented by Paris and 
Canas (161 to solve confined seepoge 
probh:lIls and was mOllified by thc authors 
10 solve unconfined seepage problems. In 
unconfined seepage probtems the position or 
free su rface is one of th e unknowns of the 
problem and consequent ly are given two 
boundary conditions along Ihis boundary. To 
determine the posit ion of the free surface, iI 
is used an iterative procedure starting from a 
gi",en approximat ion of its position and 
solving Ihe linear system for the second 
boundary condition (q""O). Compa re. the 
computed total head of Ihe free surface 
nodes nnd their eievatjon on the fr~ surface. 
If the dilTerence bet ween them is greater 
than a set tolerance number, Ihen iterations 
have 10 be repoealed. If the d i ffer~nce is 
smaller thnn the tolerance, tnan the solut ion 
rcaches the. final iteralion, and the Solulion 
obta ined is the final solutiun. III order to 
veri fy the wrinel) com pllter program, the 
problem of uncol),lined see page through a 
homogcneous earth dam with impervious 
base for the case of dlY dowJlstream 
condition, assumed dimensions, and unit 
permeClbility in X and Y directions (I<.x.= 

K,.) Shown in Fig. 4, was solved 

numericall y using Ihe <toovc mentioned 
technique, and compared with the a03 lyttca l 
solution by Casagrande (7). To so lve this 
problem numerically us ing BEM, the 
domain unde r the inilial frec surface, \VIIS 
divided into 175 lint.-ar elements with a tOlal 
175 nodal points, and the initial free surface 
was assumed as straight line conlains 60 
elemeills .... ;111 60 nodes. After 38 iterations 
with a prescribed tolerance (0.01) i e. (h.y s 
0.0 I), the seepage discharge was 
1.56 m 3/daylm, the obta ined exit point 
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TaMe ( I ) Perc.entage dirferen ce between Ihe present and C asflgrft ndc 171 solu lions 

Method Cas:lgJ1lnlk PI "EM difference % 

SttP3ge discharge 1.52 1.56 2.5) 

exit po il1l (Yexit) 2.1~ 2.33 U 8 

Table( 2) Tulul Dumber of nodes (NOV) alld elenltnts (NEL) 

for dams with e:himney clrAin 

Of H 

NEL-NOD 

1- Source 
4- U.S face of the dam 
'1 - The filler 
I D- Piez:omelcrs 

,w 
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~ 10 

$- ';0 

" '" ~ 
'" 40 

" " 0 • :ro 0 
~ 

10 

0 

0.94 1.18 t 43 

'45 ' 45 150 

Sec Elevlll ion 

2- Va lve 
5- The sand (dtlnl body) 
8- Graduated tube 
11- Ex it lube 

1.68 1.93 

' 50 160 

'" 
) 

2.1 8 

160 

Sec Side ViewY -Y 

3- Feeder tank 
6- D.S face: cfthe dnm 
9- Overnow tube 

Fie. (l) Sand box model 

SAND StL 

, , 

2.43 

'70 

100 10 " Diameter (rum) 
001 0.001 o.ooel 

Fig. (2) Grain size distribution o f the used sand 
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It) Dam without filter b) Dam with chimney fi lter 

00 

• • 

, 
-'-

-. ..... • . " '''/ - _'1'-, ' 

b) Dam with hOriZOnta l filter 

Fig. (3) Flow boundaries for earth dams 
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Fig. (4) Considered case for verifi cat ion process 

b) Dam with oori20nlal fi ller 

F ig. (5) Boundary element mesh for one of the cons idered 
position (O==I .43 H) 
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Fig. (6) Phreatic surface locations for seepage 
through earth dams with IlO,izonla l filler numerical 
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Fig. (7) Experimentalunced plu'calic surface locat Ions for seepage 
through earth dams with horizontal fi lter 
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t) O- I.·4lH f) O-I.II H 

, } 0 - 0.9311 

Fig. (8) Comparison between numerica l and experimental resu lts 
of free surface locations for dams with horizontal fi lter 
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FiC_ (9) S flH versus OiH for earth dam with horizontal filter 
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fig. (10) q/KH versus OIH ror earth dam wilh horizontal filter 
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Fig. (11) Numerical phreatic sUlface locations ror seepage 
through earth dam$ with chImney dlll in 
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Fig. (J6) Comparison bel ween phreallc surface 
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Fig. (17) Comparison between chimney and horiz.ontal 
Fil ters for Sr i SW.F (numerical solutions) 
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