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Fi l t er s  f or  c l a y  c o r e s  o f  e m b a n k me n t  d a m s  

Filtres pour noyaux argileux de barrages en remblai

P.S.SÊCO E PINTO, Laboratôrio Nacional de Engenharia Civil (LNEC), Lisbon, Portugal 
T.SANTANA, Universidade Nova de Lisboa, Monte da Caparica, Portugal

SYNOPSIS: A s tudy  was c a r r ie d  o u t  to  improve  the  u n d e r s t a n d in g  o f  f i l t e r s  fo r  c la y  m a t e r ia ls  and s a ndy - c la y  m a t e r ia ls  
us e d in  th e  c o r e s  o f  P o r tug ue s e  dams . T e s ts  we re  c o nduc te d  v a r y in g  the  w a te r  c o n t e n t ,  th e  c o m pa c t io n  e ne r gy  and f i l t e r  
m a t e r ia ls .  To s im u la t e  the  a c t io n  o f  the  f i l t e r  th r e e  d if f e r e n t  ty pe s  o f la b o r a t o r y  t e s t s  we re  us e d ( c o n v e n t io n a l, s lo t  
and h o le  t e s t s )  and q u ic k  as  w e ll as  lo n g  te r m t e s t s  were  pe r fo r m e d . The o b t a in e d  r e s u lt s  we re  compare d w it h  c r i t e r ia  
p r opos e d by o t h e r  a u t h o r s .

1 INTRODUCTION

An in v e s t ig a t io n  o f f i l t e r s  was c a r r ie d  o u t  a t  th e  Na -  
t io n a l  La b o r a t o r y  o f  C iv i l  E ng in e e r  (LNEC) t o  impr ove  the  
u n d e r s t a n d in g  o f f i l t e r s  fo r  c la y  m a t e r ia ls  and s andy-  
- c la y  m a t e r ia ls  t h a t  o c c u r , r e s p e c t iv e ly ,  in  South  and 
Nor th o f  P o r t u g a l.

As e x pe r ie nc e  has  shown t h a t  le a ks  can d e v e lo p  in  w e ll 
de s ig ne d  and c o n s t r u c t e d  dams , s p e c ia l a t t e n t io n  s h o u ld  
be  drawn in  downs tre am c o r e  f i l t e r  m a t e r ia ls .  T he s e  le a ks  
may be  ca us e d by s e v e r a l fa c t o r s  r e la t e d  w it h  embankment 
dam c r a c k in g  s uch as  (Se c o e P in t o  1983): (1 ) d if f e r e n ­
t i a l  s e t t le m e n t s  o f fo u n d a t io n s ;  ( 2 ) s in g u la r i t ie s  o f  
fo u n d a t io n ;  (3 )  d im e n s io ns  and s hape  o f  t h e  v a l le y ;  (4 ) 
ju n c t u r e  be twe e n f i l l  and a b ut m e nt ;  (5 ) a dhe r e nc e  c o n d i ­
t io n s  be twe e n f i l l s  o f d i f f e r e n t  a g e s ; ( 6 ) s h r in k a g e  due  
to  d r y in g  o f t h e  m a t e r ia l;  (7 ) c r a c k in g  a d ja c e n t  t o
c o n d u it s ;  ( 8) w e t t in g  o f the  m a t e r ia ls ;  (9 ) r a t e  o f r e s ­
e r v o ir  f i l l i n g ;  ( 10) h y d r a u lic  f r a c t u r in g ;  ( 1 1 ) s e is m ic  
e f f e c t s ;  (1 2 ) d r i l l i n g  o f b o r e h o le s ;  and (1 3 ) ju n c t u r e s  
be twe e n e a r t h  and c o n c r e t e  g r a v it y  dams .

The r e s u lt s  o b t a in e d  by t h is  s tudy  a r e  compare d w it h  
f i l t e r  c r i t e r ia  pr opos e d by o t h e r  a u t h o r s .

2 EXPERIMENTAL STUDIES

S e v e r a l t e s t s  we re  c o nduc te d  w it h  t h r e e  bas e  m a t e r ia ls  
v a r y in g  t h e  w a te r  c o n t e n t  (d r y  s id e  and we t s id e  o f  Proc ­
t o r  t e s t ) ,  the  c o m pa c t io n  e ne r gy  and u s in g  s ix  d if f e r e n t  
f i l t e r  m a t e r ia ls .  C o n v e n t io n a l f i l t e r  t e s t s ,  s lo t  t e s t s  
and h o le  t e s t s  we re  c a r r ie d  o u t .  A d i f f e r e n t  ty pe  o f 
t e s t  named "c r a c k  e r o s io n  t e s t "  was pe r fo r me d ( t h is  t e s t  
w i l l  n o t  be  d e s c r ib e d  h e r e in )  and th e  o b t a in e d  r e s u lt s  
a r e  g iv e n  in  Maranha das  Neves  (1 9 8 7 ). In  t h e  fo r me r  t e s ­
t s  a s l ic e  o f ba s e  m a t e r ia l (25  mm t h ic k n e s s )  o f  a 
P r o c t o r  c o m pa c t io n  t e s t  was p la c e d  in  a  c y lin d e r  o f 
100 mm d ia m e t e r .  F i l t e r  m a t e r ia l (2 0  mm t h ic k n e s s )  and 
g r a v e l m a t e r ia l we re  p la c e d  downs tre am and g r a v e l mate  -  
r i a l  was p la c e d  ups t r e a m . A s c he m a t ic  vue  o f t e s t  a ppa  -  
r a t u s  is  shown in  F ig u r e  1.

In  the  c o n v e n t io n a l t e s t s  and s lo t  t e s t s  w a te r  p r e s  
s ure s  a c t in g  a c r o s s  the  bas e  s pe c ime n we re  in c r e a s e d  in  
s te p s  o f 50 kPa u n t i l  200 kPa and e ach s t e p  had a dur a  -  
t io n  o f 5 m in u t e s .  For  th e  h o le  t e s t s  a p r e s s u r e  o f
250 kPa was in s t a l le d  s ud d e n ly  and the  t e s t  had a dur a  -  

t io n  o f 20 - 2 5  m in u t e s .  For  the  lo n g  te r m t e s t s  a w a te r  
p r e s s u r e  o f 50 kPa was in s t a l le d  th r o u g h  the  h o le  d u r in g  
s e v e r a l d a y s .

To e v a lu a t e  the  b e h a v io u r  o f low c o m pa c t io n  zone s  lo  -  
c a t e d  in  th e  c o re  m a t e r ia l ,  h o le  t e s t s  were  pe r for me d 
in  some s ample s  o f ba s e  m a t e r ia l w it h  90% de gr e e  o f Proc ­
t o r  c o m pa c t io n .

For  th e  in t e r p r e t a t io n  o f the  t e s t s  the  fo llo w in g  pa -  
r am e te r s  we re  c o n s id e r e d :  ( 1 ) s t a b i l i t y  o f  th e  ba s e  s o i l s ;
(2 ) c o lo u r  o f the  eme rge d w a te r ;  (3 ) e rode d bas e  s o i l  

c a r r ie d  th r o ug h  the  f i l t e r ;  (4 ) v a r ia t io n  o f th e  flo w  

d u r in g  the  t e s t ;  (5 ) v e lo c it y  th r o u g h  the  s lo t  o r  h o le ;  
and (5 ) f in a l  d ia m e t e r  o f the  h o le .

BASE MATERIAL PLASTICINE

F ig u r e  1. Sc he ma tic  vue  o f t e s t  a p p a r a t u s

3 ANALYSES OF TEST RESULTS

3.1 San ta  C la r a  m a t e r ia l

The p a r t ic le  s iz e  d is t r ib u t io n s  fo r  bas e  m a t e r ia l (CH) 
and f i l t e r  m a t e r ia l a r e  shown in  F ig u r e  2 . T a ble  1 g iv e s  
some p r o p e r t ie s  o f bas e  and f i l t e r  m a t e r ia ls .

In  the  c o n v e n t io n a l t e s t s  the  w a te r  eme rge d c le a n , lowe r  
v a lu e s  o f  flo w  were  o b t a in e d  fo r  the  m a t e r ia l compacte d 
on we t s id e  in  c o m pa r is o n w it h  d r y  s id e ,  and a l l  f i l t e r  
m a t e r ia ls  had a good b e h a v io u r  fo r  w a te r  p r e s s u r e  lowe r  
t ha n  150 kPa . For  h ig h e r  w a te r  p r e s s u r e  v a lu e s  f a i lu r e  
o f bas e  m a t e r ia l o c c u r r e d .

In  the  s lo t  t e s t s  ( s lo t  9 ,0  x 1 mm^) the  c a lc u la t e d  ve ­
lo c i t y  was low (a bo u t  1 m/s ) and was n o t  s u f f ic ie n t  t o  
e r ode  the  compacte d bas e  s a mple . Co ns e qu e n t ly  in  a l l  
t e s t s  th e  w a te r  emerged c le a n .  F o r  th e  f i l t e r  C the  s lo t  
s iz e  in c r e a s e d  s u b s t a n t ia lly .

In  th e  h o le  t e s t s  (0 = 1 mm) the  amount o f  e r o de d ma -  
t e r i a l  fo r  the  same f i l t e r  was h ig h e r  fo r  the  d r y  s id e  ma­
t e r ia l  . The i n i t i a l  and f in a l  v a lu e s  o f f lo w  (Q) a nd ve ­
lo c it y  (v ) we re  r e c o rde d as  w e ll as  the  f in a l  d ia m e t e r ^ F ^

1689



23/10

H I OROME TER AS  TM S t a n d a r d  S i #v •  Numb*

Log 0 (mm)

Fln> |M>d I um|Coar t»  F i n# |M>dlum| Coar»> F i n» |m «d lum|Coar t~

F ig u r e  2 . P a r t ic le  s iz e  d is t r ib u t io n  fo r  bas e  m a t e r ia l 
and f i l t e r  m a t e r ia l (S a n t a  C la r a )

T a ble  1 Summary o f San ta  C la r a  and f i l t e r  m a t e r ia ls

L iq u id  P la s t ic  Optimum C o e f f ic ie n t
l im it  l im i t  w a te r  c o n te n t  o f  p e r m e a b ilit y

(%) (7.) (%) (m/s )

50 .6 2 5 .5 2 0 .5

1o
F il t e r s

° 1 5 
(mm)

D15/ d 85
U n ifo r m it y
C o e f f ic ie n t

A 0 .3 5 3 .5 8 .3
B 0 .7 7 4 .5
C 0 .9 9 6 .7
D 1.7 17 3 .9

T a b le  2 . Hole t e s t  r e s u lt s (S a n t a C la r a  m a t e r ia l)

F i l t e r
Base Q V Obs e rve d

m a t e r ia l (m l/ s ) (m/ s ) be h a v io u r

Dry 19. 7 17 .4 D ir t y  w a te r

A
s id e i 1

0p = 1 mm

w =1 8 .5% 15 .3 8 .9 S u c c e s s fu l

D ^ j* 0 .35 ram
Wet
s id e

15 .8

I
14

I

Cle a n  w a te r  
0_ = 2 mm

D15/ d 85 “ 3 - 5 v=22%
»

2 1 .4
▼

6. 8 S u c c e s s fu l

Dry 34 .4 2 2 .3 D ir t y  w a te r

B s id e i 1 = 3 mm

w=18. 5* 2 5 .4 3 .6 In te r m e d ia te

D j5*0 . 7  nm
Wet 15 .5 10 Cle a n  w a te r

°1 5 / d B5=7
s id e  

w*21 .8%
i

3 0 .0
i

6 .1

-  2 .5  mm 

In t e r m e d ia t e

Dry 4 1 .6 D ir t y  w a te r
C s id e

w=18Z - F a ilu r e

D ^ » 0 .9  mm
Ne t 13 .3 8-6 D e f ic ie n t

D15/ d 85 - 9
s id e

w=22Z
1

46 .7
i

6. 6 <JF = 3mm

D
Dry
s id e

W- 18J!

9 6 .0
F a ilu r e

D ^  1 .7  mm

Wet
s id e

7 7 .8

1
F a ilu r e

D15/ d 85 - 17
w=22% 105.6 = 5 mm

The o bs e r ve d be h a v io u r  o f f i l t e r  m a t e r ia ls  was c la s s i f ie d  
in  fo u r  de gr e e s : s u c c e s s fu l,  in t e r m e d ia t e ,  d e f ic ie n t  and 
f a i lu r e .  A summary o f the  r e s u lt s  is  p r e s e n te d  in  
T able  2.

For  th e  t e s t s  w it h  90% de gre e  o f  c o mpa c tio n  t h e  v a lu e s  
o f flo w  we re  h ig h e r  t ha n  fo r  100% de gre e  o f  c o m p a c t io n  
and t h e  q u a n t it a t y  o f  e rode d m a t e r ia l was a ls o  h ig h e r .  
F i l t e r  A had a s u c c e s s fu l be h a v io u r  and fo r  f i l t e r  B f a i l ­

ure  o c c ur r e d  fo r  the  we t s id e .
Long te rm t e s t s  were  c o nduc te d  fo r  f i l t e r  B w it h  a 

w a te r  p r e s s u r e  o f 50 kPa and d u r in g  23 da y s . Wate r  emerged 
c le a n ,  the  f in a l  d ia m e te r  was the  same and no s ig n s  o f  
in s t a b i l i t y  o f  bas e  m a t e r ia l were  o b s e r ve d .

3 .2  Ma ra te c a  m a t e r ia l

G r a d a t io n  c ur ve s  fo r  bas e  m a t e r ia l (SM) and f i l t e r
m a t e r ia ls  a r e  shown in  F ig u r e  3. A summary o f  the  
inde x  p r o p e r t ie s  o f bas e  and f i l t e r  m a t e r ia ls  i s  g iv e n  in  
T a ble  3.

In  the  c o n v e n t io n a l t e s t s  h ig h e r  v a lu e s  o f  flo w  we re  
o b t a in e d  fo r  the  m a t e r ia l compacte d on dr y  s id e  in  com­
p a r is o n  w it h  we t s id e ,  th e  w a te r  emerged c le a n  and d u r in g  
the  t e s t  s m a ll o s c i l la t io n s  on the  c o e f f ic ie n t  o f  pe r  -  
m e a b ilit y  were  r e c o r de d  fo r  th e  m a t e r ia l on th e  d r y  s id e .

In  the  s lo t  t e s t  v e lo c it ie s  we re  low and t h e  s lo t  has  
c lo g g e d .

For t h e  h o le  t e s t s  s m a ll v a lu e s  o f flo w  we re  r e c or de d  
due  t o  t h e  c lo g g in g  o f  the  h o le .  T his  be h a v io u r  was more  
in t e n s e  fo r  the  m a t e r ia l compacte d on we t s id e .  A 6um -  

mary o f the  r e s u lt s  is  p r e s e n t e d  in  T able  4 .

S 2 •  * -  ~ - « >
- - - - - - - - - - - - - - - — i—i— i- - - - - 1--- 1--- 1-- 1-- 1—
H I OROME TER________| A S T M S t a n d a r d  5 i » t  N um be r

Log 0 (mm)

F i n *  ]M«d i um|Coar»* F i n *  I M*d lumlCo a r s • F i n *  [M*dium|Coa r * *

S I L T SAND GR A V E L

F ig u r e  3 . P a r t ic le  s iz e  d is t r ib u t io n  fo r  bas e  m a t e r ia l 
and f i l t e r  m a t e r ia l (Ma r a te c a )

For  the  t e s t s  w it h  low de gr e e  o f c o m pa c t io n  t h e  v a lu e s  
o f flo w  were  h ig h e r  and th e  eme rge d w a te r  was d i r t y  due  t o  
the  e r o s io n  o f the  m a t e r ia l.  The obs e r ve d b e h a v io u r  fo r  
f i l t e r  C was s u c c e s s fu l,  f o r  f i l t e r  D in t e r m e d ia t e  and 

fo r  f i l t e r  E d e f ic ie n t .
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T able  3 . Summary o f Ma ra te c a  and f i l t e r m a t e r ia ls

L iq u id P la s t ic Optimum C o e f f ic ie n t

l im it l im i t w a te r  c o n t e n t o f p e r m e a b ilit y
(%) (%) (Z) (m/ s )

2 9 .6 2 5 .3 13 1 0- 8

F il t e r s D,s ° 1 5 / d 85
U n ifo r m it y
c o e f f ic ie n t

(mm)

C 0 .9 0 .3 6 .7
D 1 .7 0. 6 3 .9
E 3 1 3 .2
F 6 2 2 .4

The lo n g  te r m t e s t s  we re  c o nd uc t e d  fo r  f i l t e r  D w it h  
a w a te r  p r e s s u r e  o f  50 kPa d u r in g  20 da y s . The w a te r  eme r ­
ged c le a n ,  th e  h o le  c lo g g e d  and no s ig n s  o f  in s t a b i l i t y  
o f ba s e  m a t e r ia l we re  o bs e r ve d .

OOOOO O O 4 i l  Ù
O 2 •  » ~ -  > 5 »

H I O R O M E T E R  ] A 5 T M S t a n d a r d  S i » » »  Hu wb t f

L0 9  0 (mm)

CLAY
F i n *  ]M*dl  um|c «a r>* F i n *  [m* d 1 umjc o a n * F i n *  |M*d l um|C *ar»  *1

S I L T SAN 0 GRAVEL

F ig u r e  4. P a r t ic le  s iz e  d is t r ib u t io n  fo r  bas e  m a t e r ia l 
and f i l t e r  m a t e r ia l ( A lv it o )

T able  4 ,  Hole  t e s t  r e s u lt s  (Ma r a te ca  m a t e r ia l)

F i l t e r
Base

m a t e r ia l
Q v

(m l/ s )  (m/ s )

Obs e rve d

b e h a v io u r

C

Dry 
s id e  

w- 11. 4Z

0 .7 3  0 .9  

1 i
0 .3 3  1.2

Cle a n  w a te r  
1 mm 

S u c c e s s fu l

D ^ » 0 .9  mm 

D15 / d85=0. 3

Wet  

s id e  
w- 14. 9

0 .0 3

I
0 .0 3

Cle a n  w a te r  
Clogge d 

S u c c e s s fu l

D
Dry 
s id e  

w- 11,9Z

0 .1 7

i
0 .1 3

Cle a n  w a te r  
Clogge d 

Su c c e s s fu l

D^ - 1  .7  mm

D15/ d 85=0.6

Wet  

s id e  
w=13.5%

0 .0 3

1
0 .0 3

Cle a n  w a te r  
Clogge d 

S u c c e s s fu l

E Dry 
s id e  

w- 11 .9%

52 D ir t y  Wate r  
0F= 5 mm

D e fic ie n t

D15/ d85-  1

Wet

s id e
w- 14 .9*

0 .0 4

0 .0 4

Cle a n  w a te r  

D e f ic ie n t

F
Dry 

s id e  
w=11.9%

- F a ilu r e

n e.

D15/ d85=2

Wet

s id e
W- 14. 9Z

117

F a ilu r e

3 .3  A lv it o  m a t e r ia l

The g r a in  s iz e  d is t r ib u t io n s  fo r  bas e  m a t e r ia l (CL) and 
fo r  f i l t e r  m a t e r ia l a r e  shown in  F ig u r e  4 .  T a ble  5 sum -  
m a r ize s  th e  in de x  p r o p e r t ie s  o f bas e  and f i l t e r  m a t e r ia ls .

In  the  c o n v e n t io n a l t e s t s  the  w a te r  emerged c le a n ,lo w e r  
va lu e s  o f  flo w  were  o b t a in e d  fo r  the  m a t e r ia l compacte d on 
we t s id e  in  c o m pa r is o n w it h  dr y  s id e .  F i l t e r  m a t e r ia ls  
had a good be h a v io u r  fo r  a l l  w a te r  p r e s s u r e  v a lu e s .

T a ble  5. Sumoary o f A lv it o  and f i l t e r m a t e r ia ls

L iq u id P la s t ic Op t  imum C o e f f ic ie n t
1 im it  

(%)

l im i t

(Z)

w a te r c o n t e n t
(Z)

o f p e r m e a b ilit y  
(m/ s )

41 .8 18.7 16 .7 10"9

F il t e r s
(mm)

D15/ d 85
U n ifo r m it y
c o e f f ic ie n t

A 0 .3 5 1 .4 8 .3
B 0 .7 2. 8 4 .5
C 0 .9 3 .6 6 .7

For  the  s lo t  t e s t s  an in t e r m e d ia t e  s i t u a t io n  be twe e n 
San ta  C la r a  and Ma r a te c a  m a t e r ia ls  was o b s e r ve d . With  the  
f i l t e r  C the  s iz e  o f the  9lo t  d id  no t  change  and w it h  
f i l t e r  B c lo g g in g  o c c u r r e d .

In  the  h o le  t e s t s ,  f i l t e r  A had a s u c c e s s fu l b e h a v io u r ,  
f i l t e r  B had an in t e r m e d ia t e  be h a v io u r  and fo r  f i l t e r  C a 
d e f ic ie n t  b e h a v io u r  was o b s e r ve d . The o b t a in e d  r e s u lt s  a re  
p r e s e n t e d  in  T a ble  6 .

For  the  t e s t s  w it h  low de gre e  o f c o m pa c t io n  th e  v a lu e s  

o f  flo w  were  h ig h e r .  For f i l t e r  A the  emerged w a te r  was 
d i r t y .  The o bs e r ve d be h a v io u r  fo r  f i l t e r  A was s u c c e s s fu l 
and fo r  f i l t e r  B was In t e r m e d ia t e .

For  the  lo ng  terra t e s t s  the  f i l t e r  C was us e d w it h  
the  pur pos e  o f t e s t in g  a le s s  fa v o u r a b le  s i t u a t io n .  The 
eme rge d flo w  was h ig h e r  and a f t e r  5 days  an in c r e a s e  o f  
flo w  was d e t e c t e d .

4 . ANALYSES AND INTERPRETATION OF THE RESULTS

A c o mpa r is o n  w it h  the  c r i t e r ia  propos e d by o t h e r  au -  

th o r s  fo r  the  t h r e e  m a t e r ia ls  i s  shown in  F ig u r e s  5 and 
6 .

The fo llo w in g  c o n c lu s io n s  can be drawn:

-  fo r  CH s o i ls  (S a n t a  C la r a )  and CL s o ils  (A lv it o )  Wolski 
e t  a l .  (1970) and She r a r d  e t  a l . (1984) c r i t e r ia  gave  
c o a r s e r  f i l t e r s ,  m a in ly  th e  Wo ls k i one . Ac c o r d in g  t o  
the  Vaughan 4 Soa re s  (198 2) c r i t e r io n  the  f i l t e r  s ho uld  

be  f in e r .

-  fo r  SM s o i l  (Ma r a te c a ) the  a p p lic a t io n  o f Vaughan 4 

Soare s  (1 9 8 2 ) , Sh e r a r d  e t  a l .  (1984) Pa re  e t  a l. ( l9 8 2 )  
and K ja e m s l i  e t  a l . (198 2) c r i t e r ia  gave  f in e r  and 
le s s  u n ifo r m  f i l t e r s  (lo w e r  D ^  v a lu e s ) .
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Table 6. Hole test results (Alvito material)

F il t e r
Base

m a t e r ia l
Q

(m 1/ s )

V

(m/ s )
Obs e rve d

b e h a v io u r

A
Dry
s id e

w- 14.4%

0 .3 2

;
0 .3 3

D ir t y  w a te r

Clogge d
S u c c e s s fu l

D15/ d 85 - 1 -4

Wet
s id e

w- 18.4%

2 .3

i
2. 1

2 .9

I
2. 6

Cle a n  w a te r  

0p= 1 ran 
S u c c e s s fu l

B
Dry
s id e

w- 15.8%

5 6 .3  

1
5 7 .3

28

i
8. 1

D ir t y  w a te r  
3 mm 

In t e r m e d ia t e

! 5

D15/ d 85- 2 ,8

Wet
s id e

W- 17.5Z

33.1

i
3 5 .9

16 .5

i
11 .4

Cle a n  w a te r  
2 mm 

In t e r m e d ia t e

C
Dry
s id e

w- 15.8%
- -

F a ilu r e
0 = 4 mm

F

D ^ - 0 .9  mm 

D15/ d 85- 3 -6

Wet
s id e

W- 17.5X

6 4 .3

1
61

-

D ir t y  w a te r  

D e f ic ie n t  
0p= 2 mm

2 °  ° 2 "* S ^
MICROMETER | AS T M S t a n  da r d S i * V * N umb * r

(4 ) In  th e  h o le  t e s t 6 the  f in a l  p r e s s u r e  and g r a d ie n t  
impos e d on th e  s t a b il iz e d  ba s e  s pe c ime n a r e  ve r y  
h ig h .  Thus la b o r a t o r y  t e s t s  a r e  c o n s e r v a t iv e  when 
compare d to  the  c o n d it io n s  t h a t  may e x is t  in  a  dam 
w hich de ve lo ps  a c o n c e n t r a t e d  le a k  th r o u g h  t h e  c o r e .

(5 ) For  t e s t s  w it h  90% de gre e  o f c o m p a c t io n  t h e  v a lu e s  
of f lo w  were  h ig h e r  tha n  f o r  100% de gr e e  o f com -  
p a c t io n  and the  q u a n t it y  o f e rode d m a t e r ia l was 
a ls o  h ig h e r .

( 6 ) In  the  lo n g  te r m t e s t s  w it h  a  w a te r  p r e s s u r e  o f 
50 kPa d u r in g  more t ha n  20 days  w a te r  eme rge d c le a n  
and no s ig n s  o f in s t a b i l i t y  o f ba s e  m a t e r ia l were  
obs e r ve d .

(7 ) I t  seems t h a t  the  be s t  way to  d e s ig n  a f i l t e r  fo r  

s i l t  and c la y  m a t e r ia ls  is  t o  pe r fo r m  e x p e r im e n t a l 
s t u d ie s  and to  compare  the  r e s u lt s  w it h  c r i t e r ia  
pr opos e d by o t h e r  a u t h o r s .

F i n *  |m *d I um |Coara* j  F i n *  |m »dlumJCo a r t  •  F i n *  |M*dlum|Co 

S I L T  SA ND G R A V E L

f i n *  |M*dlumjCoara » F i n *  |M*dlum|Coara *  Fin *  |M*d lum|Coar»

F ig u r e  5 . F i l t e r  fo r  San ta  C la r a  and A lv it o  m a t e r ia ls

' 5 SUMMARY AND CONCLUSIONS

The mos t s ig n if ic a n t  c o n c lu s io n s  from t h is  s tudy  ca n be  
s ummar ize d as  fo llo w s :

(1 ) S p e c ia l a t t e n t io n  s ho uld  be  drawn in  d e s ig n in g  down­
s t r e a m  c o r e  f i l t e r  m a t e r ia l and a r is k  o f c o r e  
c r a c k in g  s h a ll  be  c o n s id e r e d .

(2) C o n v e n t io n a l t e s t s  a r e  u s e fu l t o  v e r ify  t h e  s t a  -  
b i l i t y  o f ba9e  m a t e r ia l and f i l t e r  m a t e r ia l.

(3 ) In  the  s lo t  t e s t s  the  c a lc u la t e d  v e lo c it y  was low
(a b o u t  1 m/s ) and was n o t  s u f f ic ie n t  t o  e r ode  t h e
compacte d ba s e  s a m ple . C lo g g in g  has  o c c ur r e d  in

some ba s e  m a t e r ia ls .

F ig u r e  6 . F i l t e r  fo r  Ma r a te c a  m a t e r ia l
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