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G .  d e n  H O E D T  M a n a g e r, Civil En g ine e ring  Ap p lic a t ion s, Enka  R e se a rch In st it ute , A rn h e m , N e t he rla n ds

SYNOPSI S A v i ew i s gi ven on t he most  i mpor t ant  pr oper t i es of  pr ef abr i cat ed ver t i cal  dr ai ns.
The appar at us used f or  measur i ng t hese pr oper t i es  i n t he l abor at or y ar e expl ai ned,  i n par t i cul ar  
t he Enka dr ai n t est er .  Resul t s  ar e pr esent ed of  i nvest i gat i ons i nt o t he di schar ge capaci t y,  
pr ol onged exposur e t o pr essur e,  and t he f i l t er i ng pr oper t i es.  Some consi der at i ons deal  wi t h t he 
r el at i on bet ween t he c i r cumst ances i n t he l abor at or y and i n t he f i el d.  Conc l us i ons ar e dr awn,  
especi al l y  about  t he f i l t er  behav i our  of  dr ai ns.

1.  I NTRODUCTI ON

I n pr act i ce one si mpl e demand can be made on a 
ver t i cal  dr ai n:  Dur i ng i t s r equi r ed l i f et i me t he 
dr ai n must  f unct i on i n agr eement  wi t h t he 
capaci t y  ant i c i pat ed and cal cul at ed.  When 
set t l ement  i s compl et ed i n t he r equi r ed per i od,  
t he dr ai ns obv i ous l y  ar e good.

The pr obl em now i s:  what  can be pr edi c t ed about  
t he " good behavi our "  i n pr act i ce?
Pr obabl y t he pr esent  gener at i on of  dr ai ns,  
synt het i c,  pr ef abr i cat ed,  bandshaped,  l ends 
i t sel f  mor e easi l y  t o l abor at or y i nvest i gat i ons 
t han t he f or mer  gener at i on,  t he sand dr ai ns.
But  never t hel ess t hese dr ai ns,  t oo,  pr esent  some 
pr obl ems i n t es t i ng t he f unct i oni ng i n t he 
l abor at or y .

The f unct i on of  pr ef abr i cat ed dr ai ns can be 
subdi v i ded as f ol l ows:
-  di schar ge capaci t y  ( under  l at er al  pr essur e) , 

bot h i ni t i al l y  and dur i ng pr ol onged us e■
-  f i l t er  f unct i on.
-  t ensi l e st r engt h.
Thi s paper  wi l l  not  go i nt o t he t ensi l e st r engt h.  
St r engt h measur ement s  ar e easy t o per f or m,  and 
t he r equi r ement s  ( al t hough not  def i ned shar pl y)  
can be met  adequat el y.

The compr ess i bi l i t y  i n soi l ,  and t her eby t he 
di schar ge capaci t y  of  dr ai ns,  i s a di f f er ent  
mat t er .  Some year s ago quest i ons ar ose about  t he 
sui t abi l i t y  of  Col bond KF 650 dr ai ns ( a f ul l y 
non- woven t ype)  as t o t he r at e of  di schar ge 
under  hi gh l at er al  pr essur es.  For  some appl i ­
cat i ons t hese quest i ons pr obabl y  wer e j ust i f i ed,  
so Enka st ar t ed t he devel opment  of  an i mpr oved 
dr ai n,  wi t h i ncr eased di schar ge capaci t y.  
Si mul t aneous l y  an appar at us was des i gned by 
whi ch t he f unct i oni ng of  t hi s new cor e/ sk i n dr ai n 
coul d be measur ed.  The so- cal l ed dr ai n t est er  
and t he t es t i ng pr ocedur es used ar e descr i bed i n 
sect i on 2.

I n t he dr ai n t est er  al so t he behav i our  under  
l ong- t er m pr essur es coul d be i nvest i gat ed.  For  
s i mul t aneous measur ement  of  mor e sampl es never ­
t hel ess a di f f er ent  ar r angement  was used.
Thi s t oo i s descr i bed i n 2.  Fur t her mor e t he 
dr ai n t est er  was f ound t o be r at her  usef ul  f or

t est i ng t he behav i our  of  a dr ai n i n combi nat i on 
wi t h soi l .  Thi s i t em however  i s compl i cat ed,  as 
somehow a compr omi se has t o be f ound bet ween t he 
t wo cont r adi ct or y r equi r ement s:
-  Al l  soi l  par t i c l es shoul d be r et ai ned out si de 

t he dr ai n.
-  Al l  t he excess por e wat er  shoul d ent er  t he 

dr ai n wi t hout  any pr essur e l osses.
Our  v i ew on t hi s compr omi se i s expr essed par t l y 
i n sect i on 3 ( Resul t s,  consi der at i ons)  and 
par t l y  i n t he concl usi ons.
Many quest i ons about  t he f unct i oni ng of  dr ai ns 
i n pr act i ce have yet  t o be answer ed bef or e 
def i ni t e l abor at or y t est i ng met hods can be 
pr opos ed.

2.  APPARATUS AND TESTI NG METHODS USED

2. 1.  The Enka dr ai n t est er .

A scheme of  t he dr ai n t est er  devel oped and bui l t  
by Enka Resear ch i s gi ven i n Fi g.  1.

Fi g .  1 S c h e me  o f  En k a  d r a i n  t e s t e r .

c, d=wat er  out  
out l et

over f l ow

mechani sm

3W 1--- —' f ' '

a= i nl et  of

b=wat er  i nl et  
( 0- 6 bar )

C  can be
t r ansf or med 
i nt o a 
wat er  i nl et  
t hr ough an 
over f l ow 
mechani sm 
( 0- l m wat er  

head)

pr essur i zed 
a i r ( 0- 6 i ar )

dr ai n s 
( 30cm l ong,  
5cm wi de)
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The pr essur . e vessel  consi s t s  of  s t ai nl ess st eel ,  
and has an i nner  di amet er  of  0, 30m;  t he 
admi ss i bl e i nner  pr essur e i s 6 bar .  The dr ai n 
st r i p usual l y  i s 5cm wi de.  Dependi ng on t he 
dr ai n const r uct i on t hi s wi dt h can si mpl y be cut  
f r om a wi der  dr ai n,  or  be pr epar ed speci al l y.
The f or mer  met hod i s sui t abl e f or  f ul l y non­
woven dr ai ns or  ot her  dr ai ns wi t h separ at e 
channel s.  When t he cor e does not  f or m separ at e 
channel s -  as i n t he case of  t he Col bond CX 1000 
dr ai n wher e t he channel s ar e i nt er connect ed over  
t he f ul l  l engt h -  t he cor e i s cut  separ at el y,  
and t he f i l t er  j acket  i s c l osed i n t he or i gi nal  
manner .

The seal i ngs on bot h ends of  t he dr ai n st r i p ar e 
met al  pl at es pr ov i ded wi t h a hot  mel t  gl ue.

The sl ack r ubber  membr ane,  used when t he vessel  
i s f i l l ed wi t h soi l ,  pr ov i des ai r  t i ght ness 
even af t er  consol i dat i on of  t he soi l .  Two por e 
pr essur e cel l s can be bui l t  i nt o t he soi l  f or  
whi ch speci al  connect i ons ar e pr ov i ded i n t he 
wal l  of  t he vessel .

2. 2.  Pr ocedur e f or  t es t i ng t he di schar ge 
capac i t y .

The dr ai n st r i p i s pr ov i ded wi t h a t hi n pol y ­
et hy l ene f i l m,  bef or e t he hot  mel t  seal i ngs ar e 
f i t t ed.  The vessel  i s f i l l ed ei t her  wi t h wat er  
or  j ust  wi t h ai r .  Bot h have t he advant age over  
soi l  t hat  t he pr essur e near  t he dr ai n i s 
cont r ol l ed i nst ant aneousl y.  The advant age of  
ai r  over  wat er  i s t hat  a poss i bl e l eakage i n t he 
pol yet hy l ene cover  or  i n t he connect i on wi t h t he 
seal i ngs becomes v i s i bl e i mmedi at el y,  wher eas 
wat er  woul d cause mi sr eadi ngs ( t empor ar i l y,  
because a l eakage wi l l  al ways be det ect ed af t er  
t he compl et i on of  a t es t ) . Af t er  t he l at er al  
pr essur e has been set  ( nor mal l y 0. 5,  1,  2 or
3 bar )  t he hydr aul i c  gr adi ent  over  t he dr ai n i s 
adj ust ed by t he over f l ow mechani sm connect ed 
wi t h c.  Ai r  i n t he dr ai n can be r emoved by 
vacuum at  d.  The di schar ge capac i t y  of  t he 
dr ai n as a f unct i on of  l at er al  pr essur e and 
hydr aul i c  gr adi ent  i s obt ai ned by measur i ng t he 
wat er  out put  at  d per Quni t  of  t i me.  Nor mal l y  
t he t emper at ur e i s 20 C;  t he wat er  i s demi ner a­
l i zed and deaer at ed.

2. 3.  Pr ocedur e f or  t est i ng f i l t er  f unct i on and 
di schar ge capaci t y  of  soi l ed dr ai ns.

The dr ai n st r i p as such i s f i t t ed t o t he seal i ngs.  
The vessel  i s f i l l ed wi t h t he soi l ,  whi ch i s 
car ef ul l y  di s t r i but ed under  and over  t he dr ai n,  
ai r  encl osur es bei ng avoi ded as much as possi bl e.  
Up t o now onl y ar t i f i c i al  soi l  mi x t ur es have been 
used,  cons i s t i ng of  gr aded sand,  s t andar di zed 
c l ay( Li mbur g T)  and wat er .  The ai r  pr essur e 
over  t he membr ane i s i ncr eased st epwi se,  
nor mal l y  t o 3 bar  i n 30 mi nut es.  Dur i ng t he 
pr essur e bui l d- up,  wat er  i s squeezed out  of  t he 
soi l  t hr ough t he dr ai n.
Cl ay par t i c l es t hat  pass t hr ough t he f i l t er  
j acket  dur i ng t he t est  ar e caught  s i mul t aneousl y 
wi t h t he wat er  l eavi ng t he dr ai n,  as a f unct i on 
of  t i me.
The t est  can ei t her  be t er mi nat ed when t he excess 
por e pr essur e becomes zer o,  or  can be cont i nued 
i nf i ni t el y  by suppl y i ng pr essur i zed wat er  t o t he 
soi l  by connect i on b.  When t he t est  has been 
f i ni shed,  t he di schar ge capaci t y  of  t he dr ai n
-  now i n t he soi l ed st at e -  can be measur ed 
separ at el y  accor di ng t o t he pr ocedur e descr i bed 
i n 2. 2.

2. 4.  Test  ar r angement  f or  pr ol onged exposur e.

The dr ai n t est er  per mi t s  t he mount i ng of  one 
speci men onl y.  For  t es t i ng t he behav i our  of  
sever al  dr ai ns at  t he same t i me over  l onger  
per i ods under  hi gh l at er al  pr essur e i n wet  con­
di t i on,  a di f f er ent  ar r angement  has been used.
A scheme i s gi ven i n Fi g.  2.

ext er nal  f or ce

Fi g.  2 Ar r angement  f or  t est i ng dur i ng pr ol onged 
ex pos ur e.

Each dr ai n st r i p i s pr ov i ded wi t h a wet  cl ay 
envel ope,  agai n packed i n a pol yet hyl er e f i l m.  
Si x  sampl es ar e l ai d si de by si de i n a f i ne sand 
bed,  under  wat er .  The upper  l oad i s suppl i ed 
by a compr ess i on t est er ,  and adj ust ed t o cause 
a nor mal  st r ess of  2 bar .  By adj ust i ng a 
hydr aul i c  gr adi ent  over  each dr ai n,  t he r at e of  
di schar ge wi l l  i ndi cat e t he st at e of  t he dr ai n.

3.  PERFORMANCE OF TESTS;  CONSI DERATI ONS; RESULTS.

3. 1.  Di schar ge capac i t y  i n r el at i on t o l at er al  
pr es s ur e.

Dur i ng t he devel opment  of  t he CX 1000 dr ai n a 
number  of  t est s have been car r i ed out  accor di ng 
t o t he pr ocedur e descr i bed i n 2. 2.  Al t hough 
somet i mes pr essur es up t o 6 bar  wer e used,  
nor mal l y  t he l at er al  pr essur e var i ed bet een 0. 5 
and 3 bar .  Thi s pr essur e r ange undoubt edl y  
cover s some needs f or  t he f ut ur e,  t hough up t o 
now we have not  come acr oss dr ai n dept hs over  
40m.  Our  goal  was t o obt ai n f or  t he 10cm wi de 
dr ai n ad i s c har ge capac i t y  of  10 l i t r es per  hour  
( «s*3. 10 m / s ) , under  any c i r cumst ances,  whi ch 
i s about  t en t i mes t he capaci t y  of  t he KF 650 
dr ai n under  hi gh l at er al  pr es s ur e. At  a wor k i ng 
ar ea of ,  say,  6 m2 per  dr ai n,  t hi s capaci t y  
woul d al l ow a set t l ement  of  4cm per  day.  Thi s 
woul d be abundant  f or  any dr ai n appl i cat i on.
The capac i t y  i s mai nl y  det er mi ned by t he open 
ar ea of  t he dr ai n,  so par t l y  by t he i ni t i al  
vol ume of  t he cor e and i st  compr ess i on r esi s ­
t ance,  and par t l y  by t he qual i t y  of  t he f i l t er  
j acket  t hat  coul d be pr essed i nt o t he cor e.
As f or  t he mat er i al ,  pol yes t er  was c hos en, bot h 
f or  t he f i l t er  j acket  and f or  t he cor e.  The 
f i nal  val ues f or  t he CX 1000 dr ai n,  5cm wi de,  
ar e pr esent ed i n Fi g.  3.  ( The di schar ge i s 
gi ven i n t he r ecommended uni t s of  m̂ / s,  a di s ­
char ge of  10 1/ h r oughl y cor r esponds t o 
2. 8 . 10 _ 6 m / s ).
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Fi g.  3 Rat e of  di schar ge as a f unct i on of  l at er al  
pr essur e.  par amet er :  hydr aul i c  gr adi ent  i .  
Col bond CX 1000,  5cm wi de.

Fi g.  4 shows t he i nf l uence of  t he modul us of  t he 
f i l t er  j acket  on t he di schar ge capaci t y  of  t he 
dr ai n.  The t wo dr ai ns i nvest i gat ed have si mi l ar  
cor es,  but  one i s pr ov i ded wi t h a l ow- modul us 
f l uf f y non- woven,  whi l e t he ot her  has a hi gh-  
modul us,  f i r m non- woven.  Ot her  r equi r ement s  con­
cer ni ng t he f i l t er  qual i t y  wi l l  be deal t  wi t h i n 
3. 4.

10- 6m3/ s

Fi g.  4
I nf l uence on di s­
char ge capaci t y of  
t he j acket  modul us,  
( l at er al  pr essur e
3 bar ) .

hi gh modul us 
non- ^woven

l ow modul us non-  
woven—i- - - 1- - - 1- - - 1- - - -

<m 0.6 as l  . 

- wh y d r . gr ad. l

3. 2.  Behav i our  of  dr ai ns under  pr ol onged pr essur e 
i n wet  condi t i on.

I t  i s v i r t ual l y  i mpossi bl e t o check t he condi t i on 
of  a dr ai n i nst al l ed i n t he f i el d.  When a dr ai n 
st ops wor k i ng unexpect edl y,  t he cause i s di f f i ­
cul t  t o t r ace.  Not  necessar i l y  t he dr ai n i t sel f  
i s t o be bl amed,  but  t her e st i l l  ex i s t  doubt s 
about  t he sui t abi l i t y  of  some mat er i al s  used i n 
dr ai ns.  For  t hat  r eason t he t est  descr i bed i n
2. 4.  was s t ar t ed t o check t he dur abi l i t y  i n 
mechani cal  behav i our  of  s i x dr ai ns,  f i ve of  whi ch 
had a cor e/ j acket  const r uct i on.  The t est  had 
been set  up f or  a per i od of  one year ,  but  had t o

t er mi nat ed bef or e schedul e af t er  t hr ee mont hs.
Two of  t he dr ai ns i nvest i gat ed had a non- woven 
pol yest er  j acket ,  one an acet at e r ayon j acket ,  one 
acet at e r ayon j acket  wi t h pol yest er  f i br es,  one a 
paper  j acket ,  and one dr ai n cons i s t ed of  PVC.
Some of  t he mat er i al s  have a good r ef ut at i on as on 
t hei r  r es i s t ance t o r ot  or  t o degr adat i on by cond­
i t i ons encount er ed i n t he soi l .  Ot her s  ar e known 
t o be suscept i bl e t o degr adat i on,  or  ar e l i kel y 
t o cr eep under  pr ol onged t ensi on.  The l at er al  
pr essur e used,  v i z . 2 bar ,  i s sever e but  not  un ­
r eal i st i c,  As an i nt er medi at e check on t he cond­
i t i on,  once a week t he di schar ge was measur ed,  
under  a hydr aul i c  gr adi ent  of  0. 3.  The r esul t s 
ar e gi ven i n Fi g.  5.  Near l y  al l  t he cur ves show 
a maxi mum.  The r eason was t r aced t o ai r  enc l o ­
sur es t hat  coul d be r emoved.

Dur i ng t hi s ( r el at i vel y shor t )  t est  none of  t he 
dr ai ns f ai l ed or  showed abr upt  changes i n r at e of  
di schar ge.  Some show a gr adual  decay,  but  pr oba­
bl y apar t  f r om A,  whose i ni t i al  di schar ge i s al ­
r eady ver y l ow,  t he di schar ge capaci t y  f or  t he 
ot her s i s mor e t han suf f i c i ent .  Af t er  t he t er mi ­
nat i on of  t he t est ,  no dr ai ns,  agai n wi t h t he 
except i on of  A,  showed any cl ay i nsi de.

3. 3.  Per f or mance of  f i l t er  t est s;  r esul t s

The dr ai n t est er  i s f i l l ed wi t h t he mi x t ur e of  
gr aded sand,  si l t ,  c l ay and wat er .  The par t i c l e 
si ze di s t r i but i on of  2 mi x t ur es used i s sket ched 
i n Fi g.  6.

i  2 0  ZOO 2000  p/ W.

Fi g.  6 Par t i c l e si ze di s t r i but i on
of  2 ar t i f i c i al  soi l  mi x t ur es

I n soi l  t ype I ,  t est s wer e car r i ed out  wi t h dr ai n 
t ypes B, C and E ( t he code i s i dent i cal  whi t  t hat  
used i n Fi g.  5)
Fi g.  7 pr esent s t he set t i ng of  t he ai r  pr essur e 
and t he wat er  pr essur e as a f unct i on of  t i me.

- - - - - - ^ - - - - - - - - ( ai y i nl et  a)  
Fi g.  7.

Set t i ng of  pr es ­
sur es dur i ng f i l ­

t er  t est  I .

Each t est  was t er mi nat ed at  t =96 hour s.  The t i me 
was spl i t  up i nt o t hr ee i nt er val s,  vi z.  0- 1. 5 
hour s ( i nt .  1) ,  1. 5- 16 hour s ( i nt .  2)  and 16- 9C 
hour s ( i nt . 3) ;  i n each per i od t he wat er  di schar ge 
and t he amount  of  c l ay i n t he di schar ged wat er  
was measur ed,  Por e pr essur es di r ect l y  over  t he 
dr ai n and 10 cm under  t he dr ai n wer e r ead r egu­
l ar l y.  Resul t s  ar e pr esent ed i n t abel  I .

Si

Fi g.  5 
Rat e of  di s 
char ge of  si x t o 
dr ai ns exposed 
t o 2 bar  l at er al  
pr essur e i n ^  
wet  condi t i on

t  ( days) 100
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A - si mi l ar  t est  was per f or med wi t h soi l  t ype I I  
on dr ai ns A and C.  The pr essur e set t i ngs wer e 
di f f er ent  and ar e pr esent ed i n Fi g.  8.

1-2 -  ■
pr es­
sur e 
(bar)  06-1* =!

i ai r  ( i nl et  a)

wat er  
( i nl et  b)

I

16
( hour s?

M  ao st,

Ti g.  8 Set t i ng of  pr essur es dur i ng f i l t er  t est
I I .

The t hr ee t i me i nt er val s now wer e chosen:
0- 16 h ( i n t . 1) ,  16- 44 h ( i nt . 2)  and 44- 96 h 
( i nt . 3) .  The r esul t s  ar e gi ven i n t abl e I I .

Tab l e  1 Res ul t s  of  f i l t er  t es t  I

t ype of  dr ai n: A C E

To t a l  amoun t  of  i nt .  1 300 1200 300
wat eg di s c ha r ged i nt .  2 
( 10 m̂ )  dur i ng:  i nt .  3

1600 4800 1450
2400 9600 3200

To t a l  amoun t  of  i nt .  1 35 110 3
c l ay  d i s c ha r ged i nt .  2 10 10 1
( g)  dur i ng:  i nt .  3 0 0 0

Max i mum por e pr es s ur e near
t he d r ai n du r i ng t es t  ( bar ) 2. 0 1. 4 2. 4

The c l ay  pa r t i c l es  d i s c ha r ged ar e mai n l y < 2p m
wi t h  on l y  a f ew % be t ween 2 and 5 

Tab l e  I I  Res ul t s  of  f i l t e r  t es t  I I

p m.

t y pe of  dr ai n: A c
To t a l  amoun t  of  i nt r  1 110 400
wat e r  d i s c ha r ged i nt .  2 
( 10 6 m3 ) dur i ng:  i nt .  3

240 480
560 720

Tot al  amount  of  cl ay di schar ged none none

3. 4.  Cons i der at i ons about  f i l t er s f or  ver t i cal  
dr ai ns .

I n cont r ast  wi t h i ndust r i al  f i l t er s,  ver t i cal  
dr ai n f i l t er s do not  per mi t  cl eani ng.  I n t he 
dr ai n pr ocess i t  i s i r r el evant  whet her  speci f i c  
par t i c l es  ar e r et ai ned as l ong as t he dr ai n keeps 
wor ki ng;  t hat  means t hat  nei t her  t he wat er  i nt ake 
i s pr event ed by an i mper meabl e cake j ust  out s i de 
t he f i l t er  and/ or  wi t hi n t he f i l t er ,  nor  t he 
di schar ge i s bl ocked scj newher e.  The cor e of  a 
dr ai n coul d be bl ocked by par t i c l es  t hat  pass t he 
f i l t er  but  cannot  be car r i ed al ong by t he di s ­
char ge f l ow.

I n our  opi ni on t he f or mat i on of  an i mper meabl e 
f i l t er  cake at  t he dr ai n sur f ace by r et ai ni ng 
al l  sol i d par t i c l es  shoul d be pr event ed.  On t he 
cont r ar y,  t he sur r oundi ng soi l  shoul d be kept  as 
open as possi bl e.  Thi s i mpl i es t hat  t he smal l est  
par t i c l es,  whi ch ar e r espons i bl e f or  a l ow per ­
meabi l i t y  of  t he soi l ,  shoul d be al l owed t o pass 
t he f i l t er  and be t aken al ong by t he di schar ge 
f l ow.  I n t hi s way i n f act  a nat ur al  f i l t er  zone 
i s gr adual l y  bui l t  up ar ound t he dr ai n.  Thi s 
shoul d i ncr ease t he ef f ec t i ve equi val ent  di a ­
met er ,  so event ual l y  mor e wat er  wi l l  be di s ­
char ged f r om t he soi l .

At  t he moment  i t  i s i mpossi bl e t o speci f y  t he max i ­
mum si ze of  t he par t i c l es  t hat  shoul d be al l owed 
t o pass t he f i l t er .  Too much i s unknown about  
t he behav i our  of  t he soi l  and of  par t i c l es  f l oa­
t i ng i n abundant  wat er  near  a dr ai n j ust  af t er  
i ns t al l at i on.
I n t he f i r st  per i od ( hour s,  may be a day)  af t er  
i nst al l at i on,  when much wat er  i s di schar ged,  t he 
nat ur al  f i l t er zone must  be f or med.  Lat er  on,  when 
t he r at e of  di schar ge decr eases,  and t he r i sk of  
bl ock i ng coul d ar i se,  t he suppl y of  smal l  par t i ­

c l es t o t he dr ai n j acket  st ops nat ur al l y.
The r esul t s  of  f i l t er  t est  I  suppor t  t hi s t heor y.  
Dr ai nt ype C ( whi ch as a mat t er  of  f act  st ands 
f or  t he Col bond CX 1000 dr ai n)  di schar ges a t ot al  
of  110 gr ams of  c l ay i n t he f i r st  i nt er val  ( 1% h)  
and onl y 10 i n t he second ( 14% h ) . Af t er  t hat  no 
c l ay i s di schar ged at  al l .  I t  can be cal cul at ed 
t hat  110 g par t i c l es  < 2 p m ar e or i gi nal l y  pr esent  
i n a l ayer  of  about  1 cm t hi ck ar ound t he dr ai n.  
The r eadi ngs of  t he por e pr essur e cel l  pr ov i ded 
at  abt .  5 mm over  t he dr ai ns,  ar e l ower  when mor e 
smal l  par t i c l es  have been di schar ged ( or der : C- B- E)  
i ndi cat i ng a hi gher  soi l  per meabi l i t y .

Apar t  f r om t he physi cal  r es t r ai nt s i mposed by t he 
si ze of  t he por es i n t he f i l t er  j acket ,  t he si ze 
of  t he par t i c l es  t hat  act ual l y  wi l l  pass depends 
on t he f i l t er  vel oc i t y  t hat  i s r eached.  I n a qui ck 
f i l t er  t est  ( Buchner  f unnel )  wi t h f i l t er  vel oc i t i es 
ar ound 0. 1 m/ s , a par t i c l e si ze up t o 6l >i  passes 
t he f i l t er .  I n t he f i l t er  t est  I I ,  pr esent ed i n 
t abl e I I ,  no par t i c l es  passed t hr ough at  al l .  _7 
Her e t he f i l t er  vel oc i t y  i s of  t he or der  of  10 
m/ s . I n t he l at t er  t est  t he amount  of  wat er  di s ­
char ged by t he dr ai n i s cont r ol l ed compl et el y  
by t he per meabi l i t y  of  t he soi l .  To demonst r at e 
t hi s f act  t he soi l  i n t he dr ai nt es t er  was car e­
f ul l y  r epl aced by medi um si zed sand,  so t hat  t he 
c l ay  adher i ng t o t he f i l t er  j acket  was not  di s ­
t ur bed.  At  a hydr aul i c  gr adi ent  of  10 t he dr ai n 
y i el ded 50. 10 m / s ( 180 1/ h) , cor r espondi ng t o 
a f i l t er  vel oc i t y  of  t he or der  of  2. 10 m/ s.
To pr event  r api d c l oggi ng t he s t r uct ur e of  a f i l ­
t er  i s as i mpor t ant  as t he per meabi l i t y  t o t he 
f i nest  par t i c l es.  Fr om f i l t er  exper i ences i n hy ­
dr aul i c  engi neer i ng ( er osi on cont r ol )  and i n 
wat er  pur i f i c at i on, i t  i s known t hat  " t hi ck" ,  
t hr ee di mensi onal  f i l t er s ar e l ess suscept i bl e t o 
c l oggi ng t han t hi nner  f i l t er s wi t h t he same wat er  
per meabi l i t y .  Hence pr obabl y  needl epunched non-  
wovens shoul d be pr ef er ed t o heat  bonded ones.

4.  CONCLUSI ONS

-  Al t hough t he r equi r ed di schar ge capac i t y  var i es 
wi del y  f or  dr ai n appl i cat i ons on t he f i el d,  i nfi 
gener al  a di schar ge capac i t y  of  10 1/ h ( 2. 8 10
m / s)  wi l l  be adequat e.

-  The f i l t er  j acket  of  a dr ai n shoul d al l ow t he 
pass i ng of  f i ne soi l  par t i c l es.  I n t hi s way
a nat ur al  f i l t er  ar ound t he dr ai n can be f or med,  
whi ch i ncr eases t he ef f ec t i ve equi val ent  di a ­
met er  of  t he dr ai n.

-  The f i ne par t i cl es ent er  t he dr ai n pr i nc i pal l y  
j ust  af t er  i t  has been i nst al l ed,  when t he di s ­
char ged f l ow i s r el at i vel y  l ar ge,  so t hat  t he 
r i sk of  bl ock i ng i s negl i gi bl e

-  Mor e knowl edge shoul d be gai ned about  t he hy ­
dr aul i c  condi t i ons ar ound a ver t i cal  dr ai n.
Mor e at t ent i on shoul d be pai d t o t he devel op­
ment  of  r el i abl e met hods and equi pment  f or  
measur i ng e. g.  i nl et  r es i s t ance or  hydr aul i c  
gr adi ent s  i n t he soi l  near  a dr ai n.
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