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Them e lecture: Active pollutants control and remediation of contaminated sites 

Exposé sur le thème: Contrôle des polluants actifs et dépollution des sites contaminés

Trevor L. L. Orr -  University of Dublin, Trinity College, Ireland

1 IN T R O D U C T IO N

In  re c e n t y e ars th e re  has b e en  in c re ase d  aw are n e ss o f  th e  

d an g e rs to  p u b lic  h e alth  and  safe ty  f ro m  p o llu tan ts in th e  g ro u n d  

an d  th e  g ro u n d w ater. V ario u s te c h n o lo g ie s  in v o lv in g  

c o n tain m e n t and / o r p h y sical, ch e m ic al and  b io lo g ic a l p ro c e sse s  

h av e  b e e n  d e v e lo p ed  to  c o n tro l p o llu tan ts in th e  g ro u n d  and  to  

re m e d iate  c o n tam in ate d  sites. In  m an y  c o u n trie s le g is latio n  to  

c o n tro l p o llu tan ts in th e  g ro u n d  and  g ro u n d w ate r h as b e en  

in tro d u c ed  in o rd e r to  p ro te c t th e  p u b lic  and  th e  en v iro n m en t 

an d  th is h as p ro v id ed  a stim u lu s f o r th e  d ev e lo p m en t o f  

im p ro v ed  c o n tain m e n t sy stem s and  rem ed iatio n  te c h n o lo g ie s.

2  A C T IV E  A N D  P A S S IV E  C O N T R O L  S Y S T E M S

T h e  q u e stio n  as to  w h at is m ean t by  an  ac tiv e  p o llu tio n  c o n tro l 

sy stem  is d isc u ssed  b y  Je f f e ris  e t a l.(  1 9 9 7 )  in th e ir p ap er to  th e  

C o n fe re n c e . T h e y  s tate  th at in th e  U K  it is c o m m o n  p rac tic e  to  

re fe r to  b arrie r sy ste m s w h ich  im p e d e  th e  f lo w  o f  g ro u n d w ate r 

as p assiv e  c o n tro l sy stem s w h ile  th e  term  ac tiv e  c o n tro l sy stem s 

is u sed  f o r th o se  sy ste m s w h ich  re d u c e  th e  c o n tam in atio n  in th e  

g ro u n d  o r im m o b ilise  th e  c o n tam in an ts. H o w e v e r th ey  state  th at 

th e se  d e fin itio n s are  n o t u n iv ersally  ac c e p te d  as, in th e  U SA  and  

C an ad a f o r  e x am p le , th e  te rm  ac tiv e  sy ste m s is o f te n  u sed  to  

d e sc rib e  th o se  sy stem s w h e re  th e re  is an  en erg y  inp u t, su ch  as in 

a  p u m p  an d  tre at sy stem , b u t n o t f o r th o se  sy ste m s, su c h  as 

re ac tiv e  w alls, w h ich  c o n tro l p o llu tio n  b y  rem o v in g  

c o n tam in atio n  w ith o u t any  e n erg y  inp u t. T h e s e  d if fe ren t 

d e fin itio n s re f le c t to  so m e  e x te n t th e  re lativ e ly  re c e n t 

d e v e lo p m e n t o f  p o llu tio n  c o n tro l te c h n o lo g ie s. In  th is p ap er th e  

U K  m ean in g  o f  th e  term  ac tiv e  c o n tro l is u sed  and  so  th e  f o c u s 

is o n  th o se  te c h n o lo g ie s  w h ich  in v o lv e  so m e  p h y sical, ch e m ic al 

o r b io lo g ic a l p ro c e ss  to  c o n tro l p o llu tio n  b y  red u c in g  th e  

c o n c e n tratio n  o f  th e  c o n tam in atio n  in th e  g ro u nd .

D . D an ie l, in h is T h e m e  L e c tu re  o n  ‘ C ritic a l issu e s f o r w aste  

c o n tain m e n t in land fills and  c o n tam in ate d  s ite s ’ to  Se ssio n  6  o f  

th e  C o n fe re n c e , fo c u se s  o n ly  o n  p assiv e  co n tain m e n t te c h n o lo g y  

and  re c e n t d e v e lo p m e n ts in th is te c h n o lo g y  to  c o n tain  w aste  

d e p o sits  an d  c o n tro l p o llu tio n . In  h is le c tu re , h e  m ak e s th e  

d istu rb in g  state m e n t th at, d esp ite  th e  ad v an c e s in co n tain m e n t 

te c h n o lo g y  in th e  p ast 15 y ears, failu res and  o th e r p ro b le m s w ith  

c o n tain m e n t sy stem s c o n tin u e  to  o c c u r at an u n d esirab ly  hig h 

rate . Ex am p le s  o f  failu res and  o th e r p ro b le m s w ith  c o n tain m e n t 

sy ste m s w h ich  h e  q u o te s in c lu d e  n u m ero u s in stan c e s o f  slid es in 

land fill c ap s  in th e  U SA  d u ring  th e  p ast 5 y ears, v irtu ally  all 

c au se d  by  e x c e ss  p o re  w ate r p re ssu res, and  c h e m ic al a lte ratio n  

o f  th e  b e n to n ite  in g e o sy n th e tic  c lay  lin ers ( G C L s )  resu ltin g  in 

in c re ase s  in th e ir p erm eab ilities. D an ie l d o e s n o t c o v e r th e  

b ro ad e r su b je c t o f  a c tiv e  p o llu tan ts c o n tro l and  rem ed iatio n  o f  

c o n tam in ate d  sites, w h ich  w as th e  p artic u lar to p ic  o f  Se ssio n  

6 .2 .

A c tiv e  p o llu tan ts c o n tro l and  th e  rem ed iatio n  o f  c o n tam in ate d  

g ro u n d  b y  red u c in g  th e  c o n c e n tratio n  o f  th e  c o n tam in atio n  in th e  

g ro u n d  is an  are a th at is still d ev e lo p in g . T h e re  are  still 

p ro b le m s to  b e  o v e rc o m e  and  so lu tio n s to  b e  fo u n d  f o r d ealin g  

w ith  so m e  o f  th e  m o re  d if f ic u lt c o n tam in an ts. So m e  o f  th e se  

p ro b le m s and  th e  p o ssib le  so lu tio n s are  d esc rib ed  b e lo w .

3 SO U R C E - P A T H - T A R G E T  M E T H O D O L O G Y

T h e  so u rc e -p ath -targ e t m e th o d o lo g y  p ro v id es a  ratio n al 

fram e w o rk  f o r asse ssin g  th e  risk  d u e  to  c o n tam in atio n  in th e  

g ro u n d . It is also  help fu l in se le c tin g  th e  m o st ap p ro p riate  

te c h n o lo g y  f o r ac tiv e ly  c o n tro llin g  p o llu tan ts o r f o r rem ed iatin g  

c o n tam in ate d  sites. In  th is m eth o d o lo g y  th e  e f fe c t o f  a  to x ic  

su b stan c e  em itted  fro m  a c o n tam in ate d  site , i.e . a  “ so u rc e ” , o n  

so m e  se n sitiv e  p o in t in th e  en v iro n m en t, i.e . a “ targ e t” , is 

ev alu ated  a f te r it has trav elled  alo n g  so m e  p ath , su ch  as th e  

g ro u n d w ate r c o n n e c tin g  th e  so u rc e  to  th e  targ e t. T h e  o b je c tiv e  

in p o llu tio n  c o n tro l and  rem ed iatio n  is to  re d u c e  th e  am o u n t o f  

c o n tam in an t re ac h in g  a p artic u lar targ e t. A s d e sc rib e d  b y  

Je f f e ris  e t a l .( l  9 9 7 )  in th e ir p ap er to  th is Se ssio n , th e  am o u n t o f  

c o n tam in atio n  is g iv en  b y  th e  flu x  w h ich  is th e  p ro d u c t o f  th e  

fo llo w in g  fo u r fac to rs :

-  th e  p erm eab ility

-  th e  h y d rau lic  g rad ien t

- th e  f lo w  are a, and

-  th e  c o n tam in an t c o n c e n tratio n .

C o n tro llin g  th e  c o n tam in atio n  in v o lv es red u c in g  th e  f lu x  arriv in g  

at th e  targ e t to  an ac c e p tab le  lev el b y  red u c in g  o n e  o r m o re  o f  

th e se  fo u r fac to rs. In  a  p assiv e  c o n tain m en t sy stem , th e  f lu x  is 

red u ce d  b y  ac h iev in g  a  lo w  p erm eab ility  in th e  w all o f  th e  

c o n tain m e n t sy stem . In  ac tiv e  c o n tro l sy ste m s th e  f lu x  is 

red u c e d  by  e ith e r im m o b ilisin g  th e  c o n tam in an t at th e  so u rc e , f o r 

e x am p le  b y  g ro u tin g , o r  b y  red u c in g  th e  c o n tam in an t 

c o n c e n tratio n  a lo n g  th e  p ath  b y  so m e  c h e m ic al, b io lo g ic a l o r 

p h y sical m eth o d , su ch  as b y  u sing  a re ac tiv e  w all.

4  R E M E D IA T IO N  T E C H N O L O G IE S

K o v alik  and  K in g s c o tt( 1 9 9 7 )  state  th at th e  En v iro n m en tal 

P ro te c tio n  A g e n c y (EP A )  in th e  U SA  d iv id es rem ed iatio n  

te c h n o lo g ie s  in to  tw o  c ate g o rie s : e stab lish ed  and  in n o v ativ e  

te c h n o lo g ie s . Estab lish e d  te c h n o lo g ie s are  th o se  f o r w h ich  th e re  

is su ff ic ie n t in fo rm atio n  to  su p p o rt th e ir ro u tin g  u se  w h ile  

in n o v ativ e  te c h n o lo g ie s  are  th o se  th at lac k  th e  c o s t and  

p e rfo rm an c e  d ata n e c e ssary  to  su p p o rt th e ir ro u tin e  u se . T h e  

p rin c ip al estab lish ed  rem ed iatio n  te c h n o lo g ie s  are  

so lid ificatio n / stab ilisatio n  and  in c in eratio n , e ith e r o n  site  o r  o f f  

site . T h e  p rin c ip al in n o v ativ e  rem ed iatio n  te c h n o lo g ie s  are  so il 

v ap o u r e x trac tio n , therm al d e so rp tio n , b io re m e d iatio n  and  so il 

w ash in g

R e m e d iatio n  o f  so lid  w aste s b y  in situ  

stab ilisatio n / so lid ificatio n  w ith  ce m e n t b ased  g ro u ts, w h ich  o fte n  

c o n tain  lim e as th e  stab ilisin g  ad d itiv e , has b e en  u sed  p articu larly  

to  tre at m e tal-c o n tain in g  w astes. In d eed  th e re  are  re lativ e ly  few  

alte rn ativ e  te c h n o lo g ie s  f o r u se  w ith  m etals. Stab ilisatio n  o f  

w aste s  c o n tain in g  o rg an ic  m aterials has b e en  le ss su c c e ssfu l 

b e c au se  so m e  o rg an ic  c o m p o u n d s in te rfe re  w ith  th e  se ttin g  o f  

c e m e n t. O th e r ad d itiv es h av e  b e e n  ad d ed  to  o v e rc o m e  th is 

p ro b lem . O n e  o f  th e  m ain  c o n c e rn s w ith  c e m e n t stab ilisatio n  is 

th e  lo n g  term  p e rfo rm an c e  o f  c e m e n t g ro u ts and  th is is an  

im p o rtan t are a  f o r re se arc h . T h e  p ap er by  A l-T ab b aa  and  

E v a n s ( 1 9 9 7 )  allo c ate d  to  Se ssio n  6 .2  ad d resses th is p ro b lem  and
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d e sc rib e s  so m e  re c e n t re se arc h  to  in v e stig ate  th e  m ed iu m  Jap an e se  m u sical san d s hav e a lm o st id en tical p ro p e rtie s, b o th

p e rfo rm an c e  o f  stab ilised / so lid ified  so il-g ro u t m aterials. b e in g  c o m p o se d  o f  w e ll-ro u n d ed  q u artz  p artic le s w ith  an

R e m e d iatio n  b y  in situ  stab ilisatio n / so lid ificatio n  is th e  su b je c t av e rag e  p artic le  siz e  o f  ab o u t 0 .3  m m .

o f  tw o  o f  th e  p ap ers allo c ate d  to  Se ssio n  6 .2 . C o rk o  et T h e  p artic le  siz e  d istrib u tio n  c u rv e s f o r tw o  Irish  m u sical san d

al ( 1 9 9 7 ) ,  in th e ir p ap er, d e sc rib e  th e ir e x p e rie n c e s  o f  je t  sam p les, IR L 1 and  1R L 2. and  o n e  Jap an e se  m u sical san d  are

g ro u tin g  te c h n o lo g y  ap p lied  to  th e  re m e d iatio n  o f  o ld  d um p  p lo tted  in Fig u re  1. It c an  b e  seen  th at th e se  c u rv e s are  v ery

site s, w h ile  Esn au lt and  D e n iau (  1 9 9 7 ) , in th e ir p ap er, d e sc rib e  sim ilar 

land fill re m e d iatio n  b y  a  d eep  m ix in g  m eth o d  o f  in situ  

stab ilisatio n  u sin g  th e  C O L M IX  sy stem .

6  D IS C U S S IO N

5 IN N O V A T IV E  T E C H N O L O G IE S

In n o v ativ e  te c h n o lo g ie s  are  th e  su b je c t o f  th e  rem ain in g  th re e  

p ap ers a llo c ate d  to  Se ssio n  6 .2 . M az u rk ie w ic z  and  O lan c z u k -  

N e y m a n ( 1 9 9 7 ) , in th e ir p ap er o n  c o n tam in ate d  h arb o u r 

sed im en ts, re fe r to  th e  u se  o f  b io re m e d iatio n  to  re m e d iate  th is 

c o n tam in ate d  so il. T h e  p ap er b y  Je f f e ris  e t a l.(  1 9 9 7 )  is 

p artic u larly  in terestin g , se ttin g  o u t th e  b as ic  c o n c e p ts  in v o lv ed  in 

th e  u se  o f  re ac tiv e  tre atm e n t z o n e s f o r th e  c o n tro l o f  p o llu tio n  

m ig ratio n . T h e  au th o rs d isting u ish  ac tiv e  c o n tro l th ro u g h  

re ac tiv e  tre atm e n t fro m  p assiv e  c o n tain m e n t w ith  b arrie rs and  

d e m o n strate  th e  ad v an tag e s o f  th is m eth o d  f o r c o n trib u tin g  to  

th e  slo w  c le an  up  o f  c o n tam in atio n  fro m  a  so u rc e .

A  v ery  u n e x p e c te d  in n o v ativ e  te c h n o lo g y  f o r rem ed iatin g  a 

v e ry  u n u su al c o n tam in atio n  p ro b lem  is d esc rib ed  in th e  p ap er b y  

K aw am u ra and  H ay a sh i(1 9 9 7 ) . In  th e ir p ap er th e  au th o rs 

d e sc rib e  th e  p ro b lem  o f  th e  red u c tio n , d u e  to  c o n tam in atio n , in 

th e  n u m b er o f  b e ac h e s in Jap an  w ith  m u sical san d s. M u sic al 

sand  is sand  th at g iv e s a  m u sical so u nd  w hen  han d s are  d rag g ed  

th ro u g h  it o r  f e e t sh u ffled  in it. T o  b e  m u sical th e se  san d s n eed  

to  b e  c le an  an d  c o m p o se d  o f  g rain s w ith  a n arro w  ran g e  o f  

p artic le  siz es. T h e  Jap an e se  m u sical san d  is c o m p o se d  o f  q u artz  

g rain s w ith  a  sp e c if ic  g rav ity , G , o f  2 .6 6 , an  av e rag e  p artic le  

siz e , D 5o u su ally  in th e  ran g e  0 .3  to  0 .4  m m  and  a u n ifo rm ity  

c o e f f ic ie n t, U c in th e  ran g e  1 .4  to  1 .6  w h ich  c o rre sp o n d s to  a 

p o o rly  g rad ed  sand . T h e s e  san d s lo o se  th e ir m u sical p ro p e rty  

w hen  th ey  b e c o m e  c o n tam in ate d  b y  shell p artic le s o r  b y  g rain s 

w ith  a  sm alle r p artic le  siz e . T h e  in n o v ativ e  te c h n o lo g y  th at has 

b e en  u sed  to  rem ed iate  th e se  san d s is to  w ash  th em  in a ro tatin g  

c o n c re te  m ix er.

M u sic al san d s are  also  fo u n d  o n  so m e  b e ac h e s  in Ire lan d . A t 

B ritta s  B a y , so u th  o f  D u b lin , b lo w n  d ry  sand  o n  th e  b e ac h  c lo se  

to  th e  se a  w as fo u n d  to  b e  m u sical w hen  it w as w alked  o n . T h is  

sand  is c o m p o se d  o f  q u artz  p artic le s and  its ae o lian  o rig in  g iv e s 

it th e  rath e r u n ifo rm  p artic le  siz e  w h ic h  re su lts in it b e in g  

m u sical T h e  p ro p e rtie s o f  th e  Irish  and  Jap an e se  m u sical san d s 

are  g iv e n  in T ab le  1. T h e se  v alu es sh o w  th at th e  Irish  and

T a b le  1. P ro p e rtie s  o f  m u sical sand s

P ro p e rty Jap an e se  San d Irish  San d

G , 2 . 6 6 2 . 6 6

D io (m m ) 0 .3  - 0 . 4 0 .2 6

Ydmin (kN / ni3) 1 4 . 0 - 1 4 . 5 14 5

Q u artz  ( % ) > 6 0 8 0

100

?
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Figure 1. Particle size d istribution curves fo r m usical sands

6.1  Topics fo r  D iscussion

T h e  fo llo w in g  to p ic s  w e re  se le c te d  f o r  c o n sid e ratio n  b y  th e  th re e  

P an e llists , P ro f . K . R o w e , D r. J.  Bau m an n  and  D r. G . G ru b b , 

and  fo r th e  g e n e ral d isc u ssio n :

- P ro b le m s still to  b e  reso lv ed :

• w h at are  th e  m o st ap p ro p riate  g ro u n d  re m e d iatio n  

m eth o d s?

• w h at p ro b le m s e x ist w ith  th e  d esig n  and  e x e c u tio n  o f  th e  

d if fe re n t rem ed iatio n  p ro c e sse s?

-  W h at c an  g e o te c h n ic s  and  g e o te c h n ic a l en g in e e rs c o n trib u te ?

-  W h at re se arc h  is req u ired ?

6 .2  P anel Presentations

K . R o w e , in h is p re se n tatio n , sp o k e  ab o u t th e  o f te n  n e g le c te d  

im p o rtan c e  o f  d if fu sio n  th at o c c u rs  in th e  c a se  o f  b arrie r w alls 

u sed  to  c o n tain  c o n tam in ate d  sites. H e  p o in ted  o u t th at, e v e n  i f  

a  c o n tain m e n t w all m e e ts o r e x c e e d s  its re q u ire m e n ts reg ard in g  

h y d rau lic  c o n d u c tiv ity , d if fu sio n  o f  c o n tam in an ts th ro u g h  th e  

w all h as th e  p o te n tial to  c au se  sig n if ic an t u n ac c e p tab le  im p ac t 

o n  w ate r q u ality . D if fu sio n  n e ed s to  b e  c o n tro lle d  by  

ap p ro p riate  d esig n . T h e  d if fu sio n  p ro c e ss  d ep en d s o n  th e  

c o n tam in an t p o ten tial in sid e  th e  b arrie r w all and  o n  th e  th ic k n e ss 

and  o th e r d if fu sio n  re lated  p ro p e rtie s o f  th e  w all. D e sig n  o f  th e  

w all f o r d if fu sio n  sh o u ld  tak e  ac c o u n t o f  th e  p o te n tial f o r 

d ilu tio n  o f  any  c o n tam in an ts th at d o  d if fu se  th ro u g h  th e  w all.

J. Bau m an n  ad d ressed  th e  p ro b lem  o f  th e  failu re  o f  

c o n tain m e n t sy stem s and  p o sed  th re e  im p o rtan t q u e stio n s:

• Is  th e  d iag n o sis and  re m e d iatio n  o f  D N A P L  site s fa c t o r  

f ic tio n ?

• Is  in situ  re m e d iatio n  b y  v e n tin g  p o ssib le , and

• D o  c lay  lin ers ac t as b arrie rs to  p re v en t g ro u n d w ate r 

p o llu tio n  w ith , f o r exam p le , p e stic id e s?

In  h is p re se n tatio n , e n titled  “ A re  Eu ro p e an  L an d fills Sa f e ”  

Bau m an n  c o n c e n trate d  o n  th e  p ro b lem s arisin g  f ro m  f rac tu re s  in 

th e  c lay  till in D en m ark . In  p artic u lar h e  exp lain ed  th at th e  

f rac tu re s in c re ase  th e  p erm eab ility  o f  th e  g ro u n d  ab o v e  th at o f  

th e  so il m atrix  and  th at co n tam in an ts f lo w  alo n g  th e  f rac tu re s. 

So il v en tin g , o n e  o f  th e  m o st c o m m o n  rem ed iatio n  te c h n iq u e s 

f o r  v o latile  o rg an ic  c o m p o u n d s(V O C s) , w o rk s b y  th e  air p ic k in g  

up  th e  V O C s  in th e  u n satu rated  z o n e  in th e  so il. Bau m an n  

stated  th at th is m eth o d  o n ly  w o rk s e f f ic ie n tly  in th e  c lay  till i f  th e  

f rac tu re  sp ac in g  is le ss th an  0 . 1 m  w h ic h  is th e  c ase  in th e  u p p er

2  m . T h e  f rac tu re s in th e  c lay  till p re sen t a  se rio u s p ro b lem  in 

th e  c a se  o f  d en se  n o n -aq u e o u s p h ase  liq u id s(D N A P L s)  w h ic h  

te n d  to  se ttle  in p o o ls  in th e  f rac tu re s. T h e s e  p o o ls  c an n o t b e  

lo c ate d  and , ac c o rd in g  to  Bau m an n , ev en  i f  th e y  c o u ld  b e  

lo c a te d , th ey  co u ld  n o t b e  c lean ed  up . H e  said  th e  so lu tio n  w as 

to  c o n sid e r c o n tain m e n t o r re ac tiv e  b arriers.

In  th e  g e n e ral d isc u ssio n , P ro fe sso r M itc h e ll, d o u b ted  

Bau m an n ’ s sim p lif ied  p o in t th at it w as n o t p o ssib le  to  c le an  up  

th e  D N A P L s. Bau m an n  rep lied  b y  statin g  th at w h ile  5 0 - 7 0 %  o f  

D N A P L s m ay  b e  rem o v ed  b y  p u m p ing  and  tre atin g , th e  

rem ain in g  p art w as th e  p ro b lem  b e c au se  o f  th e  e x tre m e ly  lo w  

c rite ria  sp e c if ie d  fo r d rinking  w ater. Fu rth e rm o re  d rilling  

o p e ratio n s in c re ase  th e  risk  o f  th e  sp read in g  o f  D N A P L  p o o ls. 

K re b s  O v e se n  p o in ted  o u t th e  sig n if ic an c e  o f  th is fo r D e n m ark . 

D e n m ark  d ep en d s o n  g ro u n d w ate r f o r v irtu ally  all o f  its w ate r 

su p p ly  and  th is su p p ly  is th re aten ed  b y  c o n tam in an ts seep in g
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th ro u g h  th e  c lay  till fro m  v ario u s so u rc e s , b o th  ind u strial and  

ag ricu ltu ral.

D . G ru b b , in h is p re se n tatio n , d e sc rib e d  an  in n o v ativ e  

p ro c e d u re  f o r rem ed iatin g  d if f icu lt c o n tam in ate d  sites. T h is  

p ro c e d u re  in v o lv es u sin g  eth an o l to  d isp lac e  and  re m o v e  N A P L  

c o n tam in atio n  fro m  th e  g ro u nd .

6  .3  Contribution o f  the G eotechnical Engineer

W h at g e o te c h n ic s  and  th e  g e o te c h n ic a l en g in e e r c an  c o n trib u te  in 

th e  are a  o f  a c tiv e  p o llu tio n  c o n tro l and  re m e d iatio n  o f  

c o n tam in ate d  site s w as o n e  o f  th e  p o in ts raised  f o r d isc u ssio n  

d u rin g  th is se ssio n . It ap p ears th at th e re  is n o t m u ch  re se arc h  

b e in g  c arrie d  o u t at p re se n t b y  th e  g e o te c h n ic a l c o m m u n ity  in 

th is are a, ju d g in g  b y  th e  n u m b ers o f  p ap ers o n  th is to p ic  

su b m itted  to  th e  C o n fe re n c e . O u t o f  th e  to tal o f  5 0 5  p ap ers 

su b m itted  to  th e  C o n fe re n c e , o n ly  6  p ap ers w e re  su b m itted  to  

Se ss io n  6 .2  o n  ac tiv e  p o llu tan ts c o n tro l and  re m e d iatio n  o f  

c o n tam in ate d  sites. O v e r tw ic e  as m any  p ap ers, b u t still a sm all 

n u m b er, 15, w e re  su b m itted  to  th e  se ssio n  o n  p o llu tio n  c o n tro l 

v ia p assiv e  b arriers. Fo rth c o m in g  c o n fe re n c e s  in L isb o n  and  

M e lb o u rn e , f o c u sin g  o n  en v iro n m en tal g e o te c h n ic s , sh o u ld  serv e  

to  stim u late  m o re  re se arc h  in th is area am o n g st th e  g e o te c h n ic a l 

c o m m u n ity .

O n e  o f  th e  re aso n s w hy  g e o te c h n ic a l en g in e e rs are  no t m akin g  

g re a te r c o n trib u tio n s in th is are a  m ay  b e  d u e  to  th e  e n g in eerin g  

ed u c atio n al sy ste m s w h ic h  ten d  to  f o c u s  so le ly  o n  th e  p h y sical 

asp e c ts  o f  so il b e h av io u r, su ch  as stren g th , d e fo rm atio n  and  

p erm eab ility . G e o te c h n ic a l en g in e e rs g e n erally  re c e iv e  little  

train in g  in  c h e m ic al and  b io lo g ic a l p ro c e sse s  and  h e n c e  are  

u su ally  n o t fam iliar w ith  th e  rem ed iatio n  te c h n o lo g ie s  th at are  

u sed  f o r  c o n tro llin g  and  rem ed iatin g  p o llu ted  g ro u n d  and  

g ro u n d w ate r. H o w e v e r, in m any  in stan c e s it is g e o te c h n ic a l 

e n g in e e rs w h o  b e c o m e  inv o lv ed  in d esig n in g  an d  im p lem en tin g  

th e  m e asu re s req u ired  to  c o n tro l p o llu tio n  in th e  g ro u n d  o r  to  

re m e d iate  p o llu ted  g ro u n d . F o r  th is re aso n  G ru b b  stre sse d  it is 

im p o rtan t f o r  g e o te c h n ic a l en g in e e rs w o rk in g  in  th e  are a  o f  

e n v iro n m en tal g e o te c h n ic s  to  im p ro v e  th e ir k n o w le d g e  and  

u n d erstan d in g  o f  ch e m ic al and  b io lo g ic al p ro c e sse s . En g in e e rin g  

c o u rse s  w ill need  to  in tro d u c e  m o re  en v iro n m en tal g e o te c h n ic s  

in to  th e ir c u rric u la. A lso  m o re  re se arc h  is need ed  to  in v e stig ate  

th e  ad v an tag e s and  d isad v an tag e s o f  th e  e x istin g  ac tiv e  p o llu tio n  

c o n tro l and  re m e d iatio n  te c h n iq u e s , p artic u larly  th e  m o re  

in n o v ativ e  te c h n iq u e s , and  to  find  m e th o d s f o r rem ed iatin g  th o se  

c o n tam in ate d  site s th at c an n o t read ily  b e  rem ed iated  u sin g  th e  

c u rre n tly  av ailab le  tech n iq u es.

Esn au lt A . an d  A . D e n ia u ( 1 9 9 7 )  R e h ab ilitatio n  d ’ u n e d e c h arg e  
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K aw am u ra K . and  K . H a y a sh i(1 9 9 7 )  R e m e d iatio n  o f  

c o n tam in ate d  sand . Proc. X IV  ICSM FE, H am b u rg , 3 :1 9 6 1 -  

1 9 6 4 . R o tte rd am :Balk e m a.
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7  C O N C L U SIO N S

It ap p ears th at th e  to p ic  o f  ac tiv e  p o llu tan ts c o n tro l and  

re m e d iatio n  o f  c o n tam in ate d  g ro u n d  is o n e  in w h ich  n o t m u ch  

re se arc h  is b e in g  c arrie d  o u t g e n e rally  b y  th e  g e o te c h n ic a l 

c o m m u n ity . H o w e v e r, w ith  th e  in c re asin g  re d e v e lo p m e n t o f  

in n er c itie s  and  th e  re -u se  o f  b ro w n fie ld  sites, g e o te c h n ic a l 

e n g in e e rs n e ed  to  b e  ab le  to  d esig n  f o r th e se  are as and  need  to  

h av e  th e  ap p ro p riate  k n o w le d g e  and  u n d erstan d in g  o f  th e  

d if fe re n t o p tio n s f o r a c tiv e  p o llu tan ts c o n tro l and  th e  rem ed iatio n  

o f  c o n tam in ate d  sites. T h is  w ill req u ire  th e  in tro d u c tio n  o f  m o re  

e n v iro n m en tal g e o te c h n ic s  in to  e n g in eerin g  c o u rse s  and  m o re  

re se arc h  in to  ac tiv e  p o llu tan ts c o n tro l and  re m e d iatio n  

tec h n iq u es.
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