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Panel discussion: Contamination and remediation of fractured clay till 

Débat de spécialistes: Contamination et réhabilitation d’une argile à blocaux fracturée

Jens Baumann -D anish Geotechnical Institute, D enmark

1 IN T R O D U C T IO N

T h e  p resentatio n  d eals w ith fractu red  c lay  till and  fo c u se s o n 

three issu es:

1. C lay  till as a natu ral b arrier to  g ro und  w ater reso u rces 

p ro tectin g  the d rinking  w ater.

2. In  situ  rem ed iatio n  in c lay  till b y  v enting .

3. R em ed iatio n  o f  D N A PL .

2  FR A C T U R ED  C L A Y  T IL L

2.1 G eneral perception and new knowledge

C lay  tills are o v erco n so lid ated  d ep o sits laid  d o w n b y  a g lac ier. 

T h ey  are m ixtu res o f  c lay , silt, sand , g rav el and  sto n es w ith a c lay  

c o n ten t o f  15 -20% . C lay  till has a lo w  b asic  hy d rau lic  c o n d u ctiv ­

ity  o f  1 0 ' 5 to  1 0 ' 10 m / sec, and  th erefo re  c lay  till is no rm ally  c o n ­

sid ered  an e f fe c tiv e  b arrier w ith a hig h ad so rp tio n cap ac ity .

H o w ev er, th is is no t co rrec t. T h e  last 5 - 1 0  y ears o f  research  

m ain ly  in D en m ark and  C an ad a has d em o nstrated

• that c lay  till is a fractu red  and  d ual p o ro sity  so il,

• that th ese  frac tu res c o m p lete ly  co n tro l the w aterflo w ,

• that c lay  till has a h ig h bu lk hy d rau lic  co n d u ctiv ity  in  the 

ran g e o f  1 0 ' 5 to  1 0 ' 8  m / sec,

• a v ery  lo w  e f fe c tiv e  p o ro sity  - o n ly  a few  %c,

• ex trem ely  h ig h f lo w  rates and  lo w  ad so rp tio n cap ac ity  in 

c o n seq u en ce  o f  this.

T h ere fo re , c lay  till is ab so lu tely  no e f fe c tiv e  b arrier - at least no t 

the up p er 5 -1 0  m .

2 .2  Last 5-10 y ears o f  research

It used  to  be a w ell-kno w n fac t that f ie ld  stu d ies p ro v id ed  at least 

tw o  o rd ers o f  m ag nitu d e h ig h er hy d rau lic  c o n d u ctiv ities than 

lab o rato ry  stu d ies o f  sm all sam p les.

T h e  research  has also  d em o nstrated  c lo se ly  sp aced  fractu res 

w ithin the up p er 1 m  o f  the p ro file , w ith no  p red o m inant o rienta ­

tio n o f  the fractu res, and  d eep er d o w n - 2 .5  m - the frac tu res are 

m o re w id ely  sp aced  and  hav e a p ro no u nced  o rientatio n .

T h e  v ario u s research  p ro je c ts inv o lv ed  care fu l m ap p ing  o f  the 

frac tu res and  larg e  in tac t b lo c k s (Vi m  in  d iam eter and  Vi m  hig h) 

o f  c lay  till w ere taken at d if feren t lev els.

T h e  b lo c k s w ere sealed  w ith a sp e c ial ru b b er m em b rane and  

p laced  in a p ressu riz ed  tank w ith co ntro lled  tem p eratu re and  w ith 

lin es fo r p erco latio n  o f  w ater thro u g h the sam p le.

N o w  d ifferen t tests w ere p erfo rm ed , e .g . hy d rau lic  co nd u ctiv ity  

tests, tracer tests, transp o rt o f  p estic id es and  nu trients, and  fin ally  

a f lu o rescen t d y e tracer w as ad d ed .

T h e  resu lts o f  the hy d rau lic  b lo c k  tests sho w ed  p erm eab ilities 

in the ran g e o f  1 0 ‘5 to  1 0 ' 8 m / sec d ep end ing  o n the d ep th, and  

they  co rresp o n d  v ery  w ell w ith the d ata fro m  the f ie ld . T h e  m atrix

p erm eab ilities o f  the sam e c lay  till w ere m easu red  in sm all 

triax ial c e lls  and  fo und  to  be in  the ran g e o f  1 0 "’  to  1 0 ' 10 m / sec.

T h e  tests w ith d y e tracer sho w s that the f lo w  is c o m p lete ly  

co ntro lled  b y  fractu res and  that the f lo w  is to tally  b y p assing  the 

m atrix .

T h e  c o n c lu sio n  is that c lay  till is fractu red . Fractu res co n tro l 

the f lo w . C lay  till has a v ery  hig h bu lk hy d rau lic  c o n d u ctiv ity  and  

a v ery  lo w  e f fe c tiv e  p o ro sity  resu lting  in ex trem ely  hig h f lo w  

rates in the fractu res and  m u ch lo w er ad so rp tio n c ap ac ity  than 

exp ec ted . So  ab so lu tely  no b arrier e f fe c t is o b serv ed  in the up p er 

5 - 1 0  m .

T h is is o f  co u rse  a serio u s p ro b lem  b ecau se  m o re than h a lf  o f  

the area o f  D en m ark is c o v ered  w ith c lay  till, and  this research  

b asic ally  turns u p sid e d o w n o u r risk  assessm en ts o f  co ntam inated  

site s and  the fo rm er u se o f  p estic id es and  nu trients. H o w ev er, w e 

hav e o n ly  exam ined  the up p er 5 - 1 0  m , and  th erefo re m o re 

research  is need ed .

2 .3  Future research

First o f  all w e need  to  v alid ate these lab o rato ry  d ata by  co m p ar­

ing  them  w ith d ata in the f ie ld  scale .

Stu d en ts fro m  the U niv ersity  o f  C o p enhag en are estab lish in g  

tw o  in filtratio n  b asins o f  ap p ro x 2 0  m 2 each . Basic a lly , they  w ill 

p erfo rm  the sam e ty p es o f  tests as in the lab o rato ry . A fte r the 

in filtratio n  test a nu m b er o f  b lo ck  sam p les w ill be  extracted  and  

tested  at the D anish  G eo tec h n ic al Institu te.

W e  d o  no t kno w  ho w  d eep  the fractu res g o , and  o f  co u rse  it is 

ex trem ely  im p o rtant to  kno w  w hether the fractu res g o  5 , 10 o r 20  

m  d o w n, o r i f  the frac tu res p enetrate the en tire  d ep o sit o f  c lay  till.

W e  kno w  fro m  the b lo c k  tests that the b u lk hy d rau lic  c o n d u c ­

tiv ity  is d ecreasin g  w ith d ep th. W e hav e entered  the resu lts into  

a co m p u ter m o d el and  b acked  o u t the siz es o f  the fractu re 

ap ertu re in eac h  test. T h e  ap erture also  d ecreases w ith d ep th.

In  o rd er to  p red ict w here and  ho w  d eep  the fractu res are w e 

need  a g eo tec h n ic al u nd erstand ing  o f  the natu re o f  the fractu res. 

T h e  fractu res are v isib le  5 -6  m d o w n, but w e d o  no t kno w  i f  they  

co ntin u e. W e  b e liev e  they  o rig in ate fro m  the lo ad ing  and  

unlo ad ing  o f  g lac ie rs. W e  need  a co m p lete  g eo tec h n ic al c lass if ic a ­

tio n o f  all test sites inc lu d ing  v ane testin g , C P T  testing , e tc . W e 

d o  no t fu lly  und erstand  the stress situ atio n  und er an ic e  cap  and  

after m eltin g  o f f  o f  the ic e , and  w e need  a better und erstand ing  

o f  the actu al stress situ atio n  to d ay  at the test sites.

W e  m u st test the hy d rau lic  p aram eters und er realistic  3-d im en ­

sio n al stress lev e ls co rresp o n d ing  to  d eep er lev els in  the p ro file . 

Th en  a co rre latio n  m u st be estab lish ed  b etw een the fac t that a 

p articu lar c lay  till is fractu red  and  the g eo tech n ical c lassif ic atio n  

and  streng th  p aram eters o f  the sam e till.

T h e  p rim ary  o b je c tiv e  is to  be ab le  to  m ake a g eo g rap hical 

m ap p ing  o f  the v u ln erab ility  o f  the g ro und  w ater. In  o th er w o rd s 

to  find  an easy  w ay  to  m ap  fractu red  c lay  tills and  to  p red ict the 

d ep th o f  fractu res in o rd er to  d ec id e w hether an area sh all be used  

fo r farm in g , ind ustry  o r so m eth in g  e lse , and  by  this to  m in im iz e 

the risk  o f  g ro und  w ater co ntam in atio n .
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3 SOIL VENTING

3.1 Principle

So il v enting  is o n e o f  the m o st co m m o n  in situ  tech n iq u es w hen 

it c o m es to  rem ed iatio n  o f  v o latile  o rg an ic  co m p o u nd s - V O C s. 

T h e  p rin c ip le  o f  so il v enting  is sim p le. A ir is ex trac ted  fro m  a 

nu m ber o f  b o reh o les and  th is w ill start an airf lo w  fro m  the 

su rro u nd ing s to w ard s the b o reh o les. T h e  air w ill p ic k  up V O C s 

in the unsaturated  zo ne.

W h at hap p ens w hen a d ual p o ro sity  so il lik e  c lay  till is 

co ntam in ated  is that co ntam in ants en ter the frac tu res by  ad v ectio n  

and  co ntin u e into  the m atrix  by  d iffu sio n . T h e  m atrix  is w ater 

saturated  w hile the fractu res m ay  be d ry . So  the d iffu sio n  into  the 

m atrix  is v ery  slo w  as it takes p lace  in w ater saturated  so il.

W h e n  w e try to  c lean  up the so il by  v enting  it is easy  to  reach  

a lo w  co n cen tratio n  o f  V O C s in the hig h p erm eab le  fractu res. 

T h is  w ill c h an g e  the d irec tio n  o f  the d iffu sio n  flo w  - to  g o  out of 
the m atrix  into the fractu res. T h is is the o nly  - and  a v ery  slo w  - 

w ay  to  g e t the co ntam in ants o u t o f  the m atrix . It is no t p o ssib le  

to  in crease  the sp eed  o f  the p ro cess in  any  w ay .

3 .2  Clean up time

A  calc u latio n  is m ad e o f  the tim e fo r c lean  up o f  the b enz en e 

w ith an in itial co n cen tratio n  o f  1 0 0  g/ m3 w ith three d ifferen t 

fractu re  sp ac in g s and  w ith a sto p  c rite ria 1 %  o f  the in itial 

co n cen tratio n  in  the m atrix . T h e  resu lts sh o w  c lean  up  tim es 

b etw een 3  and  5 y ears f o r the c lo se  sp ac in g  o f  10 cm  - and  m o re 

than 1 0 0  y ears fo r sp ac in g s o f  m o re than h a lf  a m etre.

T h e  c o n c lu sio n  is that v enting  o f  c lay  till is an o p tio n  i f  

fractu re  sp ac in g  is less than 10 cm . T h is is the c ase  w ith in the 

up p er 2  m etres. D eep er in the p ro file  an u n realistic  am o u nt o f  

tim e is need ed  u n less w e find  a techn iq u e to  in tro d u ce c lo se ly  

sp aced  fractu res.

4  D N A P L  R EM ED IA T IO N

O ne o f  the m o st serio u s p ro b lem s w e fac e  w hen it c o m es to  so il 

and  g ro und  w ater co ntam in atio n  is the D N A PL s - D en se  N o n- 

A q u eo u s P h ase  L iq u id s - inc lu d ing  d ense ch lo rinated  so lv ents.

T h ey  hav e been w id ely  used  in  the ind ustry  sin c e  the seco nd  

w o rld  w ar. If  it is sp ilt the p athw ay s o f  the free  p ro d u ct are 

co ntro lled  by  fractu res and  w e can n o t lo c ate  the p o o ls o f  free  

p ro d u ct. Ev en  i f  w e co u ld  lo c ate  the p o o ls w e co u ld  no t do  

any thing  ab o u t it w hen it c o m es to  c lean in g  up . W e  w ill hav e to  

co n sid er co n tain m en t o r reac tiv e  barriers.

T h is m ay  seem  as a v ery  sim p lified  statem en t, but the fa c t is 

that ev en  i f  it is p o ssib le  to  rem o v e 50%  o r 7 0 %  o f  the D N A PL s 

by  p u m p ing  and  treatm ent, this w ill no t red u ce the p ro b lem  o f  

m eeting  the extrem ely  lo w  d rinking  w ater c riteria, and  in p rax is 

the g ro und  w ater is lo st as a d rinking  w ater reso u rce.
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