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Abstract--Testing shows that many of the present commercially available bentonite products used for 
clay liner/soil sealant applications may be susceptible to chemical degradation by certain contaminants. 
Testing also confirms that a recently developed contaminant resistant clay (CRC) is resistant to various 
contaminants that would otherwise attack and degrade the present commercially available products. The 
tests that were used to determine its effectiveness were American Petroleum Institute (API) fluid loss, 
rigid wall hydraulic conductivity, flexible wall hydraulic conductivity and a newly developed top loading 
filter press (TLFP) test (LSK method). 
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INTRODUCTION 

Because of its high swelling and low permeability 
characteristics, sodium bentonite clay is used in many 
current clay liner and soil/bentonite sealant products. 
Certain contaminants (especially Ca, Mg, NH 4, K) 
may degrade bentonite by causing the clay to floccu- 
late, resulting in higher permeability rates (Rogers 
1963; Egloffstein 1994). Calcium is a ubiquitous con- 
taminant and appears to be one of the more damaging 
contaminants to sodium bentonite. Testing has shown 
that seawater also has detrimental effects on the seal- 
ant characteristics of bentonite clay liners as well as 
high concentrations of various organic contaminants 
(Egloffstein 1994). To minimize the potential for deg- 
radation, some of the clay liner products contain 
chemically treated bentonites (Ruhl 1994). There has 
been at least 1 event where a commercial geosynthetic 
clay liner (GCL) in a secondary containment applica- 
tion was degraded by Ca contamination (Dobras and 
Elzea 1993). 

Like some of the present commercially available 
clay liner bentonite products, the new CRC also con- 
tains chemical additives to increase contaminant resis- 
tance. However, what makes this new clay different is 
that the CRC has undergone proprietary processing 
that allows the chemical additives to be more effective 
at preventing contaminant degradation of  the benton- 
ite. The result is the new CRC that demonstrates im- 
proved resistance to various contaminants. 

When determining the hydraulic conductivity of 
bentonite samples using contaminated permeants, it is 
common practice to hydrate the samples with either 
distilled or tap water prior to being exposed to the 
contaminated permeants. However, in field applica- 
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tions, GCLs and/or soil/bentonite liners (SBLs) may 
not be prehydrated with freshwater and must therefore 
hydrate with whatever fluid is available. In many 
cases, this fluid may have percolated through the salt- 
rich cover soil or cover stone and may have picked up 
substantial quantities of dissolved salts, lime or metals. 
The GCLs and/or SBLs may also be required to hy- 
drate with a fluid containing high concentrations of 
seawater salt if  the application is located near a salt 
deposit or body of seawater. The clay liner may also 
come in contact with other contaminants such as var- 
ious acids and organics commonly found in landfill 
leachates. For this reason, the permeability testing was 
performed where the samples were prehydrated with 
a contaminated solution prior to being exposed to a 
more severely contaminated permeant. Three different 
types of  permeability apparatus were used: the rigid 
wall permeameter, the flexible wall permeameter and 
the TLFP. The first phase of  the permeability testing 
used tap water as both the prehydrant and the perme- 
ant to establish baseline performance data. To evaluate 
the resistance of samples to various con taminan ts ,  
more severe conditions were employed. 

MATERIALS 

For all of the testing, current conventional or com- 
mercially available products were compared to the 
new CRC clay. The selection of commercial samples 
included bentonite products from various bentonite 
suppliers and clay liner and GCL manufacturers. The 
names and manufacturers of these commercial prod- 
ucts were withheld and were issued new code names 
(listed in Table 1). 

METHODS 

API Fluid Loss Test 

During the development of  the new CRC, a quick 
indicator test was needed to test a clay's reaction to 
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Table 1. Sample descriptions. 

Clays and Clay Minerals 

Sample name Description 

Commercial Sample 

Commercial Sample 
Commercial Sample 

Commercial Sample 
Commercial Sample 
Commercial Sample 
Commercial Sample 
CRC 
Commercial GCL 1 
Commercial GCL 2 
CRC GCL 

1 A commercially available bentonite product used in clay liner/soil sealant applications. Also the 
bentonite material used in Commercial GCL 2 (listed below). 

2 A commercially available bentonite product used in clay liner/soil sealant applications. 
3 A commercially available bentonite product used in clay liner/soil sealant applications. Also the 

bentonite material used in Commercial GCL 1 (listed below). 
4 A commercially available bentonite product used in clay liner/soil sealant applications. 
5 A commercially available bentonite product used in clay liner/soil sealant applications. 
6 A commercially available bentonite product used in clay liner/soil sealant applications. 
7 A commercially available bentonite product used in clay liner/soil sealant applications. 

Plant production sample of the new CRC. 
Commercially available GCL. 
Commercially available GCL. 
GCL containing the new CRC. 

various contaminants. API 13A (1993), section 4, 
Method for Measurement of Fluid Loss, was used as 
this quick indicator test. Initially (to establish baseline 
data), all sample slurries were prepared by dispersing 
22.5 g of  clay sample into 350 mL of deionized water. 
After the mixed slurry was aged for 16 h, the slurry 
was remixed and tested for fluid loss. Solutions con- 
taining various contaminants were then substituted for 
the deionized water in the slurry preparation and tested 
for fluid loss. An effective sample clay slurry would 
be able to form a good filter cake in the filter cell and 
minimize fluid passage. A poor clay or a clay that had 
been degraded by contamination would not be able to 
build up a sufficient filter cake and would therefore 
allow more fluid to pass through. Consequently, lower 
fluid loss values indicate superior performance. For the 
testing, samples that normally come in granular form 
were tested as received. However, the GCL samples 
were opened and the bentonite material within was 
removed and tested. 

TLFP Test (LSK Method) 

This new test was developed to measure the quan- 
tity of permeant that would pass through a clay sample 
layer on an accelerated basis. A predetermined weight 
of granular bentonite sample was placed into the cell 
over the main filter screen and filter paper (Figure 1). 
The sample was then covered with another filter paper 
and a sand layer. Prehydration fluid was poured over 
the sand layer: just enough to fully hydrate the under- 
lying clay sample layer. After 16 h of  hydration, a 
permeant solution containing dye was then poured on 
top of the hydrated sample and the cell was sealed. 
Pressure was then applied to the cell at 100 psi (ap- 
proximately 690 kPa) and the subsequent filtrates were 
weighed at timed intervals. Due to the low flow vol- 
umes normally generated during this test, the amounts 
of filtrates are generally too small to be accurately 
measured volumetrically and are therefore weighted. 
Also, weighing the filtrates produces more accurate re- 
sults. Because the TLFP tests measure the amount of 

fluid passing through a sample layer, lower filtrate val- 
ues indicate more favorable sealant characteristics. If  
a sample's reaction to a permeant results in degrada- 
tion, the filtrate values should increase and continue to 
increase (if the degradation continues). During the test 
runs, the pressure was never completely released from 
the cells to prevent possible disruption of the sample 
cake seal. Dye was added to the permeant to indicate 
when and where, within the sample cake, the permeant 
completely penetrated the sample layer. The dye was 
carefully selected so that it would not be absorbed by 
or react with the clay and/or any constituents of  the 
permeant. 

To evaluate the contaminant resistance of  all clay 
samples, 3 cycles of TLFP tests were performed. The 
1st cycle used tap water as both the prehydrant and 
the permeant. The 2nd cycle consisted of prehydrating 
the samples with 1000 ppm aqueous CaC12 solution 
followed by 1 wt% or 10,000 ppm aqueous CaC12 so- 
lution as the permeant. The total cumulative weight of 
filtrates was divided by the total running time in hours 
in order to acquire the flow rates of the samples. 

To measure the resistance of  the samples to sea- 
water, a 3rd set of tests was performed using an actual 
ocean water sample as the permeant. The samples 
were prehydrated with tap water. 

Rigid Wall Hydraulic Conductivity Test 

The procedure for conducting the rigid wall hydrau- 
lic conductivity (permeability) testing was similar to 
ASTM D2434-68 (1974), Method B (falling head). 
Two cycles of  rigid wall permeability testing were per- 
formed on several of the samples. The 1st cycle con- 
sisted of mixing the bentonite sample with a standard 
silica sand (7.5 wt%) and then adding tap water to 
raise the total moisture content up to 15 wt%. The 
mixture was then compacted in accordance with 
ASTM D698 (1990) into the rigid wall permeameter 
cell to a 2-in thickness and covered with sand. Tap 
water was used as the permeant to obtain baseline hy- 
draulic conductivity values. 
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Figure 1. TLFP test (LSK method). 

The 2nd cycle of rigid wall permeability testing in- 
volved mixing the bentonite sample with a standard 
silica sand (7.5 wt%) and then adding 1000 ppm aque- 
ous CaC12 solution to bring total moisture content up 
to 15 wt%. As with the 1st cycle, the mixture was 
compacted into the rigid wall permeameter cell to a 
2-in thickness and covered with sand. However, with 
this 2nd cycle, 1000 ppm CaC12 aqueous solution was 
poured into the permeameter, and the compacted sam- 
ple was allowed to hydrate in the calcium-contami- 
nated solution for 3 d. After the 3 d, the permeant was 
changed to a more concentrated 1 wt% or 10,000 ppm 
aqueous CaClz solution. The sample test runs of this 
2nd cycle were continued until a significant increase 
in permeability was observed. 

Flexible Wall Hydraulic Conductivity Test 

Flexible wall hydraulic conductivity testing was 
performed in accordance with ASTM D5084-90 
(1990). Sample preparation was performed according 

to the Geosynthetic Research Institute (GRI) Test 
Method GCL-2 (1993). For the flexible wall perme- 
ability testing, all samples were in GCL form. The 
GCLs used for the testing were composed of bentonite 
clay product sandwiched between 2 geotextiles. The 
first 2 samples were commercially available GCLs. 
The 3rd sample was a GCL that contained the new 
CRC. The 1st cycle of testing used tap water only as 
the permeant to establish a baseline hydraulic conduc- 
tivity for each sample. The test runs were terminated 
after each sample achieved steady rate flow (approxi- 
mately 2 weeks). In the 2nd cycle, the GCL samples 
were prehydrated for 2 d with 1000 ppm aqueous 
CaC12 solution. The permeant was then changed to 1 
wt% aqueous CaClz solution. The duration of the 2nd 
cycle test runs depended on the samples' reaction to 
the contaminated solutions, The test runs were termi- 
nated when the permeability values significantly in- 
creased (indicating calcium degradation of the benton- 
ite). A 3rd cycle of testing was performed using 1 wt% 



612 Kajita Clays and Clay Minerals 

Table 2. API fluid loss test comparing samples in contami- 
nated solutions. 

Sample  

Fluid  Fluid Fluid  Fluid 
Fluid  loss loss loss loss 
loss API  API API API 
API  (mL)  (mL) (mL) (mL) 
(mL) i o o o  1000 1000 1000 

deionized p p m  p p m  p p m p p m  
water  CaCI 2 NH4NO 3 KC1 NaCl  

Commercial Sample 1 9.7 12.1 - -  - -  
Commercial Sample 2 13.8 23.1 - -  - -  
Commercial Sample 3 11.6 21.2 13.0 14.4 
Commercial Sample 4 10.7 16.5 13.8 14.0 
Commercial Sample 5 18.0 19.7 - -  - -  
CRC 8.0 7.5 7.8 7.9 

Table 3. API fluid loss test comparing samples in additional 
contaminated solutions. 

Sample  

Fluid 
loss Fluid  

API  (mL) Fluid  loss Fluid 
1% sea- loss API  (mL) loss 

water API (mL) 1000 p p m  API (mL) 
salt 1000 p p m  acetic 1000 p p m  

solution phenol  acid acetone 

- -  Commercial Sample 1 25.2 - -  17.0 - -  
- -  Commercial Sample 2 58.0 - -  24.7 - -  

13.5 Commercial Sample 3 40.1 11.8 18.8 11.7 
14.2 Commercial Sample 4 19.7 12.8 17.8 12.3 
- -  CRC 8.8 8.3 7.5 8.2 
7.6 

seawate r  salt so lu t ion  as the p rehydra t ion  fluid. Af te r  
2 d of  p rehydra t ion ,  the  p e r m e a n t  was  c h a n g e d  to 3.8 
w t% seawater  salt  solut ion.  T he  sample  test  runs  o f  
the  3rd cycle  were  t e rmina ted  w h e n  the  hydrau l ic  con-  
duc t iv i ty  values  s igni f icant ly  inc reased  ( indica t ing  sea- 
wa te r  degradat ion) .  The  samples  that  m a i n t a i n e d  a 
s teady flow ra te  dur ing  the  2nd  and  3rd cycle  test  runs  
were  mon i to r ed  con t inuous ly  unt i l  e q u i p m e n t  l imi ta-  
t ions  necess i ta ted  thei r  t e rmina t ion .  T he  excep t ion  to 
this  was  G C L  2, w h i c h  was  p rema tu re ly  t e rmina ted  
dur ing  its 3rd  cycle  ( seawate r  p e r m e a n t )  tes t  run  due  
to mechan ica l  p rob l ems  wi th  the  p e r m e a m e t e r  cell. 

Free  Swel l  

A n  analysis  was  m a d e  o f  the  G C L  samples  af ter  
the i r  2nd  cycle  tes t  runs  to assess  the  effects  of  the 
CaC12 c o n t a m i n a t i o n  on  the  ben ton i t e  c lay within.  To 
measu re  the swel l ing  capabi l i t ies  of  the  c lay in the  
G C L  samples  af ter  exposure  to the  con taminan t s ,  f ree  
swell  tes t ing was p e r f o r m e d  in accordance  wi th  Amer -  
i can  Col lo id  C o m p a n y  ( A C C )  Procedure  1010 (1990).  
In  this  swell  test, 2.0 g of  d ry  sample  ben ton i t e  was  
s lowly  and  gradual ly  added  to 100 m L  of  de ion ized  
wate r  in  a g radua ted  cylinder.  Af te r  24  h of  hydra t ion ,  
the  v o l u m e  of  swel led  clay was  v isua l ly  m e a s u r e d  in 
the  cy l inder  at the  c lay /wate r  interface.  Af te r  the i r  2nd  
cycle  f lexible wal l  test  runs,  the  G C L s  were  dried,  and  
the  ben ton i t e  w i th in  was  ex t rac ted  and  reduced  to 
g ranu la r  part ic le  size. For  compar i son ,  free swell  tests  
were  also conduc t ed  us ing  the  ben ton i t e  mater ia l  f r om 
the  G C L s  pr ior  to any  exposure  to con taminan t s .  

E x c h a n g e a b l e  Ca t ions  

Chemica l  ana lyses  of  the  G C L  samples  af ter  the i r  
2nd  cycle  f lexible wal l  test  runs  (CaC12-contaminated)  
were  also p e r f o r m e d  to measu re  any  changes  in the  
chemica l  compos i t i on  o f  the  ben ton i t e  clays.  M o s t  
G C L s  and  soil ben ton i t e  l iner  p roduc ts  use  N a - b a s e d  
ben ton i t e s  because  of  the i r  h i g h  swel l ing,  low per- 
meab i l i ty  character is t ics .  T he  ini t ia l  concen t ra t ions  o f  
N a  in these  ben ton i t e s  are genera l ly  h ighe r  than  those  
o f  Ca  or  Mg.  The  ex changeab l e  ca t ions  were  ex t rac ted  
f rom the  clays by  d i spers ing  the  samples  into 3.6 w t % 

solu t ion  o f  b e n z y l t r i m e t h y l a m m o n i u m  chlor ide  (BTA)  
and  then  filtering. The  a m o u n t  o f  e x c h a n g e a b l e  N a  § 
Ca  2§ and  M g  2§ in the  filtrate was  m e a s u r e d  b y  the  use  
of  an  a tomic  absorp t ion  spec t rophotometer .  The  resul ts  
are expressed  in m e q / 1 0 0  g. 

R E S U L T S  A N D  D I S C U S S I O N  

API  F lu id  Loss  Test 

Dur ing  the  d e v e l o p m e n t  o f  the  new CRC, the  API  
f luid loss tes t  was  used  as a sc reen ing  dev ice  to ob ta in  
qu i ck  resul ts  o f  the  s amples '  r eac t ion  to var ious  con-  
t amina t ed  solut ions.  C o n t a m i n a t e d  solut ions  were  sub- 
s t i tuted for  the  de ion ized  wate r  no rma l ly  used  in the  
sample  s lur ry  preparat ion.  The  fluid loss da ta  in  Tables  
2 and  3 ind ica te  that  the new  C R C  p roduced  m u c h  
lower  fluid loss va lues  w h e n  d i spersed  in c o n t a m i n a t e d  
solut ions  t han  the commerc i a l l y  ava i lab le  products .  
Wi th  some  c o n t a m i n a t e d  solut ions ,  the  fluid loss val-  
ues  were  a lmos t  equal  to the  de ion ized  wate r  values.  
This  ind ica tes  tha t  the  CRC was  not  severe ly  affected 
b y  the  c o n t a m i n a n t s  and  was able  to bu i ld  up  suff ic ient  
filter cakes  to p reven t  more  fluid f r o m  pass ing  through.  
Test ing also s h o w e d  that  the  CRC was  more  res i s tan t  
to organic  c o n t a m i n a n t s  as wel l  as d i s so lved  salts  and  
metals .  

T L F P  Test  ( L S K  M e t h o d )  

T h e  resul t s  in  Table  4 and  F igu re  2 indica te  tha t  the  
C R C  sample  was able  to res is t  Ca  degrada t ion  and  
p roduce  ve ry  low filtrate ra tes  ove r  a 55-h  per iod.  
However ,  C o m m e r c i a l  Sample  3 was  deg raded  b y  Ca  
and  was  no  longer  able  to func t ion  as a bar r ie r  to flu- 
ids. Th i s  was  ev iden t  as it comple t e ly  lost  all o f  its 

Table 4. Average flow rates from TLFP test. 

Average  
flow rate 

Average  (g/h) prehyd.  
f low rate (g/h) 1000 p p m  CaC12 

tap water  1% CaC12 as 
basel ine permeant  

Sample  1st cycle 2nd cycle 

Commercial Sample 3 4.3 34.3 
CRC 0.4 0.3 
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Figure 2. TLFP test (LSK method) prehydrated with 1000 ppm CaCIJ1% as permeant. 

permeant  after only 5 h of  running time. The  results 
f rom these tests were  later conf i rmed by similar  results 
f rom both the rigid wall  and flexible wall  hydraulic 
conduct ivi ty  testing. Consequently,  it is apparent that 
the T L F P  test (LSK method)  can be used to quickly  
obtain pre l iminary  sealant or permeabi l i ty  character- 
istics of  a clay. 

Table 5 and Figure 3 indicate that Commerc ia l  Sam-  
ple 3 was degraded by the ocean water  and lost its 
barrier qualities. This  is evident  by the higher  f low 
rates and by its having passed all of  its ocean water  
permeant  after 24 h of  exposure.  It should also be 
noted that the commerc ia l  product  had the benefit  of  
being ful ly hydrated with tap water  prior  to its expo-  
sure to the ocean water. In comparison,  the CRC sam- 
ple was able to endure for over  4 d o f  running t ime 
with min imal  filtrate loss. The  testing shows that the 
CRC sample was much  more  resistant to ocean water  
as wel l  as Ca. It should be noted that Figures  2 and 3 
plot cumula t i ve  filtrates against cumula t i ve  time. A1- 

Table 5. Average flow rates from TLFP test using ocean 
water as permeant. 

TLFP test ( L S K  method) 
Average flow rates 

(prehydrated with  tap water/ocean water  sample  as permeant)  

Sample  Average  flow rate (g/h) 

Commercial Sample 3 8.0 
CRC 0.2 

though the data f rom the C R C  testing have  a s lope 
(low), their l inear relat ionship indicates no increase in 
f low rate. 

An  important  dist inction be tween  the new T L F P  test 
(LSK method)  and the API  fluid loss test is that the 
API  method  uses mixed  slurries in its cells whi le  the 
T L F P  test (LSK method)  uses a discrete layer of  clay. 
By being mixed  into a slurry, the clay and chemica l  
additives have  the advantage of  dispersing and hy- 
drating more  efficiently. In actual field applications of  
GCLs  and SBLs,  the bentonite  does not  have this ad- 
vantage. The  T L F P  test (LSK method)  al lows the 
granular bentoni te  product  to hydrate on its own  and 
in place as it would  in an actual G C L  or clay l iner  
application. This  test is similar  to the r igid wall  hy- 
draulic conduct ivi ty  test with the except ion that the 
permeant  is forced through the sample clay layer 
quickly by using 100 psi o f  head pressure. As  a result, 
any changes in the sealant characteristics of  the clay 
(due to degradation) can be observed  much  sooner  
than in other permeabi l i ty  tests. Even  though clay/soi l  
mixtures  can be  used in the filter press cells, pure ben- 
tonite layers were  used to simulate G C L  applications. 
Whi le  the T L F P  test (LSK method)  measures  the flow 
of fluid through a sample,  the filtrate values  should not 
be ut i l ized with Darcy ' s  Law to calculate hydraul ic  
conduct ivi ty  values. Addi t ional  research is needed to 
determine if  this test can be used to obtain hydraul ic  
conduct ivi ty  values. 
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Figure 3. TLFP test (LSK method) prehydrated with tap water/ocean water as permeant. 

R ig id  Wall  Hydrau l ic  Conduc t iv i ty  Test  

Table  6 indica tes  that  the  1st cycle  tap wate r  hy-  
draul ic  conduc t iv i ty  va lues  are fair ly low a m o n g  all of  
the  tes ted  samples .  However ,  there  is a sharp  increase  
in the  hydrau l ic  conduc t iv i t i e s  o f  the  com m er c i a l l y  
ava i lab le  samples  where  CaC12-contaminated solut ions  
were  used  as b o t h  the  p r e h y d r a n t  and  the  pe rmean t .  
Af te r  1 to 3 weeks ,  the Ca deg raded  the c o m m e r c i a l  
samples  and  caused  the hydrau l ic  conduc t iv i t i e s  to in- 
crease,  whi le  the  CR C yie lded  a m u c h  lower  pe rme-  
abil i ty va lue  dur ing  its 2nd  cycle  run,  and  m a i n t a i n e d  
it for  ove r  2 mo.  C o m p a r i n g  the  resul ts  f rom the  2 
cycles,  it is apparen t  that  the  c o m m e r c i a l  p roduc t s  suf- 
fered degrada t ion  f rom the  C a - c o n t a m i n a t e d  solut ions  
and  were  no  longer  able to p e r f o r m  as bar r ie rs  to flu- 

Table 6. Rigid wall hydraulic conductivity tests using com- 
pacted clay/sand mixtures. 

Hydraul ic  conductivity (cm/s) 
(compacted clay/sand mixtures in r igid wail  permeameters)  

Prehydr. 
1000 p p m  CaCI 2 

Tap water  1% C a C I  2 as permeant  
Sample  (cycle 1) (cycle 2) 

Commercial Sample 2 7.5 • 10 -8 1.3 • 10 6 
Commercial Sample 3 3.1 • 10 9 1.3 x 10 -7 
Commercial Sample 4 1.4 x 10 -s 1.5 x 10 7 
Commercial Sample 5 4.7 • 10 9 1.5 x 10 .6 
Commercial Sample 7 9.4 x 10 .9 5.4 x 10 7 
CRC 6.0 X 10 8 9.4 X 10 .9 

ids. It was  ev iden t  tha t  the  C R C  sample  was  m u c h  
more  res is tant  to the  c o n t a m i n a t e d  solut ions ,  and  was  
able to m a i n t a i n  hydrau l i c  conduc t iv i ty  va lues  as low 
or lower  than  tap wate r  rates.  

F lex ib le  Wal l  Hydrau l i c  Conduc t iv i t y  Test  

The  hydrau l ic  conduc t iv i ty  resul ts  s u m m a r i z e d  in 
Table  7 ind ica te  tha t  G C L  1 and  G C L  2 were  deg raded  
by  the  CaC12 solut ions  as can  be  seen  b y  the  h ighe r  
2nd  cycle  hydrau l ic  conduc t iv i ty  va lues  w h e n  com-  
pa red  to the  lower  tap wa te r  base l ine  values.  This  re- 
l a t ionsh ip  was  also seen  w i th  the  3rd cyc le  ( seawater )  
test  runs  whe re  G C L  1 suf fered  deg rada t ion  f r o m  the  
seawater.  G C L  2 had  b e e n  in its 3rd  cycle  tes t  run  for  
on ly  4 weeks  w h e n  the  test  had  to b e  p rema tu re ly  ter- 
m ina t ed  due  to e q u i p m e n t  p rob lems .  However ,  w h e n  
refer r ing  back  to the API  fluid loss tes t  resul ts  (Table  
3), C o m m e r c i a l  S a m p l e  1 ( the ben ton i t e  mater ia l  used  
in G C L  2) p roduced  a re la t ive ly  h igh  fluid loss va lue  
w h e n  tes ted  in 1 w t% seawate r  sal t  solut ion.  Th i s  in-  
d icates  tha t  the  sample  expe r i enced  degrada t ion  b y  the  
seawate r  solut ion.  W h e n  cons ide r ing  the  ef fec t  of  1 
w t% seawate r  so lu t ion  u p o n  C o m m e r c i a l  S a m p l e  1, it 
can  be  deduced  that  s imi lar  deg rada t ion  wou ld  l ike ly  
have  occur red  wi th  G C L  2 i f  its 3rd  cycle  seawate r  
test  r un  had  b e e n  longer. Also ,  dur ing  the  2nd  cycle  
test  r un  wi th  CaC12, i t  was  not  unt i l  af ter  5 weeks  tha t  
G C L  2 s tar ted to show s ignif icant  increases  in  hydrau-  
lic conduct iv i ty .  Pe rhaps  G C L  2 wou ld  h a v e  s h o w n  
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Table  7. F lex ib le  wal l  hyd rau l i c  conduc t iv i t y  test  o f  G C L  samples .  

Hydraulic conductivity (crn/s) 
(GCL forms in flexible wall permeameters) 

Prehydrated 1000 ppm Prehydrated 1% seawater salt/ 
Tap water CaC12/I% CaCI 2 as permeant 3.8% seawater salt as permeant 

Sample (cycle 1) (cycle 2) (cycle 3) 

C o m m e r c i a l  G C L  1 8.0 • l 0  10 8.0 • 10 -s 1.4 • 10 -8 
C o m m e r c i a l  G C L  2 6.0 • 10 1o 8.0 • 10 -8 1.5 • 10 9 
C R C  G C L  3.6 • 10 -1~ 3.8 • 10 -1~ 3.4 • 10 -1~ 

the same trend during the seawater test had it been run 
longer. 

When comparing the hydraulic conductivity test 
runs of the new CRC GCL, it can be seen that there 
is almost no difference between the 1st cycle tap water 
test run and the 2nd cycle CaC12 test. This indicates 
that the new CRC within the GCL was not signifi- 
candy affected by the severe CaC12 contaminants and 
was able to maintain hydraulic conductivity values 
nearly equal to tap water baseline values. The data also 
show that the CRC sample was able to hydrate in the 
contaminated solution without any significant degra- 
dation to its performance. Although the hydraulic con- 
ductivity of the CRC GCL (during its 2nd cycle) was 
low and appeared to be in a steady-state condition for 
2 mo, the test was terminated to make the permea- 
meter available for other sample runs. To verify the 
results of  this test run, the 2nd cycle was repeated and 
resulted in a slightly lower hydraulic conductivity of 

2.50E-08 . 

2.5 • 10 to cm/s. In the 3rd cycle seawater test run, 
the new CRC GCL was able to tolerate the seawater 
conditions and produce low hydraulic conductivity re- 
suits nearly equal to the tap water values. Figures 4 
and 5 illustrate the increasing hydraulic conductivity 
values of the 2 Commercial GCL samples during the 
2 test runs. It is also evident that the new CRC GCL 
produced lower hydraulic conductivities that remained 
stable over much longer test periods. 

Free Swell 

The results in Table 8 indicate that the swelling ca- 
pabilities of  the Ca-contaminated clays taken from 
GCL 1 and GCL 2 were very low when compared to 
the higher free swell values of  the virgin material. This 
confirms that the CaC12 contamination deteriorated the 
swelling characteristics of  those bentonite products. 
However, the exposed clay from the CRC GCL still 
maintained its swelling capabilities, indicating that the 

2.00E-08 . 
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Figure  4. 
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Test Duration Time (weeks) 

Flexib le  wal l  hyd rau l i c  conduc t iv i t y  test, p r e h y d r a t e d  wi th  1000 p p m  C a C I 2 / I %  CaCI  2 as p e r m e a n t .  
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T e s t  D u r a t i o n  T i m e  ( w e e k s )  

Flexible wall hydraulic conductivity test, prehydrated with 1% seawater salt solution as permeant. 

CRC was not  s ignif icant ly  affected by  the  Ca solu- 
t ions.  

E x c h a n g e a b l e  Ca t ions  

The  data  f rom Table  9 show that  the  Ca -exposed  
clays f rom G C L  1 and  G C L  2 con ta ined  lower  Na  
concen t ra t ions  whi le  the  Ca  concen t ra t ions  were  com-  
para t ive ly  high.  Th i s  suggests  tha t  the ben ton i t e  clays 
in bo th  G C L s  were  not  able  to p reven t  the exchange  
of  Na  ions for  the Ca. T he  h i g h  a m o u n t  o f  C a  corre-  
lates wi th  the h i g h  pe rmeab i l i ty  and  the  low swel l ing  
capaci ty  of  bo th  GCLs .  In contrast ,  the  c lay taken  f rom 
the  C R C  G C L  still showed  a h igh  Na  concen t ra t ion  
re la t ive  to the Ca. This  conf i rms  that  the new  CRC 
was  able  to resis t  the  ex tens ive  Ca  exchange  (which  
the  o ther  2 G C L s  exper ienced) ,  resu l t ing  in the  con-  
t inu ing  low permeab i l i t i e s  and  h igh  swel l ing  charac-  
teristics.  

Addi t iona l  D i scus s ion  

F ie ld  app l ica t ions  of  the  new C R C  h a v e  conf i rmed  

its p e r f o r m a n c e  in several  c o n t a i n m e n t  app l ica t ions  
where  c o n t a m i n a t e d  l iquids  were  present .  One  case  

s tudy i nvo lved  the appl ica t ion  of  ove r  350 ,000  ft 2 o f  

CRC G C L  to con ta in  a lkal ine  was tewa te r  genera ted  
f rom the  t r ea tmen t  o f  acid m i n e  d ra inage  in no r the rn  

Cal i fo rn ia  (Trauger  1996). In this  sys tem,  acid dra in-  

age  f rom an  a b a n d o n e d  m i n e  was  co l lec ted  and  t reated 

in large s torage  lagoons.  The  leacha te  f rom the  s ludge  

genera ted  by  the  t r ea tmen t  process  con t a ined  signifi-  

can t  concen t r a t ions  o f  salts and  metals .  O the r  appli-  

ca t ions  of  the  CRC G C L  inc lude  sites in  N e w  Jersey  

and  in Nassau ,  U S  Vi rg in  Is lands.  At  bo th  of  these  

sites, the  CRC G C L  was  used  as a ba r r ie r  to pro tec t  

bu i ld ing  s t ructures  f r o m  the  inf lux o f  seawater.  

Table 8. Free swell tests of clays taken from GCL samples 
before any exposure to contamination and after the flexible 
wall 2nd cycle test runs with CaClv 

Free swell (roLl2 g) 

After 
Before exposure 

exposure to Ca or 2nd 
Sample to CaC12 cycle run 

Commercial GCL 1 30 7 
Commercial GCL 2 33 8 
CRC GCL 24 25 

Table 9. Exchangeable cation analysis of the clays taken 
from the GCL samples tested in the 2nd cycle flexible wall 
test runs with CaC12. 

Exchangeable cations 

Na ~ CaZ+ Mg~ § 
Sample (meq/100 g) (meq/100 g) (meq/100 g) 

Commercial GCL 1 15 67 8 
Commercial GCL 2 19 59 4 
CRC GCL 47 14 6 
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C O N C L U S I O N S  

The comprehens ive  test ing program descr ibed  in 
this paper  has demons t ra ted  that the commerc ia l ly  
available products  that are used  in GCLs  and SBLs  
can be suscept ible  to certain contaminants .  The test ing 
also showed  that the new CRC was  resistant  to the 
contaminants  that  wou ld  ordinarily attack and degrade  
these present  commerc ia l  bentoni te  products.  Field  
testing has also conf i rmed that  CRC can be used in 
applications where  the usage o f  the present  commer-  
cial products  may  not  be suitable. It has  also been  
d iscovered  that the new TLFP  test  (LSK method)  can 
be used  to obtain quick pre l iminary  results per ta ining 
to the sealant character is t ics  o f  bentoni te  clay samples.  
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