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Clay liner for hazardous waste lagoon 

L’Écran d’argile pour des usées nuisibles

V.M.Pavilonsky -  State Research Center of Russia, Nil VODGEO

ABSTRACT: The results of compacted clay loam -  aggressive wastewater (pHl) interaction are presented. The long-term (204-576 
days) percolation of this wastewater (the content of sulphuric, nitric and hydrochloric acids is equal 140, 4.76 and 105.8moI/m3 
correspondingly) altered the properties of loam and especially its hydraulic conductivity from 2.8*10''l-5.0xl0'9l7 s to 8.3xl0‘u-  
8.5x10 8n7s that is larger than permeability to water by 1.7-137 times. Swelling of loam depends on the properties of liquid, dry 
density of the sample and normal pressure. Swelling alters the loam permeability. Wastewater leached metals from loam that was 
accompanied by the increasing of its porosity and permeability. The results obtained should be used as a base for double layer clay 
liner design.

RESUME: On present les résultats de 1' étude de la coopération d'argile avec du liquide agressif d'écoulement (pH 1 ). À long terme 
(204+576 jours) le filtrage de ce liqude agressif (le contenu de chamois, les acides nitrique et salin est égal 140; 4.76 et 105.8 mol/m3 
avec concordance) a amené au changement des propriétés d'argile et nottement de son coefficient du filtrage qui s' accroit de
2.8 ld '1U5.0-10'9n’/s jusqu' à 8.3-10' u h-8.5 10'8i7 s que est plus haut de coefficient du filtrage pour 1' eau en 1,7+137 fois. La 
grandeur de gonflement d 'argile dépende des propriétés du liquide, de densité du sol sec et de pressiont normale. Le liquide d' 
écoulement provoque 1' entrainement des métaux du sol, que amene à la réduction de sa densité et 1' augmentation de sa porosité. Les 
résultats reçus seront utilisés comme la base par le projet d'écran de deux couches pour 1' accumulateur le ce liquide d'écoulement.

1 INTRODUCTION

The surface impoundment should be built to accumulate the 
wastewater of the chemical plant. The wastewater contains 
more than 65 substances including some hazardous. The 
seepage of this wastewater from the impoundment will 
pollute the environment and groundwater. According to the 
local conditions the compacted clay liner is an acceptable 
mean to prevent this unfavourable result of the wastewater 
lagoon operation. The design of the liner should be based 
upon the standard soil characteristics and the possibility of 
their change as a result of long-term seepage of aggressive 
wastewater (pHl) should be taken into account. The 
wastewater contains the strong acids (the concentration of 
sulphuric, nitric and hydrochloric acids is equal 140,4.76 and
105.8 mol/m3 correspondingly). At present this problem cannot 
be solved analytically as it requires much more complex 
experimental investigation. The change of certain physical 
and chemical characteristics as a result of the long-term 
wastewater percolation should be studied with the emphasis 
on permeability of the soil. Furthermore it is necessary to 
make research into the swelling of the compacted soil 
samples and its influence oh permeability as well as the 
leaching of metals from the soil.

2 METHODS AND MATERIAL

As the wastewater is very aggressive liquid it was not 
possible to carry out the long-term tests on the commercially 
available devices and the special permeameters and 
oedometer were developed by author.

The fragments of clay liner were formed by 
compaction of soil in these devices. The wastewater 
permeated through the fragments in downward direction and 
there was no liquid at the bottom of fragments. The

temperature of wastewater in the devices and the atmospheric 
pressure were not constant but changed naturally. Permeate 
was gathered in 2-3 days and its volume, pH were 
determined. The chemical composition of permeate was 
determined for more prolonged period of time. All hydraulic 
conductivity values obtained were normalized at 10°C.

In each tests first of all the value of hydraulic 
conductivity to water was determined. After the percolating 
liquid was changed from water to wastewater and the 
influence of long-term seepage of the later on the 
permeability of soil sample was studied. The soil 
characteristics were determined prior and after the tests and 
their comparison show the influence of wastewater seepage at 
the properties of the soil.

The swelling of the soil was studied according to 
NDOSP method [1974], a vertical stress (0.98* 10J, 5.89*102 
or 12.75xlOJ kPa) was applied to stimulate the weight of a 
protective layer on the clay liner. The samples were soaked 
either with distilled water (to stimulate the action of 
atmospheric precipitation during a period of the liner 
construction) or with wastewater (to stimulate the action of 
this liquid during the active life of the lagoon). The influence 
of the swelling upon the permeability was also studied.

The tests were carried out on clay loam. The

Table 1. Clay loam properties

Loam characteristics __________ Value
Density of solid particles,kg/nv5 2680
Liquid Limit, % 33
Plastic Limit, % 18
Plastic Index, % 15
Sand (1-0,05 mm), % 39,9
Silt (0,05-0,005 mm), % 35,7
Clay (<0,005 nun), % 24,4
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Table 2. Chemical composition of loam
Content, %

loss of ignition 2.38
Si02 75.60
r 2o 3 14.44
Fe20 3 11.85
A IA 2.16
p 2o 5 0.43
MnO *

CaO 2.67
MgO 1.91
SOj 1.53
Na20 0.62
K20 0.92

' trace

physical and mechanical characteristics ofloam (Table 1) and 
it’s chemical composition (Table 2) are presented.

3 TESTS RESULTS AND DISCUSSION

Relevant results of the tests are listed in Table 3 and Table 4 
and are shown in Figure 1 and Figure 2. •

The values of hydraulic conductivity to water were 
statistically treated and the arithmetic mean values Kw were 
calculated (Table 3). For soil samples compacted at a 
moisture content \Vp24.4—32.9% Kw=2.8*10'll-1.4xl0 '10l7s> 
but for samples compacted at Wj=16.9-i9.9% K^=3.0*10'n-  
5.0xl0'9nl/s. The data obtained illustrated the influence of 
moisture content at the hydraulic conductivity while 
compacting the soil. For the higher value of W, the 
permeability of sample is less than for sample with lower 
value of Wj (dry density of these samples is equal and the 
method of compaction is the same (Table 4). This results 
from differences in soil structure [1].

As the result of changing percolating water to 
wastewater the hydraulic conductivity gradually increased 
(Fig. 1 ,Table 4). The zigzag change of its value is the result of 
the processes those took place during soil-wastewater 
interaction and the fluctuation of atmospheric pressure and 
the temperature of permeating liquid.

At the end of the tests the permeability of samples 
slightly decreased but the final monthly mean values
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Figure 1. Hydraulic conductivity, pH and concentration of 
metals v.s. Time, a-percolation of water, b- percolation of 
wastewater, 1 -  hydraulic conductivity, 2 -  Fe , 3 - Al3-, 4 -  
Ca2+, 5 -  pH.

Kf=8.3xl0 "-8.5*IO-®1"/, were in 1.7-137 times larger than 
corresponding values Kw. It is necessary to note that in each 
test there was a short-time single maximum value 
Kmax=l-3xl0 10—1.5x107m/s, that is in 2.7-221 times larger 
thanKw.

Table 3. Information on Tests
Initial values
w¡,

%
Pd,

kg/ 3
'm

Final values 
Pdf,

kg/ 3 
7 in

Hydraulic 
conductivity 
to water Kw,

ra#
'S

Wastewater permeation 
Tests Hydraulic conductivity, m/s 
duration, Maximum Final monthly 
Days values K ^ , mean values Kf

32.9 1420 * l.lx l0 -,u 562 1.1x10-" 2.3X10"9
32.7 1420 1300 1.4x1 O'10 271 6.9x10'° 5.5x10-'°
28.8 1520 1480 4.5x10'" 418 1.3X10'10 1.0x10-'°
24.4 1560 * 2.8x10“ 576 3.2xl0"9 1.9x10'°
26.8 1560 1300 3 .9x10 -“ 428 8.2xl0"9 5.3xl0"9
19.9 1690 1680 3.0x10-" 287 4.8x10-'° 8.3x10“
18.1 1510 1460 8.2x10-'° 328 1.3X10-8 6 .6 XIO-9

18.5 1530 1490 2.2xl0'9 283 8.9x10-® 6.7x10-®
19.3 1570 1460 6.7x10-'° 252 1.5xl0"7 8.5x10®
19.0 1590 1490 5.0xl0'9 204 4.7x10-® 1.2x10-®
16.9 1600 1530 2.7X10'10 341 7.4x10'° 4.7x10-'°
18.6 1610 1420 3.4xl0"9 359 6.6x10-» 2.6x10-®
19.3 1630 1520 1.9x10-'° 334 1.1 xlO’9 l.OxlO'9
19.6 1640 1540 1.7x10-'° 275 5.5x10-'° 4.2x10-'°
19.3 1670 1490 1.5xl010 353 4 .OXIO-9 3.2xl0"9
18.6 1690 • 1.6x10-'° 483 5.4x10-'° 4.6x10-'°
19.1 1690 1470 3.5x10-'° 275 1.7x10-® 1.2x10-®

•was not determined
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Table 4. The monthly mean values of hydraulic conductivity Km,,,

Time,
Month

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Test Wp26.8%, pd=1560Kg/mJ, Kw==3.9xl0'llm/s

Kmmxl09
m/s

0.89 0.89 2.6 3.64 4.5 4.1 4.2 3.8 4.2 4.7 4.9 6.0 6.2 5.7 5.8

Test Wrl9.3%, pd=l5701̂ /mJ, Kw=6.7xl0"un,/s

Knun*108
m/s

0.3 2.2 7.0 8.2 8.1 8.0 8.8 8.5

Relative volume of wastewater, V(m'Vkg)

Figure 2. Hydraulic conductivity (K̂ ,,) versus relative 
volume of percolated wastewater, V(m3/kg)

Swelling, (%)

Figure 3. Hydraulic conductivity (K) versus swelling of the 
loam sample (p<j=1680kg/m3)

The very important result is that the long-term 
seepage of wastewater did not alter the above-mentioned 
difference between the hydraulic conductivity for samples 
compacted at the different moisture content.
The results of tests show that the swelling of the soil samples 
in the first 1-4 days from the beginning was equal to 78.8- 
91% of total. The swelling was completed in 7-21 days. 
Several factors affect the swelling including the chemical 
composition of soaked liquid, dry density of the soil 
and applied normal stress. For example, the swelling of the 
samples (pd=1690k®/m3) under the normal stress 0.98*102kPa 
in wastewater was equal to 22.9%, while in water only 2.2%. 
The swelling of the samples (pd= 1560,1650 and 173oWm3) in
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Figure 4. The percentage of leached metal versus Time. 1 -  
relative volume of percolated wastewater (m3/kg), 2 -  CaO, 
3 -  MgO, 4 -  Fe203, 5 -  A1203

wastewater under the normal stress 5.89x102kPa was equal to 
6.3, 10 and 12.4% correspondingly. In wastewater the 
swelling of samples pd=1730%m3 under the normal pressures 
5.89><102 and 12.75*102kPa was equal to 12.4 and 9.4%. On 
the contrary the sample (pd=1610kg/cm3) soaked with water did 
not swell under the normal stress 12.75*102kPa but settled by 
0.16%. The data obtained characterized the soil as 
insignificantly swelling in water and highly swelling in 
wastewater.

A plot at Figure 3 illustrates the influence of the 
swelling upon the permeability. It is shown from this plot that 
the swelling equal to 7.6% increased the permeability in —10 
times. This unfavourable result must be excluded with the 
protective layer made of local soil. The weight of this layer 
prevents the swelling.

The percolating wastewater leached metals from 
soil samples actively. This is illustrated by the following 
example. For 400 days 7.895xl0'3m3 of wastewater (that is 
0.028m3 of liquid per 1kg of dry soil) percolated the soil 
sample and leached from it 54.2%CaO, 54.1%MgO, 
38.9%Fe20 3, and 20.1%A120 3. Typical plots of amount of 
leached metals v.s. time are shown in Figure 4.

The long-term permeation of wastewater changed 
the soil characteristics. For example dry density of the soil 
samples decreased by 10-260kB/m3 depending upon the 
volume of percolating wastewater. The Liquid Limit 
increased from 33% to 35-40%, the Plastic Limit increased 
from 18% to 24-28%, but the Plasticity Index decreased from 
15% to 8-12%.

The observed permeability change in time is a result 
of the complex processes (chemical, physico-chemical, 
physical) between the soil and the percolating aggressive 
wastewater. These processes are as following: osmosis, 
diffusion, the change of the composition of exchangeable 
ions, the destruction of carbonate accompanied by the 
releasing of the carbon dioxide, the bulbs of which clog the 
pore space, the gypsum formation, the destruction of the clay 
minerals and leaching metals from the soil, the breaking of
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soil aggregates and releasing smaller particles of the soil, 
which clog the pores, the natural fluctuation of atmospheric 
pressure and temperature of the soil acting the number and the 
volume of the entrapped gas bulbs. Some of these and aot 
mentioned processes affect the lowering of an active porosity 
and hence permeability of the soil samples. On the contrary 
the result of the others is enlarge of the active porosity and as 
a consequence the increasing of soil permeability. The 
influence of these processes and their intensity were not 
constant but varies in time. The effect of some of these 
processes was compensated by the influence of others. But 
the summary effect is shown in varying permeability v.s. 
time.

Base on the data obtained it was concluded that the 
double layer clay liner with the drainage layer should be the 
effective facility to prevent the environment pollution. This 
liner consists of two layers of compacted clay loam divided 
by a drainage layer. Wastewaters percolate through the upper 
loam layer in the drainage and are pumped by the collecting 
pipes out to the lagoon. The bottom loam layer is in more 
favourable conditions since the hydraulic head gradient is 
small the discharge rate is smaller than that in the upper 
layer. As the result of this the hydraulic conductivity should 
increased slower. The protective layer should prevent the 
swelling of the compacted loam.

The liner project should include the calculation of 
the discharge rate through the upper and the bottom layers, 
the volume of liquid permeating in the drainage layer and the 
estimation of the effectiveness of the liner as the protective 
device. This calculation may be carried out by the method 
[Nedriga at al. 1972]. In this calculation the increase of loam 
permeability as the result of wastewater percolation must be 
taken into consideration.

The results obtained should be used for the 
calculation of groundwater seepage in the base of 
impoundment and for estimation of the possibility of 
environment pollution.

The double layer liner will be impermeable if 
according to the USSR author certificate N310972, the air is 
pumped from the drainage layer and the vacuum created. The 
percolation of liquid through the bottom layer will be stopped. 
The discharge rate in the upper layer will increase though 
insignificantly. The contact of the bottom layer with ground 
water must be completely prevented.

wastewater was equal to 22.9% but in water only 2.2%. The 
loam samples (p^= 1560, 1650 and lllC fi/m ) swelled at the 
pressure 5.89kPa by 6.3, 10 and 12.4% accordingly. The 
increasing of pressure from 5.89* 102 to 12.75*102kPa 
reduced the swelling of samples (pd=1730k8/m3) from 12.4 to 
9.4%. This clay loam is highly swelling in wastewater and 
insignificantly swelling in water. The swelling of loam 
sample (p^lôSO^/n,3) was accompanied by increasing its 
permeability in ~ 10  times.

3. The influence of soil structure at the hydraulic 
conductivity remained after the long-term permeation of 
wastewater.

4. The double layer liner from compacted clay loam 
was recommended for hazardous wastewater lagoon as the 
facility protecting the environment and ground water.
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4 CONCLUSIONS

1. The long-term permeation of aggressive wastewater
(pHl), contains more that 65 substances including some
hazardous and strong acids (sulphuric, nitric and hydrochloric
with the concentration 140, 4.76 and 105.8mol/in3
correspondingly) through the fragments of clay liner of
compacted clay loam (p(j=1450-1690kg/II,3) altered the 
properties of the loam. The hydraulic conductivity increased 
from the initial values (for water) Kw=2.8* 1 O'"-5  * 10'9n,/s to 
the final Kf=8.3*10'll-8 .5 x l0 '8in/s (the monthly mean value) 
that is larger than the permeability to water by 1.7-137 times. 
As a result of metals leaching the chemical composition of 
loam changed. Wastewater percolating for 400 days leached 
from the sample (pd=1420i®/m3) 54.2% CaO, 54.1% MgO, 
38.9% F e A , and 20.1% AI2O3. The dry density of the loam 
samples decreased by 10-260kg/m3. The Liquid Limit 
increased from 33 to 35-41%, the Plastic Limit increased 
from 18 to 24-28% and the Plasticity Index decreased from 
15 to 8-12%.

2. The swelling of the loam depends of the liquid 
chemical composition, dry density of the soil and the value of 
normal pressure. The swelling at the pressure 0.98*102kPa in
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