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In situ measurement of the permeability of slurry walls 

L a  m e s u r e  in-situ d e  la perméabilité d e s  m u r s  à  la b o u e

S.K.BHATIA, Civil Engineering Department, Syracuse University, Syracuse, NY, U SA  

K.EL-DIN, Former Graduate Student, Civil Engineering Department, Syracuse University, Syracuse, NY, U SA

SYNOPSIS In order to employ Bouwer and Rice's method for determining the in situ permeability
of slurry walls, several corrections are required. These corrections are necessary because of the 
effects of cutoff wall geometry, water-table position and presence of different materials within the 
slurry wall. It has been found that the actual field value of the effective radius proposed by 
Bouwer and Rice is considerably higher for a slurry wall than the theoretically calculated value.
The results of this study yield an effective radius value which is equal to between 60 to 90» of the 
width of the slurry wall.

INTRODUCTION

Waste disposal in the subsurface environment has 
resulted in extensive application of slurry 
trench cutoff wall technology. However, the use 
of such barriers to impede the flow of fluid in 
the soil has been the subject of considerable 
controversy. This controversey has arisen from 
environmental concerns over barrier integrity 
and because of the need to provide hydraulic 
barriers that will fulfill established require
ments over the lifetime use. Although the 
function of these barriers depends upon several 
factors, the preservation of low permeability 
has become the primary performance criterion. 
Therefore, the determination of permeability, 
and changes in permeability, of such walls in 
the field have become an integral problem which 
requires investigation.

Moving beyond the relatively narrow areas of 
field sampling and laboratory verifications, 
designers would like to see large scale field 
verification in place. Relatively unsuccessful 
past techniques have included placing piezome
ters on both sides or within the wall to run an 
infiltration test (Bjerrum et al., 1972). The 
only large scale field verification technique 
which can be relied upon to provide satisfactory 
results is to construct a full containment in 
the field and run a pumping test. However, this 
is an expensive and time-consuming process (Ryan, 
1987). In 1986, Teeter and Clemence suggested a 
simple procedure for in-place permeability 
measurement of slurry trench cutoff walls: their 
method employed the use of a single observation 
well in the slurry wall and the performance of a 
variable-head test. They proposed using Bouwer 
and Rice's (1976) method for determining in situ 
permeability. In order to employ Bouwer and 
Rice's method for a slurry cutoff wall, several 
corrections are required. These corrections are 
caused by the effects of cutoff wall geometry, 
water-table position and presence of different 
materials within the slurry wall, i.e. in situ 
soil, slurry and sand filter.

Since the most important parameter in the appli
cation of the Bouwer and Rice method is the mag
nitude of the effective radius, the influences

of slurry wall geometry, water-table position 
and material properties on the effective radius 
have been studied. In this paper, the results 
are presented to permit calculation of the 
effective radius for various slurry wall config
urations. In addition, a case history is pre
sented in which these results are used.

SLURRY TRENCH CUTOFF WALLS

A slurry trench cutoff wall is constructed by 
excavating a narrow vertical trench, typically 
2 to 6 ft. wide, that runs through the pervious 
materials to a relatively impervious underlying 
strata. The bottom of the trench is usually 
keyed in to this underlying, less permeable 
strata. The two most common types of slurry 
trench cutoff walls are Soil-Bentonite and 
Cement-Bentonite. Construction of a typical 
Cement-Bentonite wall is shown in Fig. 1.

Fig. 1 Typical CB Slurry Cutoff Wall Under Con
struction (Adapted from Ryan, 1987)

IN-PLACE PERMEABILITY MEASUREMENT BY THE BOUWER 
AND RICE METHOD

There are several methods available for deter
mining in-place permeability; the one most used

1475



20/2

is that developed by Bouwer and Rice (1976), in 
which a single well and a variable-head testing 
procedure are employed. This method can be 
applied to both partially and completely pene
trating wells in confined and unconfined aqui
fers that receive water from an upper confining 
aquifer. The equation for the coefficient of 
permeability is as follows:

k =
r in (Re/rw) 
c______________

2L
1 . ° • —  in —
fc yt

(1 )

The terms in this equation are as follows:
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k = coefficient of permeability 
rc = radius of the well riser in which the 

water level measurements are made 
Re = effective radial distance over which 

head loss 'y' is dissipated 
rw = radial distance between the undisturbed 

aquifer and well center (rc plus the 
thickness of the 'developed1 zone or 
gravel envelope)

L = length of perforated pipe or open section 
of well through which groundwater passes 

y0 = head at time zero 

yt = head at time t; and 

t = time since time zero.

When D is equal to H (which is the case in a
Re

slurry trench cutoff wall) in(— ) is given by 

the following equation: w

i n = (
1.1

in(H/rw) L/rw
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Fig. 2 Well Installed in Slurry Trench Cutoff 
Wall
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Ground water table

The additional terms in and related to this 
equation are as follows:

D = vertical distance between the static 
groundwater table and the underlying 
aquiclude

H = vertical distance between the static
groundwater table and the bottom of the 
well

c = a dimensionless parameter that is a

function of —  .
rw

APPLICATION OF THE BOUWER AND RICE METHOD TO 
SLURRY TRENCH CUTOFF WALLS

As shown by Teeter and Clemence (1986), in the 
case of a typical well installed in a slurry 
cutoff wall (Fig. 2), the cutoff wall is border
ed on the up-gradient and down-gradient sides by 
materials of high permeability. A typical cut
off wall is either resting on or embedded in a 
strata of low permeability; thus, the ground
water table in the cutoff wall is not likely to 
be horizontal. Based on Teeter and Clemence's 
recommendation when using the Bouwer and Rice 
method, a horizontal groundwater table is 
assumed. In order to calculate the value of Re , 
effective radius for a typical cutoff wall (see 
Fig. 3), the variables influencing Re are divid
ed into two broad categories:

1 . geometrical variables, such as the width of 
the slurry wall, width of the sand filter, 
etc.; and

2 . material properties, such as the permeabi-

Fig. 3 Geometry and Terms used in the Analyses

lity of in situ soil, the cutoff wall, and 
the sand filter.

In this paper, the influence of these variables
on R is examined, 

e

FINITE ELEMENT MESH AND THE COMPUTER PROGRAM

For this study, a finite element program has 
been used. For the analysis, four-node two- 
dimensional isoparametric elements are employed.
A typical cutoff wall section, as shown in Fig. 3, 
was analyzed. The finite element mesh consists 
of 399 nodes and 349 elements. Small elements 
were used to represent the flow through the pipe 
and the surrounding sand filter layer. Element 
sizes were increased proportional to the dis
tance from the riser pipe, and the elements 
representing the backfill soil, cutoff wall and 
sand filter were assigned different properties.

Since there are many variables which can influ
ence Re , it becomes extremely impractical, if 
not impossible, to study all of the possible 
combinations of variables. Initially, each vari
able, whether geometric or material, was given a 
reasonable specific value called the "basic 
value." Keeping all variables but one constant, 
the individual parameter effects were then in
vestigated. If a given parameter was shown not 
to have a significant influence on the effective 
radius, then it was kept at its basic value in 
the subsequent analyses. This method was repeat
ed for all variables. This study was divided
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into three phases: analysis of (a) the homogen
eous backfill with riser pipe; (b) the backfill 
material with sand filter surrounding the riser 
pipe; and (c) the cutoff wall with sand filter 
and riser pipe surrounded by the backfill 
material. The purpose of Phase 1 was to verify 
the finite element mesh used for the analysis. 
Phase 1 was also designed to evaluate Bouwer and 
Rice's results. Phases 2 and 3 yielded the 
values of Rg for a cutoff wall system.

PHASE 1: A UNIFORM BACKFILL WITH A WELL RISER 
PIPE

In this phase, uniform backfill material was 
considered with different geometry parameters. 
The values of these parameters are given in 
Table I. Preliminary computer analysis was per
formed to insure the adequacy of the finite 
element model. The results of several analyses 
showed a unique flow pattern and thus insured 
the independency of the results on the permea
bility of the backfill soil. For this study, 
the effective radius was assumed to be repre
sented by the 85% equipotcntial, where Re is 
laterally extended from the center of the riser 
pipe as Bouwer and Rice proposed. From the 
results, it can be concluded that the finite 
element analyses with various geometrical con
figurations resulted in almost the same value of 
'Re ' as proposed by Bouwer and Rice. Therefore, 
the geometrical and material variables studied 
in this phase were considered constant for the 
second phase of the study.

Table I - Basic Values of Various Parameters 
for Phases 1, 2, and 3.

Var i abl e Base Value Nondlmcnstonal

Value

Range of  Value

D , D/ Rw 30 180 117 t o 180

H , H/ Rw 21 126 63 t o 135

t  . t / Rw 21 126 126 t o 153

L , L/ Rw 4 . 5 27 18 t o 54

h , h/ Rw l . S 108 -

2U1.  2H1/ R» 0.49 3 3 t o 18

2H2, 2H2/ Rm 2.98 18 18 t o 180

Rw -  Di amet er  of  t he r i se r  pipe I s t aken as 0 . 166 f eet

Al l  Dimensions are gi ven I n f eet

PHASE 2: BACKFILL MATERIAL WITH A SAND FILTER 
SURROUNDING THE RISER PIPE

In this phase of the study, the effects of using 
a thin sand filter layer surrounding the riser 
pipe and the groundwater level was studied.
Both the material and geometric properties con
sidered in this phase are given in Table I. For 
the different groundwater levels (D/rw), with 
other parameters held at their basic values, the 
corresponding Rfi values were calculated. It was 
noted that there is an increase in the Re value 
with an increasing D/Rw. For example, in the 
case of a 50% increase in the value of D, a cor
responding 25% increase of Re was noted; but 
this increase is also a function of the relative 
permeability values of sand filter to backfill

soil. The effect of sand filter permeability 
was considered by varying the ratio of

ksand/filter/kbackfill in a ran9e of 10 to 10 •
It was observed that the increase of Re /R^ 
linear with an increasing value of ratio of 

ksand filter/kbackfill on the logarithmic scale. 
Thus it can be conluded that the presence of a 
more permeable sand filter considerably increases 
the effective radius. Different geometrical sand 
filter configurations were also considered. 
Comparing the results corresponding to different 
configurations, it can be concluded that the 
height of sand layer does not have a major 
effect on the flow pattern as compared to the 
width of the sand filter layer. The greater the 
width, the larger the effective radius. It 
should be noted that when width remains constant, 
the flow pattern is governed by the permeability 
ratios.

PHASE 3: SLURRY TRENCH CUTOFF WALL SYSTEM

In this phase, a somplete slurry cutoff wall 
with a riser pipe surrounded by a sand filter 
layer was considered. Two different slurry 
cutoff wall configurations were studied (see 
Fig. 4). The configuration D had a half-foot- 
wide sand filter zone surrounding the riser pipe. 
In configuration E, the sand filter zone was 
present throughout the depth of the slurry wall. 
Two parameters were adjusted for both configura
tions: the width of the slurry wall and the 
permeability of the slurry wall material. For 
these analyses, the other geometries of the sys
tem were given their basic values as listed in 
Table I.

In configuration D, the filter layer completely 
surrounded the perforated section of the riser 
pipe. In order to study the influence of the 
width of the slurry wall on the effective radius 
of influence, four different widths of the 
slurry walls were considered, ranging between 
three and thirty feet. The permeabilities of 
the different materials involved were assumed to 
be as follows:

backfill soil = 3.28 x 10_j ft/sec 
sand filter = 3.28 x 1 0 „  ft/sec 
slurry wall = 3.28 x 10 ft/sec

Fig. 4 Two Different Configurations of Slurry 
Wall Systems

For convenience, the width of the slurry wall and 
the effective radius values can be normalized 
with respect to the diameter of the riser pipe.
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For configuration D, the typical values of Re /W2 
varied between 0.63 and 0.83 for slurry wall 
systems ranging from 3 to 30 ft. in width. In 
order to evaluate the influence of the permeabil
ity of backfill soil, sand filter, and slurry 
wall, five different combinations were studied. 
The Re values calculated for all cases were ex
actly the same; however, for the higher perme
ability ratio, the shape of the equipotential 
lines differed slightly when compared to the 
lower permeability ratio. It can be concluded 
that the range of permeability ratios studied 
has no influence on the effective radius.

In configuration E of the slurry wall system, 
the width the slurry wall was varied from five 
to thirty feet. Compared to configuration D, 
the larger sand filter zone surrounding the 
riser pipe as used in configuration E gave a 
slightly higher value of R0 . As shown in Fig. 5, 
for this configuration, the Re/W2 ratio varied 
from 0.7 0 to 0.95.

Fig. 5 Variation of 2Re/Rw and Re/W2 Versus 
2W 2 /Rw for Configuration D and E

It can be concluded that the configuration of 
the sand filter around the riser pipe influences 
the effective radius R^. The effective radius 
increases with increasing width of the sand 
filter layer. Further, the effective radius Re 
can be taken as 63 to 83* of one half of the 
width of the slurry wall (W2 ), and so a higher 
percentage is recommended for larger sand filter 
material.

APPLICATION OF THE RESULTS

In this case study, a typical Bentonite slurry 
wall system was analyzed, as shown in Fig. 6 .
The dimensions and boring details have been 
taken from Teeter and Clemence's study (1985). 
Falling head permeability tests were performed 
in this wall, but because of the proprietary 
nature of the work, no site details can be given.

For this slurry wall system, the length and 
width of the sand filter surrounding the pipe 
are assumed. For-this sytem, the effective 
radius Re calculated using Bouwer and Rice's 
equation is 2.7 6 ft. However, for this system 
and based on this study, Re values range from
0.945 to 1.24 ft., which is only 34 to 45% of 
the value of Re calculated by Bouwer and Rice's 
method. A typical result of this slurry wall 
system is also given in Fig. 6 .

Fig. 6 Slurry Cutoff Wall Dimensions used for 
the Example and Typical Results

GENERAL DISCUSSION

In this study, the Bouwer and Rice equation for 
determining the value of the effective radius 
Re was examined using finite element analyses.
In general, only the results for backfill 
material yielded similar results for both meth
ods. However, the finite element study indi
cated that some of the parameters used in Bouwer 
and Rice's equation are not significant for 
slurry wall applications.

It has been shown that the effective radius R0 
is a function of the permeabilities of the 
materials involved and the geometry of a slurry 
wall system. These factors are not considered 
in Bouwer and Rice's equation. By ignoring 
these factors, Re as calculated by the Bouwer 
and Rice method, yields much larger values. In 
general, the effective radius values lie between 
60 to 90% of the width of the slurry cutoff wall. 
The configuration of the sand filter surrounding 
the riser pipe can strongly influence the value 
of the effective radius. For practical pur
poses, the maximum value of the effective radius 
value should not exceed the radius of the slurry 
trench cutoff wall.
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