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ABSTRACT

Thin lenses of a more permeable material are often extended
horizontally underneath site excavations. The available equations
used to design the wellpoint systems were based on an assumption
that the soil is isotropic and homogeneous. A finite element model
has been designed to investigate the effect of presence of high
permeability lenses on the efficiency of wellpoint dewatering system.
This includes the wellpoint pumping rate and the position of the free
surface underneath the bottom of excavation. The results indicates
that the presence of high permeability coefficient lens can result in
an unsatisfactory performance of a wellpoint dewatering system
which would have been adequate if the soil is isotropic. The
efficiency of the system decreases as the permeability coefficient of
the lens increases. Meanwhile, the efficiency of the dewatering
systems improves as these lenses are moved far from the bottom of
the excavation.

Keywords: Dewatering, Excavaﬁon, Finite elements, Lenses,
Wellpoint system.

INTRODUCTION
he presence of groundwater on site will
have considerable effect on the stability
of excavation. Therefore, a pumped

excavation. Wellpoints are placed close
together at regular intervals around the
perimeter of the excavation. The cones of
depression for individual wells overlap, and

" occur.

dewatering system is often used to lower

the groundwater level. Accordingly, the
stability of the side slopes is increased,
preventing base uplift on the bottom of the

- excavation. If the dewatering system is not

correctly designed, the sides of the
excavation may collapse or its base may
become unstable, and flooding might also
Wellpoint systems are among the
most common and economical methods of
dewatering excavations. They are quick to
install, versatile and can remove large
quantities of water in relatively short times.
Wellpoints are essentially small wells, with

small screens of about 50 mm diameter and

up to 1m long connected by a riser pipe to
a common header pipe from which water
can be pumped by a self priming vacuum
pump. The top of the screen is kept at least
1 m Dbelow the deepest part of the
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the drawdown within an open excavation
can approximate to the level of the
wellpoint tips as seen in Figure 1. The
spacing between wellpoints depends on the
permeability of the soil and the time
available to effect the drawdown. The
average spacing is atiout 1, 1.5 and 2 m for
coarse gravel, fine to coarse gravel and silty
sand respectively. The discharge of
wellpoint varies from 2 to 3 m3/h. Owing to
the limitations of suction lift, the maximum
drawdown achievable at a wellpoint is
about 6 m. Multistage systems are, then,
necessary for greater drawdown depths.
‘The steady state distance  of influence
Ro of the wellpoint system as shown in
Figure 2 is a function of both the recharge
characteristics of the aquifer and the
drawdown of the wellpoint hw. Somerville [1]
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suggested an empirical formula, which has
been recommended by other authors {2,3]:

R, = C h.k (1)

where k is the soil coefficient of
permeability in m/s and C is a factor of
between 1500 and 2000 for plane flow. The
units of Ry and hw are in meter. The
quantity of water that has to be pumped to
obtain the required drawdown depends on
permeability, aquifer type and source of
water (e.g. radial or line source). Somerville
[1] presented equations for estimating the
quantity of total discharges from wellpoint

Driginat

watet level~
R @ XA 3 IS & SR

. drawdowns. For instance,

as well as the corresp
at a dou
of wellpoints of an unconfined :
midway between two  parallel
equidistant line sources (see Fig
Sornerville’s equations take the form

Q,= (O.73+O.27£—H"_—}1"))H(Hf—h§)
Ho JR,

systems

h,=h,

LS TR TR

o

Figure 2 Dewatering system by a double row of wellpoints between
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total discharge from a pair of

wellpoints (m3/s).

length of excavation (1 meter

run).

depth of impermeable layer below

original water table (m).

height of water table in wellpoints

(m)

C, and C2= coefficients can be obtained from
charts and depend on the water
table conditions and the
geometry of the system.
height of water table at the mid-
distance between two wellpoints

()

These equations were developed based

on the assumptions that the soil is isotropic

and uniform. Plane flow net method can also
be used to estimate flow rate. However,
when strata of soil having different

- are less easy to apply. In some instances,
very thin layers (lenses) of a more permeable
~ material are  extended  horizontally
underneath the site excavation. They may
- have a serious effect on the efficiency of the
dewatering system. The finite element
technique has the flexibility to handle the
free surface groundwater flow problems in
anisotropic soil [4-7].

This research aims at investigating the
influence of presence of high permeability
lenses on the effectiveness of a wellpoint
dewatering system, using the finite element
- method.

THEORETICAL APPROACH
The steady state behaviour of the
groundwater flow in a porous media can be
described in  two-dimensions by the
following equation [5]:
o¢

9, 9, 0, 2. 4
Sl g, 5 Q=0 (4)

where ¢ is the potential head, kx and ky are
the permeability coefficient in the xandy
directions. The following two boundary
conditions for Equation 4 are generally
encountered in groundwater flow:

permeability are presented these methods
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Specified head boundary -condition;
where the head to be specified at anodal
point on the boundary Sa

¢ =dp (5)
in which ¢p is the prescribed head.
Specified flux boundary, where a specified
amount of flux g, flows into the domain per
unit length of boundary Ss

09, _ (6)
kan q.=0

where §/on is the outward pointing normal

derivative to the boundary. Applying the
Galerkin [4] residual approach to Equation 4
yields set of simultaneous equations;

[K] {®} = {F} (7)

where [K] is the global stiffness matrix, {®}
is the global vector of unknown head to be
determined and {F} is the global nodal force
vector. Applying the appropriate boundary
conditions to Equation 7 the unknown
heads can be determined. The total flow rate
can be obtained by summing the nodal
reactions across faces AB or CDEF on which
thé value of @ is prescribed. More details
about the finite element equations are
available elsewhere such as Hinton [8] and
are beyond the main purpose of this study.

GEOMETRY AND BOUNDARY
CONDITIONS
The layout of the typical wellpoint system
whose performance was investigated is
shown in Figure 3. There are two lines of
wellpoints, 30 m apart, and the total depth
of each wellpoint is 7 m. The original water
table is assumed at the ground level. The
capillary effects were neglecited and,
therefore, the soil above the free surface did
not feature in the analysis. The soil
permeability coefficient is assumed equal
2x10°° m/s. The maximum drawdown hw at
a wellpoint is 6 m. According to Equation 1
with C = 1500 to 2000, the average distance
of influence of the wellpoint lines R, is
about 47 m. The depth of excavation is 4 m
below the ground level. A thin lens of higher
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permeability coefficient kz is located at a
depth = T below ground level. It has a
thickness of 0.20 m. The soil at a, depth Ho
equal 40 m from the ground level has been
taken as impermeable.

Referring to the geometry of the model it
Figure @ 3, .the Dboundary condition:
associated with the flow towards
wellpoint system are as follows:

R,=47m . 15m -8
k L —i
B original groundwater level : : i
y T L
b s P2
(/]
- Werwgr:‘”;\ . . : .
leyl Wgte o - -_— =1
— T 5 r i -7 i T
K b cNr 5
) ! pNE z :
n‘l b-—i’-t-----.lp_zg:n_——_-, ________________ ji hl
H,=d40m —F=-=======yop----o--o-po--o- e e :
he \ i
"A Ry ¥2 j
i
o

impermeable

Figure 3 Cross section through wellpoint dewatering system

Free Surface
Along the boundaries BC and FG the
gauge pore water pressure equals zero and,

accordingly, the total head ¢ equals the

elevation head z above the datum:

o=z (along BC and FG) (8)

In addition, the flow across these

boundaries is nil

o¢

—0”_—: 0 (along BC and FG) 9)
n

Water Boundaries

Along the faces AB and CDEF the total
head ® equals to the elevation of the water
face above the datum:

¢ = Ho (along AB) (10)
¢ = ho (along CDEF) (11)
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Impervious Boundaries
Since the face AH is impervious, the fl
across it is nil;

o

along AH
on ( )
Also, along the boundary GH, 6¢/6n¥0
to the symmetry condition. 1

ANALYSIS

The steady state drawdown produced
the wellpoint system was investigated us
the finite element method. Figure 4 shov
typical finite element mesh used
investigate the problem. The Taylor
Brown iterative technique [9] was appliec
determine the position of the free surface
which the elevation of each node z along
free surface was adjusted until the condit
of zero gauge pore water pressure
fulfilled (Equation 8). Different values of
permeability coefficient of the thinle )



were investigated (ka2/k: = 1, 10, 100, 200,
400 and 800). At each value of k2/k, three
different positions of the thin lens were also
investigated (T = 10, 20 and 30 m). In each
case, the depth Z. of the highest point on
‘the free surface underneath the center line
of the excavation is determined as well as
‘the wellpoint pumping rate Q. The depth Za
is important in the assessment of the
efficiency of the dewatering system. Ifthe
free surface is below the bottom of the
excavation, the performance of the
dewatering system is satisfactory. If it is
above the bottom of the excavation, the
dewatering system is failed and flooding
occurs in the excavation.

RESULTS AND DISCUSSION
In order to verify the accuracy of the
designed finite element model, Somerville
equations (Equations 2 and 3) are applied at

Efficiency of Wellpoint Dewaterin System as Affected by High Permeability Lenses

the case when the soil is isotropic and
homogeneous (ki = k2). The values of
wellpoint pumping rate Q (ms3/s per meter
run) and the height of water table at the
mid-distance between two wellpoints hp are
obtained. A summary of the results is shown
in Table 1. An excellent agreement is
obtained between both methods for
calculating hp and the discrepancy is less
than 2 %. Meanwhile, a noticeable
difference  between both methods for
calculating Q is obtained. This is attributed
to the fact that the finite element method is
an approximate method and the solution to
a given problem can be refined by the use of
a mesh comprising more elements, and the
use of a finer mesh could lead to a more
exact solution. However, the results of the
finite elements at least serve as a basis for
comparison.

.

Figure 4 The finite element mesh

Table 1 A comparison between the results of the finite element and the Somerville equations

- Finite element analysis

Somerville equations (Egs. 2 and 3)

Q (m*/s/m) ho (m)

Q (m?/s/m) ho (m)

35.15

5.9 X 105

7.28 X 105 35.63

Figures 5 and 6 show the equipotential
lines produced by the finite element analysis
for the cases ko = ki and ke = 400 ki,
| respectively. It can be seen that the
| presence of high permeable lens has a great
influence on the distribution of the
equipotential lines, and they become closer
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to others near the wellpoint. Therefore, more
pumping rate from the wellpoint is expected
compared to the homogeneous case (kz =
ki). It can also be seen that there is a local
rise in the level of the free surface
underneath the excavation due to the
presence of the high permeable lens.
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Figure 5 Equipotential lines for Kz/Ki = 1 (no lenses)
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Figure 6 Equipotential lines for Kz/K, = 400

Figure 7 shows the values of Z.and
pumping rate Q/ki (in m3/s per meter run, T e
per m/s permeability) for ratios kz/ki in the
range 1 to 800 at T = 10, 20 and 30 m. It can
be noticed that as the permeability of thin
lens increase, the value of Za decrease.
Accordingly, the elevation of the water table
at the center line of the excavation rises.
Meanwhile, the yield of the wellpoint system . 1
Q/k: increases rapidly. For instance, at 1p : 1
ko/ki=1 and T = 10m, Za equal 4.85 m
which is bigger than the excavation depth [}

(4 m). Thus, the dewatering system is L " l“,a “‘fw “ -
working satisfactorily. Meanwhile, at ka/ki = .
200 and T = 10 m, the depth Z. equal 3.89 m B ox1 D Za
which means that the free surface is higher
than the bottom of excavation and an

instability of the excavation bottom is Figure 7 Effect of lenses permeability coefficient and
occurred. lg:attli]ons on the pumping rate and dewatering
P

[
-
Za(m)

Q7ki(m)

~
[
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comparison between the three
igs in Figure 5, at a certain value of
~ shows that the increase of position of
thin lens T causes an increase to Z. and
srease to the values of Q. Accordingly,
efficiency of the dewatering system is
oved. This is because the source of
arge (the thin lens) is moved far from
bottom of the excavation.

CONCLUSIONS

The presence of high permeability
ses, which might pass undetected during
e investigation, can result in an
satisfactory performance of a wellpoint
watering system which would have been
lequate if the soil is homogeneous. The
jalysis indicates that the efficiency of the
ellpoint dewatering system decreases as
he permeability coefficient of the lens
ncreases Meanwhile, the efficiency of the
system is improved when the thin lensis
noved far from the bottom of the excavation.

NOMENCLATURE
the global nodal force vector.
height of water table at the mid-
distance between two wellpoints.
height of water table in wellpoints
drawdown of the wellpoint.
depth of impermeable layer below
original water level.
soil coefficient of permeability.
permeability coefficient of lens.
. [K] the global stiffness matrix.
Qs=  total discharge from a pair of
wellpoints.
= wellpoint pumping rate.
= steady state distance of influence.
s= distance between the bottom of
wellpoint and the impervious layer.
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x= length of excavation.

z= elevation head.

Ze= depth of the highest point on the free
surface underneath the center line of
the excavation.

=.  total or potential head.
{®}= the global vector of unknown head.
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