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Seepage and Flow-nets

- Poisson and Laplace’s equations
- Forcheimer’s algebraic version of Laplace

- Flow nets
- Drainage (de-watering, etc)

L. Prieto-Portar, 2008



CONTINUITY OF FLOW THROUGH SOILS AND ROCKS. 
 
During seepage, there are similar conditions between the solids and the fluid. 
 
a) fluids, i) compatibility, which means, flow in = flow out + storage 
  ii) material conditions, such as, pressure, temperature,  
  volume relations, 
  iii) force relations, F= mf a. 
 
b) solids, i) geometric compatibility, 
  ii) material comp. (stress-strain relationship), 
  iii) force equations. 
 
c) interaction relationships, such that on any surface the total pressure           
s = s‘   +  u . 
 
Assume a simplifying assumption that there is no storage. Considering fluid  
conditions only. 

                Mass flow = Flow
Area
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EQUATION OF CONTINUITY.

I f flow is not uniform or unidirectional, we will need to use flow nets, which are graphical 
representations of Laplace’s equation of continuity of flow.  For  example, consider  the cofferdam:

AQUICLUDE



Forcheimer’s Graphical Solution to Laplace©s Equation.





Drainage.

There are several methods commonly used to drain a construction site:

- Gravity;
- Evaporation;
- Vacuum; and
- Reverse osmosis.

1) Gravity.
This is the cheapest method. The site is drained through channels placed at intervals, 
that permit the water  to flow away from the high points. Miami was built by cutting 
channels in the Everglades and using the fill to raise the land 2 to 3 feet above the 
flood levels (typically, to elevation + 8 to + 9 NGVD). 

This method has been used for  thousands of years. I t has the disadvantage of 
requir ing a long time to proper ly drain the land.



2) Evaporation.
A slightly faster  method than gravity is evaporation, wherein the land is plowed to 
open the soil to the sun and accelerate the evaporation of its moisture. Although 
cheap, it is slow because rain and flooding quickly cancel the progress.

These large ponds next to the ocean are used to evaporate salt-water  for  the commercial sale of 
salt.



3) Vacuum.
This method is more expensive than gravity, but is faster  in results. I t requires pumps 
that suck the water  out of the soil and remove it to a distant r iver  or  lake.



4) Electro-osmosis.
The use of low voltage to force the migration of the water  molecules to the cathodes of 
the mesh is probably the most expensive of the alternatives, but may be the only 
effective method in deep clay soils.



When electrodes are placed across a clay mass and a direct current is applied, water  
in the clay pore space is transpor ted to the cathodically charged electrode by electro-
osmosis.                                                       

Electro-osmotic transpor t of water  through a clay is a result of diffuse double layer  
cations in the clay pores being attracted to a negatively charged electrode or  cathode. 
As these cations move toward the cathode, they br ing with them water  molecules that 
clump around the cations as a consequence of their  dipolar  nature.

In addition, the fr ictional drag of these molecules as they move through the clay pores 
help transpor t additional water  to the cathode.

The macroscopic effect is a reduction of water  content at the anode and an increase in 
water  content of the clay at the cathode. In par ticular , free water  appears at the 
inter face between the clay and the cathode sur face. This excess of free water  at the 
cathode has lubr icating effects.





In the above four  methods, the drainage path for  the water  must be made as shor t as 
possible. The methods used include:
-open and closed drains, 
-ditches, 
-sumps, 
-French drains, 
-sand or  auger holes, 
-drainage wicks, 
-blanket drains, 
-deep wells, 
-well-points (next slide) and 
-soil freezing (through br ine), etc. 

All these methods should lead to collecting points where the water  is filtered and 
maybe even treated before it is disposed into an existing r iver  or  lake.



Staged dewatering through well-points.

The diagram below shows the lower ing of the GWT by 7 m of a construction site, in 
order  to build a building’s foundations in a dry environment. I t must be done with 
great caution, because it could cause large settlements of the adjacent structures,  and 
the collapse of the per imeter  embankments due to the loss of the capillary moisture.



Dewater ing an excavation through well-points in downtown Miami.




