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A flownetis a graphical
solution to the 2-D steady-
state groundwater flow
e equation (Laplace’s

; ' equation) for porous media.
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Equipotential Line
Points of equal total head




Flow Nets

Component 3: The Mesh

Flow lines and equipotential
lines must intersect at right
angles.

The grid forms the flow net
visualising how hydraulic
energy is dissipated through
the medium.




Flow Nets

Component 4: The Maths

The Laplace Equation
derived from Darcy’s Law
and Mass Continuity.

02h+ d%h
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Flow Nets

Component 4: The Maths

The Laplace Equation
derived from Darcy’s Law
and Mass Continuity.
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No Flow Boundary
(Barrier)

Sheet Pile Wall

High Water

A

,} Low Water

Imperwous Layer

(Rock/Clay)

Flow Nets

Assumptions:
I. Saturated
2. Homogenous

3. Isotropic



Seepage

Q= Total Discharge
(Seepage)

K= Hydraulic Conductivity
h=Head Difference

Ny

=Shape Factor
Ng
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_ tube |
450m g h, = 3.33m
f 0.50m
»5; t } #Datum
P S L) AR’ g = 0] R N
| f
:: Zp Q — kh_
' Na
2 i
11 /
/
e N 2
0 Q= Total Discharge
A 3
8 16 15 W (Seepage)
PIIALFF T I T 77 //ffffff/??’////["ff/f/ e 4 /f.l’//!'/ Il K: Hyd raulic ConduCtiVity
0 1 23 4 » _om h=Head Difference

(c)

Ny
Ng

=Shape Factor



Up lift Pressure

u =vyy,h

u= Uplift pressure
v,—= Unit Weight Water
h=head at pomt




Ex it Gradient

i _ hlast
exit Alexlt

= Exit Gradient

iexit
h, = Last Equipotential
Drop

l.=Length of final flow
element




Critical Gradient
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1.= Critical Gradient

G.= Specific Gravity of Soil
Solids

e=Void Ration




Flow lines
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Define Set Datum Draw Net Validate Calculate
Boundaries

Identify wall Find Total Sketch flow & Check 90° Apply Q =
& impervious Head (H). equipotential angles & kKH(N£/Ng) .
layers. lines. squares.



Pumping and
Extraction

Human activities, such as the
extraction of groundwater
through wells, can influence
the flow within an aquifer.



A water borehole is a narrow, deep shaft drilled to access subterranean reservoirs. It is the primary interface
between surface demand and aquifer supply. These systems drive drinking water supply, irrigation, and
industrial processes, but their operation fundamentally influences the flow within the aquifer itself.

Pumping & Extraction
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Boreholes

+ Aborehole is engineered to balance
structural nte grity with hydraulic
e fliciency.

+ Ttisacomplexassemblyofcasings,
seal and filters designed to admit
water while excluding sediment and
contaminants.




The primary goal of
1. Outer Locking Cap surface engineering is
(Security against vandalism).  exclusion—preventing
2. Inner Cap surface
(Air-tight seal). contaminants from

jor 0 m 3. Weep Hole migrating down the
N (Pressure release). well casing.

=

4. Surface Seal
(Concrete mound to
divert runoff).

5. Annular Seal
(Grout filling the gap
between pipe and
earth).



LEEEEEETET

A LLEETEEETT

The primary goal of
subsurface
engineering is
filtration—drawing
in water while
keeping out the
sand and

structural collapse.




Cone of Depression
Large water withdrawals from an aquifer can lower the water table
and create a “cone of depression” that can result in shallow wells going dry.

Ocean
(Salt Water)




Core Assumptions for Well Flow Modeling

Contaminant Transport
Dynamics

Physical & Hydraulic
Environment

Homogeneous and Steady Flow and Conservative Instantaneous
Saturated Media Constant Pumping Pollution Transport Release
The aquifer is uniform Water moves at a stable Pollutants move without Contaminant introduction
throughout and fully rate under consistent significant retardation, is modeled as a single,
saturated with water. pumping conditions. diffusion, or dispersion. immediate event.

@ ®

Negligible Boundaries Constant Distance

and Recharge Parameters
The model ignores external Spatial measurements remain
water inputs or physical edges fixed throughout the modeling

of the aquifer. process.
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Core Assumptions for Well Flow Modeling

Contaminant Transport
Dynamics

Physical & Hydraulic
Environment

Homogeneous and Steady Flow and Conservative Instantaneous
Saturated Media Constant Pumping Pollution Transport Release
The aquifer is uniform \Water moves at a stable Pollutants move without Contaminant introduction
a — i significant retardation, is modeled as a single,
diffusion, or dispersion. immediate event.

Constant Distance
Parameters

Spatial measurements remain
fixed throughout the modeling
process.

Negligible Boundaries
and Recharge

The model ignores external
water inputs or physical edges
of the aquifer.




Core Assumptions for Well Flow Modeling

Physical & Hydraulic
Environment

Instantaneous
Release

Conservative
Pollution Transport

Homogeneous and Steady Flow and
Saturated Media Constant Pumping

The aquifer is uniform Water moves at a stable Pollutants move without Contaminant introduction
throughout and fully rate under consistent significant retardation, is modeled as a single,
saturated with water. pumping conditions. diffusion, or dispersion. immediate event.
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Core Assumptions for Well Flow Modeling

Contaminant Transport
Dynamics

Physical & Hydraulic
Environment

Conservative Instantaneous
Pollution Transport Release

Homogeneous and Steady Flow and
Saturated Media Constant Pumping

The aquifer is uniform Water moves at a stable Pollutants move without Contaminant introduction
throughout and fully rate under consistent significant gEtaraation, SUEEE s a single,
saturated with water. pumping conditions. diffusion, ofldispersion. immediatl event.
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Constant Distance
Parameters

Spatial measurements remain
fixed throughout the modeling
process.

Negligible Boundaries
and Recharge

The model ignores external
water inputs or physical edges
of the aquifer.




Overexplotation

Groundwater is often taken for granted and overexploited, leading to environmental and social

problems such as land subsidence, seawater intrusion, and depletion of water resources.



Source Protection Zones

Source Protection Zones (SPZs) are
designated areas around groundwater
sources such as wells, boreholes, springs, or
surface water intakes, where specific
measures are put in place to protect the
water quality from contamination.




Source Protection Zones

Zone 1.

Radius: Inmediately adjacent to
borehole (50-100m)

Travel Time: Water reaches borehole in
a few days.

Protocol: Any contamination here is
catastrophic. Industry highly / strictly
prohibited.




Source Protection Zones

Zone 2.

Radims: Extends several hundred
metres to a few kilometres.

Travel Time: Groundwater has further to
travel, providing temporalbuffer for
contaminants to dilute / degrade.

Protocol: High risk activities are
permitted but carefully managed.

ZONE 1

Borehole




Source Protection Zones

Zone 3.

Radius: The largest zone which covers
the entire catchment contributing to
aquifer.

Objective: Long term sustainability and
replenishment.

Protocol: Land use activities are
monitored to ensure volume of water
entering ground is not compromised.

ZONE 1

Borehole




Subsurface Water Control

1. Pumping 2. Exclusion 3. Specialized
Construction Dewatering Physical Barriers Passive & Environmental

Goal: Maintain structural stability, ensure safety and prevent flooding.



Sump Pumping

Water entering the
excavation 1s directed
toward shallow pits (sumps),
from which 1t 1s pumped
away.
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Wellpoint
Systems

Suction draws

=

ground water toward

the wellpoints,

lowering the water

table.
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Deep Wells

[arger-diameter boreholes
equipped with submersible
clectric pumps that operate
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Hector Systems ... -

Use high-pressure water
circulated through a nozzle
to create a vacuum via the
Venturi effect, inducing
groundwater flow into the
well
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Stru Ctura 1 Cllt-o ff These include steelsheet piles, diaphragm walls, and secant or
contiguous pile walls.
Walls

Water Table -

Dry Excavation




Dual Function: Structural Support + Water Exclusion

Steel Sheet-Piling Diaphragm Walls Secant Pile Walls

Driven interlocking steel sections.  Reinforced concrete panels Intersecting concrete piles
Fast installation. constructed in slurry trenches. creating a continuous barrier.




Dual Function: Structural Support + Water Exclusion

Driven interlocking steel sections.  Reinforced concrete panels Intersecting concrete piles
Fast installation. constructed in slurry trenches. creating a continuous barrier.



Grouting

Grouting involves mjecting
cementitious or chemical grouts
into soil orrock to reduce
permeability.

Solidified Grout

Fracture Filling

Injection
Pipe

vr—‘.'..l



Grouting

Grouting involves mjecting
cementitious or chemical grouts
into soil orrock to reduce
permeability.
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Artificial Ground

Freezing

Temporarily freezes the ground
by circulating refrigerants (brine
or liquid nitrogen) through an
array of boreholes.

Frozen Ground || | S-S §-8 =~ || Frozen' Ground
Cylinder “<GENEERIGH (& "N (B I IR = " Cylinder
NG - JIY O

Frozen Ring Wall




Relief Wells

Passive boreholes that relieve
upward water pressure beneath
an excavation.




Recharge Systems

Recharge involves reinjecting
pumped groundwater into the
ground outside the excavation.

Pre-excavation
water table
|




Excavation Depth

Deep

Shallow

DEEP WELLS

\

SUMP
PUMPING

I

EJECTORS

|
—
l

i i

FREEZING / GROUTING
(Specialized)

WELLPOINTS
(<6m)

L 4

OPEN

| PUMPING

(Minimal)

A

High / Gravel

Matching the method to the geology is the primary determinant of project safety and cost.

Soil Permeability

Low / Clay
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