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Multi-d imensiona l 
Flow
A flow ne t is a g rap hical 
so lution to  the  2-D stead y-
state  g round wate r flow 
eq uation (Lap lace ’s 
eq uation) for p orous med ia.



Flow  Nets

Comp onent 1: The  Flow Line
There  are  infinite  p ossib le  
p aths for the  wate r to  flow, 
we  d raw se lected  
“streamlines” to  rep re sent 
the  p hysical route . 



Flow  Nets

Comp onent 2: The  
Eq uip otential Line
There  are  lines connecting  
p oints where  the  hyd raulic 
p o tential is constant. 



Flow  Nets

Comp onent 3: The  Me sh
Flow lines and  eq uip otential 
line s must inte rsect at rig ht 
ang le s. 
The  g rid  forms the  flow ne t 
visualising  how hyd raulic 
ene rg y is d issip ated  throug h 
the  med ium. 



Flow  Nets

Comp onent 4: The  Maths
The  Lap lace  Eq uation 
d e rived  from Darcy’s Law 
and  Mass Continuity. 

𝜕𝜕2ℎ
𝜕𝜕𝑥𝑥2

+
𝜕𝜕2ℎ

𝜕𝜕𝑧𝑧2 = 0



Flow  Nets
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Flow  Nets

Assump tions:
1. Saturated
2. Homog enous
3. Iso trop ic



𝑄𝑄 = 𝑘𝑘𝑘
𝑁𝑁𝑓𝑓
𝑁𝑁𝑑𝑑

Q = Total Discharg e  
(Seep ag e )
K= Hyd raulic Cond uctivity
h=Head  Diffe rence
𝑁𝑁𝑓𝑓
𝑁𝑁𝑑𝑑

=Shap e  Factor

Seepa ge
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𝑢𝑢 = 𝛾𝛾𝑤𝑤ℎ

u= Up lift p re ssure
γw= Unit Weig ht Wate r
h=head  at p o int

Uplift Pressure



𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =
ℎ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
∆𝑙𝑙𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

iexit=  Exit Grad ient
hlast=  Last Eq uip otential 
Drop
lexit=Leng th of final flow 
e lement

Ex it Gra dient



𝑖𝑖𝑐𝑐 =
𝐺𝐺𝑠𝑠 − 1
1 + 𝑒𝑒

ic= Critical Grad ient
Gs= Sp ecific Gravity of Soil 
Solid s
e=Void  Ration

Critica l Gra dient









Pumping a nd  
Ex tra ction

Human activitie s, such as the  
extraction of g round wate r 
throug h we lls, can influence  
the  flow within an aq uife r.



Product ove rview

Pumping & Ex tra ction



Boreholes

+ A b orehole  is eng inee red  to  b alance  
structural integ rity with hyd raulic 
e fficiency. 

+ It is a comp lex assemb ly of casing s, 
seal and  filte rs d e sig ned  to  ad mit 
wate r while  exclud ing  sed iment and  
contaminants. 























Ground wate r is ofte n take n for g rante d  and  ove rexp loite d , lead ing  to  e nvironme ntal and  social 
p rob le ms such as land  sub sid e nce , seawate r intrusion, and  d e p le tion of wate r re source s.

Overex plota tion



Source  Protection Zones

Source  Protection Zones (SPZs) are  
d e sig nated  areas around  g round wate r 
sources such as we lls, b orehole s, sp ring s, or 
surface  wate r intakes, whe re  sp ecific 
measure s are  p ut in p lace  to  p rotect the  
wate r q uality from contamination.



Source  Protection Zones

Zone  1. 

Rad ius: Immed iate ly ad jacent to  
b orehole  (50-100m)

Trave l Time : Wate r reaches b orehole  in 
a few d ays. 

Pro tocol: Any contamination he re  is 
catastrop hic. Ind ustry hig hly /  strictly 
p rohib ited . 



Source  Protection Zones

Zone  2. 

Rad ius: Extend s seve ral hund red  
me tre s to  a few kilome tre s. 

Trave l Time : Ground wate r has furthe r to  
trave l, p rovid ing  temp oral b uffe r for 
contaminants to  d ilute  /  d eg rad e . 

Pro tocol: Hig h risk activitie s are  
p e rmitted  b ut care fully manag ed . 



Source  Protection Zones

Zone  3. 

Rad ius: The  larg e st zone  which cove rs 
the  entire  catchment contrib uting  to  
aq uife r. 

O b jective : Long  te rm sustainab ility and  
rep lenishment. 

Pro tocol: Land  use  activitie s are  
monitored  to  ensure  vo lume  of wate r 
ente ring  g round  is no t comp romised . 



Subsurfa ce  Wa te r Control

Goal: Maintain structural stab ility, ensure  safe ty and  p revent flood ing . 



Sump Pumping
Wate r ente ring  the  
excavation is d irected  
toward  shallow p its (sump s), 
from which it is p ump ed  
away.



Wellpoint 
Systems
Suction d raws 
g round wate r toward  
the  we llp oints, 
lowering  the  wate r 
tab le .



Deep Wells
Larg e r-d iame te r b orehole s 
eq uip p ed  with sub mersib le  
e lectric p ump s that op e rate  
b e low the  wate r leve l.



Ejector Systems
Use  hig h-p re ssure  wate r 
circulated  throug h a nozzle  
to  create  a vacuum via the  
Venturi e ffect, ind ucing  
g round wate r flow into  the  
we ll



Structura l Cut-Off 
Wa lls

These  includ e  stee l shee t p ile s, d iap hrag m walls, and  secant or 
contig uous p ile  walls.







Grouting

Grouting  involves injecting  
cementitious or chemical g routs 
into  so il o r rock to  red uce  
p e rmeab ility.



Grouting

Grouting  involves injecting  
cementitious or chemical g routs 
into  so il o r rock to  red uce  
p e rmeab ility.



Artificia l Ground 
Freezing
Temp orarily freezes the  g round  
b y circulating  re frig e rants (b rine  
or liq uid  nitrog en) throug h an 
array of b orehole s.



Relie f Wells
Passive  b orehole s that re lieve  
up ward  wate r p re ssure  b eneath 
an excavation.



Recha rge  Systems
Recharg e  involves re injecting  
p ump ed  g round wate r into  the  
g round  outsid e  the  excavation.
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