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The natural hydrological cycle

Source: WHO 2006 



Groundwater in the hydrological cycle



Soil moisture and groundwater
Unsaturated zone

 Voids filled with air and 
moist

Zones:
o Soil moisture zone, close to 

soil surface
o Intermediate vadose zone
o Capilair zone

Saturated zone
Voids filled with water
Ground water

Pheatic 
surface/Groundwater surface

Border between unsaturated 
and saturated zone



Aquifers
Is a water bearing strata, important for groundwater use

• Unconfined aquifer: upper layer is in connection with the atmospheric 

pressure

– Upper part of aquifer permeable

– Upper part In contact with the atmopheric pressure

– Undeep ground water

• Confined aquifer: confined by impermeable ground layers

– Top and bottom enclosed by impermeable layers

– Water under pressure due hydrostatic pressure

– Water may well up

– A spring, when the water wells up above the soil surface

– Deep groundwater

• Leaky aquifer

– Combination of both



Confined an unconfined aquifers

Source: WHO 2006 



Flow through pipes



Aquifers in Suriname

Mainly found in the coastal plain. 

Build up of 

– unconsolidated sediments, consisting of a sequence of clay, sand, sandy clay, 

clayey sands, gravel with more or less kaolin content, and thin bed organic 
compounds.



Type of aquifers

Groundwater systems

• Shallow groundwater and deep groundwater aquifers

• Unconfined and confined aquifers,

• Recharge, depletion, mining

• Water quality
– Salinity: Max. 250 mg Cl-/l for drinking water and max. 300 mg Cl-/l  for freshwater crops



Aquifers in Suriname
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Aquifers in Suriname
• Aquifers classified based on the geological ages:

1. Nickerie,

2. Onverwacht, 

3. A-sand, 

4. Coesewijne,

5. Zanderij, 

6. Coropina

7. Demerara aquifers. 

• Freshwater aquifers
– A-sand aquifers (Oligocene age), 

– Coesewijne aquifers (Miocene age) 

– Zanderij aquifers (Plio-Pleistocene age) .

• Deep ocean floor (Groen)
– below the brackish groundwater in front of the coast of Suriname, 

enormous amount of freshwater stored,

– sufficient for the water supply in Suriname for about 200,000 years 
under the current rate.



Aquifers in Suriname
Zanderij aquifer 

• Freshwater

• Outcropping aquifer in the savanna area, 
– Annual recharge annual estimated at 480 mm in the savanna West of Zanderij

– Anual recharge 200 mm in the Old Coastal plain at Rijsdijk.

• Depth 30-50 m

• Thickness 10-20 m

• Area 35,000 km2

• Withdrawals: 37 % of drinking water supply, about 45,600 m3/day

A-sand aquifers

• Freshwater

• Terminate Southward against the uprising basement. 

• Depths 120-350 below soil surface

• Thickness: 60-80 m

• Withdrawals: 32 % of drinking water supply, about 39,000 m3/day

• Area 15,000km2



Aquifers in Suriname

Coesewijne aquifers 

• Freshwater

• Upper aquifers in contact with the overlying Zanderij aquifer. 

• Overlain by thick clay deposits (Demerara formation) towards 

the seaward end, sealing themselves from saltwater intrusion 

• Depths 230 m

• Thickness 100-120 m

• Withdrawals: 31 % of drinking water supply, about 38,600 

m3/day



Aquifers

Storage coefficient 
(storativity)
• Volume of water that an aquifer 

releases from or takes into storage 
per unit surface  area of aquifer 
per unit change in component of 
head normal to that surface.

• Coefficient dimensionless quantity 
involving water volume per 
volume of aquifer.



Rock properties affecting ground water

Porosity of rock or soil
• A measure of contained interstices or voids expressed as ratio of volume of interstices 

to total volume (can also be expressed in %)

α = porosity

Vv = volume of voids   Vs = volume of solids   V = total volume

Or

ρm = density of mineral particles (grain density)

ρd = bulk density

• Effective porosity: amount of interconnected pore space available for fluid flow , expressed as 
ratio of interconnected interstices to total volume

• Primary and secondary porosity are associated with orriginal and secondary interstices resp.



Zone of saturation
• Groundwater fills all of the voids. 

• (effective) porosity is direct measure of water 
contained per unit volume.

• A portion of the water can be removed by draining or 
pumping; molecular and surface tension forces hold 
the remainder of water in place.

Specific Retention (Sr)

• Is ratio volume of water it will retain after saturation 
against the force of gravity to its own soil/rock volume

• Wr = volume occupied by retained water 

• Vt = bulk volume of soil or rock



Zone of saturation

Specific Yield (Sy)
• Is ratio volume of water that after saturation can be drained 

by gravity to its own volume

Wy = volume of water that can be drained by gravity after 
saturation 

Vt = bulk volume of soil or rock



Groundwater flowFlow through soil (porous 
medium)
Darcy law

V = k.S

V = velocity of water through soil (m/s)

k = permeability of soil (m/s)

S = hydraulic gradient (m/m) (of energy line,              
lijn van energie potentieel))

See figure: S = -Δh/Δ L

Q = V.A    V = Q/A

Q = Discharge

A = Area of soil cross-section of flow

Analogy with electricity

V = I.R

I = V/R

I = Electrical current 

V = difference in electrical potential

R = ressistant

I/R = conductiviyty = k





Flow through an aquifer

Slope is negative in the flow direction 
v = Q/A 
S = -Δh/Δl
v = k.S      v = -k.dh/dl
S is negative.
Q = v.A =(-k.dh/dl).A

S = slope of the energy line
Energy line: line that represents the elevation of energy 
head (potential energy, in feet or meters) of water 
flowing in a pipe, conduit, or channel.



Flow through confined aquifer

Confined aquifer

• Idealized aquifer

• Unidirectional flow in a 
confined aquifer

• Permeability k

• Groundwater flowing 
from left to right,

• Energy required to move 
the water through the 
pores is continually 
using up the available 
head (flow ressistant in 
the soil)

• Line of potential head as 
indicated by piezometers 
introduced into the 
aquifer, is declining. 



Steady Confined Flow
Water withdrawn from the 
aquifer, through a drilled well

r = horizontal coordinate from 
radially from the centre of the 
well

S = drawdown measured from 
undisburbed piezometric 
surface

Qo = steady stage discharge

r = distance in flow direction

S1-S2= [Qo/(2πkH)].Ln (r2/r1)

(Thiems equation)

S1 and S2 = drawdown at resp. 
point 1 and 2

r1 and r2 = distance to points 1 
and 2 resp. rom centre of the 
well



Steady Confined FlowkH = coeëficient of 
transmisibility

Indefinitely Integrating 
results

S1-S2= [Qo/(2πkH)].Ln 
(r2/r1)

Q0 and R are boundary 
conditions

S = drawdown

r = distance from the centre 
of the well

When r2 = R, S2 = 0

Q0 = discharge from the well 

S = [Qo/(2πkH)].Ln (R/r) 



Steady Confined Flow

Example

Fully penetrated well

Outside diameter 0.5 m

Constant discharge 0.08
m3/sec from aquifer

Transmisibility= 25x10-3

m2/s

(Transmisibility = k.H)

Aquifer in contact with lake 
2 km away

Estimate drawdown at 
wellface



Steady Confined Flow
Example

Fully penetrated well

Outside diameter 0.5 m

Constant discharge 0.08 m3/sec from 
aquifer

Transmisibility= 25x10-3 m2/s

(Transmisibility = k.H)

Aquifer in contact with lake 2 km 
away

Estimate drawdown at wellface

S = [Qo/(2π.k.H)].Ln(R0/r)

Distance to lake is 2 km

R0 may be taken as 2L (at R0 s=0)

(2x2000 = 4000m)

S = [0.08/(2 π. 25x10-3).Ln(4000/0.25)

= (0.08x9.68x103)/157.08 = 4.9 m. 



Steady confined flow

Example
Well drilled in centre of 
circular island, 1 mile 
diameter, in a large lake.

Well completely 
penetrates a sandstone 
aquifer, 50 ft thick.

Permeability 50 ft/day

Drawdown max 10 ft at 
well, 1ft diameter.

Steady discharge ?

Boundary condition: 

S = 0 when r = 2640 ft

(1 mile = 5280 ft)



Steady confined flow

S = -[Qo/(2π.k.H)].Ln r + C

If s = 0 when r = R 

S = [Qo/(2πkH)].Ln (R/r) 

10 = [Qo /(2πx50x50)].Ln(2640/0.5)

Therefore

Qo= 10x(2πx50x50)/ln5280 = 50000 π/8.572 = 18340ft3/day

= 0.212ft3/sec

1 mile = 5280ft



Flow in an aquifer with phreatic surface
(unconfined aquifer)

Aquifer with a 
phreatic surface,
resting on an 
impermeable base. 

Darcy's Law 

Vs = -k.dØ/dl

L = distance 
measured in flow 
direction

s is flow direction



Flow in an aquifer with phreatic surface

Assumptions
Depuit
• dØ/dl  = dØ/dx

(dØ is small)

• All flow lines in 
aquifer horizontal 
and equipotential 
lines nearly 
vertical(exept near 
abstraction points)

dØ/dx = dh/dx



Steady unconfined flow

Integrating

h2 =( Qo / π.k).lnr + C

If   h = H at r = R

Then 

H2 – h2 = [Qo/(πr)].Ln(R/r)

R satifying the boundary conditions

r0 = redius of the well

H2 – h0
2 = [Qo/(πk)].Ln(R/r0)

Remark: H and h are water depth



Groundwater quality

Disolving properties of water
• Water consists of two atoms of hydrogen and one of 

oxygen, which give it a chemical formula of H2O. 
• Water frequently is referred to as the universal solvent 

because it has the ability to dissolve at least small amounts 
of almost all substances that it contacts. 

• The composition and concentration of substances dissolved 
in unpolluted ground water depends on:

1. the chemical composition of precipitation, 
2. the biologic and chemical reactions occurring on the land surface

and in the soil zone, 
3. the mineral composition of the aquifers and confining beds 

through which the water moves.

• The quality of ground water depends both on the 
substances dissolved in the water and on certain properties 
and characteristics that these substances impart to the 
water.



UNESCO 2004



Chemical of Ground water

Source: USGS 





The natural hydrological cycle

Source: WHO 2006 



The natural hydrological cycle

Source: WHO 2006 
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UNESCO, 2004



Polution of Ground water

Source: USGS 



Saline encroachment of Ground water

Source: USGS 
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