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Outline 

|  Porous Media Concepts 
{  Porosity, Yield, Average Linear Velocity 

{  Heads and gradients 

|  Storage 
{  Confined and Unconfined 

|  Darcy’s Law 
{  Permeability 
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Groundwater Hydrology 

|  Groundwater 
hydrology is the study 
of water beneath the 
surface of the Earth 
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Porosity 
|  Groundwater usually is 

found in porous media 
(not underground rivers).  

|  A porous medium is 
comprised of solid space 
and void or pore space.  

{  Liquids and gasses are 
found in the pore 
space, the solid matrix 
forms the physical 
structure of aquifers 
and other geologic 
formations of interest. 

|  The ratio of total pore 
volume to bulk medium 
volume is the porosity 



Porosity 
|  Range in values large 

for geologic materials 



Specific Yield 

|  A concept related to 
porosity is the specific 
yield of a material 

|  Sy is the amount of 
water that will drain 
from a porous 
medium under the 
influence of gravity. 

|  Sr is the amount of 
water left behind in 
the material and is 
called the specific 
retention 



Specific Yield 

|  The specific yield is important in water 
supply as it represents the amount of 
water that can drain to wells.  

|  Thus when making groundwater 
reservoir estimates the water in storage 
should be based on the specific yield 
and not porosity. 

|  Two related terms are: 

{   water content  

{  and saturation 



Measuring Porosity 
|  Porosity is measured in 

the laboratory from small 
samples by gravimetric 
methods and fluid 
displacement methods.  

|  At the field scale, 
porosity is measured by 
geophysical tools 
calibrated to local 
geologic media. 

{  Resistivity logging 

{  Acoustic logging 

{  Neutron logging 



Measuring Porosity 
|  At the field scale, 

porosity is measured by 
geophysical tools 
calibrated to local 
geologic media. 

{  Resistivity logging 

{  Acoustic logging 

{  Neutron logging 



Measuring Porosity 
|  At the field scale, 

porosity is measured by 
geophysical tools 
calibrated to local 
geologic media. 

{  Resistivity logging 

{  Acoustic logging 

{  Neutron logging 



Measuring Porosity 
|  At the field scale, 

porosity is measured by 
geophysical tools 
calibrated to local 
geologic media. 

{  Resistivity logging 

{  Acoustic logging 

{  Neutron logging 



Measuring Porosity 
|  At the field scale, 

porosity is measured by 
geophysical tools 
calibrated to local 
geologic media. 

{  Resistivity logging 

{  Acoustic logging 

{  Neutron logging 



Measuring Porosity 
|  At the field scale, 

porosity is measured 
by geophysical tools 
calibrated to local 
geologic media. 

{  Resistivity logging 

{  Acoustic logging 

{  Neutron logging 



Average Linear Velocity 
|  The discharge Q 

divided by cross 
sectional flow area 
A in a pipe or open 
channel is the 
velocity V 

|  In groundwater, 
some of the area is 
solid, so the porosity 
enters the equation 



Energy and Head 
|  Hydraulic gradient is change in head per unit 

distance 



Energy and Head 
|  Piezometric surface 

in the vicinity of the 
three wells can be 
approximated by a 
plane. 

|  All three wells sample 
the same aquifer 
unit. 

|  Wells measure 
vertically averaged 
head 

|  Head measurements 
at same time 



3-Well Gradient Example 
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Groundwater Storage 
|  Storage refers to the ability of a porous 

medium to store water within its bulk.  

|  The mechanisms of storage are: 
{   draining and filling of the pore space 

{  compression of the water, and 

{  compression of the solids.  

|  In an unconfined aquifer the draining and 
filling of the pore space is the most 
significant mechanism.  

|  In a confined aquifer, the compression and 
decompression of the solids structure is the 
primary mechanism of storage. 



Unconfined Aquifer 

|  Storage in Unconfined is by drain/fill pore 
space. 



Confined Aquifer 

|  Storage in confined is by compression/
decompression of the aquifer and water 



Specific Storage 

|  Storage per unit thickness of aquifer is called 
the specific storage 



Estimating Storage 

|  Estimate by 
making head 
measurements at 
two different 
times and apply 
the storage 
equation 



Estimating Storage 

|  Same idea for 
multiple blocks 

|  Estimate each 
block and then 
average 



Estimating Storage 
|  Use of groundwater elevation maps 



Darcy’s Law 

|  Permeability refers to the ease which water 
can flow through a porous material under a 
specified gradient.  

|  Permeable materials offer little resistance, 
while impermeable materials offer a lot of 
resistance. 



Darcy’s Law 

|  Established experimentally 1856 

|  Total discharge through a filter,  
Q, was proportional to: 

{  cross sectional area of flow, A, 

{  head loss h1 − h2.  

|  Q, was inversely proportional to:  

{  the length of the filter column, L. 



Darcy’s Law 

|  The constant of proportionality is 
called the hydraulic conductivity 

{  Permeability is sometimes used 
interchangeably 

{  In reservoir engineering the 
permeability is related to K, but 
not numerically identical. 



Measuring Permeability 

|  Permeameters 

{  Constant head 

{  Falling head 



Constant Head Permeameter 

|  A sample is placed in the 
permeameter 

|  Constant head gradient is 
maintained across the 
sample. 

|  Flow rate is measured 

|  Darcy’s law applied: 



Constant Head Permeameter 
|  Spreadsheet model to make computations 



Falling Head Permeameter 

|  The head is measured at the 
inlet of the sample as the 
height of water in the tube 
above the sample 

|  Change in this height with 
time is the flow rate 

|  Head and the flow rate vary 
with time. 



Falling Head Permeameter 
|  Volume balance 

 

|  Separate and integrate 

 

|  Simplify 



Falling Head Permeameter 
|  Analysis by plotting and find 

slope of line in log-linear 
space 



Falling Head Permeameter 
|  Spreadsheet tool 

to help with the 
analysis.  Use trial-
error with K to get 
computed to fit 
observed 



Field Methods 



Next Time 

|  Direct Application of Darcy’s Law 

|  Steady flow solutions 
{  Rectilinear flow 

{  Flow to wells 
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