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ENVIRONMENTAL MINUTE 

Conceptual Site Models (Part 7 of 8) 
Groundwater Flow Evaluation 

During our previous Environmental Minutes, we discussed the importance of gather-
ing representative site information about geology and hydrogeology.  Using that in-
formation to accurately assess how groundwater moves at a site (direction, how 
fast, etc.) is critical to the development of a Conceptual Site Model (CSM).  As we 
have discussed in these minutes, the CSM is the foundation of designing a success-
ful remediation system. 

No discussion regarding understanding site conditions is complete without at least 
touching on groundwater flow.  Understanding groundwater flow and velocity allows 
us to understand contaminant movement.    

Starting with the basics, we can thank French civil engineer, Henri Darcy, for the 
equation to predict groundwater velocity:  

Darcy’s Law:  v=Ki/n 

Where: 
“v” = average groundwater velocity 
“K” = hydraulic conductivity (similar to permeability) 
“i”  = hydraulic gradient 
“n” = porosity 

“K” – Hydraulic Conductivity (v=Ki/n) 

Like everything else we have presented, the “devil is in the details.”  “K,” or hydraulic 
conductivity, is the ability of a material (soil or rock) to transmit a fluid (usually wa-
ter).   

“K” values for saturated geologic materials can range over 13 orders of magnitude.  
To put the term 13 orders of magnitude into perspective, applying the same 13 or-
ders of magnitude to 1 inch is 1.5 times the distance to the sun!  So, “K” matters … 
a lot.  
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Typical hydraulic conductivity values. 



Varved clay from a project site in  
Connecticut. 

Fractured limestone in western Ireland. 

Clayey soil in a test pit at a project site  
in northwestern Ohio. 

Sandy soil at a project site in Michigan  
that was the subject of a  

U.S. Supreme Court case. 
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The drawing to the right 
shows the hydraulic gradient 
between two monitoring 
wells; however, in practice, 
we need a minimum of three 
locations.   

The photo below shows my 
colleagues measuring hy-
draulic head in a well using 
an electric contact gauge,  
which senses the depth to water from the top of the well.  

With enough measure-
ments (≥3 locations), we 
can prepare a ground-
water contour and flow 
map.  From the well 
data, contours are inter-
polated between the 
known measurements.  
Then groundwater flow 
lines are added at 90⁰ to 
the contours and the 
flow direction from 

higher to lower hydraulic head.  Hydraulic gradient can be 
calculated along a flow line.  

With enough measurements (≥3 locations), we can pre-
pare a groundwater contour and flow map.  From the well 
data, contours are interpolated between the known meas-
urements.  Then groundwater flow lines are added at 90⁰ 
to the contours and the flow direction from higher to lower 
hydraulic head.  Hydraulic gradient can be calculated 
along a flow line.  
 
 
 
 
 
 
 
 
 
 

Measuring hydraulic head, calculating hydraulic gradient, 
and drawing flow maps are about the “easiest” things we 
do.  What could go wrong?  Plenty, as we have seen in 
many of our peer reviews (see our Success Stories).  

“n” – Porosity (v=Ki/n) 

Porosity is the percentage of void space compared to the 
total volume of geologic material.  

Consider these photos below; groundwater would proba-
bly move at least 10,000 times faster in the sandy soil 
(left) than the clayey soil (right), all other factors held 
equal.  
 
 
 
 
 
 
 
 
 
 
 
 
Granular soils have higher K values than competent rocks 
(a “competent” rock is one without fractures or weather-
ing).  Some clayey soils have K values that are similar to 
those of competent rock.  K, for rock, depends on the rock 
type (e.g., granite, shale, limestone, etc.) and condition 
(fractures, weathering, etc.) of the rock.   

K can vary with location (heterogeneous), or not 
(homogeneous).  K can also vary with direction 
(anisotropic), or not (isotropic).  The lower left photo is 
fractured limestone that has heterogeneous and anisot-
ropic K.  The lower right photo is a varved clay that also 
has anisotropic K.    

 

 

 

 

 

 

 

Determining K is critical in predicting how fast groundwa-
ter and chemicals move and how you might cleanup up 
impacted groundwater.  Do you think it matters where and 
how you measure K?  You bet it does! 

“i” – Hydraulic Gradient (v=Ki/n) 

Hydraulic gradient “i” is the driving force for groundwater 
movement.  

The hydraulic gradient “i” is calculated as the maximum 
difference in hydraulic head between the measuring points 
divided by the distance between the measuring points.  
Hydraulic head is measured in a monitoring well and is the 
elevation of the groundwater surface in the well.   

Hydraulic gradient depicted in two 
dimensions. 

Measuring depth to groundwater during  
an aquifer test in Flint, Michigan. 

A typical groundwater flow map. 



Vuggy limestone from a project 
site near Toronto, Ontario. 

Porosity in granular soil depicted 
in two dimensions. 

DRAGUN CORPORATION’S ENVIRONMENTAL MINUTE      APRIL  2016,  Page 3 

      

United States 

30445 Northwestern Hwy, Suite 260 
Farmington Hills, Michigan  48334 
Tel:  (248) 932-0228 

Windsor 

436 Elmstead Road, RR1 
Windsor, Ontario  N8N 2L9 
Tel:  (519) 979-7300 

Toronto 

112 George Street 
Toronto, Ontario  M5A 2M5 
Tel:  (416) 800-2140 

grained soils, such as sand.  The difference for fine-
grained soils is larger. 

So now we generally know how to characterize geology 
and groundwater flow.  Going back to my previous ques-
tion, what could possibly go wrong?  Unfortunately, 
plenty… we have compiled a list of Ten Simple and Po-
tentially Costly Groundwater Errors.  Many of these were 
identified during our Peer Reviews of existing site assess-
ment efforts.  

Ten Simple and Potentially Costly 
Groundwater Errors 

Simple groundwater measurement errors can lead to very 
costly, and often times unnecessary, groundwater reme-
diation.  The mistakes are not because of rocket-science 
level mathematics, they are much more basic …  

1. Some monitoring wells used in the groundwater flow map are 
screened in a different aquifer from others. 

2. Some monitoring wells are placed in excavations backfilled 
with sand where tanks had been previously removed.  The 
groundwater levels in the excavation may be higher than the 
surrounding native soil. 

3. Some monitoring wells are screened too deep or too shal-
low or the screens are too long.  These wells may be influ-
enced by “vertical hydraulic gradients.” 

4. A monitoring well screened in an isolated and discon-
nected pocket of shallow groundwater is used to calculate 
directions of groundwater flow. 

5. The top-of-casing elevation for a monitoring well is incor-
rect.  This may be the result of a surveying error on the well, 
the datum for the survey is incorrect, or the well elevation has 
changed (due to subsidence in landfills, frost heave, or slope 
movement). 

6. The water level was not stable when measured.  This may 
occur because a monitoring well was not allowed to vent prior 
to measurement or for wells screened in a low permeability 
formation; the water level had not stabilized after construction 
or sampling. 

7. There were errors in water level measurements.  This could 
occur because the depth to water was not measured from a 
specified mark on the well, someone read the measuring 
tape incorrectly, the measuring tape was faulty, or someone 
transcribed the observation incorrectly. 

8. There are calculation errors.  Someone made an error in sub-
tracting depth to water from top-of-casing elevation or failed to 
account for the effect of density of a free-phase chemical. 

9. Wells are identified incorrectly or they are damaged (broken, 
bent, leaky). 

10. Short-term changes in water levels are ignored.  These 
could be due to a recharge event, air entrapment, evapotran-
spiration, bank storage, tidal effects, atmospheric pressure, an 
external load, an earthquake, or groundwater pumping.  

So how do chemicals move in the subsurface?  It’s not 
like we can see how they move … or can we?  In our next 
Environmental Minute we will discuss contaminant trans-
port.  

Compared to K, characterizing “n” is a piece of cake.  This 
is because compared to K, “n” values vary over a com-
paratively small range.  In the depiction, the solids (soil 
particles) are represented by the round particles and the 
void space by the blue area.  The porosity in this case 
(based on area) is about 22%. 

In most practical groundwater problems, porosity is esti-
mated based on literature values. 

Typical soil porosity can vary:  

Gravel 25-40% 
Sand    25-50% 
Sand    25-50% 
Clay     40-70% 

 

 

Typical rock porosity also varies: 

Limestone 0-20% 
Karst limestone 0-50% 
Shale 0-10% 
Sandstone 5 -30% 
Massive crystalline rock 0-5% 
Fractured crystalline rock 0-10% 

The ranges in rock porosity partly reflect variations due to 
secondary porosity caused by fractures, solution, and 
weathering. 

Fracturing in soil and rock can be critical to both n 
(porosity) and K (hydraulic conductivity).  Photo A below 
shows fractured clays that were identified during an inves-
tigation for a manure storage lagoon.  In Photo B, you can 
see where a roadway was carved out of a hill and how 
critical fractures are to groundwater movement in rock.  If 
a surface core was taken on either side of the area where 
water is clearly flowing, you might miss the groundwater. 

Not all pore space is connected.  Interconnected porosity 
is called “effective porosity.”  Interconnected porosity is 
only a few percent less than total porosity for coarse-

PHOTO A PHOTO B 

Fractured clay soil in a test pit at a project 
site in northwestern Ohio. 

Fracture rock along a road cut in England. 


