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Groundwater Terms

 Total Hydraulic Head

 Hydraulic Gradient

 Hydraulic Conductivity

 Groundwater Level Contours

 Hydraulic Connectivity 
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Groundwater Terms
Darcy’s Law

Henry Darcy
1803-1858

French Hydraulic Engineer

Harney Groundwater Investigation

Source: 
Wikipedia



Groundwater Terms
Darcy’s Law
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Groundwater Terms
 Darcy’s Law:  Darcy’s Equation

Q = K A (h1 – h2)  
L

Where:
Q = volumetric flow rate (cubic feet / sec)
K = hydraulic conductivity of the material (feet / sec)
A = cross-sectional area (thickness (ft.) x width (ft.))
h1 & h2 = total hydraulic head at location 1 & 2 (feet)
L = distance from location 1 to location 2
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Groundwater Terms
 Darcy’s Law:  Darcy’s Equation

Q = K A (h1 – h2)  
L

Similar to equation for electrical circuits (Ohm’s Law):

V = I R

Rewritten:  I = 1 V
R
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Groundwater Terms
 Darcy’s Law:  Total Hydraulic Head 

Total height of water in well above a datum

Three Components

• Elevation head (height due to elevation)
• Pressure head (height due to pressure)
• Velocity head (often disregard, low GW velocity)
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Groundwater Terms
Darcy’s Law:  Total Head

Harney Groundwater Investigation

Source: OWRD



Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient

Change in total head per unit distance measured 
in the direction of steepest change

(hT1 – hT2)
(distance from hT1 to hT2)
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Groundwater Terms
Darcy’s Law:  Hydraulic Gradient
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Groundwater Terms
Darcy’s Law:  Hydraulic Gradient
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Let:  hT1 = 10.0 feet, ht2 = 7.5 feet, hT3 = 5.0 feet
L1 = 50 feet, L2 = 50 feet, L1 + L2 = 100 feet

Then: Gradient 1 to 2 = (10.0 ft – 7.5 ft) / 50 ft
= 2.5 ft / 50 ft = 0.05

Gradient 2 to 3 = (7.5 ft – 5.0 ft) / 50 ft
= 2.5 ft / 50 ft = 0.05

Gradient 1 to 3 = (10.0 ft – 5.0 ft) / 50 ft
= 5.0 ft / 100 ft = 0.05



Groundwater Terms
 Darcy’s Law:  Hydraulic Conductivity (K)

The capacity of a material to transmit water

It is:
• The volume of water at a given viscosity 
• That will move within a unit of time (T) 
• Under a unit hydraulic gradient 
• Through a unit area (A) measured at a right-

angle (90 degrees) to the direction of flow
It is expressed as:  length / time (such as ft / day)
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Groundwater Terms
 Darcy’s Law:  Hydraulic Conductivity (K)

The capacity of a material to transmit water

If the hydraulic conductivity is low (K is small): 
• The material has less capacity to transmit water
• A larger hydraulic gradient is needed to move the 

same volume of water
If the hydraulic conductivity is high (K is large): 
• The material has more capacity to transmit water
• A smaller hydraulic gradient is needed to move the 

same volume of water
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Groundwater Terms
Darcy’s Law:  Hydraulic Conductivity (K)
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Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient

Change in total head per unit distance measured 
in the direction of steepest change

(hT1 – hT2)
(distance from hT1 to hT2)
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Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient

Hydraulic Head Contour Line
Equipotential Line

A line on a map or a cross-section
along which the total heads are the same
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Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient (original gradient)
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Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient (larger gradient)
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Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient (smaller gradient)
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Groundwater Terms
 Darcy’s Law:  Darcy’s Equation

Q = K A (h1 – h2)  
L

Where:
Q = volumetric flow rate (cubic feet / sec)
K = hydraulic conductivity of the material (feet / sec)
A = cross-sectional area (thickness (ft.) x width (ft.))
h1 & h2 = total hydraulic head at location 1 & 2 (feet)
L = distance from location 1 to location 2
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Groundwater Terms
 Darcy’s Law:  Darcy’s Equation

Q = K A (h1 – h2)  
L

Similar to equation for electrical circuits (Ohm’s Law):

V = I R

Rewritten:  I = 1 V
R
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Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient (2-dimensions)

(Total Head or Equipotential Map)
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Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient (2-dimensions)

(vertical & horizontal cross-section)
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Groundwater Terms
 Darcy’s Law:  Hydraulic Gradient (2-dimensions)

(vertical & horizontal cross-section)

Harney Groundwater Investigation

Source: USGS



Groundwater Terms
Hydraulic Connectivity
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Groundwater Terms
Hydraulic Connectivity
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Questions & Thank You
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Analyzing Differing-Unique Data

OWRD-USGS Methodology for Analyzing Data

All available data will be 
Gathered and analyzed

Data identified as differing and / or unique
Will be explained-interpreted or

Identified as a subject for future study & explanation 
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Questions & Thank You
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Analyzing Differing-Unique Data

Source: OWRD
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Analyzing Differing-Unique Data

Source: USGS
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Questions & Thank You
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