
GY301 Geomorphology

Lecture 8: Groundwater and 
Hydrology Systems



Water on Planet Earth

• Salt versus Fresh Water.

Component
Volume 
(km3)

Percentage 
(Earth)

Salt water 1.40E+09 95.9600%
Fresh water 5.91E+07 4.0400%

• Fresh water is but a small fraction 
of the total water on Earth.

• Salt water is not only present in 
the oceans but also is abundant 
as brines at depth within the 
Earth’s groundwater system.
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Presentation Notes
Water on Planet Earth: Fresh water is but a small fraction of the total water on Earth.Salt water is not only present in the oceans but also is abundant as brines at depth within the Earth’s groundwater system.



Fresh Water Components

Component
Volume 
(km3)

Percentage 
(Earth)

Glaciers/Polar 
Ice 4.34E+07 2.9700%
Atmosphere 1.50E+05 0.0010%
Lakes & Rivers 1.27E+05 0.0090%
Groundwater 1.54E+07 1.0500%
Biosphere 2.00E+03 0.0001%
• Glaciers/Polar Ice contains the 

vast majority of fresh water on 
Earth.

• Groundwater is the most 
abundant practical resource for 
fresh water.
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Presentation Notes
Fresh Water Components:Glaciers/Polar Ice contains the vast majority of fresh water on Earth.Groundwater is the most abundant practical resource for fresh water.



Hydrologic 
Cycle

Hydrologic Cycle

Cycle Component Amount (Bill. Km3)
Runoff from Land 36
Precipitation over sea 398
Evaporation from sea 434
Precipitation over land 107
Evaporation from land 71
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Presentation Notes
Hydrologic Cycle:Cycle Component	Amount (Bill. Km3)Runoff from Land	36Precipitation over sea	398Evaporation from sea	434Precipitation over land	107Evaporation from land	71Most of the precipitation that falls on land (107) evaporates back into the atmosphere (71). Only a relatively small amount of land precipitation (107) becomes runoff into the oceans (36).Although the amount of water returned to the ocean is small the rate (velocity) is high so it would only take a few thousands of years to fill completely dry ocean basins with land runoff.



Orographic Lifting
• Rain Shadow Desert: results of orographic lifting.
• Lower temperature lowers absolute humidity.
• The windward side of the mountain range receives precipitation.
• The lee side of the mountain range receives wind with very low humidity.
• The Cascade range is a good example of orographic lifting.
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Presentation Notes
Orographic Lifting:1. Rain Shadow Desert: results of orographic lifting.2. Lower temperature lowers absolute humidity.3. The windward side of the mountain range receives precipitation.4. The lee side of the mountain range receives wind with very low humidity.5. The Cascade range is a good example of orographic lifting.



Average Annual Precipitation

• Used to measure climate.
• More accurate to use precipitation/evaporation.
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Presentation Notes
Average Annual Precipitation:1. Used to measure climate.2. More accurate to use precipitation/evaporation.



Runoff

• Precipitation that is collected by streams and rivers.
• Runoff is transported to the oceans in a matter of 

several days (Short residence time).
River Discharge (m3/sec.)
Amazon, South America 175,000
La Plata, South America 79,300
Congo, Africa 39,600
Yangtze, Asia 21,800
Brahmaputra, Asia 19,800
Ganges, Asia 18,700

Mississippi, North America 17,500
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Presentation Notes
Runoff:1. Precipitation that is collected by streams and rivers.2. Runoff is transported to the oceans in a matter of several days (Short residence time).3. Major River DischargeRiver	Discharge (m3/sec.)Amazon, South America	175,000La Plata, South America	79,300Congo, Africa	39,600Yangtze, Asia	21,800Brahmaputra, Asia	19,800Ganges, Asia	18,700Mississippi, North America	17,500



Wetlands
• Wetlands tend 

to store fresh 
water.

• Wetlands also 
act as barriers 
to storm surge.

• Wetlands are 
also one of the 
most 
productive 
biological 
environments.
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Presentation Notes
Wetlands:1. Wetlands tend to store fresh water.2. Wetlands also act as barriers to storm surge.3. Wetlands are also one of the most productive biological environments.



Groundwater

• Groundwater is water that infiltrates below 
the erosional surface.

• Porosity: percent void space in a material
• Permeability: ability of a material to 

transmit a fluid.
• Common permeable geological material 

includes sandstone, limestone, marble, 
fault breccia.
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Presentation Notes
Groundwater:1. Groundwater is water that infiltrates below the erosional surface.2. Porosity: percent void space in a material3. Permeability: ability of a material to transmit a fluid.4. Common permeable geological material includes sandstone, limestone, marble, fault breccia.



Examples of Porosity & Permeability

• Sorting increases porosity.
• Degree of rounding increases 

porosity.
• Shale may have high porosity 

but it will have low 
permeability.

• Fracturing can impart 
significant porosity and 
permeability on any kind of 
rock including igneous and 
metamorphic rocks.
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Presentation Notes
Examples of Porosity & Permeability:Sorting increases porosity.Degree of rounding increases porosity.Shale may have high porosity but it will have low permeability.Fracturing can impart significant porosity and permeability on any kind of rock including igneous and metamorphic rocks.



Water Table
• Saturated Zone: all void space is filled with 

water.
• Unsaturated Zone: void spaces in soil profile 

are partially filled with water, or are dry. This is 
also known as the Vadose zone.

• The capillary fringe is a zone several 
centimeters above the water table surface 
where capillary pressure forces some water 
above the water table into the Vadose zone. 
This is usually more effective in fine-grained 
sediments. The effect is similar to dipping a 
paper towel in water and watching water 
pulled up into the towel above the water 
surface.

Presenter
Presentation Notes
Water Table:Saturated Zone: all void space is filled with water.Unsaturated Zone: void spaces in soil profile are partially filled with water, or are dry. This is also known as the Vadose zone.The capillary fringe is a zone several centimeters above the water table surface where capillary pressure forces some water above the water table into the Vadose zone. This is usually more effective in fine-grained sediments. The effect is similar to dipping a paper towel in water and watching water pulled up into the towel above the water surface.



Water Table Morphology

• The water table is a subdued replica of the 
overlying topographic surface.

• Where the water table intersects the surface 
there will be a water discharge (spring, pond, 
lake or stream).

• The recharge area is where the precipitation 
enters the groundwater system.

• Clay layers may generate a perched water table.
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Presentation Notes
Water Table Morphology:1. The water table is a subdued replica of the overlying topographic surface.2. Where the water table intersects the surface there will be a water discharge (spring, pond, lake or stream).3. The recharge area is where the precipitation enters the groundwater system.4. Clay layers may generate a perched water table.



3-Point Problems

• A 3-point problem may be used to 
quantitatively determine the direction and 
gradient (hydraulic head) of the water table
assuming that it is planar over the area
covered by the 3 control points.

• The assumption of planar geometry is
generally a good one if the aquifer is
unconfined and covers a small area.

• In the adjacent map 3 water wells indicate 
the WT elevation at 100, 500, and 700 feet 
respectively. There will be a point on the 
line connecting the 100 and 700 ft. elevation 
point = to 500 ft.

• This 500 ft. point will be = (M-L)/H-L) *
distance between H and L points where
H=high elevation point, M=middle elev. Pt., 
and L = low elev. Pt.

• 500 ft point on line between H and L= (500-
100)/(700-
100)*1900ft=(400)/600)*1900=1267ft from 
L point towards H point (purple dot)

500ft.

700ft.

100ft.



3-Point Problem continued…

• A contour line from the middle 
elev. 500 ft. point through the 
calculated 500 ft. point defines a 
500 ft. contour line on the water 
table.

• Water flow direction will always
be perpendicular to the contour
line and downslope on the
surface – in this case to the
southwest.

• The gradient is a function of the 
slope on the water table 
perpendicular to the contour 
line:

– ArcTan (700-100)/1900 = 17.5 
degrees

– Gradient = 5280 * tan(17.5) = 1667 
feet/mile

500ft.

700ft.

100ft.

Gradient = 1667 ft./mile

Presenter
Presentation Notes
3-Point Problem continued…1. A contour line from the middle elev. 500 ft. point through the calculated 500 ft. point defines a 500 ft. contour line on the water table.2. Water flow direction will always be perpendicular to the contour line and downslope on the surface – in this case to the southwest.3. The gradient is a function of the slope on the water table perpendicular to the contour line:ArcTan (700-100)/1900 = 17.5 degreesGradient = 5280 * tan(17.5) = 1667 feet/mile



Perched Water Table
• Impermeable clay layer generates a localized 

water table.
• Most active after heavy rainfall; Intermittent.
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Presentation Notes
Perched Water Table:1. Impermeable clay layer generates a localized water table.2. Most active after heavy rainfall; Intermittent.



Anthropogenic Effects on the 
Water Table

• Excessive pumping 
lowers the elevation of 
the local water table 
(Drawdown).

• Cone of depression size 
is proportional to 
amount of groundwater 
withdrawal.

• Locally the direction of 
groundwater flow may 
be changed by over-
pumping.
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Presentation Notes
Anthropogenic Effects on the Water Table:1. Excessive pumping lowers the elevation of the local water table (Drawdown).2. Cone of depression size is proportional to amount of groundwater withdrawal.3. Locally the direction of groundwater flow may be changed by over-pumping.



Effects of Drought on Water Table
• During drought 

water lowers 
throughout area.

• Effects are similar to 
over-pumping.

• Drought may trigger 
sinkhole formation 
because of the loss 
of buoyancy effects. 
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Presentation Notes
Effects of Drought on Water Table:1. During drought water lowers throughout area.2. Effects are similar to over-pumping.3. Drought may trigger sinkhole formation because of the loss of buoyancy effects. 



Aquifer
• Aquifer: a geological unit that contains water (porous 

and permeable).
• Confined Aquifer: bracketed by aquicludes 

(impermeable).
• Potentiometric Surface: elevation to which the 

pressurized water in a confined aquifer will rise.
• Artesian Well: water rises to an elevation above the 

aquifer.
• Flowing Artesian Well: potentiometric surface is above 

the ground surface.
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Presentation Notes
Aquifer:1. Aquifer: a geological unit that contains water (porous and permeable).2. Confined Aquifer: bracketed by aquicludes (impermeable).3. Potentiometric Surface: elevation to which the pressurized water in a confined aquifer will rise.4. Artesian Well: water rises to an elevation above the aquifer.5. Flowing Artesian Well: potentiometric surface is above the ground surface.



Example of Confined Aquifer
• Confined aquifers may contain pressurized water 

(hydraulic head or potential).
• Flowing artesian wells have a well head below the 

potentiometric surface.
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Presentation Notes
Example of Confined Aquifer:1. Confined aquifers may contain pressurized water (hydraulic head or potential).2. Flowing artesian wells have a well head below the potentiometric surface.



Groundwater Problems
• Drawdown of water table.
• Sinkhole formation from loss of buoyancy
• Saltwater intrusion.

Sinkholes
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Presentation Notes
Groundwater Problems:1. Drawdown of water table.2. Sinkhole formation from loss of buoyancy3. Saltwater intrusion.



Saltwater Intrusion
• Salt water is more dense than fresh water and will 

displace fresh water.
• Once saltwater has invaded the aquifer it will be difficult 

to remove.
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Presentation Notes
Saltwater Intrusion:1. Salt water is more dense than fresh water and will displace fresh water.2. Once saltwater has invaded the aquifer it will be difficult to remove.



Groundwater Flow
• Darcy’s Law: governs 

the volume of 
groundwater produced 
at a well head

• Q= A(K)(h/l)
– Q is volume 
– A is cross sectional area 

of aquifer
– K is permeability
– h is hydraulic head
– l is map distance

Presenter
Presentation Notes
Groundwater Flow:1. Darcy’s Law: governs the volume of groundwater produced at a well head2. Q= A(K)(h/l)Q is volume A is cross sectional area of aquiferK is permeabilityh is hydraulic headl is map distance



Water Resources

• Potable 
groundwater is a 
rapidly diminishing 
resource.

• Note that 
agricultural use is 
by far the largest 
consumer of 
potable water.
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Presentation Notes
Water Resources:1. Potable groundwater is a rapidly diminishing resource.2. Note that agricultural irrigation use is by far the largest consumer of potable water.



Erosional Work of Groundwater

• Natural groundwater is acidic (pH=6.5).
• Carbonates are susceptible to dissolution.

Sinkhole Formation Stalagtite Stalagmite

Presenter
Presentation Notes
Erosional Work of Groundwater:1. Natural groundwater is acidic (pH=6.5).2. Carbonates are susceptible to dissolution.



Stages of Landform Erosion in Karst 
Regions
• Landforms dominated by solution of bedrock are termed 

Karst landforms.
• The development of solution valleys marks a mature stage 

of landform development.

Solution
Valley
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Presentation Notes
Stages of Landform Erosion in Karst Regions:1. Landforms dominated by solution of bedrock are termed Karst landforms.2. The development of solution valleys marks a mature stage of landform development.



Water Quality
• Contamination of groundwater supply is a growing 

problem in developed industrial areas.
• Some contaminants have residence times measured in 

thousands of years.
• It costs about 100 to 1000 times as much money to 

mitigate contaminations as opposed to prevention.
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Presentation Notes
Water Quality:1. Contamination of groundwater supply is a growing problem in developed industrial areas.2. Some contaminants have residence times measured in thousands of years.3. It costs about 100 to 1000 times as much money to mitigate contaminations as opposed to prevention.



Contamination Agents

• Lead (Pb): sources include atmospheric 
pollution and older lead pipes.

• Radioactive Waste: natural and 
anthropogenic sources.

• Microorganisms: sewage and waste water, 
flooding and storm surge.

• Other chemical contaminants (solvents, 
gasoline, nitrates, road salt, etc.).
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Presentation Notes
Contamination Agents:1. Lead (Pb): sources include atmospheric pollution and older lead pipes.2. Radioactive Waste: natural and anthropogenic sources.3. Microorganisms: sewage and waste water, flooding and storm surge.4. Other chemical contaminants (solvents, gasoline, nitrates, road salt, etc.).



Hydrothermal Systems
• Groundwater heated by magmatic sources.
• Geysers must have a constant supply of 

groundwater to remain active.

Travertine Deposits
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Presentation Notes
Hydrothermal Systems:1. Groundwater heated by magmatic sources.2. Geysers must have a constant supply of groundwater to remain active.



Exam Review
• Know definitions of aquifer, aquiclude, confined aquifer, water table, 

capillary fringe, potentiometric surface, artesian well, flowing 
artesian well, saltwater intrusion.

• Be able to sketch a confined aquifer system cross-section with 
recharge area, flowing and non-flowing artesian wells.

• Be able to sketch a perched water table that feeds an intermittent 
spring on a hillside.

• Be able to sketch a cone of depression developed from over-
pumping of a water well leading to water quality issues.

• Be able to recognize on a topographic map the features that
indicate karst landform development (sinkholes, disappearing 
streams, solution valleys, caverns, etc.)

• Be able to work a 3-point problem so that you can quantitatively
determine the direction and gradient of a planar water table
surface.
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Presentation Notes
Exam Review:1. Know definitions of aquifer, aquiclude, confined aquifer, water table, capillary fringe, potentiometric surface, artesian well, flowing artesian well, saltwater intrusion.2. Be able to sketch a confined aquifer system cross-section with recharge area, flowing and non-flowing artesian wells.3. Be able to sketch a perched water table that feeds an intermittent spring on a hillside.4. Be able to sketch a cone of depression developed from over-pumping of a water well leading to water quality issues.5. Be able to recognize on a topographic map the features that indicate karst landform development (sinkholes, disappearing streams, solution valleys, caverns, etc.)6. Be able to work a 3-point problem so that you can quantitatively determine the direction and gradient of a planar water table surface.
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