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Hydrologic Reservoirs

The Distribution of Water on EarthThe Distribution of Water on Earth

Figure 13.1

Freshwater in limited supply
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The Hydrologic Cycle

The continuous movement of 
H2O from one reservoir to 

another.

Figure 13.2

The Hydrologic CycleThe Hydrologic Cycle
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GOM – Sea Surface 
Temperatures

Figure 13.3
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Figure 13.4.a

Average U.S. Annual PrecipitationAverage U.S. Annual Precipitation

Figure 13.4.b

Average U.S. Annual RunoffAverage U.S. Annual Runoff

Table 13.1: Table 13.1: 
Average Discharges of Major Rivers of the WorldAverage Discharges of Major Rivers of the World
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Figure 13.5

Dry Period:

Streams bring in 
small amounts of 
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and carry away small 
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DamDam
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Figure 13.5

Wet Period:

Streams bring in 
large amounts of 

water…

which is stored…

and slowly released 
during dry periods.

DamDam

Wetlands

Figure 13.6

Vasey’s
Paradise

Groundwater 
discharges from the 

wall of Marble 
Canyon to form a 
series of natural 

springs.
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Porosity

The percent void space in a 
rock or sediment.

It is a measure of the 
potential volume of water that 

can be stored in a rock.

Permeability

The ability of a material to 
transmit a fluid.

It is a measure of how fast the 
fluid can travel through the 

rock or sediment

Aquifer

A geologic unit capable of storing 
and transmitting water in sufficient 

quantities to supply wells.
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Figure 13.7
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Figure 13.7
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Figure 13.7
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Porosity and Permeability of Porosity and Permeability of 
Different Aquifer TypesDifferent Aquifer Types

Table 13.2

Type of AquiferType of Aquifer PorosityPorosity PermeabilityPermeability

GravelGravel Very HighVery High Very HighVery High
CoarseCoarse-- to fine sandto fine sand HighHigh HighHigh
FineFine--grained sand & siltgrained sand & silt ModerateModerate Mod Mod -- LowLow
Sandstone, mod. cementedSandstone, mod. cemented Mod Mod -- LowLow LowLow
Fractured ShaleFractured Shale LowLow LowLow
Metamorphic RocksMetamorphic Rocks LowLow Very LowVery Low
UnfracturedUnfractured ShaleShale Very LowVery Low Very LowVery Low

Types of Aquifers

•• UnconfinedUnconfined Aquifer: the permeable 
layer extends to the surface. It consists 
of an unsaturated zone separated from 
the saturated zone by the 
groundwater table.

•• ConfinedConfined Aquifer: the permeable layer 
is overlain and underlain by a less 
permeable layer (aquitard or aquiclude)

Figure 13.8

Unsaturated Zone:Unsaturated Zone:
Pores include both air and water

Saturated Zone:Saturated Zone:
Pores filled with water

Groundwater Table

Unconfined AquiferUnconfined Aquifer
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Figure 13.9

Dynamics of an Unconfined AquiferDynamics of an Unconfined Aquifer
in a Temperate Climatein a Temperate Climate

Figure 13.9

During the Wet SeasonDuring the Wet Season……

Figure 13.9

During the Dry SeasonDuring the Dry Season……
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Types of Aquifers

•• UnconfinedUnconfined Aquifer: the permeable layer 
extends to the surface. It consists of an 
unsaturated zone separated from the 
saturated zone by the groundwater table.

•• ConfinedConfined Aquifer: the permeable layer is 
overlain and underlain by a less permeable 
layer (aquitard or aquiclude)

Figure 13.10
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The Recharge Area of a 
confined aquifer is the area 
where rainfall enters 
(recharges) the aquifer.

The Pressure Surface is the 
level to which water will rise in 
wells in confined aquifers.

Note the Difference Between:

•• Groundwater Table:Groundwater Table: the level to which water 
will rise in an unconfinedunconfined aquifer

•• Pressure Surface:Pressure Surface: the level to which water will 
rise in a confinedconfined aquifer *

* If the pressure surface is above the ground 
surface, the water will flow freely out of the 
ground. Such wells are called flowing artesian flowing artesian 
wellswells.
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Figure 13.10

Confined AquiferConfined Aquifer
Recharge Area:Recharge Area:

where the confined aquifer
is recharged by infiltration

Pressure Surface:Pressure Surface:
Height to which water will rise

in the confined aquifer 

Flowing Flowing 
artesian wellartesian well

Pressure SurfacePressure Surface

Ground SurfaceGround Surface

Flowing artesian wellFlowing artesian well

Figure 13.10

Artesian Well

Baton Rouge in 1943?
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Figure 13.4.a

Average U.S. Annual PrecipitationAverage U.S. Annual Precipitation

Figure 13.12

Formation of a Cone of DepressionFormation of a Cone of Depression
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Figure 13.13

Fissures and depressionsFissures and depressions
caused by caused by 

ground subsidence ground subsidence 
due to due to overpumpingoverpumping

of groundwaterof groundwater
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Figure 13.14

The thickness of the fresh The thickness of the fresh 
groundwater floating on top of groundwater floating on top of 
the salty groundwater is the salty groundwater is 
affected by the balance affected by the balance 
between between 
groundwater groundwater 
recharge and recharge and 
discharge  discharge  

Figure 13.14

If the rate of discharge increases If the rate of discharge increases 
too much (by too much (by overpumpingoverpumping), the ), the 
saltwater will rise, causing saltwater will rise, causing 
saltwater intrusionsaltwater intrusion
in the well  in the well  

Inverted
Cone of depression

Figure 13.16

U.S. Groundwater Withdrawals: 1950U.S. Groundwater Withdrawals: 1950--19951995
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GROUND-WATER WITHDRAWALS IN LOUISIANA, 
1960-2000
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Salt accumulation at soil surface from evaporation of irrigation water, CA
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Box 13.2

The OgallalaThe Ogallala
Aquifer:Aquifer:

““Mining Mining 
GroundwaterGroundwater””
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Figure 13.19

Some Major Features of a Some Major Features of a KarstKarst LandscapeLandscape

Figure 13.18Figure 13.18

The Winter Park Sinkhole, FloridaThe Winter Park Sinkhole, Florida

Figure 13.19

Subsurface Features of a Subsurface Features of a KarstKarst LandscapeLandscape
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Figure 13.17

Figure 13.20

Some Human Activities that Can Some Human Activities that Can 
Contaminate GroundwaterContaminate Groundwater

Figure 13.21

Water in the Continental CrustWater in the Continental Crust


