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The Distribution of Water on Earth

SALT WATER 95.96% FRESH WATER 4.04%
Glaciers and polar ice 2.97%
(4.34 x 107 km?)

Underground waters 1.05%
Oceans and seas (1.54 x 107 km?)

2 3y |/
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The Hydrologic Cycle

The continuous movement of
H,O from one reservoir to
another.

The Hydrologic Cycle
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Live Science,

Study Reveals Top 10 Wetlest U8, Cilies

By Andrea Thompson, LiveSeiones Staff Writor
posted: 18 May 2007 01:43 pm ET

Do you think Seatthe is the rainiest oty in the United States? wedl, think agasn.

Mobile, Alabama, actually topped 3 naw list of SOQgIest Cities in the 48 contiguals states, with more
thin 5 feet of rainfall annually, sccording to @ study conductied by San Francsco-based Weasthernill,
tne.

The Southeast dominated the most rainy list, while the Pacific Northwest never enters the list until
Olympia, Washingten pops up 3t numbas 24,

The 10 rainiest cities in the U.5. by amount of annual rinfall include:

!lutvle Alabama.-87 inches average annual mmr.r 59 average anmual iy n.n's
Florida--65 wches average annual rai

56 average anaual nﬂ"
Nm! Ollunua. Loumsana--64 inches average ann III.1| lall; 59 anﬂﬂuﬁ ¢||| rnul\f dnvu

Beach, Flonda--63 inches average annual ranfall; S8 Jverag ¥5
l-!ar!llz Loutsian |l||.‘|es average aurunl rnlr’all 5 ‘0! imu-l urw s

[ L
VErage 3wl rainy days

loids- b2 inches :\«eﬂlm annual rai
iu: Arthust, Tewas.-B1 nches average annual HII"J" 31 anerage annual Iurw

msnw, Flurda—61 mches average anncal ramfal average annual ras

Ut Eharins, LLaiana. o8 Inchs Aoarags SAFALA) FRILE: S0 3aragn SATUS fay Eays

Southeastern oties are 50 provalent on the kst becauss the warm waters of the GuIF of Mexico fuel
starms that frequently soak the region, particularly between June and November.
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Formation of Rain Shadow Deserts

Moisture laden H
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Figure 13.3

Formation of Rain Shadow Deserts

Moist airmass
rise and cool,
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Formation of Rain Shadow Deserts
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Formation of Rain Shadow Deserts
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Formation of Rain Shadow Deserts

Moisture-
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Average U.S. Annual Precipitation

" Alaska

Hawaii :
(precipitation varies

from 40 to 1000cm)
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Figure 13.4.a

Average U.S. Annual Runoff
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Figure 13.4.b

Table 13.1:
Average Discharges of Major Rivers of the World
Water Flow
River (m¥/s)
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




Dry Period:

Streams bring in
small amounts of
water...

and carry away small
amounts.

Figure 13.5

Wet Period:
Streams bring in
large amounts of
water...
which is stored...

and slowly released
during dry periods.

Wetlands. ..« -z ! ! Figure 13.5

Vasey’s
Paradise

Groundwater
discharges from the
wall of Marble
Canyon to form a
series of natural
springs.

Figure 13.6




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.




Porosity Varies with % Cement

MORE POROUS < Vs > LESS POROUS
Noncemented Cemented
Sand Sandstone
Sand grain _Ey\{k
Cementing A,
mineral — \* 1
Pore — oy

space

Figure 13.7

Porosity Varies with Sorting

MORE POROUS < vs >\ LESS POROUS
Well Sorted Poorly Sorted
Sand Sand

Figure 13.7

Porosity Varies with Fracturing

MORE POROUS <I> LESS POROUS

Fractured Shale Unfractured Shale

Silt

grains
[ bl Small amounts Clay
mp:rmea < of pore space Very small amounts of
roc along cracks pore space between

clays and silt grains

Figure 13.7




Porosity and Permeability of
Different Aquifer Types

Type of Aquifer Porosity  Permeability
Gravel Very High ~ Very High
Coarse- to fine sand High High
Fine-grained sand & silt Moderate ~ Mod - Low
Sandstone, mod. cemented Mod - Low Low
Fractured Shale Low Low
Metamorphic Rocks Low Very Low
Unfractured Shale Very Low  Very Low
Table 13.2

Types of Aquifers

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

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

Unconfined Aquifer

e
/' Unsaturated Zone:
/ P

ores include both air and water

Saturated Zone:
Pores filled with water

Figure 13.8




Dynamics of an Unconfined Aquifer
in a Temperate Climate

Unsaturated
zone

Water table (higher
in wet season, lower
in dry season)

Saturated zone
(only in

wet season)
Saturated zone

Well water level : Movement of
varies with seasons groundwater

Figure 13.9

During the Wet Season...

Abundant rainfall Effluent
recharges groundwater stream

Figure 13.9

During the Dry Season...

Lake level
Evaporation influent falls

Figure 13.9
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Types of Aquifers

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

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

Confined Aquifer

Recharge Area:
where the confined aquifer
is recharged by infiltration

Figure 13.10

Confined Aquifer

Recharge Area:

where the confined aquifer Pressure Surface:
is recharged by infiltration Height to which water will rise

in the confined aquifer

Figure 13.10
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N RECHARGE

MISSISSIPPI
LOUISIANA ™

DISCHARGE

SEA LEVEL-

1500 —

5 < 10 KILOMETERS.
s o

) Lf [ 10 MILES
.

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: the level to which water
will rise in an unconfined aquifer

* Pressure Surface: the level to which water will
rise in a confined 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
wells.
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Confined Aquifer

Recharge Area:
where the confined aquifer Pressure Surface:
is recharged by infiltration Height to which water will rise
in the confined aquifer

Flowing
artesian well Figure 13.10

Pressure Surface
Ground Surface

Figure 13.10

Baton Rouge in 1943?

o+ . -

Artesian Well

13



T Mlaska

Average U.S. Annual Precipitation

™

Hawaii
(precipitation varies
from 40 to 1000cm)
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Figure 13.4.a

Formation of a Cone of Depression

Figure 13.12
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Figure 13.13
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The thickness of the fresh

groundwater floating on top of
the salty groundwater is
affected by the balance
between

groundwater
recharge and §
discharge

Discharge
Shoreline (well pumping . |

Figure 13.14

If the rate of discharge increases
too much (by overpumping), the
saltwater will rise, causing
saltwater intrusion

in the well Well pumping
salty water

Inverted
Cone of depression gigyre 13.14

U.S. Groundwater Withdrawals: 1950-1995

. Rural
100 J I Industrial
~ Public supply
75 B Irrigation

50

25

Withdrawals (billion gallons per day)

ol
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
Year Figure 13.16
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GROUND-WATER WITHDRAWALS IN LOUISIANA,
1960-2000
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Aquaculture
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Salt accumulation at soil surface from evaporation of irrigation water, CA

GROUND-WATER WITHDRAWALS,
IN MILLION GALLONS PER DAY
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' “Mining

' Groundwater”

Box 13.2
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Some Major Features of a Karst Landscape

Stream disappears
underground

Debris (soil,

rock, etc.) _o8

Figure 13.19

Subsurface Features of a Karst Landscape

Stream disappears
underground
Debris (soil,
rock, etc.) _o8

Figure 13.19
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Figure 13.17

Some Human Activities that Can
Contaminate Groundwater

Buried gasoline or industrial
chemical storage tank

Pumping

Adquifer (fresh)

Aquifer (saline)

m Entry of surface-source

contamination of groundwater

Figure 13.20

Water in the Continental Crust

Rivers Lakes Oceans

Figure 13.21
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