Module 17
Groundwater
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The Hydrologic Cycle

Copyright & MaCraw-Hill Comganies,

ne. ermishor reguirec or reprod Jction or disploy.

Solar
radiation

4=

Condersation

R A Precipitation
\ TN Transpiration

Evaporation

Eveporation

23 \ Pen:olatlon \'L b
B3R \ : airce Groundwa‘ler ; _3_1




Groundwater-Related Terms to Remember

a body of rock or soil that stores and easily
transmits a significant quantity of groundwater
- A Is overlain by an aquitard
— An Is overlain by the water table

an impermeable bed that hinders movement of
groundwater

a well in which the groundwater rises to a
level higher than where it was first encountered

a cone-shaped depression in the
water table surrounding a well from which water is
pumped faster than it can move through the aquifer



Groundwater-Related Terms to Remember

is the difference in elevation between the
undisturbed water table and the bottom of a cone of
depression

a type of hydrothermal spring that intermittently
erupts jets of hot water and steam

water in the zone of saturation

does not lather readily with soap, due to high
concentration(s) of Ca 2+, Mg 2+, Fe 2+, and/or Mn 2+

formed in limestone bedrock in
response to dissolution of the limestone by acidic water
— Characterized by the presence of caves, sinkholes,
disappearing streams, solution valleys, etc. :
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Groundwater-Related Terms to Remember

unconfined groundwater separated
from the underlying main body of groundwater by an
aquitard and a zone of aeration

slow movement of water through small
openings within a porous material

a measure of the ability of a material to
transmit groundwater. Dependent upon
— How many conduits are present
— How big the conduits are
— How straight the conduits are

any open space within a body of sediment or
rock
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FIGURE 13.1 Varlous types of pore spaces in rocks permit the flow of groundwater.

Hamblin & Christiansen 2014



Groundwater-Related Terms to Remember

the percentage of a material occupied by pore
spaces

the spaces between grains composing
the rock

cracks and caves produced by
jointing, faulting, and dissolution of the bedrock

a depression formed by collapse of the roof of a
cave

a flow of groundwater naturally emerging at the
Earth’s surface



Groundwater-Related Terms to Remember

an icicle-like structure attached to the ceiling of
a cave

a conical-shaped structure attached to the
floor of a cave

the unsaturated region above the water
table, the region where the pore spaces are filled partially
with air and partially with water
the top of the zone of saturation
the region below the water table, the

region where the pore spaces are completely filled with
groundwater
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Water table

Photo by David McGeary



Low well
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Note that the topography of the water table
usually mimics the topography of the land
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; A losing stream:

streams lose water

In arid regions:
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Porosity and Permeability of Sediments and Rocks

Sediment Porasity (%) Permeability

Grave! 251040 excellent

Sand (clean) 30 to 0 geod to excellent
Silt 35 to 50 moderate

Clay 9510 80 poor

Glacial till 10to 20 poor to roderate

Rock

Conglomerate 1010 S0 moderate to excellent
Sandstone
Well-sortad, |ittle cement 2010 50 good to very good
Average 10to 20 maoderata to goad
Poorly sorted, well-cemented Oto 10 poor to moderate
Shale, mudstane 0lo 30 very poor 1o poor
Limestoneg, dolomite 0tc 20 poor to good
Cavermaous mestona up to 50 axcellant
Cryslalline rock
Unfractured Ote b very pocr
Fractured 51010 poor

Volcanic rocks 0lo 50 poor to excellam 17




Porosity:

() Well-sorted sedimentary deposit
deposil having high porosity

Primary porosity: the spaces between
the grains composing the rock

() poorly sorted sedimentary deposit
having low porosity




(e) rock rendered porous by solution

Secondary porosity: the cracks and caves produced
by jointing, faulting, and dissolution of the bedrock

| ¢ S rock rendered porous by fracturing




Effect of Porosity and Permeability on Wells:
Mudstone versus Sandstone
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Artesian systems are systems in which groundwater rises
higher than the elevation at which it was first encountered
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Area of recharge
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Karst Topography

e Is named after where it was first recognized, in Karst
Yugoslovia

 The features of karst topography are:
— Caves
— Stalactites and stalagmites
— Sinkholes
— Dissolution valleys
— Disappearing streams
— Reappearing streams
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coalescing sinkholes
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Water from recent heavy rains flowing into a sinkhole in a lake bed at Santee State Parlk;All
the water in the lake rapidly drained into the cave when this sinkhole formed in 1999.



LIMESTONE SINKHOLES

Santee Limestonc is a geological formation that occurs in an east-west belt across South Carolina's Coastal
Plain. A common geological fearure which cocurs here on the park and in many other areas of the world
containing limestone subsoils, 15 the “sinkhole ', Sinkholcs are fourd n vanous stages of development fiom
small hidden underground caverns (o large open depressions.
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Springs

A spring is a flow of groundwater naturally
emerging at Earth’s surface

e Springs are formed where:
—a prominent joint system intersects the ground
surface

— a perched water table intersects the ground
surface

— a cave system intersects the ground surface

— a fault intersects the ground surface

34
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Geysers and Travertine Terraces

 Geysers occur in hydrothermal areas where
groundwater is heated by hot rock and erupted at
the ground surface

 Travertine terraces form at the ground surface
where calcium carbonate is precipitated from
hydrothermal water percolating through
limestone bedrock

36
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A Cross section

B Map view of centaminant plume. Note how it grows in siza wilh

distance from the pelluton source.



> A...a
P -
L .—-_v)

~
w
(=%
Ry
414
Q
-
g
%
'
(=]
9
5
v
@
=
-
i
a
W
2
5
n
I3
£
ul
0
=
m
&
A
Q
.H.In
.
3
9
]
L
7
5
&
&




ohl & MAcCraa-Hill Corpanias, (ac, “ermizgion resl sed ko radtod

Thig wall prowidas
cican waler

Fraciures in crystalling rock

Contaminated well




Thank you



