GROUNDWATER

The Flow of Water Through the
Subsurface




RUNOFF vs. INFILTRATION

O Evaporation

&= s~ Evaporation
520,000 tion eopooo km®

Groundwater - 2nd largest source of fresh
water on this planet.




Where’s the Water?

Share of
: 5’5:; ;’pf ';‘gree Fxg:ssxnvzggr Vo ITL%ae' of
m>) Freshwater
(percent)
Ice sheets and glaclers 24,000,000 84.945
Groundwater 4,000,000 14.158
Lakes and reservolrs 155,000 0.549
Soll moilsture 83,000 0.294
Water vapor In the atmosphere 14,000 0.049
River water 1,200 0.004
Total 28,253,200 100.000
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Rainfall vs. Consumption

Consumption exceeds renewable water
sources 1n the southwest.

This 1s also true in Southern California
since about 1900

Also some places locally in the Midwest

Necessitates the use of groundwater to meet
human needs.



Its All About Porosity...
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Intragranular Porosity

Sand grain

Q Pore space

.

(a) Porous sandstone




Sediment Sorting and Porosity
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Intragranular Cement and Porosity

Cement can
eventually destroy
all porosity

Cementing
mineral

(b) Cemented sandstone




Porosity in Shale

” Very small amounts
> of pore space
between clays

% //‘ and silt grains
4/ /(%}//p/ Silt grains
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Fracture Porosity

Small amounts of
pore space along
cracks

Impermeable rock

such as granite



Porosity and Burnal
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Porosity 1s important but...

...1t 1sn’t the whole story!




Permeability

Permeability = How well connected are the
open spaces (porosity)

Hydraulic Conductivity (k)

Both porosity and permeability control the
rate of groundwater flow along with...

(Hint: What’s the driving force?)
GRAVITY!



e
Darcy’s Law

Q = Volume of
water flowing

‘ Q/A=K (/) ‘

Water table =~
440 m above -

Narncal o = A = Cross-

sea level
Y -elevation P! - elevation P = .
) 40m-—4lsm=25m sectional Area
DARCY'S LAW Water mble 415 m] | K = hydraulic
- . above sea level ..
Volume of water flowing in 4 conductivity
certain time is proportional to: ' T ,
ical drop = flow di — = — 1
varcia deop + flow distance S h = height
‘Az =Kx] difference

@ Volume of water flowing h: Vertical drop between
in a given time WO points

A: Cross-sectional area through  £: Distance the flow wavels
which water flows

K: Hydraulic conductivity
{a measure of permeability)



The Water Table

During wet period During dry period
Abundant rainfall Evaporation
Infilcration ' Shallow
' | | well dry
Hioh l Flowing !
; Water able high! | spring ' ! Dry spring
Shaflaw Effluent i Water table low Influent
we‘ll stream stream
Deep pumped D_eep well
well pumped

pumped

e Downward infiltration from surface

 Percolation from influent streams

» Pore space completely filled = saturation

e Zone of saturation below water table.




Water Table
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e
Water Table Characteristics

dry season)

Water table (higher in
wet season, lower in

&>

Groundwater discharges
from spring only in

zone
Saturated zone

“wet seas(on

e
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only in wet Pretrie g <
season e il e
Saturated zone~ - D e

Groundwater flows
down gradient, and
not necessarily
down slope

a0
OO

G ndwater discharges
“through riverbed in both
wet and dry seasons

Well water leyel
varies with seasons




*Aquafer - has high porosity
and permeability therefore
allowing the transmission of
water

eAquatard - retards the flow
of water through the sub
surface

*Aquaclude - prohibits the
flow of water through the
subsurface

Springs often occur when
groundwater is forced to the
surface by an aquatard.




A Spring forms as the
result of a perched water
table.




Artesian Groundwater Systems

An aquafer sandwiched between two
aquacludes forms a confined aquafer.

This confining pressure Upland
allows water to flow [echarge.dres
! : Average height of water PN
freely 1n an artestian well. ~—Gblenrechargeares -2 IR /

Flowing artesian well T KA
Difference et . Mt&r

in elevations >
" gl table

Aquiclude | e =¥
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Water Quality Issues - Source Area

Thick lowland forest soils
with much organic matter,

Sandstone - Good pure water

Swampy source - Lots of organics

Limestone - High 1n calcium carbonate



Cone of Depression

Infiltration

Active
recharge

pumping [P ‘ll
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Cone of Former water table
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Cau"sv"es draw-dewn of-the
water table near the well
called a cone of depression.




e
Overpumping can produce a large cone of

depression causing shallow wells to go dry.

If heavy pumping lowers the water table, the shallow
wells may be left dry.




In the San Joaquin Valley of
California, over-pumping has
not only depleted aquafers but
caused the ground to subside
drastically.




Salt Water Intrusion

Well pumping Well pumping
frci? water Recharge salty water
.‘ ‘
: Water table Cone of
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(a) Before extensive pumping (b) After extensive pumpihg by many wells

Pumping causes a cone of depression and...

...draws the salt water upwards into the well.



Buried gasoline or industrial
chemical storage taqk

{
e

Waste-disposal | 1nd spreading, irrigation,|
or injection o= \;Ad pestcios 3ppicanon
well \ 72 =—_7

Jyt Entry of surface-source. ;:.

contamination into groundwater

= Movement of contaminants in groundwater

ﬂ Contaminants in wells

Landfill dump
or refuse pile




Groundwater - Some Main Points

 Part of the hydrologic system

e Subsurface flow of water

* Porosity and Permeability

* Fluid flow (Darcy’s Law)

* Water table - Zone of saturation

» Aquafers, Aquacludes, Aquatards
* Confined aquifers

« Effects of over pumping

« Effects on water quality.



