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Hydrological Cycle
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The largest reservoir-in the hydrologic cycle is the ocean
— Contains more than 97.5% of Earth’s water

— Most of the water in the hydrologic cycle is saline, and not usable by
humans

The largest reservoir of fresh water is the polar-ice sheets
— Contain 74% of the Earth’s fresh water
The largest reservoir of unfrozen fresh water is groundwater
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Drainage patterns
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2nd order streams
3rd order streams
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The Hydrologic Budget

(P+GW, +SW,)) = (E+ET ) = (ASW + AGW + ASM)
— inflows —= < outflows — < change in storage —
where:
P is precipitation as rain or snow,
GW,, is ground-water inflow volume,
SW,, 1s surface-water inflow volume,
E is open-water evaporation,

ET 1s evapotranspiration from emergent vegetation,
ASW is change in standing volume of surface water,
AGW 1s change in ground-water volume of the

saturated zone, and

ASM 1s change in ground-water volume of the

unsaturated zone.




Stream capture
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Waterfall formation

WATERFALL FORMATION

1. Waterfalls are often formed where a 2. As the river passes over the softer rock,
layer of harder rock overlays a layer it is able to erode it at a faster rate,
of softer rock. forming a step in the river bed.

e —

Softer rock

3. The force of 4. As the notch grows, eventually there isn't

hydraulic action enough support
does two things: under the harder
rock and it collapses

into the plunge pool.

vﬁ\/\

5. This adds rocks and boulders to the plunge 6. The processes of erosion continue, further
pool, and so the process of corrasion works eroding the notch and
with hydraulic action to plunge pool. Eventually

further erode the plunge o R == the harder rock above

pool and notch. % " will collapse again,

: meaning the waterfall will

retreat upstream over




Reynolds Number

Laminar versus turbulent flow
P, VR
Re = =

H TurBULENT FLow
\

P = density of water (1000 kg/m?)

v = velocity (m/s)

R = hydraulic radius (m)

1 = dynamic viscosity (for water at 20°C
=1.002 x 1073 Pa s)

Reynolds Number

Laminar flow <2000
Unstable flow 2000 — 4000
Turbulent flow >4000
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Bedform stability diagram
This bedform stability

diagram indicates the 5 Upper flat bed
bedform that will occur for
a given grain size and
velocity and has been
constructed from
experimental data.

Subaqueous dunes

Lower flat bed
Ripples

Mean flow velocity (cms™)

Two general flow regimes
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flow regime in which S8, Gk 0.06 0.08 0.1 0.4 06 0810

plane beds are stable and cond” | san | “snd” | eand” [eana”

afi UpRer flow Tegume A bedform stability diagram which shows how the type
where plane beds and of bedform that is stable varies with both the grain size
antidunes form. of the sediment and the velocity of the flow.
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Stream discharge
and Velocity
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Stream profiles, discharge, and
stream maturity

Steep gradient at head

Gentle gradient near mouth
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Stream behavior is controlled by 5 basic factors
1. Average channel width an
2. Channel gradient
3. Average water velocity
4,  Discharge
5.  Sediment load

All streams experience a continuous interplay a
factors



Meandering River

scrolls
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Braided River

superimposed channel fills
without coarse sand deposits

superimposed channel fills
with coarse sands at the base

flooding plain
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single bar with
coarse sand deposits

superimposed bars with
coarse sand deposits




The size of clasts a stream-can transport is mainly related to velocity
The size of clasts decreases downstream from the rocky headwaters

A stream’s load consists of three parts

— Bed load

— 5-50% of total sediment load

— Move by rolling, sliding, or saltation
— Suspended load

— Particles of silt and clay provide the muddy character of many
streams
— Dissolved load
— Comprised primarily of 7 ions
o Bicarbonate, calcium, sulfate, chloride, sodium, magnesium,
and potassium
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Streams form three major
landforms

Floodplain: deposition of fine sediment be
natural levees during a flood

Alluvial fan: a fan-shaped body of alluvium at
the base of an upland area

Delta: triangular shaped deposit formed when a
stream enters the standing water of a sea or lake




Continental Divides
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Annual maximum discharge (m°/s
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llabot Creek: Historic Channels




(a) Before flood
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Lentic Ecosystems

In temperate regions, lakes often become thermally stratified during summer and again in winter

JIIPTY ST i During spring and fall,
Stratification = Loy e _—re the entire body of
Layers T e ey SR 5 G water approaches the
St T e Wuer. | AR same temperature,
mixing occurs, occurs.
Blooms of
phytoplankton's often
follow these turnovers,
¢ asnutrients from the
\\'.l.r!n\s'._llt‘r : bottom become
"Epilimnion" SR  available in the photic

zone.
Rapid temperature change SSE  potic zone is the
"Thermocline" e

)

Thermal Profile
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Seasonal thermal structure of lakes as a function of latitude
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*Warm water s less dense than cold water.

*Fresh water s less dense than saline water.




Why do we care about the seasonal variation in temperature =
Eutrophication

jﬁ

sunkight

1. Nutrient load up: ‘ 5. Death of the ecosystem:

excessive nutrients from oxygen levels reach a point
fertilisers are flushed where no life is possible.
from the land into rivers Fish and other organisms die.

or lakes by rainwater.

¢ 00 @ VP BRI P F ARGFL Bl v e
algae layer

3. Algae blooms, oxygen is depleted:
algae blooms, preventing sunlight
reaching other plants. The plants die
and oxygen in the water is depleted.

2. Plants flourish:

these pollutants cause

aquatic plant growth of

algae, duckweed and other plants. 4. Decomposition further
depletes oxygen:
dead plants are broken down by
bacteria decomposers), using up
even more oxygen in the water.




Overlap of Recreational Use and Stress
Bl High Recreation, High Stress
B High Recreation, Low Stress
Low Recreation, High Stress
B Low Recreation, Low Stress
No Stress Data

Minnesota

Wisconsin

Ontario

Michigan
New York

lllinois k /_ : Pennsylvania

Indiana Ohio 0 50 100
Miles mmm— m—

Source: Great Lakes Environmental Assessment and Mapping (GLEAM) Project, www.greatlakesmapping.org




Groundwater

B T e A
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Detection frequency at an assessment level of X
0.02 microgram per liter,in percent
B Chloroform Ground-water flow
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Horizontal Hydraulic Gradient
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soil moisture

unsaturated zone,

zone of areation, " water table
The Water Table s s
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Porosity and permeability
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Darcy’s Law

Elevation A:
Water table =
440 m above
sea level

Elevation A (440 m)
~Elevation B (415 m}

e Elevation B:

Nee 7 2
, Vertical ’ : Water table =
Volume of | PARCY'SL ;.V/ ot onats
7

water

drop 415 m above

0.25 m? = sea level
2T A ) \ cross-sectional
Cross-sectional Flow distance area (A)

area of flow

Permeability (hydraulic
conductivity)




Additional
wet-season
saturation

Zone of
aeration

Zone of
saturation

Year-round
saturation

Layer of soil moisture

Zone of aeration

Water table
Saturated zone

Stream

Wet-season
water table

Dry-season
water table




Rainwater

(or snowmelt)

seeps into
ground.

Water table

Gravity moves water X

downward through
zone of aeration
until it reaches the
water table.

Groundwater Recharge

_Recharge

Spring emerges where
water table intersects
the surface.

Possible flowpaths for
groundwater in the
L saturated zone.

Groundwater percolates
Discharge along curved paths and emerges
In nearest stream.




Artesian Aquifer

Recharge zone

for confined

aquifer Recharge zone
for unconfined

3 aquifer




Typical New England Aquifer

Dug well
Drilled bedrock well Gravel-packed well

Wetland deposit Driven well

Fine sand & silt
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Water .
around Air

grains Cone of depression in an unconfined

aquifer
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Land Well discharge < : e
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Cone of depression in a confined aquifer and effective stress

O Mineral Land surface
 E [

grains

Pore Total J stress

water
: .
S

Effective  Fluid
stress pressure

Cone of depression

Original
potentiometric
surface before
pumping

Aquitard
(low hydraulic
conductivity)

Confined
aquifer

Aquitard
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Water level change, in
feet, from 1980 to 1995
Increases:
I More than 40
I 20 to 40
10 to 20
5to 10

Insignificant change

Declines:

5to 10

10 to 20

N 20 to 40
I More than 40

I Area of little or no
saturated thickness

Source: USGS OFR 99-197

High Plains Aquifer

Resource sustainability — withdrawals
from the High Plains aquifer

System before development

Natural
recharge
24

:

Natural
discharge
24
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System during development
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Salt water incursion

Major irrigation Well contaminated
with saltwater

groundwater
aquifer
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2. Alluvial Basin

Groundwater regions of the United States

. 9. Northeast and
6. Nonglaciated \ % Superior Uplands
Central @

region  1.\Western
Mountain
Ranges 6. Nonglaciated

Qb Central regio ‘ 7. Glaciated
%y '

Central

Plains -
region

2. Alluvial

Basins 4.

Colorado
Plate ‘ \ ;
;II]Ldau 6. Nonglaciated
; ¢ ' Central
Wyon?mg region
Basin i

6. Nonglaciated
Central region

14. Alaska

13. Hawaii

500 miles

800 kilometers

15. Puerto Rico and
Virgin Islands
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Sinkholes

The Making of a Sinkhole

SANDS and CLAYS Vibrations From
New Construction
Sinkhole

Pressure Fl'nlrl..sblildl'll Water
o A

s
L u Local
Normal Hydrostatic Groundwater
Pressure T withdrawals L_:-,".'“

water Filtering
Down Through Soil N
Becoming Slightly Acidic T P’
— e . A
- /"Cave Formed When From Aquifer | bt e -
Water Dissolves =~ _l— in E—l\“ €
- _ e
Aquifer
Limestone ~— -




Caves

Caves: subsurtface cavities tormed by dissolution of rock

Steps in the Formation of Caves

1. Extensive chemical weathering
Requirements:
a. Abundant groundwater
b. Soluble bedrock (limestone)

2. Lowering of water table (tor an air-file

4. More of 1, 2, & 3 in various orders




opographic watershed divide

Dissolution sinkhole
Sinkhole pond
Blue Hole
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Water Stress Indicator

Water Stress Indicator: Withdrawal-to-Availability Ratio
No Stress Low Stress Mid Stress High Stress Very High Stress




Estimated annual world water use Mining Other
= per year Manufacturing 2% 3%
4000 4%

Bectricity & Gas

Reservoir losses ————== 2/
T%

Municipal .
vialer supply

Industry fo f

Agriculture

Hows eholds
0%

Water use worldwide Water use in the home
What if developing countries follow their developed counterparts’

World Low- and middle- High income
mcome countries countries

n.- r‘ﬂ. r'
PERDOmeC use ‘ﬂ?ﬂvrﬂn: use IR Bomestic use Showers and baths
| Y Y 35%
! ’ / 0% Industnal use /

_ 0% 49,
v 2% ndustrial use L/ Agricultural Lv’
uso

0% 82%

Agniculwral use Agricultural use

: Laundry
Industrial use 40 20%
Kitchen and drinking
10%
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Safe Drinking Water Act - Protecting America's Public Health

Concentrated Animal Feeding Operation
Livestock Waste Lagoon
Pesticide / Fertilizer ;‘q)o!n:;l‘._:on
Construction / Urban Sprawl

Septic System

Water Table

Saturated Zone

ructure Hepair
& Parking Lot Hunoft

MULTIPLE RISKS REQUIRE MULTIPLE BAf

Sate drinking water is essential 1o the health of American citizens and the economic
health of our communities. However, drinking water is vulnerable to contamination
from many potential threats. There are programs and activities that when operated
effoctively form a protective web of multiple barriers to ensure the safety of our

drinking water, The success of these bariers relies on the involvement and vigdance of
local, state and federal officials, the private sector, public interest groups and

Individual citizens.

This poster identdies examples of

nd ground!

Deforestation / Soll Erosion

Municipal Wastewater
Ireatment Plant
Landfil

Mining

Crop Dusting

Fertilizer /

Safe Drinking Water Hotline ~ (800) 426-4791 Safewater Web Site — www.epa.gov/safewater

Manure Spreading

Deep Injection Well

Industrial Heleases
To Alr & Water

Industrial Wastewater
Discharge

Spills

Shallow On-site System

Drinking Water
Storage Tower

*Confining Layer

Agercy
EPA 816442000
Jorary 2002
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