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o Pools and Fluxes
atmospherlc moisture

over ocean T e On Earth, water can be fresh, saline, or a mix of both.
A . . 14 L Pools are places where water is stored, like the ocean.
atmospheric moisture = Fluxes are the ways that water moves between pools, such
over land asevaporation { { |, precipitation i, |, discharge \~,,

recharge /4 v, orhuman use .2

See www.usgs.gov/water-cycle for definitions.
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After this week, you should be able to...

* Describe how rock affects the flow of water

* Know the aquifer types

* Discuss how surface water is connected to groundwater
* |dentify major sources of contamination

e Construct a water cycle



Water

* 4 properties —p. 70-71

* Fresh vs Salt
 Total Dissolved Solids (TDS)

* Porosity
* Permeability

Oceans (salt water)
96.5%

Other salt water
1%

Fresh water
2.5%

Other freshwater

sources 0.4% Water in

Groundwater swamps 7.7%

30%

Water in
lakes 67%

Water
in soil

Water in rivers 1.5% / ' ,
Water vapor in

Water in living atmosphere 10%
organisms 0.8%


Presenter Notes
Presentation Notes
FIGURE 7.3  Where’s the Water?  
Most of Earth’s water is held as salt water in the oceans. Most of Earth’s fresh water is held in ice and snow. Most of Earth’s liquid fresh water is held as groundwater, and a much smaller fraction is available to us in freshwater lakes and streams.



Crystalline rocks vs  Sedimentary clastic
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Thelurban water CYClE Natural vs Urban settings
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U rba n HYd I'O |0g y https://wiki.sustainabletechnologies.ca/

Development with Low Impact Development wiki/Urbanization

35% evapotranspiration

10-15% runoff
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45% shallow

Infiltration
5-10% deep 30-50% impervious cover
Infiltration


https://wiki.sustainabletechnologies.ca/wiki/Urbanization
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Presenter Notes
Presentation Notes
FIGURE 7.4  How Groundwater Forms  
(a) Groundwater forms when rainfall infiltrates into the ground and into an aquifer. The top of the groundwater reservoir is called the water table. It separates the saturated zone below from the unsaturated zone above. 
(b) Where the water table lies close to the surface, the water level in rivers, streams, lakes, or ponds is an extension of the water table. 
(c) In arid zones, the water table may lie deep below the ground surface, and ephemeral streams may flow only intermittently. 
Adapted from Marshak and Rauber (2017).
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Presenter Notes
Presentation Notes
FIGURE 7.4b,c  How Groundwater Forms  
(b) Where the water table lies close to the surface, the water level in rivers, streams, lakes, or ponds is an extension of the water table. 
(c) In arid zones, the water table may lie deep below the ground surface, and ephemeral streams may flow only intermittently. 
Adapted from Marshak and Rauber (2017).



Water seeps down until it
reaches the water table.

Influent



AT A GLANCE

The Water Cycle

We see water appear and disappear in many forms. Rain falls and
it trickles away. Ice melts and it seems to do the same. A puddle

b b b b bbb b

2
X
on the sidewalk disappears in the hot sun. Are these disappearances $ LI I D LR B B » 5 0 0 B0 b b b
linked? Yes—these events are all part of the water cycle, which ré" b b b b b D » 5 0 b b b b b bbb
shifts molecules of water into different places or states of matter s [ Y b b b b
Il around Earth. This includes the water inside you! 2 % Sl ROk St
all around Earth. This includes the water inside you! = m S,
£ 3 L o% AR
o
Here we show Earth’s major water reservoirs and the average s b SR L L
residence time of a water molecule in each. Arrows show typical = bbb
flows of water, with the arrow size indicating the scale of flow. =
)‘%@
Hiiathanlin THE LAND SUREACE 3 ICE, GLACIERS, SNOW,
atmosphere from the ocean B :’tVQ:: E“;‘;a;?g{':fj:;teh; surface, AND PERMAFROST
and sources on land. . etat Around 1.8% of Earth’s water
The atmosphere holds only bbb Soil:

about 0.001% of Earth’s
water at a given moment.

Residencetime:10days ® ® b & & & b

. . becomes frozen and is trapped
Wm0 0.001% will be absorbed by soil.

in solid reservoirs.
Residence time: 1-2 months Residence times:

e - Y & S Surface runoff Ice caps, 200,000 years
» b b b b Living Org_anlsms. I ¢ Flowing glaciers, 100 years
" P 0.0001% will be consumed Winter snow, 2-6 months
’bo ) by living things.
2)/(.( Residence time: A few hours to days
=) .
m < Freshwater Bodies:
2 % 0.007% falls into lakes
=] < and 0.0002% into rivers s o
= = or streams. Water leaves Permafrost
’% 2 these reservoirs as it -3 ¢ Deeper underground
o [ evaporates, Eowsénto the ; L O o the water in the spaces
% a ocef:m, or SII? S unaerground. o between rock grains
oo Rgsndence times: Lakes, 10 years is frozen. If it stays
905’ Rivers/streams, 2-6 months frozen for 2 years or
% more, it is permafrost.
6’6’)

Wate,

THE OCEAN Groundwater, or underground water, is the
largest source of liquid fresh water on Earth
T?‘E octﬁgns hO:d 96.5% (0.76% of Earth’s water). Water sinks underground
of Earth's total water, in many ways and can stay there for a long time
fi ; with water. This is groundwater. Underlying before it is used or slowly flows somewhere else.
of it evaporates in a year. impermeable rock layers keep groundwater

Roskdence time:8,00D 7855 e s s Deep groundwater flow Residence time: 100-10,000 years

3 : G Groundwater flow
St iy s O3 Spaces between rock grains are filled


Presenter Notes
Presentation Notes
AT A GLANCE
The Water Cycle
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Bedrock Aquifer Systems across lowa

Southwest to Northeast
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gallala Aquifer — Unconfined

7zone of aeration’. ;. L

i Water fable i el

zone of saturation: - it gD T e T

R eof e e T e D T
S dEpFesSsion: . L

< drawdawn

Cone of Depression

Water mining

Adapted from McGuire (2004)
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Presenter Notes
Presentation Notes
FIGURE 7.9  Drawing Down the Ogallala Aquifer  
Many western states rely on the Ogallala Aquifer, outlined in this figure, to provide water for agriculture. However, this aquifer was fed by glaciers more than 10,000 years ago and has a very slow recharge rate—just 0.02–6 inches (0.5–15 centimeters) a year. Currently, human activities are drawing this resource down faster than it can be replenished. 
Adapted from McGuire (2004).
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Rivers and streams form as water flowing Along smaller streams, trees shade sunlight,

downhill collects along a common path. keeping water cool. Dead organic matter is
Y eaten and broken down by insect larvae. St rea l I IS a n d

[FE—N

The gradient is steep in
this region, and riffles,
rapids, and waterfalls
are common.

Rivers

As the gradient of the
stream decreases, the
flow deepens and the
stream widens. This
allows more sunlight
To reach aquatic
plants, allowing them
to flourish along with
a greater diversity of
insects and fish.

The gradient
decreases, the flow
deepens, and fallen
woody debris forms
pools and sediment
accumulates.

Wetlands that are
forested are called

(center left)

Wetlands dominated by
grasses and cattails are
called marshes.

IShutterstock
Rosanne Tackaberry/Alamy Stock Photo

(bottom left): Martyn Wiliams/Alamy Stock Photo; (bottom right): Peter Martin

Rhina/Alamy Stock Photo

r
Groundwater-fed ' =l
wetlands where -
organic matter T =
T —
accumulates faster ==
than it decomposes = 5
- ] = £
causes anaerobic Estuaries are where — =

fresh water meets salt
water. The more
dense salt water is on
the bottom while less
dense fresh water
floats on top.

conditions.

(top Ief): Sompol/Shutterstock
BaB389/Alamy Stock Photo


Presenter Notes
Presentation Notes
FIGURE 7.8  Lotic Ecosystems  
Ecosystems in flowing water such as rivers and streams are known as lotic ecosystems, and the zones of these systems are categorized primarily by differences in the flow of water.
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Dry Run Creek A e e \\A g,
* 15,177 acres -
* Four main branches
* 30 miles total
14 urban 3
e 16 rural
* Max. Relief = 150 ft
'Legénd
' ) E | —— DRC
2000 1000 0 2,000 Meters | N g « ﬁ DRC Watershed




CEDAR FALLS OXBOW WETLAND RESTORATION

e Subwatershed 5

e 2.6 acre drainage area
| o 13,950 fi? of wetland

e 3 fons of sediment annually

e 4 |bs. of Phosphorus annually
e Construction fall 2018
e $28,843 The Nature Conservancy

$92110e.d
Juswageue|A

1599



Ponds and Lakes

A wide variety of birds, from black- Pond lilies and submerged plants such as pondweed
birds to herons, come here to eat. host a diverse community of insects and small fish.
Li’r’rorlal z0ne Pela?lc Zone Larval forms of many
I I I insects develop here and
Birds i ~ are food for small fish.
~ % Dragoniies Photosynthesizing Insects

k

plankton and algae m
| ~ Large fish, such as

largemouth bass and pike,
e ~ feed on smaller fish.

Cattails

Photic
“zome  Dead and decaying material
from photic zone sinks to here,
S ’ - where it provides food for
| Aphotic bottom-dwelling decomposers.

g ‘ e P ‘ one



Presenter Notes
Presentation Notes
FIGURE 7.7  Lentic Ecosystems  
Lakes and ponds are known as lentic ecosystems, and they can be understood as a series of zones characterized by the distance from shore and the extent to which sunlight penetrates the water.





Presenter Notes
Presentation Notes
FIGURE 7.6a  Lake Formation  
(a) Glacial lakes, such as the Great Lakes, were formed when continental-scale glaciers retreated, gouging and moving Earth to form basins that filled with water.



U.S. Drouc

&7

Data valid: February 18, 2025 at 7 a.m. EST
Intensity

None

Abnormally Dry)

Moderate Drought)

DO
D1
D2

I D3 (Extreme Drought)

(

(

(Severe Drought)

(

I D4 (Exceptional Drought)

P No Data

Authors

United States and Puerto Rico Author(s):

Brian Fuchs, National Drought Mitigation Center

Pacific Islands and Virgin Islands Author(s):

Rocky Bilotta, NOAA/NCEI

|

Curtis Riganti
National Drought Mitigation Center

. .»2 I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-scale conditions.

Local conditions may vary. For more information on the
Drought Monitor, go to hitps://droughtmonitor.unl.edu/About.aspx

2209

droughtmonitor.unl.edu

https://droughtmonitor.unl.edu/CurrentMap/StateDroughtMonitor.aspx?IA



Presenter Notes
Presentation Notes
FIGURE 7.18  Keeping Track of Drought  
On any given day, the US Drought Monitor identifies areas of the country facing prolonged periods of dryness. Note that on this day, portions of the Southwest, Oregon, California, and even Hawaii have some drought conditions.


https://droughtmonitor.unl.edu/CurrentMap/StateDroughtMonitor.aspx?IA
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Presenter Notes
Presentation Notes
FIGURE 7.14  Point-Source and Nonpoint-Source Water Pollution  
Water pollution is often categorized by whether it comes from (a) a point source (a single identifiable source such as a pipe) or from (b) a nonpoint source (such as runoff) that enters water in a more diffuse way.



Cuyahoga River

1868, 1883, 1887,
1912, 1914, 1922,
1930, 1936, 1941,
1948, 1949, 1951,
1952, 1969
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Cuyahoga River
August, 2020



Pottawattamie County, lowa

* lowa Officials Find Animal Parts

Strewn Across 2 Fields

* Environmental officials are considering

what actions to take against a 11 ]

southwestern lowa feedlot after | | |

finding animal parts and the contents |

of slaughtered cattle stomachs strewn

across two open fields. ,L

* By Associated Press, Wire Service
Content March 11, 2021, at 3:45 p.m.



https://www.usnews.com/topics/author/associated-press
https://www.pottcounty-ia.gov/

(a)

The Process of
Eutrophication

Nutrients in the
water increase
and accumulate.

This buildup
stimulates algae
growth and blooms
of aquatic plants.

(b)

ﬁ

The dying plants
and organisms
use oxygen as

they decompose.

ﬁ

Decomposition
depletes the
amount of oxygen
in the water.

Geogphot.os/AIar-ny Stbok Photo


Presenter Notes
Presentation Notes
FIGURE 7.15  Eutrophication  
(a) Eutrophication is a process often triggered by excessive inputs of fertilizers into aquatic environments. 
(b) The rapid growth of plant matter in the water eventually reduces the amount of dissolved oxygen available to organisms in the water.



To notify the
public about
potentially
dangerous water
contamination in
recreational
areas, public
agencies may
rely heavily or
solely on signs
posted at the
affected beach.
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The Toxic Algae Cycle

The algae bloom decreases sunlight and night time oxygen

~ Other algae, fish and plants die and sink - increasing muck /.
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Fish Kill Event - East Nishnabotna River

» 265,000 gallons of liquid nitrogen
* 800,000 fish dead over a 60 mile length of the river
*S2 to 5 per gallon $530,000 to $1,325,000

* Over flow shut off valve not installed? $12 part
* https://programs.iowadnr.gov/fishkill/Events/1045



https://programs.iowadnr.gov/fishkill/Events/1045

Ehe New ork Times
lowa Fertilizer Spill Kills Nearly All

Fish Across 60-Mile Stretch of Rivers

Officials in Iowa and Missouri estimated that nearly 800,000
fish had died in waters that flow into the Missouri River.

%’ Share full article = [ CJ 312

https://www.nytimes.com/2024/03/29/us/iowa-spill-fish-kill. html



https://www.nytimes.com/2024/03/29/us/iowa-spill-fish-kill.html

IWILL competes with NoWill? 2025 Will to Kil

* Lawmakers approved the creation of the Natural Resources and Outdoor
Recreation Trust Fund in 2008 and 2009. The next year, lowa voters amended
the state’s constitution to include a framework for the fund: The next time

the state passed a sales tax increase, three-eights of a cent of the tax would
go toward water quality, outdoor recreation and wildlife conservation.

 Statewide voter support: 2010 - 63% , 2021 - 70%

* The issue: lowa hasn’t passed a statewide sales tax increase since then,
leaving the fund empty for over 19 years and counting...

nttps://www.iowapf.net/iwill/,
nttps://www.inhf.org/what-we-do/conservation-policy/iowas-water-and-land-

egacy/



https://www.iowapf.net/iwill/
https://www.inhf.org/what-we-do/conservation-policy/iowas-water-and-land-legacy/

summary

e Scale — Agriculture & Urbanization development outpace Conservation
* Not sustainable

* Regulations and enforcement
* Voluntary is not working

e Education and awareness
* Making progress, but not enough

* Must work with...
* politicians/leaders
* city planners/managers
» developers/builders



Extra Resources



Causes

&y Excess phosphorus and nitrogen from:
= Aoricultural fertilizers

Residential sewer/septic leakage

Stormwater runoff (streets, roofs)

Hog, cattle & pouliry manure

Industrial discharge

Wind & rain deposition

Shaorebird droppings

& & % 8 8 @

Algal
Blooms

Warmer weather and increased runoff create ideal
conditions for Harmful Algal Blooms (HABs) — the
abnormal growth of blue-green algae in lakes. Itis a

Effects

@ Human health:
® Skin rashes, illness [cyanotoxins)
® Moxious odors
= Drinking water caontamination
5L & Ecosystem:
v’ = Haalthy food web disruption
& Fish kills
& Shellfish toxicity
= Environmental:

* Soil erosion (storms and flooding)
&y Warmer water temperatures
& Unfiltered sunilght
&» Stagnant water
& Stratified water layers
&¢ Invasive mussels

1 Warmer weather fuels
bigger rain events

2 Sediments and agricultural
fertilizers runoff into rivers,
feeding the algae and clouding
the water

3 Algae grow into a thick mat on
surface, further blocking sunlight

4 Deep-water plants cannot photo-
synthesize, so they stop producing
oxygen and die

5 Fish and other animals suffocate,
die and fall to the lake bottom

complex problem with many harmful consegquences.
& Deaad zones
o Aeid rain

l ! & Ajr poliution
— o @ Recreational:

= Beach closures

= Boating restrictions
= Fishing bans
& Economic:
= Expensive waler purification
& Commercial fishing losses

& Decreased tourism revenue
= Dacraasa in recreational business

ALGAL BLOOM L ARy heru oo * Dacroased proparty valuaes

il 10 The bloom fouls drinking water,
kills animals and causes human illness

9 Algal mat grows larger and thicker with warmer
water and abundant nutrients.

FExeegs
Nutrient

Cycling 8 Zebra mussels eat only "good™ algae,

allewing sunlight to warm the lake depths

7 Phosphorus and nitrogen are released
and drift up toward the surface

6 Decomposers in the muck multiply and consume
more oxygen due to the increased food supply
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