Water in our World

Dr. Janet MacFall
Dept. of Environmental Studies

https://www.youtube.com/watch?v=D1ZYhVpdXbQ



Why do we need water for
life as we know it?

http://mww.wyndham.com/hotels/ontario/niagara-falls/iwyndham-garden-niaga
fallsview/hotel-overview




How do we define “life”?



Why do we need water?

Temperature regulation

Solute transport into organisms and cells
Transport out of organisms and cells
Holding protein shape

Photosynthesis — the foundation for food chains
and energy storage/transfer for life

Breakdown (digestion) of molecules

)

How we define life on earth!


http://nutrition.jbpub.com/resources/animations.cfm?id=7

Life 1Is made of CELLS!

And cells are bounded by a
Membrane!
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https://www.youtube.com/watch?v=VhUIION
MG6AO


http://www.youtube.com/watch?v=Rl5EmUQdkuI
https://www.youtube.com/watch?v=Pfu1DE9PK2w
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No Membranes

NO Life!l!



Is there Water In space”?

LIS Dept of State Geographer ’
© 2013 Google C‘ I _
Data SI0, NOAA, U.S. Navy, NGA, GEBCO 1008 ¢ earth
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Humans and Water
Human influence on watershed hydrology
and water quality Is extensive, global
and profound




Humans and Water

Human influence on watershed hydrology
and water quality is extensive, global and profound

Dam construction with water impoundment
Diversion structures

Runoff alterations

Groundwater withdrawals

Agricultural use/irrigation

nterbasin transfers

Domestic use

ndustrial use

Addition of pollutants

Loss of shade, temperature pollution

Use for energy production — nuclear, coal, hydro




80% of all diseases in the developing world
are linked to unsafe water and poor sanitation

The issue?
 Access to sufficient water
« Metallic contaminants
 Nutrient contaminants
« QOrganic contaminants
 Microbial contaminants

Result?
More than five million deaths annually
with more than half being children



Where Is the water?



What are the parts of the
“*hydrologic cycle™?

WATER
MOLECULE

http://www.dreamstime.com/stock-images-h2o0-water-molecule-image4763:



Biogeochemical cycling of water
What we call the hydrologic cycle

What does it look like?




Water Cycle
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Hydrologic Cycle

Water moves through the:
e Hydrosphere
e Atmosphere
o Lithosphere
e Biosphere



Mean Annual Precipitation

Average annual precipitation
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Presenter
Presentation Notes
The distribution of precipitation in different parts of the earth is certainly not even.  Lack of precipitation, either regularly or seasonally, is the source of enormous human suffering.  The amount of precipitation a particular area receives largely dictates the nature of vegetation and animals there. Such human suffering is prevalent in northern Africa where this map shows that less than 25 cm (10 inches) of rain falls per year.  


Multimodel projected patterns of precipitation changes

- June to August
20 10 -5 5 10 20

Figure 3.3. Relative changes in precipitation {in percent) for the penod 2090-2022, relative to 1950-1228. Values are multi-model averages based on the
SRES A1B scenario for December to February (left) and June fo August (right). White areas are where less than 66% of the models agree in the sign of the
change and stippled areas are where more than 20% of the models agree in the sign of the change. [WGI Figure 710.8, SPM]
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Major Water Compartments



Presenter
Presentation Notes
Most of the water on the earth is located in the oceans and saline lakes, with just 2.4% of the Earth's water in the form of fresh water.   Eighty-seven percent of earth's fresh water is located in ice and snow, primarily in the world's glaciers.  Most of this ice occurs in Greenland and Antarctica.  Of the 13% of earth's freshwater that is in the form of liquid water most is in the earth's groundwater and most of this ground water is relatively inaccessible to  society.  About 3% of the total liquid  fresh water on the earth is located in lakes, rivers, and streams and roughly 2% is stored as soil moisture.  Most of the water that society uses comes from lakes, rivers and streams,  though only a small proportion of those are near enough to the areas where water is used to be practical.  
In certain areas (for instance, in the area east of Tacoma called the Clover-Chambers Creek region) groundwater is the primary source of fresh water for societal consumption.  In some areas, (such as parts of Saudi Arabia  where fresh water is very scarce) salt water resources are utilized to produce fresh water for human consumption and even for irrigation of crops.  Desalination requires tremendous amounts of energy, and most of that energy is acquired from  the abundant oil resources in Saudi Arabia.  
There also have been proposals to tow icebergs to regions that need fresh water.  Though this has never been carried out,  glaciers in the oceans are composed of freshwater and also could be a potential source of water for society. 


Major water sources

Water bodies Atmospheric water
0.47% 0.03%

Belowground
water
22.22%

Fresh water 2.78%

Ice and glaciers
77.28%

Oceans
97.22%



How much water Is there?

Oceans & seas — 97.41%
Freshwater — 2.59%
lce — 1.984%
Avalilable fresh water — 0.606%
Groundwater - .592%
Lakes - .007%
Soil moisture - .005%
Rivers - .0001%
Biota - .0001%
Accessible available water - .003%



Major Water Compartments

TABLE 10.2 Earth’s Water Compartments

COMPARTMENT VOLUME (1,000 KM") PERCENT OF TOTAL WATER AVERAGE RESIDENCE TIME
Total |, 386,000 100 2,800 years

Oceans 1,338,000 6.5 3000 to 30,000 years®

lce and snow 24,364 1.76 | o 100,000 years®

Saline groundwater 12,870 0,93 Days (o thousands of years®
Fresh groundwater 10,530 (L76 Days (o thousands of years®
Fresh lakes 91 0.007 | to 500 years*

Saline lakes BS (1006 | to 1,000 years*

Soil moisture 16.5 (L0001 2 weeks 1o 1 year*
Atmosphere 129 (L.001 | week

Marshes, wetlands 1.5 (LO0] Months to years

Rivers, streams 212 (L0002 | week to | month

Living organisms 1.12 (L0001 | week

*Depends on depth and other factors

Sanwree; UNEP, 202
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Withdrawals, in billion gallons per day
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Figure 13. Trends in population and freshwater withdrawals by source, 1950-2010.
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What Is a River Basin?
A watershed?

A river basin is the portion of land drained by a river and its

tributaries. It encompasses all of the land surface dissected

and drained by many streams and creeks that flow downbhill
Into one another, and eventually into one river.

The final destination is an estuary or an ocean. As a
bathtub catches all the water that falls within its sides, a
river basin sends all the water falling on the surrounding

land into a central river and out to the sea.



Hydrologic Unit Map
(Based on Data from USGS Water-Supply Paper 2294)

Select a Water Resources Reqgion.

The gray lines are state lines, the blue lines are major rivers, and the white lines are water-resources region boundary lines.

The United States is divided and sub-divided into
successively smaller hydrologic units which are
classified into four levels: regions, sub-regions
(river basins), accounting units, and cataloging
units. The units are called HUCs.



Stream Classifications

Flood level

F “ Inflow to
groundwater

Augmented inflow
during flooding

~ Influent stream
Bank storage

(portion returns to
stream after flood)

Flood level

Outflow of
groundwater to stream

Effluent stream

i

Ephemeral \

Intermittent

Perennial



Our home is

Sub-Region 0303 — Cape Fear River
Basin

Who lives downstream from us?




RIVER BASIN INTERACTIVE MAP

Click on a River Basin to learn more...

http://www.eenorthcarolina.org/riverbasins-

interactive.html



Cape Fear River
Basin
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Historically used as a
major transportation
route, the Cape Fear
River Basin is the
largest in North
Carolina, covering 9,
324 square miles.

It touches 27 counties
and 114 municipalities .

The basin is home to
2,072,305 people
and 45 rare aquatic
species.



General Map of the Cape Fear River Basin
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Upper Cape Fear River Basin Conservation and Restoration Analysis and Strategy
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Upper Cape Fear River Basin Prioritization
Owverviewr Map
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Lower New Hope River

Upper Cape
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The river
forms at the
confluence
of the Deep
and Haw
Rivers at
Moncure, NC



Haw River Watershed

Haw River Watershed
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Presenter
Presentation Notes
Unlike traditionally studied streams, the Haw River is a high order stream due to its numerous tributaries.  It is also very wide with an average width of  around 60 meters.  Being a higher order stream makes determining the cause for bank slump more challenging and much more complex.


Haw River
Valley



Presenter
Presentation Notes
This slide set includes lecture material on Water: Resources and Pollution, for Chapter 10 Environmental Science by Cunningham and Cunningham. 


What did the Haw look like?



The Haw River is likely an ancient river,
resulting from the rift valleys formed when
Pangea split apart 245 million years ago

Africa

Basins and Subbasins in NC
Danville/Dan River
Durham

Deep River {Sanford
Wadesboro

Triassic basins along
east coast of North America
and west coast of Africa

i | Approximate location of
North Carolina




What did the Haw look like?

Chestnut

Gentle banks with
floodplains

http://castorid.com/technolg

LS N,

http://masschestnut.org/ima
ges/openGrownTree.jpg




History of the Haw River

The fur trade and trapping



History of the Haw River

The fur trade and trapping —

Beavers once lived throughout the European wilderness and the
Brish Isles. Scotland’s beaver trade dried up by 1350, by which
time a beaver pelt could cost up to a hundred and twenty times as
much as a lambskin.

By the mid 1500’s, only the remote reaches of Siberia and
Scandinavia had ponds still abundant in beavers.

What was the role of beavers on the Haw —

They are Nature’s Hydrologists, shaping the landscape more
than any mammal other than humans.



History of the Haw River

Farming — row crops (tobacco, cotton, corn) cattle

History of farming within the Haw River watershed.

I O I
Number of farms 2508 3640 1957
- % of county in agriculture 80 85 84

Number of farms 2940 2977 2038
- % of county in agriculture 79 66 70

Number of farms 753 1089 604
- % of county in agriculture 32 24 24
.




History of the Haw River

What is our farming legacy?

Loss of soil — about 12 inches
of topsoil have been lost,
leaving sediment along the
floodplain and in the river all
the way to Wilmington

Fostered the creation of the
U.S. Soil Conservation
Service in 1935. Created to
combat the “soil erosion
menace”.




History of the Haw River

The first mill was a grist mill built in 1748, and
by 1800 there were 17 gristmills directly on the
Haw River.

Cotton mills were constructed beginning in
1838, with the first mill constructed by John
Trollinger near Burlington. This was soon
followed by a mill built in 1848 by the Quaker
John Newlin near present day Saxapahaw.



History of the Haw River

Textile Mills and the dams that powered them

(7 f r(( é

'Ilhll I*

lf

http://ncmuseumofhistory.org/works
hops/The_1930s_in_North_Carolina
/Sessionl.html

At least 11 textile mills
were constructed
along the Haw River.



History of the Haw River

_ o GLENCOE MILL .. s e 7
Current textile mill sites: T—

Glencoe Mills- < PRy, PSS

Saxapahaw Mill —
restored for residential
Lise




Virginia Mills Dam

Legend

-* Historic Dams
* Existing Dams

Kilometers

Burnett-Powell Mill Dam=

e

Bynum Mill Dam

Dams of the Haw

Total of 10 Dams
6 Historic Dams

4 Existing Dams
2 Currently Hydroelectric


Presenter
Presentation Notes
Another possible influencing factor was the location of historic and existing dams.  Historically there have been ten dams throughout our study area that supported a thriving textile industry.  Four of the dams are still present and evident in the river while only two of those are currently producing hydroelectricity.  Once we knew the location of the dams, we wanted to see them in relation to the BEHI Values that we calculated.  



Haw River Today

Documented wildlife sightings include:

Bobcat, river otter, beaver, white deer,
bald eagles

UNSCENT3



Haw River Today

Documented wildlife sightings




From NC 42 near Moncure
to L&D #1 at Riegelwood

Middle CFR




Downstream In the Cape Fear Watershed
Wilmington ;?’\ra Watersheds

mmmmmmmmmm

wwwwwwwwww

What is a Watershed?

Everyone lives, works, and 9 -
plays in a watershed. -y
A watershed, also called a
drainage basin, is an area of
land that drains to a specific
body of water such as a creek,
lake, or river. Watershed
boundaries are determined by
the natural lay of the land.

Wilmington Area Watersheds drain into the Cape Fear River or
the Intracoastal Waterway/Atlantic Ocean and are part of the

-

—




Stream Ordering System

Shreve

Scheidegger

(preliminary)

Figure 4.11. Stream ordering systems. Strahler’s method is
most widely applied



Hydrologic Unit Map
(Based on Data from USGS Water-Supply Paper 2294)

Select a Water Resources Reqgion.

The gray lines are state lines, the blue lines are major rivers, and the white lines are water-resources region boundary lines.

The United States is divided and sub-divided into
successively smaller hydrologic units which are
classified into four levels: regions, sub-regions
(river basins), accounting units, and cataloging
units. The units are called HUCs.



Subregion 0302 -- Neuse-Pamlico:

The coastal drainage and associated waters from
Oregon Inlet to Browns Inlet. North Carolina.
Area = 13100 sg.mi.




Subregion 0302 -- Neuse-Pamlico:

The coastal drainage and associated waters from
Oregon Inlet to Browns Inlet, North Carolina.
Area = 13100 sg.mi.

Cataloging Units 03020201 -- Upper Neuse. North Carolina.
Area = 2380 sqg.mi.

Subwatershed (WBD-12 Number) 030202010302--Eno River
Area — 150 sqg. mi.



Sub-Watersheds in the
Upper Neuse Watershed

Subwatershed (WBD-12 Number) 030202010302
Eno River

Flat River
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Figure 3 Neuse River Basin 03-04-01
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Underground Water

Our hidden wealth



Interactions of water with soil.

— Infiltration - Process of B | - -
water percolating o lifeen PO e
through the soil and into 1t Fai A
fractures and permeable S o, dns 5o ST T
rocks.

e Zone of Aeration -

Upper soil layers that runet
hold both air and b
water.

 Zone of Saturation - Zone of
Lower soil layers i
where all spaces are a
filled with water. Zoneidli

e Water Table iIs at the
top of the Zone of
Saturation


Presenter
Presentation Notes
Precipitation that does not run off or evaporate percolates through the soil in a process called infiltration.  This water interacts with the soil, first adsorbing nutrients and then later releasing them to plant roots, microorganisms or soil at deeper depths.  Water that infiltrates soil can be a source for ground water.  The zone of saturation is often the source of water for wells.  The top of the zone of saturation is called the water table.


Groundwater

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Recharge zone

Dry Active
wall  wall Perched

water table



Groundwater Demonstration
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Note the connection between the groundwater and the surface
water. Most streams/rivers in NC are supplied from groundwater.



Groundwater and Drinking water
Pollution

* About half the US population, and 95% of
rural residents, depend on underground
aquifers for drinking water.

— For decades, groundwater was assumed
Impervious to pollution. It was considered the
gold standard for water quality.

e An estimated 1.5 million Americans fall ill from
fecal contamination annually.
— Cryptosporidium outbreaks


Presenter
Presentation Notes
The EPA estimates that 4.5 trillion liters of contaminated water seep into the ground in the U.S. every day.  A gasoline additive (MTBE), a suspected carcinogen, is present in many urban aquifers.  In agricultural areas, fertilizers and pesticides commonly contaminate aquifers and wells.



Depleting Groundwater

Groundwater provides nearly 40% of the fresh pumm
water for agricultural and domestic use in the |
United States. In many areas in the U.S., \,
groundwater is being withdrawn from aquifers |
faster than natural recharge can replace |it.

Ogallala Aquifer (large aquifer in the Central
Plains) - water usage here is the similar to
mining for a nonrenewable resource and the
water resource Is being depleted rapidly.

. L -
San Joaquin Valley, California — ground == '

surface Is sinking due to excessive
groundwater pumping.



Presenter
Presentation Notes
Groundwater provides about 40% of the fresh water supply for agricultural and domestic consumption in the U.S., with about half of all Americans in about 95% of people living in rural areas getting their water supply from groundwater.  Problems of the supply of ground water follow a familiar story.  The very first people to drill a well typically have no problem with groundwater supply.  As more and more people use a particular source of groundwater, and as each person increases their individual consumption by irrigating their lawn, filling their swimming pools, watching cars, and other uses, the consumption can exceed the recharge of groundwater.  This can occur on a small or large scale.  For instance, the Ogallala aquifer underlies eight relatively dry States from Texas to North Dakota.  Use of water from the  Ogallala aquifer  greatly exceeds the recharge of water into the aquifer over much of its area.  As the water table drops, wells that previously produced water dry up, and of course, the response is to drill wells deeper and deeper.  When the bearing of load from groundwater is released land can also subside above the aquifer.  For instance, in the San Joaquin Valley in California land surfaces have sunk as much as 10 m over last few decades because of excessive groundwater pumping.  In many cases, large scale utilization of groundwater is more like mining an irreplaceable mineral that using a renewable resource because of the very slow replacement of groundwater by recharge. 


Groundwater Withdrawal

« Withdrawing large amounts of groundwater in a small
area causes porous formations to collapse, resulting
In subsidence.

— Sinkholes form — like this one in NC

http://www.ncwater.org/Education_and_Technical_Assistance/Ground_Water/Sinkholes/



Stupid Kitchen Humor



What happens when water cannot infiltrate the
ground?
How does stormwater affect
an urban stream?
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Let’s look at a stream in Burlington, North Carolina
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e
o
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Elementary

Burlington
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Town and Country Park Watershed Analysis

The city of Burlington, N.C. has been very proactive in the
protection of green space and natural areas within the city limits.
One of their parks is the Town and Country Park. In this exercise
you are going to analyze a portion of an urban watershed that
borders the Haw River, a major river that is part of the headwaters

for the Cape Fear River.

L -
lll’fcr.'l'ﬂc-;':,.l':!li'i- -:BEF‘-_:I"

Dakdale -

Town and
Country Park



This park is a lovely jewel in an urban setting. It
IS surrounded by a moderate income housing
development constructed in the 1960’s. Lots are
compact, municipal water and sewer service IS
provided. There Is an elementary school in the
community. A stream flows through the
community into the park, and then into the Haw
River. A canoe launch is an attraction to
residents.
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Look at the maps showing the roadways and the aerial view
of the community and park.

What are some of the characteristics of this park and its
surroundings?
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Now Ies Iook at the watérshed for the str
neighborhood and the park. What are some of the traits of the landscape
that might influence the health of the stream?

What do you predict the stream will look like as it flows through the park?
Why?




showing the geography and heights of the land in the park and
surrounding community. Each line on the map represents a 5 ft. change
in the height of the land.
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What features on the map suggest the highest points in the landscape?

How could the topographic map be used to identify boundaries of the
watershed for the stream?



What are some techniques we can use to draw the
boundaries of the watershed?

Lay the clear plastic sheet over the topographic map.
With your dri erase pen, draw the boundaries of the
watershed.

We are only doing about 2/3 rds of the watershed with
our upstream boundary at Hwy 70 (Church St.).

Just erase lines as you need to until you get an
approximate watershed boundary.
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What features on the map suggest the highest points in the landscape?

How could the topographic map be used to identify boundaries of the
watershed for the stream?






Place the clear plastic sheet with the
watershed drawing overtop the aerial
view of the park and community.
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How can we measure the area of the watershed? You
are going to use a grid with a defined area for each block
of the grid.

Place the clear sheet over the piece of graph paper.

If each side of the block represents 1440 m of land
surface, how much area does each block represent?



How can we measure the area of the watershed? You
are going to use a grid with a defined area for each block
of the grid.

If each side of the block represents 50 m of land surface,
how much area does each block represent?

We are going to round up, so each block represents
2500 m?.

Count the blocks. What is the total area of the
watershed?



Now lets think about water Iin that
watershed

A one inch rainfall = 0.025 m of rain. If an area of ground
equivalent to one square on the graph paper receives 1
inch of rainfall, what is the volume of water in m3 that has
fallen on the ground?

Remember, volume is calculated length * width * height.



Now lets think about water Iin that
watershed

A one inch rainfall = 0.025 m of rain. If an area of ground
equivalent to one square on the graph paper receives 1
inch of rainfall, what is the volume of water in m3 that has
fallen on the ground?

Remember, volume is calculated length * width * height.

62 m3



What do you think the stream in the
park looks like?

Why?



Urban and Healthy Streams




Urban Stream in Town and Country Park,
Burlington, NC




What could be the cause?

Lets look at the watershed



D206 Google

Googleearth

b 36205'53.05" N 70023'12.65" W elev 605ft eyealt 743 ft ()

Homes adjacent to Town and Country Park.

Note the curb and gutter water collection.
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What is the area of the parking lot in blocks?

If a one Inch rain occurs, how much water lands on
the parking lot?

A one inch rainfall = 0.025 m of rain. If an area of
ground equivalent to one square on the graph paper
receives 1 inch of rainfall, what is the volume of water
in m3 that has fallen on the ground?

5,1840 m?



A one inch rainfall = 0.025 m of rain. If an area of

ground equivalent to one square on the graph paper
receives 1 inch of rainfall, what is the volume of water
in m3 that has fallen on the ground?

5,1840 m3

How much water is on the parking lot?

If the rain happens in one hour, what is the flow to
the stream in m?

per minute?



Discharge (m/s)

Urban lag time

rban Flow
“\'Preurban lag time
&

"xPreurhan Flow

Time

Precipitation (cm)

Figure 18.18 Comparison of pre-urban and
post-urban watershed discharge.

Land cover is another important control over the shape of
a stream hydrograph. Under natural conditions, vegetation
slows surface runoff and encourages infiltration. As a
result, the hydrograph is less peaked and the lag time is
longer than a basin with little vegetation. Urbanization of
a watershed can have a drastic effect on runoff,
discharge, and the resulting hydrograph. Urbanization
replaces permeable surface with impermeable ones,
streets, parking lots, buildings etc. Water runs off the
surface more efficiently and is diverted to nearby streams
by the construction of storm sewers. Storm sewers
effectively increase the urbanized watershed drainage
density. As a result, urbanized watersheds tend to exhibit
more peaked hydrographs with shorter lag periods.

Changes in a stream hydrograph with

urbanization.

Note the change in lag times and width of

peak flow.

http://www4.uwsp.edu/geo/faculty/ritter/geog101/textbook/fluvial_systems/channel_ge

ometry_and_flow.html
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Cubic meters/second

Rainfall

Flow in Creek, Burlington, NC
following a 1 in. rain

Flow with urbanization

Baseflow
R

Flow before urbanization



How do we evaluate water quality?

e Chemistry

— pH, nitrates, phosphates, dissolved oxygen
e Physical traits

— Temperature, suspended solids, flow rate
 Biological Communities

— Macroinvertebrates, fish, chlorophyll a, algae,
aguatic plants (invasion of the non-natives?)



Pollution

— adding sediment to the river



Sediment

e Human activities have accelerated erosion rates
IN many areas.

— Cropland erosion contributes about 25 billion
metric tons of suspended solids to water bodies
each year. (Agriculture in SE US)

— Runoff from development

« Sediment can either be beneficial (nourish
floodplains) or harmful (smother aquatic life).


Presenter
Presentation Notes
Sediment fills lakes, obstructs shipping channels, clogs hydroelectric turbines and makes water purification harder.  Sediment is the largest source of water pollution in the U.S.  Sediments smother gravel beds where insects seek shelter and fish lay eggs.


Sediment in the Haw River at Bynum

Suspended Solids in River {log myg/L)
2.5

| —T —T B | | |
0 0.5 1 15 2 25 3

Discharge in River {log cubic meters per second)



Sediment in the Haw River at Bynum

How are
flow and
sediment
loading
related?

Suspended Solids in River {log myg/L})

2.5

2_

1.5 —

0.5 —

0 0.5 1 1.9 2 2.4

Discharge in River {log cubic meters per second)




Who are the major water users?



Withdrawals, in billion gallons per day

250

EXPLANATION
H Public supply _-Total withdrawals (see right axis)

B Rural domestic and livestock
[ Irrigation

[] Thermoelectric power
[ Other

1950 1955 1360 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Figure 14. Trends in total water withdrawals by water-use category, 1950-2010.
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2010 withdrawals by category,
in million gallons per day

sublicsupply 42,000
Self-supplied domestic 3,600
Jrrigation 115,000
Livestock 2,000
e 5420
Self-supplied industrial 15,900
Mining £,320

Values do not sum to 355,000
Mgal/d because of independent
rounding

http://water.usgs.gov/wat



Containment Structure

s

Meontrol |
bt Rods |

nﬂm

Condenser

The hot water either
goes out the cooling
towers as steam, IS

re-circulated In



Containment Structure

Pressurizer Steam
N Gen

Condenser

Pressurized Water Reactor diagram. Image Source: NRC

Coal plants work in a similar

operation — burning coal
nrodiices heat to adenerate



Today's power plants depend on
massive amounts of water for cooling.

United States |
Freshwater Needs

‘

- More water is withdrawn
~ for cooling power plants
~ than for any other use.

9% 13% | 37% 41 %

Hture Power Plants



If generating 1 kilowatt hour requires 600 gallons of water

(Union of Concerned Scientists)

Burning a 60 watt lightbulb for 10 hours each day, for 7
days
uses 4.2 kilowatt hours of electricity



If generating 1 kilowatt hour requires 600 gallons of water

(Union of Concerned Scientists)

Burning a 60 watt lightbulb for 10 hours each day, for 7 days
uses 4.2 kilowatt hours of electricity

==> 2520 gallons of water are used
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The Plant Bowen coal-fired powerplant outside Euharlee in Bartow County, Georgia. Photo by Alan Cressler, USGS.




Types and Results of Water Pollution

Infectious agents - 25 million deaths a year
Plant nutrients — algal blooms, toxic tides
Metals - mercury and lead poisoning

Acids and bases —

Organic chemicals

Sediments - clogged estuaries, death of coral
reefs

Thermal pollution - thermal plume


Presenter
Presentation Notes
The actual agents of water pollution are numerous, including biologically infectious materials, organic materials whose effect is primarily through the reduction of dissolved oxygen and water (termed biological oxygen demand or BOD), plant nutrients that can lead to excess biological growth, toxic metals such as lead and mercury, acids and bases, toxic organic compounds, eroded sediment material that can clog waterways, and heat, which can change the nature of biological systems.  
As a trout fisherman, for instance, I know that trout prefer cold, highly oxygenated water.  When thermal pollution or excess BOD is introduced into a stream, typically other species of fish (such as bass or even carp in extreme cases) replace the trout,. 


Water Pollution

Point source pollution - Nonpoint source pollution -

source is from drain pipes, runoff from farm fields and
ditches, sewer outfalls, feedlots, lawns and gardens, golf
factories and power plants - courses, construction sites,

easy to monitor and regulate ~ atmospheric deposits —
no specific location so harder to

monitor and regulate


Presenter
Presentation Notes
Water pollution is defined as any physical, biological, or chemical change in water quality that adversely affects living organisms.  There are many different potential sources of water pollution, but commonly all sources are divided into two distinctive types: 1) point source pollution is where water is collected into a single place before being discharged;  and, 2) nonpoint source pollution is where pollution has a scattered or diffuse source (from an area rather than a single point).  Urban pavement and rooftop runoff during storms are examples of non-point source pollution.  
One of the major advantages associated with controlling point source pollution is that typically a single entity can be identified as its source;  thus, efforts at water pollution control have been very successful in cleaning up point sources of pollution.  In the 60's, Lake Washington was cleared of point-source pollution (mostly sewage), but today it is suffering from non-point source (urban runoff) pollution.  Usually, nonpoint source pollution is a harder problem to fix compared to a nonpoint source problem such as that of Lake Washington in the 60's.


How do materials from point sources and
non-point sources disperse into the
environment?



Non-Point Source Pollution

 Runoff from the land surface

* Frequently carrying with it plant nutrients
such as lawn fertilizers

Outcome = Algal Blooms!!!

What can algae do?

Produce toxins, die and decompose to reduce
the oxygen in the water
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Recreation 1.1 — 1.5 million visitors / yr.

Drinking Water — 460,000 people, 6 communities
Habitat — aquatic and water-dependent

— » Boon to local economy and property values



Presenter
Presentation Notes
Wide variety of rec users: 
boating, skiing, fishing, swimming, bathing, camping, picnicking, hunting, sightseeing, …

Current Water Allocation = 55% of Safe Yield (55 MGD): 
  Cary-Apex (32), Durham (10), Chatham Co (6), Morrisville (3.5), RTP South (3.5)

Phase II Water Users: +8 MGD => 63% 
	(+ Holly Springs, Orange-Alamance, OWASA)

Point: Add’l w/d’s future => likely greater wq challenges to lake


Sources of Nitrogen to Jordan Reservoir
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Presenter
Presentation Notes
Lot of info here but see -
  PS’s: In UNH, PS’s ~1/2 (& far largest src); vs in Haw, ~1/3

  NPS’s: largely track LU (recogn’g forest input small vs ac)
  That is UNH, dvlpd uses tgthr ~2/3 NPS N, vs in Haw only ~1/3
  Ag min role in UNH  but healthy role in other 2 subw’sheds

Noteworthy LNH, Resid’l signif larger role than in other subw’sheds

P generally similar; won’t rvw in interest of time.


Algal blooms in Jordan Lake

Public
Health
concern-
Possible
toxins
Eutrophicat
Ion




What pollutants come from waste water
treatment plants?

What are waste water plants designed to




What pollutants could come from waste
water treatment plants?

Waste water treatment plants are designed to
remove solids, nutrients (nitrogen and

phosphorus), and to kill disease causing
organisms.

And they accomplish these goals very well!




What could be In the waste water that
comes from your homes?




Organic Chemicals

 Thousands of natural and synthetic organic
chemicals are used to make pesticides, plastics,
pharmaceuticals, pigments, etc.

e Important sources of organic chemicals from
numans are:

— Improper disposal of industrial wastes.

— Household wastes
o Caffeine
e Fabric brighteners and cleaners
e Pharmaceuticals — birth control, anti-depressants
— Runoff of pesticides from high-use areas.
 Fields, roadsides, golf courses



Presenter
Presentation Notes
Perhaps the most famous of organic chemicals is DDT and we earlier covered its implications on birds with respect to lower viable reproductive rates.  Chlorinated hydrocarbons accumulate in the fat of fish, in fish-eating birds and in humans causing health problems.


Frequency of Detection (%)

Total Concentration (%)

100 —
80 -
BO |-

40 -

30

20

i1

Detected In
river water

Water from
139 streams
was tested.
Contaminants
were found In
80% of the
water samples
tested.


Presenter
Presentation Notes
This figure shows the processes of a typical secondary treatment sewage plant such as those at the Renton and West Point plants in Seattle.  The first step of treatment is water collection into the treatment plant.  As mentioned on the last slide, if systems are not well maintained or with natural disasters overflows occur and raw sewage can be lost from the collection system.  
Primary treatment of wastewater includes removing suspended solids in the wastewater by sedimentation and screening.  You can imagine what the screened and sedimented material looks like.  It is called primary sewage sludge.  In Seattle, the primary sludge is further processed by a process called anaerobic digestion, which reduces its potential BOD and stabilizes it.  
Secondary treatment includes several potential processes, but typically nutrients and air are added to the waste water to stimulate microbial growth.  In the process of growing, microbes absorb dissolved nutrients from the water and many other substances stick to the microbial bodies.  These microbial cells are then sedimented from the wastewater and further processed, often by mixing with the primary sewage sludge.  
In Seattle's case, chlorine is then added to the water to disinfect it and most of it is discharged into Puget Sound.  Some is recycled as cooling water by Boeing, in some misapplied to golf courses, conserving potable water.  The environmental impacts of discharge are unknown but likely very small.  If the nutrient load that is removed as sewage sludge were discharged the effect would be substantial due to the fertilization of the water. 


Pharmaceuticals, Hormones, and Other Organic
Wastewater Contaminants in U.S. Streams, 1999-2000:
A National Reconnaissance

Dana W. Kolpin *

U.S. Geological Survey, 400 S. Clinton Street, Box 1230, lowa City, lowa 52244
Edward T. Furlong

U.S. Geological Survey, Box 25046, MS 407, Denver, Colorado 80225-0046
Michael T. Meyer

U.S. Geological Survey, 4500 SW 40th Avenue, Ocala, Florida 34474

E. Michael Thurman

U.S. Geological Survey, 4821 Quail Crest Place, Lawrence, Kansas 66049
Steven D. Zaugg

U.S. Geological Survey, Box 25046, MS 407, Denver, Colorado 80225-0046
Larry B. Barber

U.S. Geological Survey, 3215 Marine Street, Boulder, Colorado 80303
Herbert T. Buxton

U.S. Geological Survey, 810 Bear Tavern Road, West Trenton, New Jersey 08628
Environ. Sci. Technol., 2002, 36 (6), pp 1202-1211

DOI: 10.1021/es011055j
Publication Date (Web): March 13, 2002

"National Reconnaissance of Pharmaceuticals,
Hormones, and Other Organic Wastewater Contaminants
In Streams" Named as One of the Top 100 Science
Stories of the Year



Other Issues In the News

Coal Ash from our electrical generating

stations

14 coal fired electrical generating stations

e (Capacity to hold 19 billion gallons of ash

 Annually North Carolina power plants
generate 5.5 million tons of ash

Fracking for natural gas extraction

 North Carolina has some shale deposits,
generally within 1000 feet of the surface

 Water wells are typically 100 — 700 ft.
deep



Are pollutants flowing from the
parking areas into the lake?

Human activities, including farming and industry, have greatly increased the cycle of nitrogen through soils, water courses, and the atmosphe
By accumulating more nitrogen in a form that can be taken up by plants, the balance of ecosystems can be seriously upset.

Nitrogen gases in the air Nitrogen gases in the air

Precipitation
Vegetation {scid rain)
Fresh water

Precipitation
(8cd ran)
|
37;‘;;‘;’“ Industry
* and transpon Cmes
Crops
s it ’% " Plankton
Scmge and fish
. Soil =
i
Aqulfcrs Ocean

-

e $=i"-
Sediments

Nitrogen cycles
Natural

I Anthropogenic
NB: Arrows are proportional to the imporiance of nitrogen flux.
Scurce: Millennium Ecosyslem Assessment



Watersheds of North Carolina




Cape Fear River Basin




Cape Fear
River Basin

Cape Fear Tribs and River

- Cities in Cape Fear
|:| Cape Fear




Cape Fear
River Basin

Cape Fear Tribs and River

- Cities in Cape Fear
|:| Cape Fear




Recreation 1.1 — 1.5 million visitors / yr.

Drinking Water — 460,000 people, 6 communities
Habitat — aquatic and water-dependent

— » Boon to local economy and property values



Presenter
Presentation Notes
Wide variety of rec users: 
boating, skiing, fishing, swimming, bathing, camping, picnicking, hunting, sightseeing, …

Current Water Allocation = 55% of Safe Yield (55 MGD): 
  Cary-Apex (32), Durham (10), Chatham Co (6), Morrisville (3.5), RTP South (3.5)

Phase II Water Users: +8 MGD => 63% 
	(+ Holly Springs, Orange-Alamance, OWASA)

Point: Add’l w/d’s future => likely greater wq challenges to lake
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Sources of Nitrogen to Jordan Reservoir
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Presenter
Presentation Notes
Lot of info here but see -
  PS’s: In UNH, PS’s ~1/2 (& far largest src); vs in Haw, ~1/3

  NPS’s: largely track LU (recogn’g forest input small vs ac)
  That is UNH, dvlpd uses tgthr ~2/3 NPS N, vs in Haw only ~1/3
  Ag min role in UNH  but healthy role in other 2 subw’sheds

Noteworthy LNH, Resid’l signif larger role than in other subw’sheds

P generally similar; won’t rvw in interest of time.
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Presenter
Presentation Notes
Similar story to N, will note –

PS: UNH about = Haw
	Remember for N, UNH PS signig > Haw
	Appears reflect P redux made by UNH dischgrs.


B. EVERETT JORDAN LAKE

Nutrient



Presenter
Presentation Notes
  Thank you all in advance for taking time to participate 
	& comment.
We look fwd eval’g your input.

  These rules follow substantial process back to late 90’s.

  Div staff blvs this important rulemak’g.
  We also rcgnz growth contin’s in w’shed, 
	making timeliness important as well.


Jordan
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County Boundary

Water Supply
[ — 73
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 E— 7%, T4

Haw River Watershed
Upper New Hope Watershed
Lower New Hope Watershed
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Presenter
Presentation Notes
Stepping back to look @ w’shed for few slides.

Upper Cape Fear RB - Parts of 8 counties & 26 muni’s.

Growing W’shed:
Includes 2 state’s fastest growth areas – Triad & Triangle
Co growth rates up to 3.8%/YR
W/growth, additional nutrient impacts to lake

Again, each subw’shed impacts ess’ly only its arm of lake.



Proposed Jordan Nutrient Rules

0262
.0263
0264
0265
.0266
0267
.0268
0269

.0270 Wastewater Discharge
0271 Stormwater - State and Federal Entities e
.0272 Riparian Buffer Mitigation Fees
0311 Cape Fear River Basin (Schedule of LR
CIassnflcatlons) & SR ““‘E

15A NCAC 2B
Goals
Nutrient Management
Agriculture
Stormwater - New Development
Stormwater - Existing Development
Riparian Buffers - Protection
Riparian Buffers - Mitigation
Options for Offsetting (Trading)


Presenter
Presentation Notes
Largely after Neuse/Tar,
Comprehensv set rules, proport’l responsblty all srcs

Relative to prev nut strtg’s, 3 new rules - bold
  Given heavily urbanized, urbanizing nature w’shed, 
     to meet goals need address all srcs, incl’g -
  existing d
  roads, univ’s



Lake Watershed

PERSON

Ellerbe
Creelk




Percent of Data Exceeding Chl-a Standard in Falls Lake

% of Data Exceeding Chlorophyll-a Standard of 40 ug/L

Flat River

Little River
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Draft Falls Lake Rules

(15A NCAC 2B)

.0275 Purpose and Scope (Goals)

.0276 Definitions

0277 Stormwater — New Development
.0278 Stormwater — Existing Development

.0279 Wastewater Discharges
.0280 Agriculture
.0281 Stormwater State & Federal Entities

.0282 Trading
.0283 Fertilizer Management




Purpose and Scope .0275

* Reduction Goals (40% TN 77% TP)
— Baseline (2006)

» Critical Water Supply Watershed Designation

» Staged Adaptive Mgt. Approach
— Stage 1 (10 years)
« Nutrient reduction controls watershed-wide
« Measures intended to achieve WQ standards in lower lake
— Stage 2 (Stage 1 + 15 years)
- Additional reductions in upper watershed
» Achieve overall reductions needs to max extent feasible




What can we do?




WATER LEGISLATION

e Clean Water Act (1972)

Goal was to return all U.S. surface waters to
"fishable and swimmable'" conditions.

 For Point Sources, Discharge Permits
and Best Practicable Control
Technology are required.

—Set zero discharge for 126 priority
toxic pollutants.



Presenter
Presentation Notes
1972 was a benchmark year for the improvement of water quality.  It was this year that the first Clean Water Act was passed.  This initial act has been followed by an increasing awareness by U.S. politicians that sometimes effective legislation is the best and fastest way to solve water pollution and that most Americans want clean water.  There is disagreement on what the priorities are and just exactly how we go about getting things right.  Chapter 15 will deal with legislation progress and evolution in more detail.


The Haw River, a high order river in the
southeastern United States, Is characterized by
severe bank erosion and geomorphic change
from historical conditions of clear waters and
connected floodplains.

In 2014 it was named one of the 10 most
threatened rivers In the
United States by American Rivers.






Haw River Trail Partnership
“Conservation Through Recreation”

Provide Safe, Legal Access to the Haw Through Haw River
Trail/Mountains to Sea Trail and the Haw River Paddle Trail.

Improve Community Attitudes Towards the River Through
Increased Exposure.

Preserve a Scenic Corridor for the Trail Through Conservation
of a 500 Foot Buffer.

Create a Sustainable, Non-Depleting Economic Engine that
brings dollars from outside Alamance County into the local
economy.



Initial Progress 2006-2013
Paddle Tralil

Alamance County Alone
e Grown from 4 “Formal”
Paddle Accesses to 11

— 1 More in Construction

e Added 18 miles and 4 Dam
Portages to Paddle Trail

e Working to Become the First
State-Designated Paddle Trail
in North Carolina.




Initial Progress 2006-2013
Conservation Efforts

e River-wide:
— 1,250 Acres Conserve i

— 22,500 Linear ft. |

of River Frontage

e Alamance County

— 250 Acres Conserved

— 15,000 Linear ft.
of River Frontage



Initial Progress 2006-2013
Economic Benefits

7 New “River Focused” Businesses
Have Opened Since 2006

S2 million in Grant Funds
Expended in Alamance County

$125,000 in Property Donations Yee-Haw! River Paddle
to Local Governments brings 200 people to

paddle on the Haw River

Elon University Study each April.




Quarterly
Attendance
at Haw River
Trail Sites

December 1, 2014
through
February 30, 2015

Altamahaw
Paddle Access:
2,490
shallow Ford
MNatural Area:
5,106
Cirear Bend Park:
2.214
(ilencoe
Paddle Access:
1,905
Red Shde Park:
4,265

Ciraham
Paddle Access:
3,037
Swepsonville River
Park-Upper:
5,742

':4-1.1.'1'_-1'”:.-::'111.'1][-: River

Park-lLower:
5,834

(reat Alamance
(Creek Access
2177
Sax. Lake Paddle
Access:
0.557
sax. Mill Race
Paddle Access:

Tl =l =

2.555

Total Attendance
For Period:
44 882




Plant a tree!

Preserve forest buffers along
ALL waterways!
AT LEAST 50 ft. wide




Why do we care about plants?

* Improves the permeability of soil to water
e Improves the permeabillity of soil to air

* The rhizosphere (surrounding roots) forms a unique,
reactive environment

Blue tracers
infiltrating prairie soill,
showing channels
left by roots even 80
cm below the surface




Haw River Today: Land Cover

Land Cover Analysis

Percent
Forest 78.7
Open 13.5
Shrubland 5.7
Impervious 0.9
Water 1.2

~ ELON UNIVERSITY



Presenter
Presentation Notes
We used aerial photos to digitize different types of land use within 500 feet of the river.  The categories we used were forest, open - areas that lacks trees or shrubs; shrubland – areas with small vegetation; impervious – areas such as roads and buildings; and water.  Unfortunately, after collecting this data there was not enough variation between land cover types to determine if any relationships existed between the land covers and the bank characteristics.  The area within the 500 foot buffer turned out to be mostly forested at 78.7%.  The last thing that we looked at was soil type.


Remember who owns the water



Remember who owns the water
YOU DO!!




Thank Youl!ll



https://www.youtube.com/watch?v=niqHnWSUevU
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