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Land and people : Finding a Balance

Cape Cod

Finding a Balance is an environmental
study project that allows you and a
group of your classmates to consider
real environmental dilemmas concern-
ing water use and to provide solutions
to these dilemmas. The student packet
gives you most of the information you’ll
need to answer the Focus Question,

The following excerpt from a book
published by the Association for the
Preservation of Cape Cod, an environ-
mental group, explains the problem
from the viewpoint of the people who
live and work around the contaminated
area.

Reading

From The Enemy Within: The Struggle to
Clean Up Cape Cod's Military Superfund Site
by Seth Rolbein. Chapter 1: A Watershed
Place, A Watershed Moment, 1995.

“July 7, 1994. The dignitaries were
seated under a blazing sun, the flat,
broad landscape of the Massachusetts
Military Reservation [MMR] broken by
asmall building behind them. Inside
that building was the only respite from
the heat, because huge tanks holding
underground water stood in the shade,
acting as air conditioners.

That wasn't why they were there, of
course, to serve as multi-million-dollar
air conditioners. Their purpose was
something else entirely:

The water is being pumped out of
the ground and held in these tanks so it
can be treated. This water bears telltale
remnants of pollution dumped decades
ago. This water must now be filtered to
remove poisons left from the past.

It was afitting place to hold this
ceremony, between hot sun and cool
groundwater, beside the first small treat-

information like maps, data, back-
ground, a reading about the region,
and a description of the “Interested
Parties,” or the various interest groups
that have a stake in the outcome of the
Focus Question. While you are working
on this project, each member of your
group will take a role or become one

ment plant on the giant base. The chairs
and tables where politicians and military
brass sat side by side, where community
activists, newspaper reporters and televi-
sion cameramen focused their attention,
were all directly above one of many
so-called “plumes’ buried deep under-
ground, a spreading pool of contamina-
tion no longer ignored or denied, one of
many invisible catastrophes which have
caused so much concern for thousands
of people who live and work around
Camp Edwards and Otis Air National
Guard Base. This was the appropriate
place because after more than a decade
of study, argument, delay and frustration,
Cape Cod was about to hear a promise:
the federal government will spend hun-
dreds of millions of dollarsto try to stop
these plumes from reaching even farther
into the neighborhoods of Falmouth,
Bourne, Mashpee, and Sandwich...

...Some of the people who have
dedicated years to this effort, spent
countless hours in meetings, labored
over thousands of pages of documents,
done everything from digging wells to
lobbying officials to getting arrested,
were sitting in the hot sun that July day...
many of them seem to have vivid
memories of their first steps down this
long road, when they first realized that
something was wrong at Cape Cod’'s
military base:

U.S. Department of the Interior
U.S. Geological Survey

of the interested parties. Your teacher
will guide you through a series of dis-
cussions, activities, calculations, and
labs. At the end of this project, your
group will be asked to present and justify
a solution to the environmental dilemma.

Dr. Joel Feigenbaum, a mathematics
professor at Cape Cod Community
College, says that moment came in the
early 1980s as he watched smoke and
debris from a huge fire blowing over
Sandwich, afire caused by artillery
shells exploding on a dry, windy day.
He stood with a hose in his hand,
protecting his house from sparks. He
wondered why this was happening,
and what else was going on inside the
borders of the base...

For Bob Kreykenbohm, manager of
the Sandwich Water District, the moment
came later, in 1990. Water pumped from
deep underground, below what looked
like a pristine forest, foamed as it came
to the surface. There was enough fuel
coming out of the pipe to make alit
match flame. It didn’t take long for
him to suspect that the only thing that
could have caused something so big,
so disastrous, was the old pipeline that
carried fuel through his town, from
Cape Cod Canal to the base...

...For Ralph Marks, who now runs
the Bourne Water District, the moment
came as he pulled the plug and stopped
Falmouth’s public supply well from
pumping water in the late 1970s. Even
back then, he figured he knew where
the contamination was coming from. It
was coming from the same place where he
had been serving his National Guard duty...
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...For Denis LeBlanc [a hydrologist
with the U.S. Geological Survey], who
studies geology and underground water
movement, the moment came more than
15 years ago, when he sank atest well
into the sandy soil on the southern side
of the base. Asit turned out, he had put
hisfirst dart into the bulls eye: thousands
of test wells and samples later, the
Ashumet Valley plume would become
studied, analyzed, and charted with
more detail than virtually any other
plume in the country...

...And so Cape Cod findsitself in
the vanguard of what will be one of the
most important environmental issues to
face this country as we move into the
next century...”

Focus Question

Cape Cod has a serious problem with
its ground water. During the past six
decades, activities of the Massachusetts
Military Reservation (MMR) — for-
merly known as Camp Edwards, then
Otis Air Force Base — on the Upper
Cape have resulted in contamination of
billions of gallons of underground
water. (The Upper Cape is the western
part of Cape Cod, including the follow-
ing towns. Bourne, Sandwich,
Barnstable, Mashpee, and Falmouth.)

You and your group are members of a
blue-ribbon panel that has been formed
to present a plan for providing safe,
drinkable water to the Upper Cape for
the next 10 years. You know of the
contamination problem of the under-
ground water supply. You aso know
how many Cape Cod residents will
require water; your panel has been given
data that describe the predicted increase
in the region’s population. Now, you and
the members of your panel must figure
out how the Upper Cape will meet its
need for safe ground water in spite of
the vulnerability of its water supply to
contamination.

The Interested Parties

Many groups and individuals are affected
by water-quality issues on Cape Cod
and are interested in the answer to the

Focus Question. As your group works to
answer the Focus Question, each person
will take one of the following roles:

THE MILITARY

Military officials, including the Air
Force, Army, and National Guard, are
responsible for the cleanup of ground
water contaminated by activities at the
base and for prevention of additional
ground-water pollution. The U.S.
Environmental Protection Agency clas-
sified the MMR as a Superfund site in
1989. When a military siteis classified
as a Superfund site, the Department of
Defense MUST carry out the cleanup
under the oversight of the U.S.
Environmental Protection Agency.
However, ground-water cleanup is
expensive and difficult. The
Department of Defense must remedy
the problem, but responsibility for the
cleanup is complicated because the
base has changed hands and functions
several timesin the last generation.

REGULATORY AGENCIES
Regulatory officials from the U.S.
Environmental Agency and the Massa-
chusetts Department of Environmental
Protection who oversee the cleanup
want to restore and protect water quali-
ty in the aguifer. As “public servants,”
they must balance the difficult task of
cleanup and associated costs with the
public demand for action. They are
working closely with the Department of
Defense to find a solution that is quick,
effective, and affordable.

MuNiciPAL WATER MANAGERS
Officials responsible for providing town
residents with a clean, safe supply of
water want to do all they can to protect
the Cape Cod aquifer. And if atown’s
water supply becomes contaminated by
ground-water plumes, water supply
officials want action to restore the lost
supply. In fact, when underground con-
tamination closed supply wellsin
Mashpee and Falmouth, the military
base paid most of the costs of building
new public water systems.

CANCER VicTIMSs RIGHTS GROUP
As amember of the Cape Cod chapter
of the Massachusetts Breast Cancer
Caoalition, you are concerned about how
contaminated ground water might be
affecting cancer rates on the Upper Cape.
Between 1982 and 1988 the incidence
of cancer was 22 percent greater in the
five towns that make up the Upper
Cape than in the rest of the state. You
want to know — is polluted ground
water causing cancer?

ENVIRONMENTALISTS
Environmentalists celebrate Cape Cod's
unique geology, protected seashores,
native plants, and crystal ponds. Genera-
tions of naturalists, including Henry
David Thoreau, have celebrated Cape
Cod's beauty. People have protected the
Cape's dunes, grasses, and coastline for
many years. Now they need to turn
their attention to protecting an impor-
tant unseen player in the environmental
balance — the Cape Cod aquifer.

HOMEOWNERS

Residents on the Upper Cape are
afraid. They worry that the water they
drink and bathe in is unsafe. They worry
about getting cancer. They worry that
the value of their property will plummet
if the ground-water problems are not
fixed. If the contaminated ground-
water plumes aren’t stopped, will the
tourists stop coming? How would Cape
Cod survive without tourist dollars?

Cape Cod’s Unique, “Absorbent”
Geology

Cape Cod, a sandy peninsula formed
mostly during the Ice Age, sticks out
into the Atlantic, looking from above
like a bodybuilder’s flexed arm. Cape
Cod is particularly interesting, geologi-
cally speaking, because it was formed
by glaciers very recently in terms of
geologic time. The geologic history

of Cape Cod mostly involves the last
advance and retreat of glacial icein
southern New England and therise in
sealevel that followed the melting of
the ice. These events occurred within the
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How leachate from a solid waste disposal site contaminates a well. From the
Environmental Impact of Ground Water Use on Cape Cod. (Strahler, 1972).

last 25,000 years. Sometime between
18,000 and 23,000 years ago, the
Wisconsin ice sheet (large glacier that
completely covers the terrain) that had
been moving southeast across al of
New England reached its maximum
advance. About 18,000 years ago, the
glacial ice started to recede rapidly
northward by melting; within about
4,000 years, the ice sheet front

had retreated to just north of Boston.

Asit retreated, the glacier deposited
rock debris, called drift. On Cape Cod,
drift overlies a surface of much older
rock. This older rock is buried by drift
200-600 feet thick. Most of the drift on
Cape Cod has been fashioned into either
moraines or outwash plains. Both
features mark the various positions of
the front of the glacier asit moved.
Moraines are ridges of rock debris
formed by moving ice. In amoraine,
rock fragments carried by theice are
piled up aong the ice front. Moraines
may also form when the ice front
advances and bulldozes the sand and
gravel of an outwash plain into aridge.
The moraines on Cape Cod were
formed by a combination of these
processes. Outwash plains make up
most of the landscape of Cape Cod.
They were built by meltwater streams
flowing from the glacier margin that
deposited sand and gravel to form a
broad, flat, porous plain.

Cape Cod's landscape is defined by
the glacier’s deposition of loose material.
These porous, sandy soils are highly
absorbent. Such soils have a profound

effect on the quality of underground
water. Sandy soils make the under-
ground water supply vulnerable to con-
tamination — toxic substances on the
surface can travel through the soil
quickly and can move great distances
underground.

Where Do Cape Codders Get
Their Water?

Cape Cod has what is called a sole-
source aquifer. An aquifer is an under-
ground rock or sand body that permits
water to move through with ease. This
ground water is the only source of
drinking water for residents of western
Cape Cod. Aquifers are classified as
confined or unconfined. Confined
aquifers are overlain by materials that
have low permeability and receive little
or no direct recharge from rainfall. The
movement of water into and out of
confined aquifersis slow. Unconfined
aquifers are exposed to the atmosphere
and are continually recharged by the
percolation of rainfall, snowmelt, or
water from streams or rivers. Recharge
rates vary with the seasons and from
year to year. Under natural conditions,
discharge, or water flowing out of the
aquifer, is balanced by recharge.

The unconfined Cape Cod aquifer
is segmented into six sections called
lenses. The upper limit of the lenses, or
the water table, has about the same
shape as the land above. The largest
lens is on the Upper Cape. The highest
point of thislensisright under the

MMR. Ground water flows perpendic-
ular to the contours of the water table,
much like rainwater would flow down
hillsides above ground. It moves at the
rate of about afoot a day until it reach-
esthe sea.

Cape Codders get their drinking water
from the aquifer. Public water supply
systems bring drinking water to about
70 percent of the population of the MMR
and the towns of Bourne, Sandwich,
Mashpee, and Falmouth. The other 30
percent of the population use domestic
wells to supply their drinking water.
The total average daily water demand on
western Cape Cod is about 6.4 million
gallons per day. This figure was calcu-
lated on an average of the amounts of
water used during the vacation season
and during the off season. During the
summer season, water demand rises to
10.1 million gallons per day; during
the off season, demand is at 5.2 million
gallons per day.

Here's a paradox — ground water
is the primary drinking supply for the
Cape, but it is also the primary dispos-
al areafor wastewater generated by the
population of the Cape.

Porosity, Permeability, and

Ground Water

To discuss water-supply issues, you
must understand how ground water
moves through or is contained by rock
underground. Ground water is stored
in small cracks and voids in soil and
bedrock. Porosity is the proportion of a
volume of rock or soil that consists of
open spaces. Igneous and metamorphic
rocks, such as granite and schist, have
low porosities unless they are fractured.
However, many sedimentary rocks can
be quite porous. Loose sediments, such
as Cape Cod's glacia deposits, can be
highly porous: 40 percent in sand, and
even 90 percent in clay.

Porosity tells us how much water
rock or soil can retain. Permeability is
ameasure of how easily water can
travel through porous soil or bedrock.
Soil and loose sediments, such as sand
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The recharge to and discharge from the
Cape Cod aquifer under natural conditions
(Ryan, 1980).

and gravel, are porous and permeable.
They can hold alot of water, and it
flows easily through them. Although
clay and shale are porous and can hold
alot of water, the pores in these fine-
grained materials are so small that water
flows very slowly through them. Clay
has alow permeability.

Remember these water-holding and
water-moving characteristics when you
do Activity 1 — A Model Aquifer.

The Massachusetts Military
Reservation — An Environmental
Dilemma

The story of the Cape Cod aquifer in
the 20th century isthe story of aplot of
land now identified as the Massa-
chusetts Military Reservation (MMR).
The MMR on western Cape Cod covers
an area of about 34 square miles. It
includes parts of the towns of Bourne,
Sandwich, Mashpee, and Falmouth.
The present MMR area has been in
existence since 1912. Over the years, it
has been occupied by many tenants and
been called by many names. In the

1940’s, it was Camp Edwards. From
1948 until 1973, it was Otis Air Force
Base. Since 1973, the MMR has been
used primarily by the Massachusetts
National Guard and the U.S. Coast
Guard.

During the late 1970's and early
1980’s, Upper Cape residents began to
discover how the long history of the
MMR had affected the land it occupied
and the area around it. They discovered
that activities at the MMR have contam-
inated the ground water. Over the years,
those using the MMR have dumped or
disposed of many toxic substances,
including jet fuel, solvents, and indus-
trial chemicals. Most of these sub-
stances were disposed of during the
last 50 years and have been percolating
down through the Cape’s sandy soil
ever since. These chemicals dissolved
into and moved with the ground water;
contaminant plumes formed, much like
the plumes coming from smokestacks.

One of the earliest casualties of the
contaminant plume from the reserva-
tion was a public water-supply well in
Falmouth.This large well was pumped

strongly enough to draw a plume of

treated sewage from the base into its

intake pipe, while individual household
wells continued to tap the clean water
above the plume.The town of Falmouth
lost 25 percent of its water supply

when the sell was shut down in 1975.
After much alarm and much civic

action, areport on the extent of the

contamination on the MMR was pub-
lished in 1986. The report listed many
areas with many problems and used
abbreviations to describe them:

» SD sites were storm drainage
ditches that caught the contaminated
runoff, which then seeped into the
ground water.

e LF stood for landfills that had been
used for disposing of everything
from household waste to explosives
to entire trucks.

e CS meant chemical spill — including
fuels, battery acid, and unburned
gunpowder.

* FSsiteswere fuel spills, such asthe
runways where planes tested their
fuel-dump valves.



e FTA'swerefiretraining areas, which
are large, squared-off patches of
ground where fuels and other chemi-
cals were spilled and then burned to
give firefighters practice in extin-
guishing fires.

Each of the kinds of sites listed
above has contributed to the spread of
plumes of underground contamination.
Almost a decade of study has led to the
documentation of 11 major contaminant
plumes that move off the base. These
plumes threaten ponds, beaches, indi-
vidua wells, and town water supplies
alike. The plumes are large and have
traveled far because the sandy soil
allows the ground water to move quick-
ly. Although parts of the plumes are
very dilute, with small “hot spots’ that
contain high levels of contaminants,
large volumes of water can be rendered
unfit for drinking and sensitive ecosys-
tems can be harmed by contact with
small amounts of the industrial solvents
and other organic chemicals contained
in the plumes. The plumes are now well
documented, but many problems remain
to be resolved: demand for water con-
tinues to increase, and plumes move
more than a foot a day and contaminate
additional acres of aquifer each day.
Other unknown contamination sites may
exist, waiting to be discovered. New
methods are needed to clean up the
plumes in accordance with stringent
water-quality standards.

Septic tank
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Leaching field

In 1996, the U.S. Air Force Center
for Environmental Excellence (AFCEE)
assumed responsibility for cleanup of
ground water at the MMR. By late
1996, dozens of pumping wells were
being drilled to stop the advance of the
plumes, the base landfill had been
capped to stop leachate from reaching
the ground water, and contaminated
soils at several sources had been treated
to remove solvents and fuels. A long-
term plan is being developed by
AFCEE, the U.S. Environmental
Protection Agency, and the Massa-
chusetts Department of Environmental
Protection to clean up the plumes and
to provide safe drinking water to the
base and surrounding communities.
Additional information about the plan
can be obtained from the Installation
Restoration Program (IRP).

The Facts About Septic Tanks, and
Other Threats to the Cape’s Ground-
Water Quality

Another cause of ground-water conta-
mination on the Upper Cape is effluent,
or outflow, from septic tanks and cess-
pools. A mgjority of the homes on the
Cape have septic systems.

During the operation of a septic
system, domestic sewage is flushed
into a large underground tank. The
solids settle to the bottom of the tank
and accumulated septage is pumped
out every 2 years or so. The effluent
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Arrows refer to effluent dispersion

A septic tank holds solid waste and releases wastewater into a leaching field that contains
stone-filled trenches. On Cape Cod, septic tank wastewater frequently percolates to the

aquifer below.
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flows out of the tank and into a series
of underground trenches filled with
gravel. The effluent trickles through
the gravel into the soil where the
organic matter decomposes.

For purification to work, however,
effluent must move slowly through aer-
ated soil or rock. That way, organisms
can feed on the sewage and make it
harmless before it moves very far. If
the polluted water moves through the
soil or rock too quickly, the organisms
cannot decompose it, and the polluted
water can contaminate the aquifer
underneath. Geologic conditions on the
Cape — the sandy, permeable soil and
unconfined aquifer — make the ground
water highly susceptible to septic-tank
effluent contamination. The Cape's
sand filters bacterial contamination well,
but it allows other household toxins,
such as paint thinner, to move straight
through to the aquifer from which the
drinking water supply is drawn.

In addition to septic tank systems,
other sources of ground-water contami-
nation in Cape Cod include wastewater
treatment facilities; landfills; under-
ground tank storage of fuel oil and
home-hesating oil in addition to gaso-
line; pesticide, herbicide, and fertilizer
application in agricultural areas as well
as salt application in residential aresas;
deicing salt-storage areas and salt
application on highways; waste from
industrial parks, leaking sewer lines,
and so forth. Information on additional
sources of ground-water contamination
in Cape Cod is described by Frimpton
and Horsley (1993).

Ground-Water Cleanup — No Easy Task

Restoring ground water is not easy, it's
not cheap, and it's not always effective.
The two most common approaches are
containment and extraction. Containment
keeps the polluted water away from the
rest of the aquifer. If the residents of
the Upper Cape want to contain their
polluted water, they could have under-



ground retaining walls built or have
the water’s natural flow direction
altered by pumps. The downside of
containment? It doesn’t do anything to
purify the water — it just keeps the
contaminated water from moving into
the rest of the aquifer. Extraction
involves getting the water out of the
ground, cleaning it by aeration and fil-
tration, and then returning it to the
aquifer. The downside of extraction —
it requires along time, even decades. A
final option isto do nothing — just let
the contamination flow into the ocean.
The downside? You decide.

The USGS’s Toxic Substances Hydrology
Program, or “How We Learned About
the Ashumet Valley Sewage Plume”

Government and university scientists
are using the sewage plume created by
the MMR sewage treatment plant on
Cape Cod as afield laboratory. They
are studying how toxic chemicals move
in ground water. For 50 years, treated
sewage disposed on the reservation has
leached into the sand and gravel aquifer
below. To figure out how and where
this sewage affects the quality of the
ground water, scientists have drilled a
“well field” or set of narrow wells. These
wells enable them to pump ground-
water samples for examination.

To study the Ashumet Valley plume,
the USGS scientists have dug more than

Tying theory to reality: the USGS uses
experimental wells in the area of the
Ashumet Valley sewage plume, (Photo by D.
LeBlanc, USGS, 1985).

6 CAPE COD

Chemical Concentration

Source of water samples
taken in 1979

Chloride
(milligrams/liter) (microgramslliter)

Boron Nitrogen

(milligramsl/liter)

Treated sewage released

at the MMR 33 510 19
Contaminated ground water

3,000 feet from the

sewage disposal site 28 280 16
Uncontaminated ground water

in the area 8 7 0.4

This table shows the levels of ground-water contamination caused by sewage.
Soils may be able to trap some contaminants, but they cannot turn sewage into

pristine ground water.

Year-Round Population, 1980-2010, by Community*

Federal Census
Year-Round Population

Projected Population

Community 1980 1990 1994 (est.) 2000 2010

Barnstable 30,698 40,949 42,579 46,417 51,684
Bourne 13,874 16,064 16,646 17,891 19,061
Falmouth 23,640 27,960 28,949 30,157 31,701
Mashpee 3,700 7,884 9,540 10,945 14,088
Sandwich 8,727 15,489 17,755 19,587 23,720
TOTAL 80,639 108,346 115,469 124,997 140,254

* From Cape Cod Commission, Barnstable County Population 1980-2010.

Use these data to help you answer the Focus Question. By what percentage
is the total population of the Upper Cape likely to increase during the next
decade? Where will the population jumps be the largest? How are the areas
with the fastest growing demand for clean water affected by the ground-water

contaminant plumes?

300 sampling wells. They began the
study after State and Federal officials
became concerned that sewage disposal
was contaminating shallow aquifers. At
one of their first test wells, dug in 1979,
10,000 feet away from the sewage treat-
ment plant, water foamed when it came
out of the ground. The USGS scientists
knew they had discovered a problem.
To decide where to place the sampling
wells, they had to hypothesize about
what chemicals in the treated sewage
would move in the aquifer and where
the contaminated ground water would
move. Then, using topographic and
water table contour maps to guide them,
they dug wells downgradient — along
the downward slope of the water table
— below the suspected source of cont-
amination. To gather information about
the shape, content, and movement of
the plume, they kept digging groups of

|
1990 Federal  Projected
Census Peak

Year-Round Summer
Community Population*  Population*
Barnstable 40,949 81,800
Bourne 16,064 37,900
Falmouth 27,960 69,300
Mashpee 7,884 25,800
Sandwich 15,489 29,200
TOTAL 108,346 244,000

*From Cape Cod Commission (Cape Trends,
3rd edition, 1996).

By what percentage does the Upper
Cape’s population increase during the
summer? How many ways does the
increase in population affect the water
supply? How does the increase in popula-
tion change the quantity or the effects of
contamination in the ground water?
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Use this map as a decisionmaking tool as your group identifies potential ground-water contamination sources (Ryan, 1980).

sampling wells until they found clean,
uncontaminated water.

By sampling ground water in the
area for several years, scientists have
been able to describe accurately the
sewage plume. The Ashumet Valley
plume is more than 2 miles long.
However, the plume isonly 75 feet
thick. It is overlain by as much as 40
feet of uncontaminated ground water.
The plume moves 0.9 to 1.5 feet per
day southward toward Nantucket
Sound. The plume contains high con-
centrations of boron (found in house-

hold cleaners), chloride, nitrogen (a
byproduct of decomposing organic
material), and detergents, which cause
the water to foam. Approximately 2.6
billion cubic feet of the Cape Cod sole-
source aquifer have been contaminated
by the treated sewage from the MMR.

Can the Ashumet Valley plume story
have a happy ending? Perhaps. In late
1996, proposals were being prepared to
contain the Ashumet Valley plume and
other plumes on the MMR with extrac-
tion wells.

The Harwich Solar Aquatic Septage
Treatment Plant — the Neighbors May
Have One Answer

About 20 miles from the MMR, the
community of Harwich istreating its
septage in a greenhouse. The facility
treats 5,000 gallons of septage per day
and returns sewage-free water to the
aquifer. To begin the process, trucks
bring the septage from homes and busi-
nesses to the greenhouse, situated near
the Harwich town dump. The septage
moves through large, transparent tanks
that are full of bacteria, algae, water



hyacinths, and trees that put down roots
in the sludge. All these help break down
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The effluent from these tanks then
goes on through an artificial marsh that
contains gravel, grasses, and small
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movement. Contour interval 4 feet. Datum is
sea level.

Line of equal concentration— Dashed where
inferred

flowers. The filtering process continues
with more tanks and more marshes until
at last the water is clean enough to be
returned to the aquifer.

The greenhouse is a warm, pleasant,
leafy place to enjoy a picnic lunch,
which many people do. There's no bad
smell, and Harwich residents enjoy the
greenhouse’s mix of lush plant life and
environmental responsibility.

—700— Boron—Interval 100 micrograms per liter

=], ()= Detergents (MBAS)—Interval, in milligrams
per liter, is variable

—=700— Volatile organic compounds— Interval 100
micrograms per liter

. Water well— Single well or cluster of wells
———A' Trace of section
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Use these definitions of important terms
as you answer the Focus Question.

AQUIFER- A geologic formation that
contains sufficient saturated permeable
material to yield economically significant

quantities of water to wells and A |
. L i 1
springs.
C‘ T T DI T T
EFFLUENT- Something that flows out, OTIS AIR BASE OTIS AIR BASE
Disposal beds

{ Disposal beds ¢ @

such as the discharge of a pollutant
from an industrial plant or a septic tank
into surface or ground water.

LEACHATE- The soluble product obtained
from the action of percolating liquid on
the soil or landfill waste.

PERMEABILITY- The measure of the ability
of porous material to transmit fluid.

PLUME- A zone of ground water that is
contaminated by various chemicals
and that often has an elongated shape,
much like a smokestack plume.

PORosITY- The proportion of the volume
of a material that consists of open
spaces.

Sewage plume in ground water downgradient from Otis Air Force Base in 1983. A shows the
water-table contours and the location of sampling wells. B shows the distribution of boron, in
micrograms per liter. C shows the distribution of detergents, in milligrams per liter. D shows

sePTAGE- Effluent from septic tanks. the distribution of volatile organic compounds, in micrograms per liter (Hess, 1986).

Why did different contaminants have different concentrations in the plume? Consider such
factors as the solubility of the contaminants and when they were released. For example, in
1964 new biodegradable detergents replaced the nonbiodegradable detergents being used
at the time.

soLuBILITY- The amount of a substance
that can be dissolved in a liquid at a
given pressure and temperature.
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Land and people : Finding a Balance

Cape Cod

The Cape Cod project in this curriculum

packet asks students to consider the
following Focus Question: Cape Cod
has a serious problem with its ground
water. During more than six decades,
the activities at the Massachusetts
Military Reservation (MMR) —
formerly known as Camp Edwards,
then Otis Air Force Base — on the
Upper Cape have resulted in contami-
nation of billions of gallons of under-
ground water. (The Upper Cape is the

western part of Cape Cod, including the

following towns: Bourne, Sandwich,
Barnstable, Mashpee, and Falmouth.)

You and your group are members of a
blue-ribbon panel that has been formed

to present a plan for providing safe,
drinkable water to the Upper Cape for
the next 10 years. You know of the
contamination problem with the under-
ground water supply. You aso know
how many Cape Cod residents will
require water; your panel has been
given data that describe the predicted
increase in the region’s population. Now,
you and the members of your panel
must figure out how the Upper Cape
will meet its need for safe ground
water in spite of the vulnerability of its
water supply to contamination.
To develop an answer to this com-
plex question, students will:

* learn about how Cape Cod's unique
geology makes the ground-water
supply vulnerable to contamination,

 create aworking model of an
aquifer, and

» discover how hydrogeologists gather
data to describe the composition
and movement of contaminated

ground-water plumes.

At the end of this project, students
should produce a presentation or paper to
share with the class. Their presentation
will discuss what they believe will be
western Cape Cod's ground-water
needs for the next decade, how well
the existing water supply will meet
those needs, and what other sources of
uncontaminated ground water exist.
Students will use what they have

learned about how geology, water use,
and wastewater disposal interact to
develop awater-use plan. They will
support their plan for supplying the
area with safe, drinkable water with the
information they received in the Student
Packet, their understanding of the
availability of ground water and human
responsibility for maintaining its
quality, and the lessons they learned as
they completed the three activitiesin
this packet.

An excerpt from Seth Rolbein’'s
book, “The Enemy Within: The Strug-
gle to Clean Up Cape Cod’s Military
Superfund Site,” isincluded to demon-
strate to your students that these envi-
ronmental problems involve real peo-
ple and real concerns. It is reprinted
here with the permission of the
Association for the Preservation of

U.S. Department of the Interior
U.S. Geological Survey

Cape Cod, alocal environmental orga-
nization, and does not imply an
endorsement of Rolbein’s book by the
U.S. Geological Survey.

Activity 1
A Model Aquifer

PurPOSE

This activity will help students under-
stand how Cape Cod's ground-water
system is unique and how contamina
tion spreads easily underground. To do
s0, students will build a model of an
aquifer. They will “recharge’ the
aquifer by pouring water into desig-
nated areas in the model and collecting
water from holes they have made in the
box holding the model. By doing this
activity, students will determine how
water moves through the aquifer and
which materials make the “best” aquifer.

MATERIALS

Each group of students will need:

 aclear rectangular 3-gallon-sized,
plastic box or tub. Use the longest
box you can find,

* potter’'s clay or natura clay soil,

e sand,

e gravel,

Model aquifer (Activity 1)
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e measuring scoop made of a plastic
gallon milk jug with the top cut off,

* graduated cylinder,

 two pie plates or petri dishes for
catching water that flows out of the
aquifer,

 aten-penny nail for making holes
in boxes,

* water, and

» acopy of theillustration of the
model aquifer.

PROCEDURE

1. Introduce students to the diagram of
the aquifer. Tell students that they will
be working in groups to build model
aquifers. Explain that different groups
will be using different mixes of mate-
rialsin their aguifers. Some will be
using all sand; some will be using all
gravel; some will be using a mix of
sand and gravel.

2. Instruct students to punch holesin
the plastic tub. Holes should be no
smaller than 1 mm and no larger than
2 mm.

3. Have students measure out the
different aguifer materials using the
measuring scoop. Make sure each
group uses the same volume of mate-
rial — sand, gravel, or half and half —
for the aquifer. Have the students who
are using the half-sand half-gravel
mixture prepare the mixture before
measuring it or packing the mixture
into the aquifer.

4. Students should then pack the

tubs with the “aquifer” materials. The
bottom layer of clay should be very
thin — 2 mm — and well packed.
Students should then add the aquifer
material — 2-3 scoops, depending on
the size of the tub. The upper layer of
clay — 1-2 cm thick — should also be
well packed.

5. The next step is to elevate the tub or
place it on the corner of atable so the
holes where water will emerge are

accessible. The tub could be elevated
with coffee cans or blocks, or placed
diagonally on atable corner. Students
should position the two pie plates or
petri dishes to catch the water that
comes out of each hole.

6. To observe how the aquifer model
works, students should pour water in
the hole in the clay at the top, 10 mL at
atime, until drops appear at the holes.
After drops appear, students should
pour in one final graduated cylinder
full of water. Students should record the
amount of water that is poured into the
model. In the pie plates or petri dishes,
they will collect the water that comes
out of each hole, then measure the
amount of water in an empty graduated
cylinder.

7. When students have finished pouring
water into their aquifer models, gather
the class together. Have the studentsin
different groups compare the water-
holding capabilities of different materials.

8. Refer students to the section of the
Student Packet that explains porosity
and permeability. Review these con-
cepts. Then hold a general discussion
of what students expected to discover
and what actually happened. Students
are likely to be surprised to find that
even athin layer of impermeable mate-
rial will not allow water through.

|I -="I_I;"'é:5t Toe ¥
o T T T Lot T -
SRR Ry
= =THeR=TEG

EXTENSION

1. Describe how atown built on top
of this model could access and use the
water in the aquifer for its water supply.

2. Invite alocal well driller to class to
discuss information related to local
aquifers, drilling depth, and costs.

Activity 2
Cleaning Up A Contaminated Aquifer

PurRPOSE

Students will discover that once an
aquifer is contaminated, cleaning it up
isalong and difficult process.

MATERIALS

Each group of students will need:

* modeling or potter’s clay,

* white aguarium gravel,

e gravel,

« food coloring,

 graduated cylinder,

« 2-3-inch-long eyedropper,

 aclear rectangular gallon-sized
plastic box or tub. Use the longest
box you can find,

e small drinking straw,

* spray pump from a household
cleaner bottle,

e water, and

» acopy of theillustration of the
“contaminated” aquifer.

|- = N A T N
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Contaminated aquifer (Activity 2).



PROCEDURE
1. Before beginning this activity, ask
students the following questions:

» How does an aquifer get recharged?
Where does the water come from?

» How does an aquifer become
contaminated?

» How might an aquifer get cleaned up
once it has been contaminated?

Record their answers to these questions
and refer to their answers after the
activity is completed.

2. Students will build a model of an
aquifer asillustrated in the diagram.
(Students will notice that this agquifer
looks different than the one they built
inActivity 1. Explain that this model’s
dope simulates how ground water
moves through the Cape Cod aquifer
and shows the water-table slopes
toward the sea.) They will *contami-
nate” this aquifer model with food col-
oring and then try to clean up the spill.

3. Have studentsfill the plastic box with
clay and two kinds of gravel. Both clay
layers should be well sealed against the
sides of the plastic box.

4. Use an eyedropper pushed into the
aquarium gravel to place 10 drops of
food coloring deep into the aquifer to
simulate underground leakage.

5. Have students slowly pour 50 mL
of water on the gravel recharge area
and collect it asit runs out of the straw.
Repeat this process until all food color-
ing is washed out and the water is clear.
(Note — be sure to use white gravel.

If the gravel is colored, then students
might think the color is coming from
the gravel.) Collecting the liquid in white
paper cups makes it easier for students
to see faint coloration. Students may
wish to transfer a portion of the liquid
to a series of test tubes; looking down
the length of the tubes will help stu-
dents to see faint colors easily.

6. Have students record the number
of flushings required for the water to
run clear.

7. After the aguifer model has been
flushed clean, have students use a clay
plug to block the hole that had the straw
spout in it. They should then recontam-
inate the model in two places: at the
surface and at the same depth as they
did before. Again, have them contami-
nate the aquifer using ten drops of food
coloring. This time, however, have them
use two different colors so they may
track the effects of contamination at
different levels.

8. Students should observe how the
contamination spreads in the aquifer
from the two different sources. Ask
them to think about what might be the
sources of contamination at the surface
and at depth. Refer them to the sources
of contamination at the MMR and at
other places on Cape Cod.

9. AsK students “ Could this contami-
nation be cleaned out of the aquifer

by drilling awell and pumping it out?’
Have them discuss why they believe
pumping will or will not draw the cont-
amination out of the aquifer.

10. Studentswill try to pump the
contamination out of the aquifer. They
should begin by poking a hole in the
clay in the center of the aquifer. Insert
astraw 1-2 inches into the aguarium
gravel to simulate awell. Place a spray
pump (from a household cleaner bottle)
into the straw and then pump the cont-
amination from the aquifer. Students
should record how well (and whether)
pumping is able to clean up contamina-
tion. How many times did they have to
pump to clean up the well?

11. Have students discuss which clean
up method worked best, flushing or
pumping. What would they do to
improve the effectiveness of each
method? Which method do they think

TEACHER
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works best on surface contamination?
Which works best on contamination
at depth?

Activity 3
Predicting the Path of Ground-Water
Contamination

PURPOSE

In this activity, students will use differ-
ent kinds of geologic information to
predict the path of ground-water con-
tamination from several toxic waste
sources on the MMR. Once they have
drawn possible plume paths, students
will receive the actual contaminant
plume traces for comparison.

MATERIALS

Each group of students will need:

e map of MMR and water table
configuration on March 23-25, 1993,

» map of surficial geology of area
with location of hydrogeologic
sections and explanation,

« figure showing hydrogeologic
sections with explanations,

* map showing contaminant plumes
a MMR,

e tracing paper, and

* colored pencils.

PROCEDURE

1. Begin by defining the water table
for the students. Explain that about half
of the water that falls on the Cape Cod
landscape — in the form of rain — or
snow — percolates into the ground. It
gathersin the saturated zone, where all
the pores and crevices of the rock and
soil are filled with water. The top of
this zone is the water table. If one were
to dig awell that just penetrates the top
of the saturated zone, the water table
would be the level at which water
stands in the well.

2. Provide students with copies of the
water-table map. As a class, have them
identify the highest elevation of the
water table and the lowest elevation.
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Explain that the contours on the map
indicate the surface of the aquifer, or
the water table.

3. Ask students what direction(s) they
think water is moving in the aquifer.
(Water moves down the water-table
dope in the aquifer. The MMR sits atop
around hill at the highest point of the
water table.) To answer this question,
ask them to remember how water
moved in their model aquifersin
Activities 1 and 2.

4. Now have students look at the
hydrogeologic map and the sections.
Explain that the sections are vertical
dlices that represent the distribution of
rocks and sediments underlying the
surface. These sections were construct-
ed using material's brought to the sur-
face during well drilling.

5. When you are confident students
understand the information provided by
the geologic map and sections, ask them
to predict what kind of materials make
up the aquifer in this region. To make
this prediction, students can refer to the
sections.

6. Have students locate the four major
contamination sites on the water-table
map. Then, ask them to use the water-
table contour map and the geologic
information to predict the path of conta-
mination movement. Remind the stu-
dents to think about the kinds of sedi-
ments and rocks that are likely to be
permeable and that are likely to be
impermeable.

7. Have students place the tracing
paper on top of the water-table contour
map. Then have them sketch the paths
they predict the contamination will take
on the tracing paper.

8. When students have finished draw-
ing what they believe will be the path
of contamination movement on the
tracing paper, have them show each

other what they drew. Ask students to
explain why they believe the contami-
nation will follow the path they drew.

9. Distribute the map that shows the
plumes. Have students compare the
contamination paths they drew to the
actual plumes. Point out that these maps
were developed by geologists who sank
alarge number of test wellsinto the
aquifer to measure the contamination
levelsin the ground water. Lead students
in adiscussion of how their predictions
could have been used by geologists try-
ing to decide where to put their initial
test wells.

EXTENSION

Since 1973, the MMR has been used
primarily by the Massachusetts National
Guard and the U.S. Coast Guard. In
1986, the National Guard Bureau's
Installation Restoration Program (IRP)
began investigating the contaminant
plumes related to hazardous materials
a the MMR. Since 1994, the IRP has
published fact sheets that describe the
history, size, and risks caused by each
plume and what the IRP proposes to

do about it. Call the IRP office at

(508) 968-4678 to request copies of the
11 fact sheets published in 1994 and
any others published since that time.
Distribute copies of the IRP's Plume
Response Fact Sheets to students as
they answer these extension questions.

1. Are any of the local ponds in danger
of contamination?

2. Are any of the town water supplies
in danger of contamination?

3. How can the movement of the
contaminant plumes be slowed?

4. Where would students put in wells
to remove contamination?

5. How else could the contaminated
ground water be cleaned up?

6. Where would it be safe to drill wells
for drinking water?

Note: In 1996, the U.S. Air Force's
Center for Environmental Excellence
assumed responsibility for containment,
cleanup, and remediation of contaminat-
ed ground water within and emanating
beyond the boundaries of the MMR.

Firewater: a ground-water sample from one site on the MMR contained enough jet fuel to burn.
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Land and people : Finding a Balance

Everglades

Finding a Balance is an environmental
study project that allows you and a
group of your classmates to consider
real environmental dilemmas concern-
ing water use and to provide solutions
to these dilemmas. The student packet
gives you most of the information you’ll
need to answer the Focus Question,

Reading

From The Everglades: River of Grass by
Marjory Stoneman Douglas (1947).

“There are no other Evergladesin the
world. They are, they have always been,
one of the unique regions of the earth,
remote, never wholly known. Nothing
anywhere elseis like them: their vast
glittering openness, wider than the
enormous visible round of the horizon,
the racing free saltness and sweetness of
their massive winds, under the dazzling
blue heights of space. They are unique
also in the simplicity, the diversity, the
related harmony of the forms of life
they enclose. The miracle of the light
pours over the green and brown expanse
of saw grass and of water, shining and
slow-moving below, the grass and
water that is the meaning and central
fact of the Everglades of Florida. It is
ariver of grass...Where do you begin?
Because, when you think of it, history,
the recorded time of the earth and of
man, isin itself something like ariver.
To try to present it whole isto find
oneself lost in the sense of continuing
change. The source can be only the
beginning in time and space, and the
end is the future and the unknown...

So it is with the Everglades, which
have that quality of long existence in

information like maps, data, background,
a reading about the region, and a
description of the “Interested Parties,”
or the various interest groups that have
a stake in the outcome of the Focus
Question. While you are working on this
project, each member of your group
will take a role, or hecome one of the

their own nature. They were change-
less. They are changed.”

Florida author and conservationist
Marjory Stoneman Douglas was born
in 1890. Her best-selling book, The
Everglades: River of Grass was pub-
lished in 1947, the same year the 1.4
million acre Everglades National Park,
opened. A noted author, editor and
environmentalist, she received the
Presidential Medal of Freedom in
1993, which she donated to her alum-
nus, Wellesley College. At the age of
104, Douglas published a hovel,
Freedom River.

U.S. Department of the Interior
U.S. Geological Survey

interested parties. Your teacher will
guide you through a series of discus-
sions, activities, calculations, and labs.
At the end of this project, your group
will be asked to present and justify a
solution to the environmental dilemma.

Focus question

The year is 2010. The National
Weather Service has studied the last
decade’s rainfall rates and the storm
patterns over the Atlantic Ocean and
has produced an alarming forecast:
over the next 5 years, the Everglades-
region will experience a 30-percent-
decrease in the amount of rainfall it
receives. But lack of rainfall is not the
only challenge the Everglades faces.
During the last century, the Everglades
has been profoundly changed by
increasing urban and agricultural activ-
ity. Humans have drained the wetland
and created a complex canal and levee




system, thus causing drastic changesin
the ecosystem: shrinking populations
of wading birds and the collapse of
alligators nesting activities.

How will your group respond to this
serious decrease in rainfall? Create an

action plan that will reduce the damage

the long period of dry weather will
cause to human and ecological interests.

The Interested Parties

Here is an overview of the competing
interests that affect the Everglades
region. As your group works to answer
the Focus Question, each person will
take arole as an environmentalist,
farmer, or developer.

ENVIRONMENTALISTS
Environmentalists want to stop the
destruction of the Everglades, an eco-
system which is quickly dying. Only
one fifth of the water that reached the
ecosystem at the turn of the century is
getting to the Everglades today. Only
5 percent of the wading birds that used
to nest there are still doing so. Agri-
cultural runoff has severely altered
vegetation, replacing saw grass with
cattails, which crowd out algae, an
important food source.

AGRIBUSINESS

South Florida farmers are some of the
most productive in the Nation, produc-
ing everything from sugarcane, to let-
tuce, to tomatoes. To produce these

crops, south Florida farmers use alarge

portion of the region’s water. Irrigation
of sugarcane and citrus dominates
water use in the six counties that com-
prise the Everglades Agricultural Area
and the Indian River CitrusAreain
Florida. About 1 million acres are irri-
gated with more than 2 billion gallons
of water per day.
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Population Growth

NET CHANGE NET CHANGE
COUNTY 1980 1990 IN NUMBER IN PERCENT
BROWARD 1,018,257 1,255,488 +237,231 +23.3
DADE 1,625,509 1,937,094 +311,585 +19.2
PALM BEACH 576,758 863,518 +286,760 +49.7

Which county gained the most people between 1980 and 1990? Which county
gained the largest percentage of growth during that period?

Projected Range of Public Supply Water Use Per Day
(in millions of gallons)

COUNTY 2000 2010 2020
BROWARD 257.4 285.4 316.2
DADE 395.8 425.5 471.4
PALM BEACH 253.1 305.0 338.0

Which county has the slowest rate of projected use of public water?
(To answer this question, subtract the figure for 2000 from the figure for 2020.)

Total Freshwater Withdrawn Per Day
(in millions of gallons)

COUNTY 1965 1970 1980 1990

BROWARD 173.13 184.35 235.58 266.53
DADE 287.80 276.47 440.45 490.55
PaLm BEACH 414.50 504.38 752.71 996.84

Palm Beach County’s use of freshwater more than doubled between 1965 and
1990. Did Palm Beach County’s population grow at about the same rate?




Everglades farmers make a lot of
money and employ alot of people. Pam
Beach County has the fifth largest farm
income in the Nation. Twenty thousand
people work in the Everglades Agri-
cultural Area on 450,000 acres of land.
Farmers plant the rich peat soil that is
exposed when surface water is drained.
(The Everglades sustains the Nation's
largest sugarcane crop and second
largest vegetable crop.) But, exposed to
air, this soil decomposes, rapidly dry-
ing up and blowing away. Because the
soil is exposed to this and, thus, is drier
than it would normally be, peat is lost
at the rate of between one-quarter and
three-fourth inch per year.

In addition to transforming the flow
of water, farming introduces runoff that
contains phosphorus and nitrogen into
the Everglades. This runoff has choked
the Everglades' saw-grass prairies with
cattails. In 1994, a sugar cane com-
pany, which produces nearly one-third
of Florida's sugar, was required to
reduce phosphorus pollution in the
water that drains from its lands in the
Everglades Agricultural Area. The
company also agreed to help build
large artificial marshes to filter pollu-
tion that flows toward the Everglades
National Park.

URBAN DEVELOPERS

Developers want the human population
to continue to expand in numbers and
in the amount of space people take up.
The population of Broward county
aone has doubled in the last 20 years.
(South Florida has one of the fastest
growing populations in the U.S.) They
also want to offer residents a high
standard of living, which in Florida
includes high domestic water consump-

Largest Population Growth
1980-1992

COUNTY NUMBER

STUDENT PACKET 3

tion. The demand for water drains the
aquifers below ground, while more
and more pavement inhibits the land’s
ability to absorb water.

Developers aso build to accommo-
date vacationers and retirees. In 1989
alone, 39 million people vacationed in
south Florida. Twelve million arrive
during the winter, the driest months of
the year in south Florida

Largest Number of New Private Housing
Units Authorized by Building Permits
1990-1992

COUNTY NUMBER

Los Angeles, CA 1,576,407
San Diego, CA 739,209
Maricopa, AZ 700,392
San Bernardino, CA 639,327
Riverside, CA 625,236
Harris, TX 562,208
Orange, CA 551,868
Clark, NV 382,546
Dade, FL 382,463
Tarrant, TX 359,239
Dallas, TX 356,976
Palm Beach, FL 323,897
Sacramento, CA 309,856
King, WA 287,639
Broward, FL 283,017
Fairfax, VA 261,266
Bexar, TX 244,125
Orange, FL 243,714
Santa Clara, CA 233,456
Gwinnett, GA 224,947
Hillsborough, FL 211,613
Alameda, CA 202,193
Montgomery, MD 201,969
Travis, TX 193,586
Fresno, CA 190,992
United States 28,535,337

How many Florida counties are among
the 25 fastest-growing counties in the

U.S.? Which of these Florida counties

are in the Everglades?

Los Angeles, CA 53,004
Clark, NV 51,996
Maricopa, AZ 48,210
Harris, TX 35,356
Riverside, CA 32,865
King, WA 32,437
San Diego, CA 29,694
San Bernardino, CA 27,310
Dade, FL 26,692
Broward, FL 26,011
Dallas, TX 25,851
Palm Beach, FL 25,665
Orange, FL 25,521
Orange, CA 24,359
Cook, IL 23,540
Sacramento, CA 21,003
Franklin, OH 19,486
Oakland, Ml 16,352
Mecklenburg, NC 15,488
Duval, FL 15,194
Pierce, WA 15,126
Tarrant, TX 14,993
Fresno, CA 14,711
Hillsborough, FL 14,682
Wake, NC 14,533
United States 3,154,493

Dade, Broward, and Palm Beach
Counties are permitting many new
homes to be built in the Everglades
region. What conclusion about people’s
impact on the environment can you draw
from this fact?
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The Everglades — What You Need
To Know

To understand what the Evergladesis
today, you need to know what it once
was. The pristine Everglades was a wet-
land that spanned the state of Florida
south of Lake Okeechaobee, about 2.9
million acres of mostly peatland covered
by tall saw-grass growing in shallow
water. When the lake was full, water
overflowed into the northern Everglades
and moved slowly to the south in a

50-mile-wide sheet, a foot deep. In the
1880’s people began to drain the
Kissimmee River-Lake Okeechobee-
Everglades watershed. Drainage
exposed the organic muck soil, which
produced extraordinary crop yields.
The last 100 years have seen tremen-
dous change in the Everglades. Water is
controlled by a complex management
system that includes canals, levees, and
pumps. The region is divided into the
Everglades Agricultural Area (theworld's
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largest zoned farming area), three
Water Conservation Areas, and Ever-
glades National Park. The Everglades
has been called “...the biggest artificial
plumbing system in the world.”

Today more than 50 percent of the
historic Everglades has been eliminat-
ed. Widespread population growth and
land-use modification in Florida affect
the quantity and quality of drinking
water, alter natural wetlands, and
increase human exposure to hydrologic




Today's Everglades

hazards, such as floods. More than
1,400 miles of drainage canals and
levees have atered the Everglades
wetlands in Florida for flood control.
These agricultural, industrial, and urban
aress affect water quality in southern
Florida. Farming involves the use of
numerous chemicals, including fertiliz-
ers, insecticides, herbicides, and fungi-
cides, that leak into the ground water
or nearby surface waters. Stormwater
runoff from urban areas commonly

transports heavy metals and nutrients
into canals and the Biscayne aquifer.

Restoring the Everglades — Add Water
and Mix?

The south Florida ecosystem is one of
the most threatened ecosystems in the
Nation. The greatest impacts on the
ecosystems may have resulted from the
construction of a complex canal and
levee system to control flooding and
supply freshwater. This system has
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drained over half of the Everglades

and altered the flow of freshwater into
Florida Bay. Without enough standing
water, the ecosystem supports half as
much aquatic life, thus the Everglades
can no longer feed the storks, alligators,
and other animals that once flourished.
Many people believe the lack of water
and the change in how and when it
flows are the causes for a declining pop-
ulation of wading birds and a collapse
of nesting activities, and major changes
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in plant communities as “weedy”
species, such as cattails, invade the
wetlands.

Restoring the Everglades begins with
returning its water. Plans are being
developed to reestablish the natural
hydrology of the south Florida ecosys-
tem so that water patternsin parts of
the historic Everglades more closely
resemble those that existed about 150
years ago, before significant human
intervention.

A second magjor restoration effort
involves removing nutrients from agri-
cultural waste water. In 1994, the State
legislature mandated a project that
would construct artificial marshes
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around the agricultural areato filter
phosphorus from the water. The third
restoration effort is removal of non-
native plants that crowd out indigenous
species and reduce wildlife habitat.

No one knows how well the restora-
tion efforts will work.

Geologic Background — Flat and Wet

For most of its geologic history, Florida
was under water. The shells of millions
of sea animal form the layers of
limestone that blanket the State. The
peninsula rose above sea level about

20 million years ago. Even then, the
southern portion remained largely sub-
merged, until the buildup of coral and
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sand around its rim blocked out the
sea, leaving dense marine vegetation to
decay and form the peaty soil of the
present-day Everglades.

Dependent on rain for freshwater,
the subtropical stretch of the peninsula
receives 40 to 65 inches a year. But this
flat, porous limestone land has little
surface storage capacity, and after

evaporation, transpiration, and runoff,
only afifth of the rainwater remains
to recharge underlying aquifers and
shallow lakes.

Climate — What Does It Mean

to be Subtropical?

South Florida's climate is rainy, hot
and humid. The average annual
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temperature is about 75 degrees
Fahrenheit. Freezing temperatures are
rare. Annual rainfall averages about
53 inches — more than half of which
occurs from June through September.
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Use these definitions of important terms as you answer the Everglades Focus Questions.

AQUIFER- A geologic formation that con-
tains sufficient saturated permeable
material to yield economically signifi-
cant quantities of water to wells and
springs.

ECOSYSTEM- The interacting system that
encompasses a living community and
its non-living physical environment.

EVAPOTRANSPIRATION- The conversion of
water from a liquid to a vapor including

HYDROLOGIC cYCLE- The water cycle,
which includes evaporation, precipita-
tion, and flow of water to the seas. The
hydrologic cycle supplies terrestrial
organisms with a continual supply of
freshwater.

LEVEE- A natural or artificial bank that

constrains the flow of water to a channel.

PEAT- A spongy organic substance
made of decayed plant fibers.

WATER BUDGET- The freshwater available
for plant, animal, and human use

plus the water necessary to maintain
streamflow.

waATERSHED- All of the land that drains
into a particular body of water.

WETLAND- Land that is transitional
between aquatic and terrestrial
ecosystems and is covered with water
for at least part of the year.

the evaporation of water vapor from
plants.

These tables allow you to compare crops by the amount of water used to raise them. For example, which crop requires more
irrigation — miscellaneous vegetables or sweet corn? Which crops require a lot of water? Which ones need very little? Which crops
did farmers plant more of in 1990 than in 1985? Are these crops ones that use a lot of water?

Irrigation Acreage and Water Use by Crop Type in Florida

BROWARD COUNTY 1985 1990

ACRES FARMED WATER USE FOR IRRIGATION ACRES FARMED WATER USE FOR IRRIGATION

CROP TYPE AND IRRIGATED PER DAY (IN MILLIONS OF GALLONS) AND IRRIGATED  PER DAY (IN MILLIONS OF GALLONS)
TURF GRASS (GOLF COURSES 10,000 16.82 18,000 26.80
AND OTHER USES)
SWEET CORN 6,100 5.57 3,072 3.45
Irrigation Acreage and Water Use by Crop Type in Florida

PALM BEACH COUNTY 1985 1990

ACRES FARMED WATER USE FOR IRRIGATION ACRES FARMED WATER USE FOR IRRIGATION
CROP TYPE AND IRRIGATED PER DAY (IN MILLIONS OF GALLONS) AND IRRIGATED  PER DAY (IN MILLIONS OF GALLONS)
SWEET CORN 29,500 32.04 28,475 31.04
MISCELLANEOUS VEGETABLES 30,100 11.17 44,300 48.28
SUGAR CANE 320,000 381.97 323,433 505.33
TURF GRASS (GOLF COURSES 15,000 31.36 30,000 59.80
AND OTHER USES)

Irrigation Acreage and Water Use by Crop Type in Florida
DADE COUNTY 1985 1990

ACRES FARMED WATER USE FOR IRRIGATION ACRES FARMED WATER USE FOR IRRIGATION

CROP TYPE AND IRRIGATED PER DAY (IN MILLIONS OF GALLONS) AND IRRIGATED PER DAY (IN MILLIONS OF GALLONS)
MISCELLANEOUS FRUIT 21,300 49.23 14,530 22.95
MISCELLANEOUS VEGETABLES 33,630 3.90 28,815 33.64
TURF GRASS (GOLF COURSES 7,750 18.00 47,000 17.39

AND OTHER USES)
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Land and people : Finding a Balance

Everglades

Introduction

The Everglades project in this curricu-
lum packet ask students to consider the
following focus question: The year is
2010. The National Wesather Service
has studied the last decade's rainfall
rates and the storm patterns over the
Atlantic Ocean and has produced an
alarming forecast: over the next 5
years, the Everglades region will expe-
rience a 30-percent decrease in the
amount of rainfall it receives. How
will your group respond to this serious
decrease in rainfall? Create an action
plan that will minimize the damage the
long period of dry weather will cause
to human and ecological interests.

To develop an answer to these com-
plex questions, students will need to:

* understand the concept of a water
budget,

» predict characteristics of the Everglades
region in the future, including the
size of the watershed, the population,
the amount of rainfall,

* learn how soils reveal chemical
changes in an environment over
time, and

* explore the unique geology of the
Everglades.

At the end of this project, students
should produce a plan for meeting the
region’s water needs in light of the
upcoming drought. Their plan should
address how they think the drought will
affect the environment, residents, and
agribusiness. They should also provide
justification for their plan, based upon

the data they received in the Student
Packet, their understanding of the water
budget, and the lessons they learned
through calculation and experimentation.

Opening Session
Help students look through the Student
Packet. Ask them to read through the
tables of dataand, in small groups, write
generalizations about the Everglades
region on the basis of the data. (In this
packet, the Everglades region is
defined as Broward, Dade, and Palm
Beach Counties.) Post these generaliza-
tions and discuss them as a class.
Return to these generalizations as
students compl ete the three activitiesin
the Teacher Packet.

Activity 1
The Everglades Spending Plan — Water
Budgets and the Hydrologic Cycle

PurRPOSE

This activity will acquaint students with
the hydrologic cycle and introduce
watersheds and water budgets. Students
will realize that water is alimited
resource and that they will have to
consider competing interests as they
allocate this resources.

MATERIALS

 1/2-gdlon dear pladtic beverage battle,
« roll of masking tape,

e marker,

 water, and

e graduated cylinder or beaker.

U.S. Department of the Interior
U.S. Geological Survey

PROCEDURE

1. Before beginning the activity, discuss
the hydrologic cycle with students.
(Thisinformation may be for review.)
Ask students to make a sketch that
explains the hydrologic cycle, then use
the illustrations to review the compo-
nents of the hydrologic cycle. Explain
that water circulates continually in its
three states — liquid, solid, or vapor —
through the geosphere, atmosphere,
hydrosphere, cryospohere, lithosphere,
and the biosphere.

2. In small groups, have students
discuss the meaning(s) of the term,
“watershed.” Provide dictionaries,
encyclopedias, and textbooks. How
many definitions can they find? Direct
the discussion to the following defini-
tion of watershed: all of the land that
drains into a particular body of water.

3. Have students brainstorm about the
possible sources of water and various
methods of drainage, such asrivers,
streams, rainfall runoff, storm drains,
gutters, and so forth. Have students




generate a list of ways that humans
affect the watershed system. Revisit
this topic as you introduce Activity 2,
“How Big is the Watershed?’

4. Working in pairs, have students
calibrate a clear plastic bottle in 50 mL
graduations by placing a strip of mask-
ing tape along its length and marking
the gradations. Have them pour 50 mL
of water into the bottle and mark the
water level, continuing this process
until the bottleis full.

5. Tell students that the water in the
bottle represents the amount of water in
amodel watershed, and that they arein
charge of allocating water for a growing
town of 1,000 households. Before the
students begin alocating, have them
make alist of uses for the water in the
model watershed. (Use the following
table as a guide.) Point out that thereis
aminimum volume of water required
to sustain streamflow and that stream-
flow must be maintained. You may
wish to assign mL of water use per
household for each water use, or you
may use the sample provided below.

6. Once the amount of water used for
each purpose has been assigned, have
the groups pour water from their 1/2-
gallon bottles to represent each use for
the 1,000 households in the town.
Students should record the amount of
water left after each withdrawal.

7. Have students devise a method to
determine the maximum number of
households the model watershed can
support.

8. Once the activity is complete, lead
students into a discussion of water
budgets. (Use the information below
as background for the discussion.) Ask
them to revisit the Focus Question for
the Everglades. How will the drought
affect the water budget in general?
What effects might the drought have
on each of the interested parties?

DISCUSSION OF WATER BUDGETS
When discussing the concept of a
water budget (the freshwater available
for plant, animal, and human use plus
the water necessary to maintain stream
flow), you many want to begin by dis-
cussing the distribution of water in the
hydrosphere:

97.30% in the ocean (saltwater),

2.14% frozen into glaciers,

0.54% ground water,

0.02% in streams, rivers, freshwater
and saltwater lakes, and soil
moisture.

To determine aregion’s water budget,
hydrologists consider “deposits’ to be
water from precipitation, and “with-
drawals’ to include water lost to the
atmosphere through evaporation and
transpiration, water which runs off to
rivers, streams, and lakes, and water
that seeps underground. Humans also

Sample Table of Water Use in the Model Town and Amount Needed

USE

minimum streamflow
household use
industrial use
agricultural use
hydroelectric use

WATER NEEDED

550 mL

50 mL/1,000 households
25 mL/1,000 households
50 mL/1,000 households
25 mL1,000 households
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make withdrawals from the water
account. Although much of this water
isrecycled back into the system, only a
small portion of water used in agricul-
ture is returned to the account. When
the account is overdrawn, humans rely
on water supplies stored in aquifers.
For the continental U.S., about
3.8 trillion gallons of water are credited
to the water account annually through
precipitation. Sixty-six percent is
returned to the atmosphere through
evapotranspiration, 31lpercent runs off
and 3 percent enters the ground-water
supply. South Florida's water budget
differs from the national water budget.
To highlight south Florida’s unique
water budget, refer students to the
inflow and outflow pie chartsin their
Student Packets.

Adapted from “Watershed Wisdom.” Ellen
Pletcher Metzger, Journal of Geological
Education, 1993, v.41, p. 508.

Activity 2
Disappearing Drainage — the Incredible
Shrinking Everglades Watershed

PUurRPOSE

This activity will introduce students to
the drastic changes in the Everglades
watershed. They will use their under-
standing of the historic changesin the
watershed to help them predict what
the Everglades watershed will be like
in 2010. This activity will also intro-
duce them to changesin land use in the
Everglades watershed area.



MATERIALS

« original and present Everglades
watershed maps (see Student Packet),

e string,

* rulers,

* graph paper,

* tag board or cardboard for mounting,

cutouts of historic and present day

Everglades watershed, and

* balance.

PROCEDURE

1. Ask students to examine the two
watershed maps provided in the Student
Packet. Ask them to compare the maps,
then list changes in the Everglades water-
shed from the original to the present
day. Changes include the declinein
watershed area, the addition of agricul-
ture, the loss of wetlands, and the
introduction of Water Conservation
Areas.

2. Open adiscussion of the changesin
the watershed configuration and how
these changes might be results of the
impact of human settlement on the
Everglades. Have the students brain-
storm reasons why the watershed
configuration has been changed.

Note: Hold this discussion before
students read the Student Packet text
about the history of the Everglades.

3. Tell students that their next task will
be to determine the change in area of
the Everglades watershed. Have students
brainstorm about ways they can calcu-
late the difference in the areas of the
original and present watershed. Once
they have generated a list of methods
for calculating the areas, have students
work in pairs or small groups to deter-
mine the change in watershed area.
Have each group try a different tech-
nique from the list.

Possible methods for determining the
change in the area of the watershed

include the following:

» Use string to create shapes within the
watershed that students will be able
to calculate the areafor.

* Put the graph paper on top of the
watershed map. Trace the outlines of
the current and historic watersheds.
Count the squares within the traced
outlines. Compare the numbers of
sguares.

e Cut out each of the historic and cur-
rent day maps. Mount each of these
on cardboard. Weigh the two pieces
of cardboard. Compare the weights.

* By using two copies of the map,
overlay the present watershed on the
original watershed. Find the area of
the difference in the two watersheds,
then weigh the difference (as sug-
gested above) or use graph paper
to count the squares within the
difference.

4. Once the students have completed
their measurements, have each group
report their results. (The differenceis
less than 25 percent) Have the students
suggest why different techniques might
yield different results. Ask students
which techniques they believe yield the
best results.

EXTENSION

In addition to changesin the
watershed caused by the extensive
water-management system, other
land-use changes have affected the
movement of water in south Florida.
Draining and filling in wetlands for
agricultural use and paving for exten-
sive urbanization have increased runoff
and the risk of flood.

In the past, wetland areas were like
sponges, storing great quantities of
water and serving as a flood control.
How does replacing the wetland with
agricultural land or cities increase flood
hazards? Students can model the three,
land-use wetlands — foam rubber,
sponge, or a premium paper towel;
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farmland — mix of sand and potting
soil; urban area— smooth hard surface
like a clipboard or coated cardboard
(cereal box). Have students design
experiments where they can investigate
the characteristics of surface water on
wetlands, farmlands and urban areas by
simulating runoff over models of each
surface.

Activity 3
The Everglades — A Geology
All 1ts Own

PURPOSE

This exercise will acquaint students
with the physiographic and geologic
characteristics of the south Florida
region. They will also speculate on
how the geology of the region influ-
ences topography and land use.

MATERIALS

« geologic map of south Florida
(in Student Packet),

« geologic column of rock unitsin
south Florida (in Student Packet),

* rock samples (optional),

« fossiliferous limestone (marine),

* freshwater limestone,

* pedt,

* sandstone, and

e marl.

BACKGROUND

Much of south Florida is underlain by
limestone. The surface topography
reflects the underlying geology. Low
areas associated with limestone erosion
allow for water to pond, thus support-
ing the wetlands environments neces-
sary for peat deposition. The sequence
of freshwater and marine limestones
provide arecord of sea-level rise and
fall over the geologic history of the
Everglades. Also, the Everglades them-
selvesliein abasin that was most like-
ly an ancient atoll-like structure that
formed alagoon. The higher regions
that allowed for the development of the
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Everglades wetlands are fossil reefs.
The process of limestone deposition
in the area began about 5 million years
ago. During the last 5 million years,
the sequence of marine and freshwater
limestones preserved the record of sea
water inundation of south Florida.
About 5,000 years ago, post-glacial
risein sealevel slowed enough to
allow the build-up of coastal structures,
which impounded freshwater in the
lowlands that are not the Everglades.
The Everglades have evolved since
then as a result of the deposition of
peats and marls (mixture of 35-65 per-
cent clay and 65-35 percent calcium
carbonate formed under marine or fresh-
water conditions known as cacitic muds)
Just as geologists use limestone to
determine past conditions in the south
Florida region, they also use peat cores
to reconstruct the more recent history
of the region. Peat is a chemical filter
that holds a number of cations and
anions. Scientists have used these
peat cores to document the build-up
of pollutants in the Everglades over
the past 100 years.

PROCEDURE

1. Refer each group to the geologic
map of south Florida in the Student
Packet and provide a copy of the geo-
logic column. If students are unfamiliar
with geologic maps, explain that geo-
logic maps show the surface distribution
of rock formationsin the area. Have
students use the geologic column to
identify the oldest and youngest forma-
tionsin the area. Ask them to identify
which geologic formations border the
Everglades and which formations
underlie the Everglades.

2. Ask what kinds of rocks and uncon-
solidated deposits are represented on
the geologic maps. (Show samples of
these rocks if you have them.) Do they
have any experience with these rock
types? Have them speculate on what

the difference is between marine and
freshwater limestones. How did these
rocks, which form underwater, end up
on dry land? How did marine lime-
stones, which are deposited in seawa-
ter, end up associated with the freshwa-
ter Everglades?

Use these discussions to introduce the
concept of sea-level rise and fall related
to the retreat and advance of continental
ice sheets.

3. Have students use the geologic map
and column to reconstruct the history
of the Everglades region by relating
marine and freshwater limestones to
sea-level rise and fall. Ask them if they
can determine the last time the region
was under seawater? What has happened
to the region since then?

Now would be a good time to discuss

the use of peat cores in determining the
environmental health of the Everglades.
See the Discussion of Peat Cores below.

4. Have the students compare the land

uses on the watershed map to the geo-
logic units which occur in the area.
What conclusions can they draw about
distribution of rock types and present
day land use?

DiscussioN OF PEAT CORES
USGS scientists are using peat cores to
study peat accumulation rates and the
change in peat chemistry from 1961 to
the present. They have sampled two
sites in Water Conservation Area 2. The
first area shows a shift from saw-grass
to cattail vegetation due to the increased
nutrient input it receives from canal
water. Peat accumulation near the canal
has nearly doubled in this area. The
second area, with near-pristine, low-
nutrient conditions, shows slower rates
of peat accumulation. The differencesin
these areas are recorded in peat cores
as differences in preserved plant mater-
ial and differencesin peat chemistry.

Since 1961, peat chemistry shows
increases in phosphorous, sulfur, cop-
per, and zinc that probably originated
from agricultural activities where they
have been applied as fertilizer.




