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Abstract

The U.S. has approximately 3,091 active landfills which take in
about 279 million tons of garbage annually (How Landfill's
Work website). Since 1990, more than 11 billion tons of
domestic and foreign waste has been disposed of in the United
States. This is equivalent to covering every acre in the nation
with 4.7 tons of waste. As the population rises, so does the
amount of waste generated and the need for somewhere safe to
put it. Landfills are usually capped and forgotten about, or not
put to an appropriate reuse. They can also pose a very serious
threat to the environment and people around them. Most
problems occur when landfills close. Current techniques do
not remediate the waste; they simply cover it up. The creation
of new landfills faces stiff opposition from every angle. No one
wants to live or work near a landfill, and they should not be
located in the wilderness at the expense of our natural areas.
Our country is rapidly entering into a garbage crisis and
something needs to be done.

The Fargo area currently has more space to deal with waste so
we do not feel the pinch yet. But per capita, people here create
just as much waste as the rest of the country. We need to start
planning now for better waste disposal and remediation. The
Fargo landfill takes up 160 acres or the equivalent of 25 city
blocks. According to Duane Haugen, general supervisor at the
Fargo Landfill, It currently takes in 150,000 tons of waste and
creates 700,000 gallons of leachate water needing treatment
annually. The landfill capacity is 8 million tons and is
expected to be at this mark sometime in the next 18 years
when it will be capped and vegetated for wildlife habitat. The
Fargo landfill has already taken some steps toward becoming
environmentally conscious by installing 20 methane collection
pipes and using bio-diesel in all the trucks and bulldozers.
Despite these efforts, the process needs to be refined to make
the Fargo site safe for its surrounding environment and
provide an adaptive reuse. In doing so, the site will become an
asset to the city rather than a liability.

The Fargo landfill is located on 45th St. between 7th Ave and
12th Ave N. This location puts it in a central area of Fargo and
its surrounding communities. I propose the implementation of
a closed-circuit system for land filling as well as bio and phyto
remediation, and a showcase for waste handling and treatment
for the city of Fargo. The landfill will become a place for
students, civic groups, and others to come and learn what
happens to the waste they create, and what affect it has on the
environment.

This capstone project research will focus on the studies of
waste reduction, soil and water remediation, and different
ways to exhibit garbage in a way to teach visitors and residents
of Fargo and its surrounding areas about their waste, in order
to create a meaningful experience.
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Project Introduction

The Creation of Waste
Americans generate approximately four pounds of garbage per
person, per day. This means we produce almost 280 million
tons of refuse per year (How Landfills Work, website). Of this
waste, the U.S. recycles only 27%, burns 16%, and buries the
remaining 57% in landfills. In Fargo, ND there are about
100,655 residents who create the same four pounds per day.
This averages out to about 73,478.5 tons per year. This may be
difficult to envision, so think of it as the residents of Fargo
creating 490 blue whales (the largest mammals on earth) per
year and placing them at the landfill. Keep in mind this only
takes into account the residents of Fargo proper. There are
many other towns and cities around the area (from as far as 40
miles away) who contribute additional waste. The residents of
Fargo recycle at an astonishingly low rate as well. Of the
73,478.5 tons of waste created each year only 7,000 tons is
recycled. Only 9% of the population in Fargo recycles (City of
Fargo website). Waste is a terrible thing to waste; so many
things can be reused as something else. In other parts of the
country, recycling is mandatory. For instance, in New Jersey
there are "Garbage Police” who go around making sure people
do not have hazardous materials in their household waste. In
Florida, there are fines for not recycling. In these parts of the
country the government provides separate bins for recyclable
materials for the residents. The city of Fargo has both curbside
pickup and various drop-off locations. Fargo has curbside
recycling but it costs a household $4-$5 per month to supply a
bin for separating the recyclables, and for weekly collection.
Drop off recycling is a little more popular, since it's free and
easy to haul waste to the many collection sites. Still, most
residents do not elect to participate. Residents do not perceive
a waste production problem yet, and may not until the landfill
is at capacity and Fargo needs to build a new one.

Quetzalcoatlus
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How Landfills Operate

Some people refer to landfills as dumps. A dump is actually
defined as an open hole in the ground where unregulated trash is
buried and vermin are common. Landfills are carefully designed
structures built into or on top of the ground in which trash is
isolated from the surrounding environment (How Landfill's Work
website). This is accomplished with a bottom liner and daily
cover. The purpose of a landfill is to bury trash in such a way that
it will be isolated from groundwater, kept dry and have minimal
contact with air. In an environment such as this, garbage will
decompose very, very slowly.

The way landfills are generally constructed is similar throughout
the U.S. A hole is dug 30’-50" below ground level. The subgrade is
comprised of clay that has been highly compacted to help prevent
seepage of pollutants into groundwater should a leak occur. The
hole is covered with a high density polymer liner which is 1/10"
thick. The seams of the liner are fused to help prevent leakage.
On top of this is a layer of sand 1’-2" thick, added to help prevent
garbage from puncturing the liner. On top of the sand is a layer
(varying in thickness from 1°-3’) of soft waste. This is comprised of
household waste or other forms of trash that do not have sharp
edges. After these preliminary layers, normal land filling really
begins and garbage is dumped until the various cells and rows are
filled up. When one row of cells is full, then another hole is dug,
lined, and then filled until all the landfill's rows are filled. The
landfill is then considered to be at capacity and is capped.

The basic parts of a landfill are: a bottom liner system which
separates the trash and leachate from groundwater, cells where
trash is stored in the landfill, a stormwater drainage system that
collects rainwater that falls on the landfill, a leachate collection
system which collects water that has percolated through the
landfill and contains contaminating substances, a methane
collection system that collects the methane produced from the
breakdown of substances, and a covering or cap which is an
impermeable layer that seals the top of the landfill so no water can
infiltrate it (McBean, et al. 1995)

Waste is brought to landfills mainly by large dump trucks. These
trucks are weighed at the scale before and after dumping to
determine the tonnage of the waste so an accurate fee can be
charged. The dump trucks then follow a designated path to the
operating cell. Garbage is dumped into the cell and compacted by
large bulldozers and additional garbage throughout the day. At
the end of each day the cells are covered with six inches of daily
cover. Most landfills use either petroleum polluted soil, bio-solids
from a water treatment plant, or they 'borrow' soil from an
adjacent site. One new technology in land filling is the use of
sprays made of paper or other organic substances. These eliminate
the task of removing the daily cover each morning. They are still
considered experimental by the Environmental Protection
Agency. Every morning on regular landfills, the daily cover is
removed and land filling is begun again. Trash put in a landfill
stays there almost indefinitely time because of the near lack of
oxygen and moisture. For instance, a 40 year old newspaper with
easily readable print was found in an excavated landfill. Landfills
are not designed to breakdown trash, merely to bury it.

10
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Project Introduction

How Landfills Generally Close

It costs between $80,000 and $500,000 per acre to cap a landfill
(McBean, et al., 1995). These costs are dependant upon local
availability of materials. For example, when the Fargo Landfill
closes, if it costs $250,000 per acre and there are 155 acres, it
will cost $38,750,000 to merely cap the landfill. Landfills must
also monitor, inspect, and maintain the landfill and its
protective systems for at least 30 years post-closure. (EPA,
website). Remediation or repairs that may need to be made
during this period add hundreds of thousands of dollars per
year to monitoring costs, depending on the scale of the landfill.
Since landfills decompose so slowly, pollution will be
generated almost indefinitely. This pollution will go
unchecked once the landfill is not monitored anymore.
Currently people are starting to create new uses for landfills
such as wildlife habitat or parkland for cities. This is a good
step for a successful reuse, but does not address any
reclamation issues or pollution exposure.

The principle cause of pollution associated with landfills is the
infiltration of water into the refuse to create leachate. When
leachate leaks into the surrounding soil or groundwater is
when the pollution occurs. The solution to this pollution so
far has been to cap the landfill. This cuts off the infiltration of
water into the landfill. Liners similar to the one at the base of
the landfill, or 2 ft of highly compacted clay, or both are
generally used as a cap for a landfill (McBean, et al., 1995). A
layer of topsoil 2-4 ft thick is then layered on top of the liner
to be used as a growing medium for vegetation. The
vegetation is mainly comprised of grasses or wildflowers so
roots will not puncture the liner. Trees and shrubs may be
grown, but additional topsoil is required, not to mention closer
monitoring to catch gas seepage. These reclamation issues
involve a substantial amount of money and are usually not
achieved.

11
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The Need for Projects Like This

Landfills all over the country are beginning to close due to
more strict government regulations, or because they are
simply full. Opposition to the creation of new landfills is
fierce. People generally do not want a landfill in their
backyard. The amount of waste being buried in landfills will
only decline through implementation of the three R's:
reduce, reuse, and recycle. Landfills can be a contaminant or
a permanent scar on the surrounding environment. That is
why I believe this project is important. I will introduce a
new R'...remediate. The Environmental Protection Agency
defines remediation as: ‘Cleanup or other methods used to
remove or contain a toxic spill or hazardous materials from a
hazardous waste site.’

Again, 'If you want to preserve something, bury itin a
landfill...it will never decompose." -Duane Haugen, general
supervisor of the Fargo Landfill. This thought was
disturbing enough to me to justify doing this as my capstone
project. It means the garbage we create today will be here
indefinitely. Dr. Eakalak Khan, a professor at NDSU who
teaches civil engineering courses dealing with hazardous
waste management said "We have been to Mars and the
Moon, but we still bury our waste." Our landfills are
reaching capacity at a pace exceeding the rate of landfills
being created. One reason for this is because new landfills
face public opposition everywhere. People want a place for
their garbage to go but do not want the place to be anywhere
close to them. The problem is that landfills will always be
near something. The view of landfills is a bad one, and
rightly so. In short a landfill is a mound of waste which
poses a threat to its surrounding environment. The waste
currently in landfills is so compacted that it will never
receive the oxygen or moisture required to decompose. We
are beginning to reduce, reuse, and recycle, but we also need
to think of a way to remediate in order to actually solve the
problem. Through remediation, the problems of land filling
could be solved along with our garbage crisis.

The Fargo landfill will be at capacity in a mere 18 years. The
current plan is to cap the landfill, create a wildlife habitat
and begin a new one. The landfill will not make a good
habitat for anything due to soil, water, and air
contamination, and it's location in an urban setting.

It is a fact that eventually the liners in landfills fail, polluting
surrounding water and soil. According to Dr. Wei Lin, a
professor at NDSU who teaches civil engineering courses
dealing with water pollution, "There isn't a liner that doesn't
leak". The landfill will create hazardous methane gas for at
least 20+ years after it is closed. The landfill will only be
monitored for 20 years after closure but will be toxic long
after thereby creating the potential to poison the residents of
Fargo Moorhead for years to come. An old Native American
proverb says that we do not inherit the earth from our
ancestors, but rather borrow it from our children. I think
we need to repair the effects our actions have had on the
environment, and not leave it for the next generation to deal
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What This Project Will Accomplish

Theory or Unifying Idea

Landfill remediation will provide a cost effective, aesthetically
pleasing, environmentally friendly solution to the garbage
crisis we are facing. Rather than burying waste to remain in
the land and poison us for decades, remediation will face the
problem head on and break it down.

On par with the idea of remediation is the concept of reuse. In
fact, the purpose of remediation is to create an area safe for use
by humans, plants, and animals.

Combining remediation techniques and developing an end use
provides an array of ideas to incorporate into this project.
Closed circuit water usage, energy creation, education, display
areas, and others yet to be discovered. These and other
elements will come together to create treasure from trash.

Goals of this project

This project is about reclaiming a landfill and providing a
viable reuse for it after closure. I believe part of the problem
of land filling is the separation of elements. Each piece of
landfills is designed by different organizations, and obligations
of the landfill are turned over to different parties as it is in
different stages. The consequences of certain actions are often
overlooked or combinations of processes are missed because of
this. When landfills are designed and operated, all parts need
to be managed together in order to achieve the best product.
This project can be split up into three different parts to plan
the best reclamation and reuse possible. Because of the size
and complexity of this project it is understood that a certain
portion of the detailing for project will have to be sacrificed in
order to complete the project in the time frame provided.
Phase one will deal with extending the life of the landfill. This
will be done by reducing the volume of waste put in the
landfill through incineration and increased recycling efforts.
Pollution levels need to be kept in check. Reducing the
amount of pollution in the landfill should not in turn increase
pollution in the air.

Phase two is the remediation of the soil, air, and water
associated with the landfill. This will be a large portion of the
project due to its combination of many separate techniques.
The Fargo landfill needs to become as close to a closed circuit
as possible. It will be impossible to contain all air, water, and
soil entering or exiting the site, but I will make sure threats to
surrounding areas are addressed. Phase two is a critical part of
the project because it is a cutting edge effort. Landfills are not
closed this way currently and restrictions and codes for closure
of landfills are very strict. Even though this will be a test site,
it still needs to function in order to be a credible design in the
end.

Phase three will be the end use design. This is the final phase
prior to completion of the project. It is an opportunity to
teach people to think of all areas as assets rather than
liabilities. It is also where I will attempt to make something
out of nothing; to give the site a legitimate purpose; and
thereby have a reason to reclaim the landfill other than
environmental concerns. 14
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Project Description

Landscape Type

This project deals with natural resource development and/or
sustainable design. Most of this project is about combining
reclamation efforts into a system that will solve a problem and
turn the problem into a community asset.

Project Emphasis

The emphasis for this project is remediation and reuse.
Essentially, I will be recycling the Fargo landfill into
something the residents can use again. Where master planning
for remediation and reuse ends, an opportunity to showcase
how these elements relate to one another is begun. I will
reduce the distance between people and their waste, thus
revealing the multiplicity and interconnectedness of the waste
systems that support life. Where and how this will happen is
yet to be determined in the master planning portion of the
project. The ideal second and third phase of this project will
demonstrate how people, plants, animals, and their waste will
relate to and interact in the site All phases of the project will
occur simultaneously and will affect each other throughout
implementation.

Personal Goals and Objectives

My personal goals and objectives for this project are as lofty as
my project goals and objectives. This project was chosen by
the environmentalist in me. I hope this project will be
beneficial to future students, not necessarily all in landscape
architecture, and beneficial to me in helping to further
understand environmental improvement and remediation.
Some of my goals include:

-To further understand what combinations of processes work
best for remediation

-To practice the commitment necessary to take a project from
concept to master plan similar to what would be expected in
an office setting.

-To put forth 100% effort from start to finish

-To attain the LHB sustainable design award

-To show off what I have learned in my 5 years of landscape
architecture curriculum and what I am capable of to my
friends and family

15
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Project Description

Site Introduction
Site Information
The Fargo landfill is located on the edge of West Fargo and is
bordered by 7th Avenue N., 12th Avenue N., and 45th Street.
It encompasses 160 total acres; 155 of which will be land filled.
The landfill will be at capacity in 18 years and will
accommodate over 8 million tons of waste. By comparison to
landfills in other parts of the country this one is medium sized.
I believe it is important to fix problems at home before going
out and trying to solve other's problems. Since Fargo is
currently my home, this landfill is perfect.

Because of the location of the landfill (in the Midwest) there is
ample space to create new landfills after this one closes. The
challenge will be to convince people to adhere to higher
standards when it is not perceived as necessary. Another
challenge will be the climate of the area. Plants, soil, and
water have the tendency to freeze around here, which
hampers remediation through biological means. One of the
opportunities of the site is its high visibility. Some of the only
topography in the area is the landfill, so if it is changed, people
will notice. Another opportunity is that a project as
comprehensive as this one has not yet been done. When one
is, it will be recognized internationally. Fargo could be at the
forefront of solving the world garbage crisis. I selected this
site because of its proximity, and because of its personal
interest to me. It is very innovative in design, and I hope it is
still credible and worth further research after its completion.

16
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Project Description

Clients/Owners

The City of Fargo currently owns and operates the landfill and
will remain as such through the entire project. The clients for
this project will be the City of Fargo, as a population and as a
government. The residents will no longer be threatened by
the landfill, and the government will not have to create

another landfill for a long time or worry about liabilities of the
landfill.

Users

Users of the site would be the residents of Fargo; more
specifically students and civic groups. The hope is that people
of all ages will be able to come to the site and learn about
nature and the environment, or about more complex issues
such as how the site works. An interesting idea would be to
combine the education of younger children along with the
education of university students. University students could be
able to be a part of the monitoring and maintenance of the
landfill.

Cost/Budget

The final cost for this project is difficult to determine. Other
landfills of similar size cost tens to hundreds of millions of
dollars to simply close, another factor is maintaining and
monitoring the landfills for 30 years. The landfill will lose its
some of its ability to produce methane through the
implementation of my design. This will result in a loss of net
profits from the landfill since the methane is sold to Cargill at a
good price. Cargill burns the methane in order to heat it’s
boilers and produce it’s products. This loss of profit will be
offset by the introduction of a new source of income;
incineration. The final cost of this project can be expected to
be in the ballpark of $100 million. Many people would agree
their health is priceless, so I think $100 million is justifiable.
Also, the landfill will be operational a lot longer thereby
retarding the startup costs of a new landfill. The expenses of
this project would be incurred by anyone who brings waste to
the landfill. It will be in the form of higher fees at the scale
house. The higher prices will hopefully act to passively
encourage people to recycle.

17
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Project Description

Major Project Elements

Project Needs
" avimignre 1 There are certain elements I have included in hopes of making
TR this project successful. How and where these elements are
e implemented will be determined in the conceptual and master
N il planning phases of the project. I believe it is important to

identify them now in the hopes that they will be applied later.

Waste Reduction

Waste reduction is the first phase of the project and will be
accomplished through multiple methods.

Incinerator

The incinerator will reduce the volume of garbage by at least
75% (Incinerators website) and will create electricity for the
landfill to collect revenue. Strict regulations and multiple
ways of reducing emissions need to be applied for this to not
be an environmental threat.

Resource Recovery Facility

Non-combustible materials will be sorted out of ash here and
sent to a recycling facility. This will prevent these materials
from being added to the waste, and will provide additional
revenue for the landfill

Remediation

Remediation is the second phase of the project and will also be
accomplished through a variety of methods.

Landfill Cap

The cap of the closed landfill will no longer be impermeable.
This will allow water and root systems to infiltrate the waste
and to filter out toxins.

Plant Test Plots

These will allow people to learn which species and cultivars
work best for phytoremediation. They will be implemented in
such a way as to be aesthetically pleasing.

Leachate & Water Filtration

A closed circuit water system for the landfill will reduce the
amount of water the city needs to clean, and will prevent some
pollution of the Red River by toxins from the landfill. It will
do this by collecting and reusing all water that enters the site.
The only way water will leave the site will be by evaporation.
It will also provide an educational opportunity for students.
Infiltration and Holding Ponds

A separate system will be used to contain and filter extra storm
water. Since the water will not infiltrate the landfill, it will
not be considered leachate and will not need extensive
treatment. It will be treated in a series of ponds which will be
functional and aesthetic.

Air Purifying

The landfill will no longer add dust and debris to the air
around it due to improved wind buffers during land filling and
lush vegetation after closure. Irrigation from the closed circuit
water system will also contribute to lower dust amounts.

18
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Project Description

Environmental Showcase
The end use of the site is the third and final phase of the project
prior to completion. It will be a place the people of Fargo and its
surrounding areas to be affected by the waste they dispose of.
Classroom/Laboratory

This will be a space for lectures or testing of samples. There will
be a built structure on site during and after land filling.
Demonstration Areas

These will be areas outside to demonstrate sustainable design
elements and remediation ideas. These will teach students how
land filling and remediation applications work, and why.
Sampling areas

People will be able to take soil, water, and vegetation samples
on-site and analyze them in the laboratory.

Energy Creation

This will be accomplished through incineration. The landfill
will hopefully be able to pay for itself, and be an asset to the
community fund pool.

NDSU Dept. Architecture & Landscape Architecture
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Site History ;
Site History

The first official Fargo Landfill was begun in the 1940's. This
first landfill still exists, and is located on the 35 westernmost
acres of the present landfill site. The first landfill did not have
to follow government regulations on pollution. There is no
liner at the bottom of this landfill. By definition the old
landfill was actually a dump. The old landfill was closed in
1979, just before Subtitle D regulations of the Resource
Conservation and Recovery Act were implemented. The old
landfill was capped with a clay liner on top and planted with
grasses. The present day landfill was begun in 1980 under the
new government regulations. In fact, it was the first landfill in
this area to meet government regulations. The landfill has
been under successful operation for almost a quarter century.
It has also recently begun collecting and selling its methane to
Cargill at a substantial profit. The landfill takes in over
150,000 tons of waste every year and is expected to remain
open for another 18 years. The landfill has already purchased
land adjacent to the site to create a new landfill when this one
reaches capacity.

21
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Landfilling Requirements

Resource Conservation and Recovery Act
Subtitle C

a) Criteria for sanitary landfills

Not later than one year after October 21, 1976, after consultation
with the States, and after notice and public hearings, the
Administrator shall promulgate regulations containing criteria
for determining which facilities shall be classified as sanitary
landfills and which shall be classified as open dumps within the
meaning of this chapter. At a minimum, such criteria shall
provide that a facility may be classified as a sanitary landfill and
not an open dump only if there is no reasonable probability of
adverse effects on health or the environment from disposal of
solid waste at such facility. Such regulations may provide for the
classification of the types of sanitary landfills.

(b) Disposal required to be in sanitary landfills, etc.

For purposes of complying with section 6943 (2) [1] of this title
each State plan shall prohibit the establishment of open dumps
and contain a requirement that disposal of all solid waste within
the State shall be in compliance with such section 6943 (2) [1] of
this title.

(c) Effective date

The prohibition contained in subsection (b) of this section shall
take effect on the date six months after the date of promulgation
of regulations under subsection (a) of this section.

Subtitle D

(a) Closing or upgrading of existing open dumps

Upon promulgation of criteria under section 6907 (a)(3) of this
title, any solid waste management practice or disposal of solid
waste or hazardous waste which constitutes the open dumping of
solid waste or hazardous waste is prohibited, except in the case of
any practice or disposal of solid waste under a timetable or
schedule for compliance established under this section. The
prohibition contained in the preceding sentence shall be
enforceable under section 6972 of this title against persons
engaged in the act of open dumping. For purposes of complying
with section 6943 (a)(2) and 6943 (a)(3) of this title, each State
plan shall contain a requirement that all existing disposal
facilities or sites for solid waste in such State which are open
dumps listed in the inventory under subsection (b) of this section
shall comply with such measures as may be promulgated by the
Administrator to eliminate health hazards and minimize
potential health hazards. Each such plan shall establish, for any
entity which demonstrates that it has considered other public or
private alternatives for solid waste management to comply with
the prohibition on open dumping and is unable to utilize such
alternatives to so comply, a timetable or schedule for compliance
for such practice or disposal of solid waste which specifies a
schedule of remedial measures, including an enforceable
sequence of actions or operations, leading to compliance with the
prohibition on open dumping of solid waste within a reasonable
time (not to exceed 5 years from the date of publication of
criteria under section 6907 (a)(3) of this title).

NDSU Dept. Architecture & Landscape Architecture


http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006943----000-.html
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006943----000-.html#2
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006944----000-.html#FN-1#FN-1
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006943----000-.html
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006943----000-.html#2
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006944----000-.html#FN-1#FN-1
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006907----000-.html
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006907----000-.html#a_3
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006972----000-.html
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006943----000-.html
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006943----000-.html#a_2
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006943----000-.html
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006943----000-.html#a_3
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006907----000-.html
http://assembler.law.cornell.edu/uscode/html/uscode42/usc_sec_42_00006907----000-.html#a_3

THE FARGO L ANDF!I L

NDSU Dept. Architecture & Landscape Architecture

Landfilling Requirements

(Subtitle D continued)

(b) Inventory

To assist the States in complying with section 6943 (a)(3) of this
title, not later than one year after promulgation of regulations
under section 6944 of this title, the Administrator, with the
cooperation of the Bureau of the Census shall publish an
inventory of all disposal facilities or sites in the United States
which are open dumps within the meaning of this chapter.

(c) Control of hazardous disposal

1

(A) Not later than 36 months after November 8, 1984, each State
shall adopt and implement a permit program or other system of
prior approval and conditions to assure that each solid waste
management facility within such State which may receive
hazardous household waste or hazardous waste due to the
provision of section 6921 (d) of this title for small quantity
generators (otherwise not subject to the requirement for a permit
under section 6925 of this title) will comply with the applicable
criteria promulgated under section 6944 (a) and 6907 (a)(3) of
this title.

(B) Not later than eighteen months after the promulgation of
revised criteria under subsection [1] 6944(a) of this title (as
required by section 6949a (c) of this title), each State shall adopt
and implement a permit program or other system or [2] prior
approval and conditions, to assure that each solid waste
management facility within such State which may receive
hazardous household waste or hazardous waste due to the
provision of section 6921 (d) of this title for small quantity
generators (otherwise not subject to the requirement for a permit
under section 6925 of this title) will comply with the criteria
revised under section 6944 (a) of this title.

(C) The Administrator shall determine whether each State has
developed an adequate program under this paragraph. The
Administrator may make such a determination in conjunction
with approval, disapproval or partial approval of a State plan
under section 6947 of this title.

@)

(A) In any State that the Administrator determines has not
adopted an adequate program for such facilities under paragraph
(1)(B) by the date provided in such paragraph, the Administrator
may use the authorities available under sections 6927 and 6928 of
this title to enforce the prohibition contained in subsection (a) of
this section with respect to such facilities.

(B) For purposes of this paragraph, the term “requirement of this
subchapter” in section 6928 of this title shall be deemed to
include criteria promulgated by the Administrator under sections
6907 (a)(3) and 6944 (a) of this title, and the term “hazardous
wastes” in section 6927 of this title shall be deemed to include
solid waste at facilities that may handle hazardous household
wastes or hazardous wastes from small quantity generators.
(Environmental Protection Agency, website)
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Landfilling Requirements

ND Land Filling Requirements/Regulations

'Landfills in the United States are governed by the
Environmental Protection Agency. In North Dakota, landfills
fall under the jurisdiction of the government health
department. In 1991, the EPA imposed new laws governing
landfills through the Resource Recovery and Conservation Act
(RCRA). These regulations drastically changed the way
landfills are operated today. The RCRA has three main goals:
1. To decrease the amount and/or toxicity of waste that must
be disposed of by producing less waste to begin with.

2. Increasing recycling of materials such as glass, paper, steel,
plastic, and aluminum thus recovering these materials rather
than discarding them

3. Providing safer disposal capacity by improving the design
and management of incinerators and landfills.

There are quite a few important issues involving the closure of
landfills. Groundwater, Gasses; methane and non-methane,
leachate collection systems, closure procedures and methods.
The EPA has instilled these regulations for the safety of both
humans and the environment (Bigger, 1998).

Groundwater

Groundwater pollution is a major concern of landfills because
50% of the United States' drinking water comes from
groundwater. Because of the likelihood that many toxins
could make their way into the ground water with relative ease,
and the difficulties associated with removing these toxins, the
EPA has implemented requirements for monitoring
procedures. Owners of landfills must install enough wells to
accurately assess the quality of the uppermost aquifer - 1).
Beneath the landfill before it has passed the landfill and 2). At
a relative point of compliance down gradient from the landfill.
Sampling and analysis must be analyzed for both constituents
detected initially and others, defined by the director of the
state.

The owner must build and maintain a control system designed
to prevent storm waters from running onto the active portions
of the landfill. They must be able to handle at least a 25 year,
24 hour storm. All water workings must be managed
according to the Clean Water Act (Bigger, 1998).
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Maximum Contaminate Levels
Below is a list of the maximum levels of contaminates allowed to
be present in drinking water. Almost all these chemicals are
present in much larger quantities of the leachate produced by the
landfill. It should also be noted that there are potentially 6,000+
chemicals in leachate and landfills in general...only 200 or so are
tested for.

Chemical mg/L
Arsenic 0.05
Barium 1.0
Benzene 0.005
Cadmium 0.01
Carbon Tetrachloride 0.005
Chromium 0.05
2,4-Dichlorophenoxy acetoc acid 0.1
1,4-Dichlorobenzene 0.075
1,2-Dichloroethane 0.005
1,1-Dichloroethylene 0.007
Endrin 0.0002
Fluoride 4
Lindane 0.004
Lead 0.05
Mercury 0.002
Methoxychlor 0.1
Nitrate 10
Selenium 0.01
Silver 0.05
Toxaphene 0.005
1,1,1-Trichloromethane 0.2
Trichloroethylene 0.0005
2,4,5-Trichlorophenoxy acetic acid 0.01
Vinyl Chloride 0.002

(Bigger, 1998)
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Gas Emissions
There are two important forms of gaseous emissions of concern
to landfills. The first is methane (CH), the second is other
gases. Methane is formed in solid waste establishments
through the decomposition of waste. All gases are collected
and either sold for fuel or burned on site. Methane is
combustible in concentrations of 5-15% by volume in air. In
1991 the EPA ruled that owners and/or operators of all
Municipal Solid Waste Landfill units must ensure that:
1. The concentration of methane gas generated by a facility
does not exceed 25% of the lower explosive limit for methane
in facility structures.
2. The concentration of methane gas does not exceed the lower
explosive limit for methane at the facility property boundary.
3. Owners and/or operators must implement a routine
methane monitoring program to ensure the standards of this
section are met. The type and frequency of monitoring must
be determined on the following factors:

a. Soil Conditions

b. Hydrogeologic conditions surrounding the

facility

c. Hydraulic conditions surrounding the

facility

d. Location of facility structures and property

boundaries
4. In addition to these rules North Dakota states that "methane
and other gases from waste decomposition may not be allowed
to migrate laterally from the landfill so as to endanger
structures, environmental resources, or adjacent properties.
The landfill has installed two probes per hectare of landfill
surface area that has retained waste for at least two years.
Gases are collected form these probes four times a year. They
are measured and analyzed by specialists according to
regulatory procedures. The information is then reviewed by
authorities as well as owners and/or operators. If gaseous
emissions are exceeding limitations, the owner must
immediately notify the state and develop a remediation plan
within 60 days (Bigger, 1998).

Leachate Collection System
Every landfill must have a working leachate collection system
(McBean, et al., 1995).

Closure and Post Closure

The cover of the landfill is the main element in the closure
process. It must be composed of an infiltration layer of a
minimum 18" earthen material and an additional 6" of earthen
material for the purpose of plant growth and erosion control.
The cover must have a permeability of no greater than 1 x 10”-
5cm/sec. The owner is responsible for the maintenance of the
cover, ground water and gas monitoring, and continued
leachate management thirty years after the initial closing
(Bigger, 1998).
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Additional Issues During the Life of the Landfill
The control of vectors, fires, odors, blowing litter, and
scavenging is an additional responsibility of the landfill
operator. Vectors include any rodents, flies, mosquitoes, or
other animals that could possibly transmit disease to humans.
Open burning of waste is not permitted.

The owner must control public access to prevent illegal
dumping and public exposure.' (Learning With the Landfill,
1998)

Items Not Allowed At the Landfill:

*Appliances - the landfill will accept them for a fee and
transfer them to Hazer's Auto & Truck Salvage. The fee is
$20 plus the weight of the appliance.

*Batteries - most stores provide battery recycling free of charge

*Motor Oil - the landfill has a used motor oil tank, it simply
can not be allowed in the landfill

*Tires - the landfill will accept them for a fee and then transfer
them elsewhere to be recycled

*Yard Waste - this must be taken to a compost/recycling
facility. Conveniently there is one located adjacent to the
landfill. It is owned and operated by the City of Fargo as well.
(City of Fargo, website).
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Specific Location

The Fargo landfill is located on the border of Fargo and West
Fargo in the state of North Dakota. It is bordered to the north by
12th avenue north; to the east by 45th street; and to the south by
7th avenue north. The site is located in an area zoned for heavy
industrial, industrial, and agricultural uses but is relatively close
to residential areas, schools, and retail areas. The location of the
landfill adjacent to the industrial park prevents the viability of
turning the landfill into a successful park or wildlife habitat.
This lead to the idea of creating a showcase for waste. The site is
easily accessed, which will accommodate large volumes of
visitors.

PO

Figure 6.5 Fargo Industrial Park Map

Figure 6.4 Landfill Aerial Photo

(www cityoffargo.com) 30
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Site Survey/Land Use Diagram

On the map below: The blue area has been dubbed the ‘Old
Landfill’. This area is unlined and poses a very serious threat
to the environment. This area needs to be addressed first in
the remediation plan. The red area refers to the currently
active land filling area. The northernmost portion of this is
full and has been capped and revegetated. Part of the waste in
this area should be reclaimed in order to prolong the life of the
landfill, but part should be left as a reminder to people of their
actions. The green area illustrates the portion dedicated to
polluted soil and chipping wood. The contaminated soil is
cultivated and re-cultivated to aerate it and remove pollutants.
This soil is then used as daily cover for the landfill. The wood
that is chipped is sold as a fuel source to companies in the
southern part of the state. The yellow area is the part of the
site to be filled after the red area is full. It also includes the
entire green portion of the site as well. The sections of the
landfill will be at capacity in 18 years A new row of cells is
currently being lined for use. The yellow and green areas will
take a lot longer to fill due to incineration. The pink area is
the site entrance. This is where trucks are weighed and
charged. Itis also the area not to be filled with waste. This
area would make a good entrance to the site during and after
remediation.
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Economic Base
North Dakota as a whole is an agriculturally based state.

People in this area have made their living from the land for
centuries. This is not necessarily the case in Fargo. The Fargo-
Moorhead area has a more diverse economic base ranging from
research & technology to retail to food service. The Fargo area
has a very good job market, with only a 2.2% unemployment
rate. The average annual salary of a resident of Fargo is
$31,320 (Fargo Demographics, website). These statistics
contribute to the impending success of a project like this.
There is a sufficient economic base to fund it, as well as
enough people to be interested in having a space such as this.
Fargo is the largest city in North Dakota and is the

commercial, financial, cultural, and medical center of the area.
Fargo is unique in that it requires no more than a 20 minute
drive from the heart of the city to reach the open fields
common to the rest of North Dakota.

Demographics

The population of Fargo is close to 100,655 people. This
number of people is added to significantly when West Fargo
Harwood and Horace North Dakota, along with Moorhead and
Dilworth Minnesota are taken into account; not to mention
the students of North Dakota State University, Minnesota State
University Moorhead, and Concordia College who are not
considered residents here. The population of Fargo is steadily
increasing at 22.2% every 10 years. The population is 50/50
male to female with the largest age group being 25-34 years old
at 16.7%. The 20-24 years old age group is a close second at
14.9%. Caucasians are the predominate race of the area at
95%, followed by 1.7% Asian, 1.3% Hispanic, 1.3% American
Indian, and 1% Black. There are about 39,268 households in
the area, 52.8 of which are family households. Of the
households, 10,751 of these have children under the age of 18.
The average size of families in the area is 2.91 (Fargo
Demographics, website). The diversity of Fargo is what will
help make this a successful project. People here want cultural
and educational places to visit. The people of Fargo have been
trying to make it a more attractive city to tourists and residents
for quite some time. The remediation of the landfill will
provide another opportunity for this.
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Environmental Issues
Ah, environmental issues at a landfill, where to begin. The
most important environmental issue of a landfill is a failed
liner. When the liners fail, surrounding groundwater and soils
are severely polluted. A way to prevent this would be to
remediate the waste rather than leave it to slowly decompose
naturally. Another concern would be erosion. Landfills have
very steep sloped sides. It is imperative to prevent erosion so
the cap is not carried away by the wind or rainfall. Yet
another issue is the leachate water produced after
precipitation. This water is the primary contaminate
associated with landfills. The leachate needs to be treated
before it can be released into the surrounding water table.

One more concern would be the waste itself. Some items are
banned from a sanitary landfill, for safe disposal elsewhere.
Items like batteries, paint, or other household hazardous waste
can cause an increased likelihood of liner failure or more sever
pollution. Some people throw these items in their regular
garbage anyway, without thinking of the consequences. It
must be planned for some hazardous waste to be included in
the landfill in order to prevent dire consequences later on.
Landfills today also try to prevent roots of cover vegetation
from protruding through the cap into the waste. Such
intrusions allow for water to permeate the landfill which
creates more leachate and methane production. Methane
production is the final environmental issue to be discussed.
Methane production lasts for at least 30 years after a landfill is
closed. It can prevent vegetation from growing, increase
offending odors, or worse, cause an explosion if it is not
properly monitored and released. At minimum, landfills need
to collect the methane and either burn it themselves, or sell it
to be used to create electricity. The environmental issues of
the landfill should be the focus of this project. They will
provide considerable opportunities and constraints like
preventing pollution or contamination, recovering materials,
developing new techniques for capping and treatment,
showing people the consequences of the waste they create, and
many others to be discovered during design development.

Site Area

The overall area encompassed by the Fargo landfill is 160
acres. This is equivalent to 160 football fields. 155 of those
acres will eventually be filled with garbage. The area of the
old landfill is the west 35 acres of the site. The landfill will
reach 30' down into the earth and 70" upward to create a 100'
mountain of trash. The landfill will contain over 8 million
tons of waste when it reaches capacity. The shear size and
volume of the site provide plenty of area for the many
elements needed to make this site work. The surface area of
the landfill will need to be increased in order to remediate the
waste mountain successfully.
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Major Landmarks

The landfill is definitely the major landmark of the area.
Bordering the landfill is Cargill to the west (coincidentally this
is where the collected methane is shipped), the Fargo
Industrial Park to the north, northeast, and east, the Fargo
Compost site to the southeast, and a construction recycling
facility to the south. The area surrounding the landfill has
nothing to draw people to the area unless they work near it.
The remediation of the landfill will draw people to the area
and possibly increase business for the adjacent companies. The
surrounding areas also seem to advocate recycling and reuse.
This only adds to the notion that the landfill should be reused
as something positive.

1. Hector Airport

2. Fargodome

3. Newman Qutdoor Field

4. North Dakota State University
5. Downtown

6. West Acres Mall

(www.cityoffargo.com)

> igure 6.14 FargoDome
www.nlfan.com/Fargo/photos/fargodome.jpg 34
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Site Topography

The topography of the landfill actually begins 30'
underground. The cells were excavated to this depth to allow
for a liner, sand layer, and leachate collection system, and the
additional waste contained in these cells. The landfill is graded
so there is a 3.5% slope to the outside and northern boundaries
at the base of the landfill to allow for collection of leachate.
The sides of the bottom of the landfill are at a 26.6% slope
until the landfill reaches the road grade, or 900" above sea
level. The landfill then will extend to 70" above the beginning
grade of 900'. The sides of the visible portion of the landfill
also have a slope of 26.6% for the first 45' with a much less
severe slope of 2.8% for the next 22 feet. The last two vertical
feet of the landfill will have a slope of just 1% to allow for
stormwater drainage off the landfill. All water that enters the
site is collected and piped to the City’s Wastewater Treatment
Center The 70' elevation change severely contrasts with the
surrounding flatness of the outlying area. This allows the
landfill to be visible for miles. The topography can be
manipulated as long as a minimum 1% slope is maintained for
proper site drainage. It should also be noted that 70" is the
maximum height the landfill can reach to meet government
regulations. The topography of the landfill should be altered
to not only provide more aesthetic interest, but to also increase
the surface area to aid in remediation. This can be done in
such a way as to provide the same amount of land filling space.

LAy f il

Figure 6.17 Aerial View of Fargo Landfill
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Vegetation

The vegetation of the landfill is comprised of buffer trees and
shrubs along the south and east borders of the landfill and
cover plants on the north side of the landfill. The buffer to the
east is comprised of Ponderosa Pine, Redosier Dogwood, and
Korean Lilac along with miscellaneous ditch vegetation. The
buffer is starting to thrive and is almost tall enough to mask
direct views of the landfill. Next to the scale house is a
planting of several Sugar Maples. The southern border of the
landfill is comprised of Poplars and Ash trees. These trees are
well established and serve as a good screen of the landfill. The
north side of the landfill has been capped and covered. The
cover vegetation is comprised of Kentucky Bluegrass, Fine
Fescue, and Perennial Rye. Additional vegetation has begun to
grow due to the spread of seed by wildlife, and wind
mechanisms. The existing vegetation of the landfill is
extremely limited. This is due in part to the cost of plant
variety, the limited growing medium (2' of soil), and the
climate extremes of North Dakota. The types of vegetation
should be expanded to create visual interest in the site as well
as for remediation purposes and pollution reduction.

Wildlife

There is limited wildlife at the Fargo landfill. The most
noticeable would be gulls and black birds that have made the
landfill their main food source. These birds constantly circle
the landfill or perch on the adjacent power lines. The birds do
not harm the land filling process in any way, but ingest
harmful wastes and possibly transport these wastes off site.
The other wildlife of the landfill would be a variety of vermin
such as mice, rats, and rabbits. These animals also do not affect
the land filling process, but could transport harmful material
off site. The animal population will need to be controlled in
some way as to keep landfill material on site.
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Geology

Fargo is located in the Red River Valley in the remnants of
glacial Lake Agassiz. The area is comprised of glacial deposits
or a loose mixture of pebbles, sand and silty clay. Glacial lake
remnants are the outwash areas, beach, and shore deposits of
loose sand and gravel (Bigger, 1998). The geology has affected
the site by providing minimal drainage, and poor building
conditions. It is also what has made the Fargo area so flat.

Soils

The landfill is located on Fargo and Ryan clays. These soils are
typically deep level, poorly drained, fine textured soils formed
in the glacial lacustrine areas. Sediments are found in the flats
and slight depressions of glacial Lake Agassiz. The Fargo and
Ryan clays provide a deep and level surface, but a concern is its
shrink swell factor which occurs during the winter freeze and
summer thaws (Bigger, 1998). The shrinking and swelling of
the earth create an area where the soil is constantly moving,
therefore building structures becomes difficult. At the landfill
the shrink swell is not a factor underneath the main part of the
landfill, since it is 30' below road level. Where it would be a
factor would be the edges of the landfill, and any part of the
landfill not used to store waste.

Site Hydrology

Any water that enters the landfill is either directed off the
landfill by the cap or filters through the landfill to create
leachate. All the water on the site is collected and pumped to
the Wastewater Treatment Facility located on 32nd avenue
north in Fargo. The wastewater is treated and discharged into
the Red River. I would like to create a closed water system at
the landfill to reduce the amount of water discharged into the
river. A closed system would also be a great learning
opportunity for visitors to the site. The site drainage would be
altered with the manipulation of the site’s topography.
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Transportation Linkages

The Fargo Landfill is extremely easy to access. To the north
the site is bordered by 12th avenue which is considered a
minor artery by the city of Fargo. To the east is 45th street,
which is considered a major artery. To the south is 7th avenue
which is considered a minor artery as well. This allows for
easy access for visitors to the site. It will also minimize
confusion about directions to the site.

Proximity to Schools

Since the landfill is located on the west-central side of Fargo,
this places it in a relatively central location for access by
schools. There are over 30 schools located within seven miles
of the landfill in Fargo and West Fargo. The landfill would be
a great place for field trips for students and residents of Fargo
to learn about their environment and their waste.

Views

Views from the landfill are extensive. Since there is limited
topography, one can see for miles without interruption. The
views off and on site are impressive, but not necessarily good.
This is due to its location in an industrial park, and trash that
flies about on windy days. Views of the landfill are also
extensive since it is the major topographic feature of the area.
These views are also impressive but not good. The landfill is
literally a giant pile of trash, until it is covered. Then itisa
pile of trash masked by grasses and perennials. The extensive
views give the area high visibility which can be taken
advantage of to promote the area.

Figure 6.27 Views at and of the Fargo Landfill
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Solar Orientation
Day length and solar zenith angle are important factors
affecting North Dakota climate and microclimate. Day length
ranges from less than nine hours in December to more than 16
hours in June. Noon sun angles are much higher in summer
than in winter. The combination of these factors at North
Dakota's location produces much more radiational energy at
the earth's surface in summer than in winter, which
contributes to the large seasonal temperature changes and the
general north-south temperature gradient across the state. The
different sides of the landfill receive differing amounts of
sunlight daily and seasonally. This will affect moisture and
temperature levels of the sides. These elements dictate what
type of vegetation will work best on each respective side. It
will also affect placement and orientation of any built
structures to be added.

Annual Precipitation

The Fargo area is a fairly arid region. The area receives
between 12 and 23 inches of precipitation per year. It seems
the number would be greater considering the area receives
over 20 inches of snowfall per year, but snowfall has less water
content by volume than rain. Precipitation rates are greatest
during the spring and autumn months of the year. Summer
and winter are comparatively dry periods. This affects the
types of vegetation to be grown drastically. The plants will
need to be able to handle periods of wet and dry. The
implementation of irrigation as a part of the closed-circuit
water system will help alleviate effects of the dry periods. The
water treatment system needs to be able to handle seasonal
influxes of runoff and leachate in the spring and fall months,
the wettest periods of the year.

Annual Temperatures

The temperatures in Fargo fluctuate drastically from season to
season. Throughout the year temperatures can range from -25°
Fahrenheit to over 100° Fahrenheit. This creates a harsh
environment for plant growth. Plants in the area need to be
extremely hardy in order to survive. The area needs to be
designed to minimize the effects of temperature on plant and
animal life.

North Dakota Average State Temperatures (1948-2002)

North Dakota State Average Precipitation (1948-2002)
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Site Inventory & Analysis |

Prevailing Winds

The average wind speed is at its greatest in ND in late winter
and early spring. The wind is at its lowest speed during
summer months. The winds in the Red River Valley happen
to be 10-20% higher than the rest of the state. This is due to
the flatness of the area On an annual basis, the prevailing
wind flow at Fargo shows strong incoming north and north-
northwest flow and a strong south and south-southeast return
flow. The wind on site needs to be minimized to alleviate the
wind-chill effect in summer, and the blowing waste year
round.

Existing Structures

There are minimal built structures at the landfill to
accommodate the highest volume of waste. The landfill will
not be able to accommodate built structures on top of the
waste pile for at least 30 years after closure to allow for settling
time. The current structures include: a scale house to weigh
trucks and charge fees for dumping, an office to house
documents of the landfill and provide a break-room for
employees, an equipment quonset that houses the landfill's
bulldozers and trucks, a methane collection building that
collects and ships the methane to Cargill, there is also a flare
built into the methane collection building to prevent excessive
buildup of methane or explosions, and leachate collection
pumps located at the base of the landfill on top of the liner,
these pumps transfer the wastewater to be treated off site. All
the existing structures on site will either remain in place or be
reused in a way to keep with the theme of recycling on site.

Acoustic Environment

The landfill is an extremely noisy place. This is because of the
constant stream of trucks coming to unload waste, and the
bulldozers that move back and forth to compact the waste.
The methane collection system and flare add noise as well,
which is not noticed on top of or to the south end of the site
due to the high volume of noise created by the trucks and
bulldozers. If alearning center is to be operational during
active land filling, it will need to be soundproofed to allow for
classes or demonstrations to be held.
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Site Inventory & Analysis

Opportunities and Constraints

Opportunities

-The landfill is seen as an eyesore in the community, almost any
design solution will be seen as an improvement.

-The landfill is full of excess nutrients for plant material.

-The landfill is highly visible.

-Is the perfect location to show people the implications of their
waste.

-Will be able to manipulate topography into an interesting
landform.

-Will be able to showcase different elements of landfills all at
once

-The landfill is not closed yet, so remediation can begin at an
earlier stage than usual.

Constraints

-The limited annual precipitation might inhibit plant growth
-The variations in temperature through seasons will have a
detrimental effect on plant material.

-The design solution must not allow pollution of surrounding
areas to occur.

-People have a bad perception of the landfill, and may not want
to spend the money required to remediate it fully.
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Case Studies

Fresh Kills Landfill
Staten Island, NY

Site History

Before Fresh Kills was a land filling site, it was a low-lying
marsh filled with creeks and an excellent habitat for various
birds and fish. Part of the site remains this way, and has been
designated a significant fish and wildlife habitat by the New
York Department of Environmental conservation.

Fresh Kills has been in operation since 1958 and encompasses
2,200 acres. By 1997 three of the landfill's six cells containing
waste had been capped. The rest are expected to be capped by
2011. The landfill was closed in 2001, but was re-opened to
accommodate debris from the World Trade Center attack of
that year.

Site Elements

The park plan for the redevelopment of Fresh Kills will be
implemented in 2007. It is considered to be one of the most
ambitious public works projects in the world and will be a
model for sustainable regeneration and nature led
development. Some of the main elements are: Recreational
fields, Biking /Hiking trails, Event arena, Golf Course,
Marsh/Tidal wetland preserve, Green House Clusters, World
Trade Center Memorial site, Boardwalk, and a link to adjacent
LaTourette Park.

Applications

The redesign of Fresh Kills landfill sheds a new light on the
reclamation of landfills. The project was an international
competition and opened the door for new and innovative
design solutions for the future. Truth be told, it was this
project that led to my interest in the subject of landfill
reclamation leading to my capstone project. It provides a
setting for humans, wildlife, birds, and plants all in one. It is
also a new form of public ecological landscape that considers
human and environmental needs. I would like to incorporate
these ideas into my project.

The design for Fresh Kills is an innovative solution, but is
superimposed on conventional ideas. The landfill will be
capped in the standard way of a liner, impermeable clay, and
minimal soil as a growing medium for vegetation. The design
will definitely mask the landfill underneath, but it will do
nothing to remediate the toxins or speed up the break down of
materials. The citizens of New York will always have a park
sitting on a pile of waste. I will be rethinking these solutions
for my project.
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Case Studies

Gasworks Park
Seattle WA

Site History

On the North side of Lake Union in Washington State, was a
beautiful lakeshore perfect for birds, wildlife, and fish. In 1906
an industrial plant was constructed here to manufacture gas
from coal. The plant operated until the 1950's when the
import of oil made the plant obsolete. In 1962 the abandoned
GAS WORKS SITE - 1965 and contaminated area was acquired by the city of Seattle for a
park. By 1975 the park was open to the public.

Site Elements

Gas Works Park occupies 19.1 acres on the north shore of Lake
Union and has an excellent view of Seattle. It was initially said
that nothing would grow on this site due to contaminants of
hydrocarbons, soot, and petrochemical waste polluting the soil.
Looking at some of the pictures I would say they were right.
Topsoil has been added to parts of the site to allow for
moderate plant growth. Despite the remaining toxic pollution,
the park remains a favorite of Seattle residents. As many as
50,000 people congregate there for the Fourth of July. People
use the site for: Frisbee, Sunbathing, Kite flying, Kayak
launching, picnicking, and viewing their city. The main
elements of the site are: OIld machinery painted for a play barn
for children, a manmade hill constructed for kite flying, a
sundial at the top of the hill, and various paths to
accommodate users.

Applications

The creation of Gas Works Park on a polluted site opened the
door for engineers and landscape architects to work together
to crate a place for the public to enjoy. During the 13 years the
land was acquired but not yet opened, the site went through
some remediation procedures. The site had to be tested to
make sure it was safe enough for people to go there. People
have really come to enjoy the park (for its open waterfront
with great views), but concern has been raised about people
ignoring warning signs posted for their protection.

Gas Works Park was indeed remediated a bit in the sixties and
seventies, but was mainly covered with some topsoil and
turfgrass. The toxins still remain in the ground and water,
with little between them and visitors to the site. The visitors
are in danger when they are exposed to these pathogens, and
so is any wildlife that may come into contact with them as
well. Eventually these toxins will not pollute the site
anymore, but that will be due to them leaching off the site into
adjacent soils or the groundwater. The Fargo landfill needs a
solution that will treat the site so it will not endanger anyone.
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Case Studies

Becker County Landfill
Detroit Lakes, MN

Site History

The area of the Becker County Landfill used to be just like all
the other land around it. It was semi-hilly and used for
agricultural purposes. The Landfill began land filling
operations in 1972. The landfill operated until 1990. It is 33
acres and contains 1,372,000 cubic yards of waste. In 1992, the
Minnesota Pollution Control Agency indicated the landfill
required immediate action to protect the public health and
environment. In 1996 it was discovered that half of the
landfill was only covered with 6”-1’ of cover, rather than the
3-4’ required by Minnesota law. A groundwater extraction
and treatment system needed to be installed to treat water
polluted from the landfill.

Site Elements

The landfill is now covered with an impermeable synthetic
membrane with 2.5 of soil on top of it. Landfill gas is
extracted and burned through a piping system. No energy is
created from this process and the system only operates at 54%
during winter months due to freezing. Landfill gas has seeped
through the 'impermeable' membrane and is preventing
vegetation from growing near well-heads. Waste was removed
from 15 acres of the site in order to create a stormwater
management system, which also creates a buffer between the
landfill and its property boundary. The environmental impact
of the landfill is monitored by many wells in and around the
landfill. Water wells around the landfill are contaminated
with numerous volatile organic compounds, but levels are now
stabilized and systems have been put in place to treat
contaminates. In 2003 a groundwater remediation system was
constructed. The costs of these remediations have been steep.
The total for one year was $180,143.27, this is a few years after
the landfill went through it closure procedures. The landfill
will have to spend at least this much money in following years
in order to prevent further pollution and to treat what they
have.

Applications

This case study illustrates exactly what I would like to prevent
from happening at the Fargo Landfill. Conventional
techniques for landfill closer combined with questionable
remediation spell disaster for the environment and people near
landfills. The Becker County Landfill has taken the right steps
to correct the problem it has created. I would like to prevent
the problem before it starts. Landfills across the country are
closed this way all the time. It costs less initially, until
pollution occurs and remediation is required. Not to mention
the priceless costs to people's health and the environment. A
better solution would be to spend more money initially to
prevent problems later.
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Case Studies

Taos Living Lab
Taos, NM

Site History

In 2003 the New Mexico State Legislature allocated funds to
build the Living Lab. The construction of the lab began in the
fall of 2004. The lab is located adjacent to the Taos middle
school.

Site Elements

The Living Lab is a center to promote ecological literacy for
students throughout Taos County. It provides education in
ecology, agriculture, aquaculture, engineering, and
environmental restoration. The learning space is engineered
to demonstrate the most innovative concepts in sustainable
buildings, ecological design, and environmental stewardship.
The building is self sustaining. It generates power from the
sun, collects rainwater for irrigation, and reclaims wastewater
through a Living Machine® system. The Living Machine®
uses communities of microorganisms and plants to digest
organic compounds in wastewater. Everything on site has a
multiple use and nothing is wasted; just put to a new use.
Through the Living Lab, kids learn that natural systems can
transform waste into valuable resources.

Applications

The Living Lab is teaching children and young adults about the
importance of ecology, and recycling. Wastewater is filtered
and used for irrigation, the solids are used as food for
mushrooms and then as fish food. It is an excellent example of
sustainability. I would like to incorporate something like this
at the Fargo Landfill, only with a much larger scope. People of
all ages need to be educated about the ease and feasibility of re-
using materials, and keeping the environment healthy. What
better location to do this than a landfill. Numerous new
techniques and ideas for land filling could be created and
implemented here.

s Living Lab Model

vingsystems.com/livingmachines
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Case Studies T

Arden Quarry Landfill Leachate Treatment System
Edinburgh, UK

Site History

Midway through the year 2000, the Arden Quarry Landfill
implemented a new leachate treatment system. The system
has since been working at 100% compliance with discharge
consent.

Site Elements

The leachate treatment system here operates on the principle
that landfill leachate needs to be treated efficiently, reliably,
and as simple as possible; many systems are over engineered
and don't take into account the biology of the process.
Bacteria, protozoa, algae, and multi-cellular organisms develop
in the treatment system. Their activity treats the leachate; it is
actually their life support system. This system uses air
diffusers to incorporate oxygen into the tanks because of its
high level of transfer, and gentleness with the bacteria floc.
The system also uses open air lagoons. I know how it sounds,
but as long as oxygen levels are maintained above a certain
point there is no release of odors. It also creates an
environment for photosynthetic algae, which further increase
the oxygen levels and scavenges ammonia, phenols, and some
heavy metals.

There are essentially five steps in the treatment process. 1.
Raw leachate is first treated by anaerobic bacteria in tank one;
oxygen is later incorporated to facilitate aerobic bacteria.
When they are done feeding on their toxins and their food
source is depleted, the bacteria will feed on themselves. This
prevents the buildup of sludge; some systems have been in
place for over ten years without needing sludge removal. 2. In
tank two and three nitrifying bacteria oxidize ammonia into
nitrate. Separate tanks for autotrophic and heterotrophic
bacteria provide for more stable treatment. 3. The leachate is
filtered to remove bacteria and other organisms which are
then put back in their respective tanks to retain their
treatment capabilities. 4. The leachate in now put though an
Aqua Filter Media®. The AFM is made of recycled green and
brown glasses which have been processed to create a media
resistant to biofouling. This filtration method will replaced
standard sand filters due to its treatment capabilities and its
low cost. 5. The leachate is now free of most hazardous or
toxic substances and is now pumped into the sanitary sewer
system. Concentrations of most harmful substances are below
detection at this point. This leachate treatment system treats
250 cubic meters of water every day. This is with only one
AFM in place. More water could be treated using multiple
filters in parallel.
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(Arden Quarry continued)
Applications

Land filling and treatment of its by products is very advanced
in European countries. This is due to the lack of open spaces
left to just dump garbage. This landfill treatment system treats
leachate better than most current systems, and it does so
almost completely biologically. The system still pipes the
water into the sewer system though, which is something I
would like to avoid. In a closed circuit system the water could
remain on site for irrigation purposes or to be used in
secondary water uses, such as toilets. The leachate would need
to be first treated further through the use of plant material and
additional filters. This would be a great addition to an
ecological learning laboratory.
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Additional Research

Phyto and Bio remediation
To the modern student of ecology, and the environment, it is
instructive that all artificial pollution events, both regional and
global, find their origin in MAN and his activities and, at the
same time, the major modes of natural cleansing are
accomplished by MICROBES through their activities; on one
hand, God's highest achievement in Creation is found doing
the most destruction, while the lowliest life-form crafted by
His hand does the janitor's duty - the former by disobedience
and the latter by design.

-(Terry, Banuelos, 2000)
Phytoremediation
Phytoremediation is the use of vegetation to contain,
sequester, remove, or degrade inorganic and organic
contaminants in soil, sediments, surface waters, and
groundwater. The specific phytotechnology mechanism
employed in the final design of the system depends on the type
of constituents that need to be addressed and the specific
clean-up objectives of the site. Phytotechnology addresses
chemical environmental threats such as: heavy metals,
metalloids, radio nuclides, salts, agrochemicals, hydrocarbons,
chlorinated compounds, and nitro-aromatics.
To remove toxins from soil, the plants either trap
contaminants in the rhizosphere to be utilized by bacteria,
uptake contaminates (they remain inside the plant),
breakdown or degrade the contaminant into a lesser, more
stable form, utilize contaminates for energy, or release it as
harmless gases during respiration. To achieve the best possible
results, oxygen limitations need to be reduced.
The mechanisms that form the basis for phytotechnologies
focus primarily on the processes within the rhizosphere. The
rhizosphere is the root-soil interface which is highly bioactive
and involves the interaction of plants and microbes.
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A) Kentucky Bluegrass (Poa pravense) L) Side Outs Grama {Boutelowa curtipendula)

B} Lead Plant (Amorpha camescens) M) False Boneset (Kuhnia eupatorioides)

) Missouri Goldenrod (Solidago missouriensis) N) Switch Grass (Panicum virgatum)

D) Indian Grass (Sorghastrum nutans) Q) White Wild Indigo (Baprista lewcantha)

E) Compass Plant (Silphium laciniatum) P) Little Blue Stem (Andropogon scoparius)

F) Porcupine Grass {Stipa spartea) Q) Rosin Weed (Silphium perfoliatum)

() Heath Aster (Aster ericoides) R) Purple Prairic Clover (Petalostemum purpureunt)
H) Prairie Cordgrass {Spartina pectinata) 8) June Grass { Koeleria cristata)

1) Big Blue Stem (Andropagon gerardif) T) Cylindric Blazingstar (Liatris cylindracea)

) Pale Purple Coneflower { Echinacea pallida) ) Buffalo Grass ( Buchloe dactyloides)

K) Prairie Dropseed (Sporobolus heterolepis)

Figure 7.18 Root Depth Chart
(Scheper, Tsao, 2003)
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Additional Research

Bioremediation
Environmental bioremediation is a treatability technology that
uses biological activity to reduce the concentration or toxicity
of a pollutant. It commonly uses processes by which
microorganisms transform or degrade chemicals in the
environment. In one square meter of soil there can be
upwards of 10,000 different species of bacteria and fungi. It is
enhanced biological treatment of environments contaminated
with a variety of organic and inorganic compounds. Itisalsoa
new application of a very old technology used for wastewater

| treatments. The Romans used it as early as 600 B.C. in their
sewer systems. Bioremediation occurs naturally in all soil and
water especially in the rhizosphere and warm oxygen rich
water. To be effective, sites need to be evaluated by nature,
location, and concentrations of site contaminants to determine
the type of bioremediation to use. There are three basic types
of bioremediation employed.

1. Biostimulation - A process is designed to enhance the site
environment to enable existing microbes to perform at their
best. This is done by increasing the oxygen, temperature, or
moisture of a site. It is also the most successful form of
bioremediation.

2. Bioaugmentation - Species of microbes non-native to the
site are introduced to treat certain contaminates specifically.
This has only met limited success. There is an initial jump in
treatment, but the introduced microbe levels fall after only
days or weeks.

3. Intrinsic Treatment - This is used when testing has shown
that contaminates will degrade naturally over time. The site is
regularly monitored, but nothing else is actively done. This is
the most cost effective form of bioremediation.
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Additional Research

Incineration
Solid waste management inevitably deals with the options of
landfills, incineration, and recycling. Ultimately landfills have
been shown to be the least effective method of management
due to available space. Recycling is probably the best way to
go about management, but has met limited success due to it
being optional. Incineration reduces the volume of
combustible trash by about 70% and the weight by 90%.
Incineration has met opposition publicly due to the cost and
pollutants that arise and are emitted in the combustion
process. These pollutants are the same as the pollutants that
could infiltrate the groundwater and should be prevented from
entering the air. In order to prevent toxic emissions, systems
are equipped with pollution control devices such as: scrubbers,
fabric filters, electromagnetic precipitators, afterburners, and
the addition of certain minerals. The Environmental
Protection Agency imposes an 18 month moratorium on
licensing for all new facilities while it reviews the employed
safety standards.

Most incineration operations today are waste-to-energy
facilities. They use the combustion process to generate steam
and electricity. One of the most effective plants is the
Commerce Refuse to Energy Facility located in Los Angeles
(Part of the South Coast Air Basin). Environmental
requirements here are the toughest in the world. The facility
uses a state of the art combination of pollution control devices.
It injects limestone and ammonia into the furnace, followed by
a dry scrubber, and finishes with a filter fabric or baghouse. It
is able to burn 360 tons of trash a day and generate ten
megawatts of electricity (enough for 20,000 homes). After
combustion metals are able to be removed and recycled. This
is one of the cleanest plants in the world.
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Figure 7.22 Incineration Process

(www.epa.gov/reg3artd/images/Incinerator.jpg)

NDSU Dept. Architecture & Landscape Architecture



THE FARGO L ANDFI L

Additional Research

Wastewater Treatment in Fargo

The Wastewater Treatment Plant is located on 32nd Avenue
north and Broadway. It is designed to be able to treat 15
million gallons per day. The average daily flow is more along
the lines of 12 million gallons per day. Of the wastewater that
enters the plant, 97% is from residential uses, and 3% is from
industrial (landfill) uses. The wastewater is 99.9% water.

The plant uses both mechanical and biological treatments to
remove organic and inorganic suspended and settleable solids.
Chemicals are used for disinfection, chlorine reduction, odor
control, and the biosolid de-watering process. Biological
processes include aerobic and anaerobic bacteria in a septic
tank environment which break down suspended material in
the wastewater.

Water enters the treatment plant through bar racks which
remove solids larger than one inch that are disposed at the
landfill. The water continues on to seven primary clarifiers
where solids are settled and deposited onto a hopper which
moves them to anaerobic digesters. The water then flows from
the clarifiers to three rotating distributor Biochemical Oxygen
Demand (BOD) trickling filters. These filters treat the water
biologically by spraying it onto synthetic media stacked to 15

. feet in tanks. Aerobic bacteria grow and produce a slime

called zoogleal film. Organisms in the film feed on suspended

¥ material in the wastewater and break it down. Airways under

the synthetic media provide the oxygen required by the

4 bacteria. The wastewater is now sent to two nitrification

+#* filters that operate similarly to the BOD filters, but remove
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ammonia and organic nitrogen. The wastewater now moves
into a mixing chamber where chlorine is added for
disinfection. After this, the chlorine is removed by the
addition of sulfur dioxide. The wastewater is now done being
treated and is discharged as effluent into the Red River. When
the river is flooded, a lift station pumps the effluent into six
waste stabilization ponds. They are located along Highway 10
in West Fargo. They are also used to provide tertiary
treatment to wastewater when necessary for state discharge
limits.

Biochemical Oxygen Demand (BOD) is the rate at which
microorganisms use the oxygen in water or wastewater while
stabilizing it under aerobic conditions. Itis a very good
measure of the quality of wastewater. A lower number means
a higher quality of water. The BOD level of wastewater
entering the treatment plant is normally between 200-250
mg/L. Water discharged form the ponds are between 10-15
mg/L. The permitted level for the city of Fargo 25 mg/L.
Dried biosolids from the plant are removed and hauled to the
Fargo Landfill and used for daily cover purposes.

I plan to stop the transfer of leachate to the Wastewater
Treatment Plant, but rather treat it on site at the landfill and
reuse it for irrigation purposes, thereby reducing the amount
of discharge into the Red River.

53






THE FARGO L ANDFI L

Program Requirements

Spatial Allocations for Program Elements
Parking Lot - 4,800’ sq. total
12 Parking Spaces - 9' x 20'
4 impermeable spaces
4 semi-permeable spaces
4 permeable spaces
3 Runoff Collection Ponds - 5' deep
*accommodates and measures runoff from various
paving materials

Laboratory and Greenhouses - 35,000' sq. total
3 classrooms - roughly 50' x 20'
3 laboratories - roughly 50" x 50'
2 greenhouses - roughly 120' x 50'
*will provide secondary treatment for wastewater
4 bathrooms
2 men's bathrooms - 3 stalls each
2 women's bathrooms - 3 stalls each

Detention Ponds - 30 acres total
3 connected ponds - 10'-15' deep
* will provide tertiary treatment for wastewater

Incinerator - 40,000’ sq total
*located on city owned land for future land filling
*will process 600 tons of waste per day
*will adhere to the most strict pollution
guidelines

Primary Leachate Treatment Tanks - 7,000' cu. total
1 anaerobic tank - holds 600 gallons of leachate
2 aerobic tanks - each hold 300 gallons of leachate
2 Aqua Filter Media® - each treats 250 cubic meters per day

‘Waste Showcase - 1 acre total
*will serve to display wastefulness vs.
conservation to site visitors
*will provide alternative action examples to
visitors

‘Waste Remediation - 155 acres total
Woodland - 20 acres
Savannah - 70 acres
Grassland - 65 acres
*will study which type of remediation works best
Paths - 40,000' sq total
*will be interconnected
*will be 7' wide
*will be made of recycled, permeable material
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Program Requirements

Usage

Parts of the site will be used all year round and others will be
mainly used spring through fall.

The classroom/laboratory/greenhouses will be used all year by
research technicians and visitors to the site to learn about waste
and its implications. The greenhouses will also serve to treat the
effluent produced by the building and landfill year round. The
detention ponds/wetlands will be used year round to treat water
as wetlands never completely freeze. The waste showcase will be
able to be in use, but may not be visited as frequently during
winter months due to cold weather. The areas to test
remediation techniques between woodland, savannah, and
grassland will only be able to treat the site during spring through
summer months.

Although parts of the site will not be operational during winter
months, the overall site will still function and serve to sustain
itself and take in waste.

Final Expenses

As mentioned previously, the final budget for a project such as
this is difficult to determine. The goal of a capstone project is to
design at the landscape architecture as art level and to not worry
about a budget. It should be noted that the elements of the
design will be implemented in stages, therefore spreading out
costs over the years. Once again, many believe the worth of their
health is priceless, so I believe no amount of money would be out
of the question.
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Research Methods
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To make sure I fully understand the different methods and
implications of land filling, and the subsequent methods for
remediation I have researched a variety of topics.

I have studied landfill governmental regulations, landfill closure
procedures throughout the country, water treatment systems,
plant remediation techniques, waste reduction, and appropriate
end uses for contaminated sites. These separate elements have
taught me about the remediation of landfills and other sited as
well as influenced some innovative design ideas.

I have also researched the different phases in the life cycle of a
landfill. I feel it is important to understand how a landfill begins,
operates, and closes in order to design an appropriate end use for
one. I have visited the Fargo landfill many times during work
and again several times to study it and interview the workers.
My visits to the landfill have made me appreciate what we have
and take for granted as well as a desire to make something
wonderful out of a place previously considered awful.

I have acquired my information through books, magazines,

journals, websites, and interviews with landfill personnel and
civil engineers.
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Fargo Landfill
A remediation leading to re-use for refuse
Fargo, ND

The U.S. has approximately 3,091 active landfills which take in about 279
million tons of garbage annually. Since 1990, more than 11 billion tons of domestic and foreign
waste has been disposed of in the United States. This is equivalent to covering every acre in the
nation with 4.7 tons of waste. As the population rises, so does the amount of waste generated
and the need for somewhere safe to put it. Landfills are usually capped and forgotten about, or
not put to an appropriate reuse. They can also pose a very serious threat to the environment and
people around them. Most problems occur when landfills close. Current techniques do not
remediate the waste; they simply cover it up. The creation of new landfills faces stiff opposition
from every angle. No one wants to live or work near a landfill, and they should not be located at
the expense of our natural areas. Our country is entering into a garbage crisis.

The Fargo area currently has more space to deal with waste so we do not feel
the pinch yet. But per capita, people here create just as much waste as the rest of the country.
We need to start planning now for better waste disposal and remediation. The Fargo landfill
takes up 160 acres or the equivalent of 25 city blocks. It currently takes in 150,000 tons of waste
and creates 700,000 gallons of leachate water needing treatment annually. The landfill capacity
is 8 million tons and is expected to be at this mark sometime in the next 18 years when it will be
capped and vegetated for wildlife habitat. The Fargo landfill has already taken some steps toward
becoming environmentally conscious by installing 20 methane collection pipes and using bio-
diesel in all the trucks and bulldozers. Despite these efforts, the process needs to be refined to
make the Fargo site safe for its surrounding environment and provide an adaptive reuse. In
doing so, the site will become an asset to the city rather than a liability.

The Fargo landfill is located on 45th St. between 7th Ave and 12th Ave N. This
location puts it in a central area of Fargo and it's surrounding communities. I propose the
implementation of a closed-circuit system for land filling as well as bio and phyto remediation,
and a showcase for waste handling and treatment for the city of Fargo. The landfill will become
a place for students, civic groups, and regular people to come and learn what happens to the
waste they create, and what affect it has on the environment.

This capstone project research will focus on the study waste reduction, soil and
water remediation, and different ways to exhibit waste to visitors and residents of Fargo and its
surrounding areas.




Title
The Fargo Landfill: A rehabilitation leading to reuse for refuse

Landscape Type

This project will be about the reclamation of the Fargo landfill and
incorporating a research facility to study the stages of reclamation. My project will most
closely resemble projects that deal with reclamation of severely contaminated areas such as:
Gasworks Park and Fresh Kills landfill in New York. The design will borrow ideas for
reclamation from places such as the Minnesota Landscape Arboretum, and a Ford
manufacturing plant. It will use an incinerator to reduce the volume of waste and examine
new ways of naturally filtering and removing toxins from water and soil. This will extend
the life of the landfill and rehabilitate the area. These processes will be monitored from an
observational learning center on site during and after landfill operation by University
professors and students. This will be a functional end use for the landfill.

Conceptual basis or unifying idea

Landfills all over the country are beginning to close due to rising amounts
of garbage. The amounts of waste are not going to decline any time other than with
aggressive implementation of recycling; which would be a whole other project in itself.
Landfills are a contaminant which will be a permanent scar on the surrounding
environment. The solution to this problem is to devise a plan of better operation and to
come up with a plan for reclamation and reuse.

This project will emphasize reclamation through phytoremediation and
bioremediation. This is the use of vegetation to contain, sequester, remove, or degrade
inorganic and organic contaminants in soils, sediments, surface waters, and ground water.
The plants will provide a cost effective and educational solution to the problems of landfills.

I will combine several different proven methodologies to remediate the
soil and leachate water of the landfill. The landfill will not be monitored professionally
after a period of time, and will pose no threat to citizens of the Fargo-Moorhead area. It
will also be able to remain open for a much longer period of time, thereby reducing the
expenses of creating a new landfill.

Project Justification

'If you want to preserve something, bury it in a landfill...it will never
decompose.' -Duane Haugen of the Fargo Landfill. This is disturbing enough to justify a
reclamation plan. It means the garbage we create today will be here indefinitely. We keep
creating waste, so we need to think of a way to remediate it so we do not run out of room to
store it. The waste currently in the landfill is so compacted that it will never receive the
oxygen required to decompose.

Another reason is the Fargo landfill will be at capacity in a mere 18 years.
The current plan is to cap the landfill, create a wildlife habitat and begin a new one. The
landfill will not make a good habitat for anything due to poor soil quality, contamination of
water, soil, and air, and since the landfill is located in an urban setting. The landfill will
create hazardous methane gas for at least 20+ years after it is closed.

Lastly, it is a fact that eventually the liners in landfills fail, polluting
surrounding water and soil. The landfill will be monitored for 20 years after closure but
will be toxic long after thereby poisoning the residents of Fargo Moorhead.




User/Client Definition

The Fargo sanitary landfill will be designed to benefit the residents of
Fargo-Moorhead and to ultimately serve the civil engineering, landscape architecture, and
natural resource management students of North Dakota State University. The landfill will
be owned and operated by the city of Fargo until it reaches capacity and it will be
monitored annually after it closes for 20 years. Any monetary resources (methane
production) produced by the landfill will be put into the cities budget as prior to
modification.

The personnel of the landfill during operation will be the same personnel
as prior to improvement. After the landfill reaches capacity there will be one person to
monitor ground, water, and soil pollution once a year for 20 years. There will also be
NDSU faculty on site to monitor filtration tanks, and teach their respective classes. A
maintenance engineer will be needed to clean and maintain the classrooms and
greenhouses. Peak usage will be during the time when the landfill is in operation and a
classroom is in place. After the landfill hits capacity it will only be occupied by students
and faculty. A small parking lot for student drop off and 10 cars for staff will be provided.
These parking spaces will also be a demonstration of pervious versus impervious surfaces.

Major Project Elements

Waste incinerator Research labs
water filtration rates soil rehabilitation rates
plant toxicity levels soil toxicity levels
green roof technology observation classroom
Green houses water filtration tanks
water filtration ponds Parking lot
pervious surfaces semi-impervious surfaces
impervious surfaces detention ponds
Plant test plots Vegetative buffer
Fence improvements

Site Information

The Fargo sanitary landfill is located along 45th Street between 7th avenue
North and 12th avenue North. It lies adjacent to the Fargo industrial park. It consumes 160
acres total and will hold 8 million tons of waste when it reaches capacity. It was
constructed about 35 years ago and was the first landfill in the immediate area to meet
Environmental Protection Agency standards. The landfill has a high density polymer liner
with one foot of sand on top located beneath the waste. 120 feet of brown clay is beneath
that. The compacted waste begins 35 feet underground and reaches 70 feet above ground
level with a 4:1 slope.

The landfill more than adequately provides for its own operation and puts
the surplus of funds in the city pool of money.

Some environmental issues of the site are the contaminated leachate,
which cannot be leaked out, and air pollution of gases and debris. The other obvious
pollutant is the soil and waste beneath it. The vegetation on site includes a buffer of
dogwood shrubs and ponderosa pines on the East side, and a double row of ash trees on the
South side. The North side of the landfill has already reached capacity and has been
covered with four feet of cover and planted with native prairie grasses. The cover
comprised of compacted clay and will not allow for much water or air to permeate and
decompose the waste. All the water that enters the site is collected and sent by pipe to a
treatment plant for chemical treatment and disposal in the Red River.




The Fargo landfill is accessed by 7th Avenue North, 12th Avenue North, and 45th Street.
There are no bike paths or sidewalks near the landfill. The roads inside the landfill change
every few days to accommodate for new cells to be filled. Views to the landfill are
extensive. It is the major topographic feature of this area of Fargo and can be seen for a few
miles. Driving either way on 45th Street the plant screen is beginning to be effective. Only
the very top of the landfill can be seen. Views from the top of the landfill are extensive.
For several miles the only changes in topography are overpasses or shelterbelts. Prevailing
winds come from the Northwest in the winter and from the Southwest in the summer.
Wind affects the site a lot. The operators of the landfill put down a four inch layer of soil as
daily cover at the end of each workday. This prevents wind from blowing the waste around
when there are no bulldozers to compact it. During the day temporary fence structures do
not prevent the wind from blowing the refuse around, but they keep it from blowing onto
the roads, or into the fence.

The existing structures at the Fargo landfill are a weigh scale and house to
measure tonnage of incoming waste, a quonset to house the bulldozers, 20 methane
extraction pipes, one methane collection house, a pipe to Cargill to transport methane, five
leachate pumps, a pipe from the landfill to the water treatment plant, and an oil disposal
barrel. The whole site is currently surrounded by a seven foot high fence topped with
barb-wire to keep people and animals out. There is a substantial amount of noise at the
landfill. Trucks and bulldozers are constantly coming to and leaving the landfill. All the
trucks have backup alarms as well, which does not help control the noise level.

Project Emphasis

Extending the life of the landfill

The implementation of an incinerator adjacent to the landfill will extend
the life of the landfill while allowing for an easier environmental rehabilitation. The city of
Fargo is already looking into incinerator technologies, and most major cities across the US
have already implemented them since they cut waste volume down by at least 70 percent.

Adaptive reuse of the landfill

Turning the landfill into a classroom/observation lab for NDSU students is
a more plausible design solution than having wildlife habitat in the midst of an industrial
park. The classroom/observation lab will benefit the NDSU students as well. They will no
longer need to learn only from books. They will be able to see design solutions first hand.
They will also be able to see the cutting edge land filling and natural resource rehabilitation
as it takes place.

Environmental rehabilitation

The landfill will use a process called phytoremediation in the
rehabilitation process. It will be revegetated with plants that will uptake toxins and
excessive nutrients. The leachate will also be treated on site by the same phytoremediation
processes. This will make the landfill less of an environmental threat if the liner should
fail.

Plan for proceeding

Research will include the study of phytoremediation, green roof
technology, past landfill closure procedures and several case studies of different typologies.
The process for phytoremediation will include journal articles, and engineering manuals as
well as some interviews. Green roof technologies will include case studies as well as plant
selection books. Landfill closure procedures will be through manuals and case studies. The
case studies will focus on the previously mentioned topics and some open spaces designed
on polluted areas. Documentation of this research will be recorded into separate binders
labeled by topic. Documentation will be in chronological order by date and scope of
design. Sketching will be in a sketchbook and additional materials outside of the
sketchbook will be added based on which part of the design it relates to.




Schedule of work
Fall semester 2004

Week #1

(Oct 4-8)

07 Oct Thesis Proposal due: to AR/LA 561

Instructor (2 copies)

07 Oct Student critic preference slips & faculty

preference slips available

Week #2

Research
(Oct 11-15)

14 Oct Students and Faculty return preference

slips to main office

Week #3

Research
(Oct 18-22)

announced

Week #4

21 Oct Primary and Secondary Critics

Research
(Oct 25-29)

Week #5

28 Oct Last day of AR/LA 561 Class
Research
Define the Program

(Nov 1-5)

Research
Further work on Program
(Nov 8-12)

Week#7

11 Nov Veterans’ Day Holiday
Organize Site Information
Work on Draft of Program

(Nov 15-19)

15-19 Nov Final week of AR/LA 571 Design Studio / presentations
Work on Draft of Program
(Nov 22-26)

Week #9

24 Nov Draft Thesis Program due to Primary Critic (1 copy)
25-26 Nov Thanksgiving Holiday
Further Site Analysis and Documentation

(Nov 29-Dec 2)

Week #10

Organize Rest of Site Information and Documentation
(Dec 6-10)

Week #11

09 Dec Final Thesis Program due to Primary Critic (1 copy)
10 Dec Last day of classes
Review of Program with Thesis Critic
Work on Final Program Draft
(Dec 13-17)

course instructor

Week #12

16 Dec Program grade due to AR/LA 561

13-17 Dec Final Examinations
(Dec 20-24)

Week #13

(Dec 27-31)

Week #14

(Jan 3-7)

Research




Spring semester

Week #15

(Jan 10-14)

Week #16

11 Jan

Classes begin

Conceptual and Schematic Design Work

(Jan 17-21)

Week #17

17 Jan

Martin Luther King, Jr. Holiday

Conceptual and Schematic Design Work

(Jan 24-28)

Week #18

Conceptual and Schematic Design Work

(Jan 31-Feb 4)

Week#19

Conceptual and Schematic Design Work

(Feb 7-11)

Week #20

Design Development

(Feb 14-18)

Week #21

Design Development

(Feb 21-25)

Week #22

21 Feb

President’s Day Holiday

Design Development

(Feb 28-Mar 4)

Week #23

Design Development

(Mar 7-11)

Week #24

07-11 Mar

Mid-semester Thesis Reviews

Presentation Drawings

(Mar 14-18)

Week #25

14-18 Mar

Spring Break

Presentation Drawings

(Mar 21-25)

Week #26

23 Mar
25-28 Mar

4th year Statements of Intent due in AR/LA 472
Easter Holiday

Presentation Drawings

(Mar 28-Aprl)

Week #27

Presentation Drawings

(Apr 4-8)

Week #28

Presentation Drawings

(Apr 11-15)

Week #29

Board Layout

(Apr 18-22)

Week #30

Board Layout

(Apr 25-29)

Ballroom

Week # 31

25 Apr

26-27 Apr
28 Apr-05 May
29 Apr

Thesis Projects due at 4:30pm in the Memorial Union

Annual Thesis Exhibit in the Memorial Union Ballroom
Final Thesis Reviews

Draft of Thesis document Due to Primary Critics

(May 2-6)
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Why hello. My name is Carol Hejl, and man am I glad to be done with
school. I hope if you’ve read through this program it’s been helpful to
whatever project you're doing. I grew up in the area and am now off to
Chicago, where I will be working with the department of the
environment. Anyway, good luck with the rest of school to you; and
maybe we’ll cross paths someday!
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