
hazards such as electromagnetic helds emitted by
nearby power lines. Brokers and their agents can
limit their exposure by adopting regular practices
designed to reveal and disclose to buyers any envi-
ronmental hazards that may be present.

Land Use Restrictions Imposed For
Environmental Purposes
ReaI estat€ and real estate transactions may be af-
fected by legislation that prevents or limits the use
of property, or certa.in kinds of properties, in order
to prevent environmental injury or serve other en-
vfuonmental objectives. Examples of such laws are
coastal or beachfront manag€ment restrictions that
forbid development within a certain proximity to
bodies of water, that impose restrictions or proce-
duree on siting waste (hazardous or non-hazardous)
disposal or repository fscilities or that limit the ex-
tent or nature of development and use of areas des-
igrrated as habitats for endangered species. Perhaps
the moet pervasive and mntroversial legislative
scheme of thie type restricts the use of wetlands.

Wetlands Prctection
Federal protection of wetlands arises primarily from
Section 404 of the Federal Water Pollution Control
Act (also known as the Cleaa Water Act),u which
authorizes the U.S. Army Corps of Engineers to is-
sue permits for the discharge of dredged or frll ma-
terials into the wat€rs of the United States, induding
wetlands. Permits issued by the Army Corps of En-
gineers are subject to the approval of the USEPA.
From this authority to issue permits for the devel-
opment or use ofwetlands has emerged an extensive
regulatory program.

Wetlande are the familiar areas adiacent to
oceans, lakes, rivers and streams, but they also may
include areas subject to periodic but not continual
inundation. Wetlands gerve a number of important
and useful ecological functions, including water pu-
rifrcation, groundwater supply recharge, flood con-
trol and wildlife refuge. Incrreasing concern about
the continued destruction or alteration of wetlands
has collided squarely with increasing pressures for
development of residential, commercial and indus-
trial areaa, roads and other public arrd private fa-
cilities needed to support an expanding American
Bociety. President George Bush announced in 1988
a "no net loss" poliry applicable to wetlands. This
policy encouraged preservation of wetlands or the
establiahment of new wetlands aress to r€place those
that were altered or destroyed.

ReaI estate interests quit€ obviously are aJlect€d
by restrictions imposed on development so wetlands
areaa can be preserved. Questions about the need
and appropriateness of such limitations have gen-
erated response in several areas:

r In 1989 the Corps of Engineers, USEPA,, SoiI
Coneervation Service and the Fish and Wildlife
Service jointly adopted the Federal Manual for
Identifuing ond Delineating Wetlands. As the
title imp[es, this manual is used to determine

the boundaries of wetlands for regrlatory pur-
poses. The manual provides for each regulatory
agency a uniform means of identifying the pres-
ence of wetlands.

Many property owners and others subject to
wetlands regulation have asserted that the 1989
manual inappropriatcly expands the definition
of wetlands, resulting in an expansion of the
types of properties that are subject to wetlands
limitations and regulation. Hearings were held
in 1990 to air concerns about the expansion of
wetlands jurisdiction, and at least one lawsuit
is challenging the validity of the manual. Re-
visions have been developed for the manual and
are expected to be published for public comment
soon. Although these revisions are not yet final,
observers b€lieve that they will reduce the scope
of the delinition of wetlands and the number of
property owners subject to the wetlands regu.
lation by the Army Corps of Engineers and
USEPA.

r Several court cases have raised the issue of
whether denial of a wetlands development per-
mit by the Corps of Engineers or USEPA con-
stitutea a "tsking" of property which, under the
Fifth Amendment, is unconstitutional urrless the
property owner is compensated. One case, Lov-
eladies Harbor v. United States,12 held that de-
nial of a permit constitutes a taking of property
which requires compensation. That case is on
app€al in the Court of Appeals for the Federal
Ciranit, and an appesl to the U.S. Supreme Court
may follow.

r At least two pieces of legislation have been in-
troduced in Congress that seek to eliminate or
modify the Section 404 wetlands regr.rlatory
program and improve wetlands regulation. Rep.
Hayes (D-IL) has proposed a bill that would re-
place the cunent regulatory program with a
scheme requiring wetlande to be classified ac-
cording to their value and ecological impor-
tance. This bill would permit expedient
devel.opment of wetlands that provide little or
no ecological benefits, and it would require
compensation to be paid to owners of wetlands
that were too valuable to be altered or de-
stroyed. Rep. Hayes has Becured a Iarge number
of cosigners for this legislation, and a similar
bill may soon be proposed in the Senate.

Rep. Thomas (D-GA) has proposed a less radical
reform plan which would revise existing wet-
laads regulation by statutorily embracing the
"no net lose" policy, proyiding for wetlands de-
Iineation by a rulemaking process, allowing for
wetJands mitigation banking in connection with
permit applications, requiring mapping of wet-
lands and me[hods for assessing their functions
and values.

Conclusion
Real estate practitioners, owners, lenders and users
can no longer fail to be cognizant of and responsive

LANDFILTS
ABENT AII
BAD:
CONSIDEB.
ATIONS TOB
BEAL ESTAIE
DEVETOPMENT

llf hat? Real estate development on a landfill!
lllr Are you crazy? Well. maybe. Building near
UU or eJpecially"on a landf-ril is a challJnging

idea that requires csreful consideration of complex
issues such as site use, architectural modifrcation,
safety and liability. After describing the basic com-
ponents of a modern lantlfrll and discussing some
common misconceptions about landhll development,
this article addresses issues of interest to the real
estate developer by answering the following
questions:

I Why consider development on a landfill site?
! What types of development work on a landhll?
t When in the Iife of a Iandfill is the best time

for development?
r What architectural issues need to be addressed?
! What liability comes with owning a laadhll

property?
r What does the future hold for landfrlls and their

subsequent development?

Components Of A Modern Landfill
The term "modern landfiLl" refers to a facility that
has been engineered so waste may be disposed on
land at reasonable cost artd with minimum environ-
mental impact. A modern landfiIl dillers greatly from
an open dump because of its planned, engineered
desiga and the daily compaction and covering of waste
materials (see Figure 1).

Solid wastes placed in a landhll undergo a num-
ber of simultaneous biological, physical and chemi-
cal changes that result in the decay of organic matter.

Gases and liquids are generated throughout the
decomposition of organic matter. A modern landfrll
is designed to control these decomposition byprod-
ucts and minimize their envimnmental impacts. The
following paragraphs discuss the tlpical manner in
which gases and liquids in a landfill are controlled.

Gases
Carbon dioxide and methane are the principal gases
produced by the decomposition of orgaaic waste. These
gases are vented to the atmosphere in small landfrlls
or collect€d for use as an energr' source, which is
economical only for large landfills. The movement
of landfrll gases typically is controlled by installing
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Modern landfill sites can be transformed
from unwanted pieces of property into
assets for their surrounding communities.
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FIGIJRE T:

Cross-Section of a Modern Landlill
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vents made of materials that are more permeable
than the surrounding soils. Gas vent tubes release
the gases that are generated within the landhll, and
gravel barrier trenches surrounding the landfill vent
arry laterally moving gas that may migrate off the
site (Figure 1).

Liquids
The Iiquid found in landfills is called "leachate," and
it arises from the decomposition ofwastes and liquid
that has entered the landfill from extetnal sources
such as surface drainage, percolation from rainfall
and groundwater. Leachate usually contains a num-
ber of chemical constituents that can pollute
groundwater; therefore, a modern landf-rll is de-
sigrred to minimize artd contain leachate.

The frnal cover on a larrdfrll is a system of soils
that minimizes leachate generation by limiting per-
colation through the top of the landfiIl. The frnal
cover typically consists of topsoil which supports
vegetation, a middle layer which provides additional
rooting depth and a clay layer which protects roots
from freezing and thawing.

Under normal conditions, leachate is found in
the bottom of landfrlls; so this is where the major
leachate containment measures are constructed. A
primary liner of several feet of compacted clay on
the base and sidewalls of a landf-rll reduces or elim-
inates the percolation of leachate into groundwater.

A layer of drainage material (e.g., sandy gravel)
is placed over the primary liner, and a leachate col-
lection system consisting ofperforated pipes is built
into this material. The leachate collection pipes usu-
ally are sloped so the leachate will collect in one low
point to facilitate treatment and disposal.

Drainage ditches collect excess surface water and
divert it away from the landfrll to minimize poten-
tial leachate generation. Water monitoring wells
around a landfrll site are tested regularly to ensure
that leachate has not leaked into groundwater,

Common Misconceptions

Refuse Does Not Decompose
Many people believe that waste is simply stored in
a landf-rll and that it does not decompose. Landfrlls
are heterogeneous; decomposition occurs in mi-
croenvironments within the landfrll (some of which
are more conducive to decomposition than others).
While it is possible to find isolated pockets of refuse
that have not decomposed, the vast majority of ref-
use in a lanilfill does decompose. Evidence of decom-
position includes the generation of gas, changes in
Ieachate which has percolated through the refuse
and contains suspended or dissolved waste and the
composition of refuse. Studies have shown that the
extent of decomposition is directly related to the
amount of moisture il the environment.l Thus, waste
in landhlls in dry, alid climates tends to decompose
more slowly than waste in Iandfills located in tem-
perate or wet climates. It is also importaat to realize
that refuse does not degrade completely because re-
fuse is the result of modern manufacturing tech-
niques which frequently combine degradable
materials with non-degradable substances.

Odor
Odor is another attribute that many people associ-
ate with completed landfills. However, properly
maintained landf-rlls emit little odor. Refuse in a
modern laatlfrll is encapsulated within a clay layer,
which serves as a protective barrier between the de-
composing refuse and the surrounding area and keeps
odors within the landfrll. Gas vent tubes positioned
at regular intervals over a landlill's surface allow
methane and carbon dioxide to vent freely. The min-
imal amount ofodor emanating from these vents can
be reduced further by placing burners on the vent
tubes.

UgLiness
Many people expect a completed landfill to be ugly.
However, Iandfrlls typically look like hills with short
vegetative cover. Gas vent tubes, gas piping leading
to a small building, the occasional pump truck and
water monitoring wells usually are the only visible
features of a completed landfill.

If landf-rll gas is being collected for use as an
enerry source, a network of pipes will lead from the
landhll to a small building on the site in which the
gas will be drawn, compressed and directed to a
pipeline. The piping network may be above or below
ground. Modern landfills have an underground
leachate collection system which must be emptied
periodically. The collection system empties the
leachate into underground storage tanks or directs
it to a nearby sewer system. The only visible aspect
of leachate collection is the pump truck that regu-
larly collects the liquid. Water monitoring wells sur-
round the landhll area to determine whether leachate
is escaping through the clay base layer and contam-
inating the groundwater. These wells consist of
nothing more than some polywinyl chloride (PVC)
pipe sticking out of the ground.

In Roberts v. Estate of Barbagello, the court held
a real estate lirm and its agent liable nol for failing
to disclose the known or suspected presence of an
environmental hazard (in this case, urea-formalde-
hyde foam insulation) but for failiag to advise the
buyer about the possible effects of the insulation.
The court reasoned that this duty was necessarJr be-
cause the broker's failure to disclose the effects of
the insulation would "prevent (the buyer) from in-
vestigating the insulation in the house prior to sign-
ing the agreement of sale or the closing" and that
the buyer would investigat€ if she was advised. The
court did not limit this duty to circumstances in which
the real estate agent knew or even "should have
known" that urea formaldehyde foam iruulation was
present.

The facts of the Roberts ca6e narrow the appar-
ently wide scope of the court's ruling. The agent had
asked the seller about the insulation and had been
told that the t5rpe of insulation was not known but
that it had been blown in. The agent's real estate
f-rrm was aware of the following: the Consumer
Product Safety Commission's ban aga.inst installa-
tion of urea forrnaldehyde foam insulation (which
was later invalidated by a federal court); the rec-
ommendation of the National Association of R€al-
tore and the loc€l board of Realtors that information
about this type of insulation should be provided to
buyers; and an advisory of the county health de-
partment that specif'red levels of formaldehyde gas
could cause eye, nose and throat irritation. Despite
this knowledge, the firm had adopted a poliry of zol
providi-ng buyers with information about urea for-
maldehyde foam insulation. Thus, although the
court's decision appears to impose a rather heavy
burden on real estate agents to disclose information
about hypothetical envimnmental concerns, the facts
of the case suggest that the firm or agent was aware
of information that constitut€d a "red flag'' for the
presence and the perceived dangers of urea formal-
dehyde foam insulation.

Brock v. Tarant also involves an agent's al-
leged failure to disclose the presence of urea for-
maldehyde foam insulation in the home. In this case,
the sellers were a$,are of the elevated levels of for-
maldehyde gas in the home and had instituted liti
gation against those who had sold and installed the
insulation. The sellere neverthelees represented to
the agent that the property did not require repairs,
that it had no structural defects and that the lawsuit
(the nature of which was not revealed to the agent)
would "defrnitely not alfect" a purchaser's interests.
The court in this case held that the agent was not
liable because he had no reason to suspect that the
sellers' statements were false, and therefore he did
not breach the stendard of care "to take reasonable
steps to avoid disseminating to the buyer false in-
formation. (and to) employ a reasonable degree of
effort and professional expertise to confirm or refute
information from the seller which he knows, or should
know is pivotal to the transaction from the buyers
perspective."6

Finally, Smith v. Renaut also held that when a
real estate agent has no knowledge of the presence
of an environmental hazard nor any basis to suspect
its presence, he is not liable for failing to disclose
information about the hazard. Smith involved both
termite damage to the property as weII as the pres-
ence of chlordane, a toxic insecticide that is no longer
in use, in the property's well water. The agent was
found liable for advising the buyer not to worry about
the minor termite damage on the property because
there was, in fact, signifrcant t€rmite damage. The
court found that the agent was not liable, however,
for failing to disclose the presence of chlordane in
the well water, because neither the agent nor the
seller was aware of the problem, and because the
agent made no Btat€ment about the condition of the
weIl.

The latter two csses apply essentially the same
standard of liability as that employed in cases in-
volvi-ng more familiar, non-environmental property
defects. That standard requires disclosure of defects
such as environmental hazards of which the broker
has actual knowledge or a reasonable basis for sus-
picion. These cases also suggest that a broker may
rely on information provided by the seller unless he
has a reason to believe that information may be in-
correct. Even the Roberts case, when construed nar-
rowly in Iight of its facts, is consistent with this
analysis if one males the quite reasonable assump-
tion that the owner's statement about the insulation
being "blown in" may be considered a "red flag'' for
the presence of urea formaldehyde foam insulation.

Several commentators have suggested that the
proper standard of cane concerning environmental
matters might be one based on Easton v.
Strassburgere and would require the broker to per-
form a reasonable investigation for signs ofenviron-
mental hazards and disclose the results to the buyer.lo
It also has been suggested by some commentators
that a form of the due diligence investigation obli-
gation established by the innocent purchaser excep-
tion to Superfund liability ultimately may be applied
to brokers and agents in determining their duty to
inspect property for environmental flaws. Fairness
and reason require that, whatever standard by which
brokers and agents are to be judged, they should be
expect€d to identify only those signs of environmen-
tal hazards which their training as real estate
professionals makes them qualified to recognize.

Whether the broker's duty to inspect for and dis-
close information about environmental hazards in a
particular jurisdiction does, in fact, require the in-
spection suggested by Easton or is the somewhat
more limited duty indicated by Tarrant and Smith,
prudent real estate agents are well advised to be
prepared to recogrrize the red flags of common envi'
ronmental hazards and point them out to clients and
customers. As suggested above, such concerns may
include radon, urea formaldehyde foam insulation,
asbestos, pesticide use, underground storage tanks
and lead paint. They also could be extended to other,
still-to-be identified sources of environmental
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Property containing underground storage tanks
subjects the owner to a plethora of maintenance re-
quirements as well as liability for the environmen-
tal damage that leakage from a tank may cause.
Owners or potential purchasers of such property
therefore must be careful to consider, understand
and comply with these requirements.

Lead
Another potentially harmfirl substance to which many
Americans may be exposed il the environment is
lead. It enters the human body by inhalation or
ingestion and accumulates in the blood, bones and
soft tissues. Excessive concentrations of lead in the
body can Beriously damage the central nervous sys-
tem, brain, kidneys, red blood cells and in some cases
cause death. Children, pregnant women and their
fetuses are particularly susceptible to the damaging
effects of lead, suffering adverse effects from low
concentrations of lead in the body.

Two common sources of lead exposure are resi-
dential drinking water and house paint. l,ead gets
into residential drinking water by leaching from lead-
containing pipes or other plumbing materials, in-
cluding the solder used to join pipes. Although the
use of lead and lead-based plumbing materials is
now prohibited, many residences contain lead pipes
or solder that were installed prior to 1986 when that
prohibition was adopted.

Although use of lead-based paint was banned in
1978, a recent government survey shows that it is
still contained in many homes built before 1980. It
is believed to be a hazard primari.ly to children who
ingest chips of Ilaking paint. However, the U.S. De-
partment of Health and Human Services and USEPA
recently identified house dust tainted with lead paint
particles as a major source of lead exposure. [,ead-
based paint chalks over time and may be released
into the air from painted surfaces subject to frequent
contact, such as window frames and wells. Scraping
or sanding paint during remodeling projects also
generates lead-paint dust.

The U.S. Department of Housing and Urbaa De-
velopment has established a program for reducing
or eliminating lead-based paint in public housing,
and USEPA has undertaken efforts to reduce ex-
posure to lead. Among the pieces of legislation in-
troduced in Congress to reduce exposure to lead is a
comprehensive bill that will require sellers, lessors
and./or real estste brokers to test for and disclose the
presence of lead-based paint in residential proper-
ties prior to sale.

This recent legislative and regulatory emphasis
on the dangers of lead poisoning make it clear that
concern about this problem is likely to increase, and
owners, lessors, investors and real estate profession-
als involved with properties that may be the source
of lead exposure will be subject to increased
regulation.

Disclosure Statutes
Several states have adopted legislation that applies

specifically to the environmental condition of prop-
erty involved in a real estate transaction. The states
of California, Connecticut, Illinois, Indiana and Or-
egon impose disclosure obligations in connection with
transactions of certain tSrpes of commercial or in-
dustrial properties that may be environmentally
contaminated. New Jersey has enacted a sigrrifi-
cantly more rigorous statute, requiring that prop-
erty containing "industrial establishments" be
certifred as clean or that any environmental con-
tamination be eradicated, before sale ofthe property
may be completed.

Several states, including Florida, Massachu-
setts, Montana and New Hampshire, have codified
in law the obligation to disclose the presence of or
general information about various environmental
hazards common to residential properties, such as
radon, urea formaldehyde foam insulation, lead paint
or underground storage tanks. Two states, Maine
and California, have focused specifically on the bro-
ker's role in the sale of residential property that
potentially may be allected by environmental prob-
lems. These states expressly require real estate agents
to disclose to buyers ofresidential properties specific
tlryes of information provided by the seller, includ-
ing known environmental characteristics or prob-
lems. In California, a statutorily prescribed form,
which includes certain items relating to environ-
mental matters, must be completed by the seller and
delivered to the buyer. Maine does not mandate the
use of a particular disclosure form but does set forth
by regulation those aspects of the property, includ-
ing specihed environmental matters, that must be
addressed by such disclosure.

Real estate transaction-invoked environmental
disclosure statutes are becoming more widespread,
arrd they are being considered in numerous jurisdic-
tions which have not yet adopted them. Whether
such a statute has been enacted and, ifso, its specific
requirements should be reviewed by those engaging
in real estate transactions.

Common Law Disclosure Responsibility Of
Real Estate Professionals
In virtually every state, caveat emptor has been dis-
canded even in real estate transactions. As a result,
real estate brokers and agents have a statutory, reg-
ulatory or common law obligation to disclose any
property defects of which they are aware. Such de-
fects may include environmental problems with the
property. Because real estate agents ordinarily lack
expertise in technical environmental matters, they
olten are not aware ofthe presence of such problems
unless they are advised by the seller. Whether an
agent has an allirmative obligation to identify ac-
tual or suspected environmental problems with the
property, in spite ofthe lack ofexpertise in technical
environmental matters, is not clear. Somewhat sur-
prisingly, few court cases have addressed the bro-
ker's duty to discover or disclose environmental
problems which may be present on the property.s-7

Why Consider Development On A
Landfill Site?
Landfills constitut€ a temporary use of land. When
carefully constructd, frlled and covered, they can
become valuable, developed sites. Developers should
seriously consider landfill sites for two basic rea-
sons: their location and land cost.

l,acatian
When they are originaJly constructed, landfills t1p-
ically are located on the fringe of urban areas, far
enough away to be out of the sight and mind of the
general public but close enough to ensure allordable
transportation of wastes. By necessity, landfrlls are
connected with the surrounding community by a
network of transportation, utilities and other serv-
ices; other vacant parcels of land in the area may
not have theee connectione.

As urban areas expand along existing infra-
structure, landfill sites often fall in the path of growth
and as a result become attractive properties- For
example, as a city grows, low density developments
and eventually housing extend beyond the urban
fringe. While the landhll is in operation, most avail-
able surrounding land may be developed for ancil-
lary uses such as shopping malls, churches and parks.
As residential density increases, a market may form
for an additional shopping center. A{ter waste has
decomposed and the landhll has stabilized, the land-
fill site provides a large parcel of land with trans-
portation, utilities and other linkages.

Views are an important attribute of any real
estate development, and the view from the top of a
completed Iandfrll should not be disregarded. The
landfill siting process is such a time-consuming, la-
borious and politically ugly process that communi-
ties want to go through the procedure as few times
as possible. Therefore, communities maximize the
life of a landfrll by frlling it with as much refuse as
possible. More garbage can be placed on a site ifthe
elevation of the landfrll is increased while the re-
quired side slopes (which vary by region) are main-
tained. The end result ofa landfrll at capacity (using
modern tmhniques) is a meatloaf-shaped hill rather
than a relatively mounded piece of property that
blends in with the topography. Consequently, a com-
pleted laldfill often provides a distant and encom-
passing view of the fiea.
Land Cost
As urban land use expands near a landlill, the den-
sity of development increases, and land prices rise.
At the same time, the availability of vacant land
declines. t andfills are considered less desirable than
other vacant land and therefore are available at much
lower priees. Buyers usually are not interested in
landfrll property because of fears of liability, con-
cerns about public perception, lack of krowledge
about landfrll desigrr and refuse decomposition, etc.
However, the cost of land is reason enough to con-
sider development of a landlill site as a potential
opportunity. AII real estate development is risky,
and development on a landfill is no exception. How-
ever, the money saved on land costs may be used to

desigrr and construct a project that takes into ac-
count development factors and additional chal-
lenges. Consider the following examples:

r In the San Francisco area, land costs range from
$500,000 to $750,000 per acre. A developer in
Mountain View, California, recently paid ap-
proximately $25,000 per acre for a ?00-acre par-
cel that had been the lardflrlling site for San
Fraacisco's garbage for 13 years. The developer
has turned the land into Shoreline Park, which
includes a golfcourse, amphitheater and sailing
pond. R€venues from greens fees, theater ticket
sales and other park uses are being supple-
mented by the sale of methane to utility
companies.2

r Near Columbus, Ohio, a developer is transform-
ing an 80-acre site that includes a 22-acre com-
pleted landhll into an industrial park. The
proximity of the site to an interstate highway
and airport mal<e it an attractive industrial lo-
cation. Rather than allow the property to re-
main unused, the city favors development ofthe
landfrll site a.rrd is contemplating the extension
of a road arrd construction of a bridge to make
the property even more accessible to the air-
port. The developer paid the city $400,000 for
the 80 acres ($5,000 per acre) and has nearly
recovered his larrd cost by selling nine acres to
an auto parts warehouse operation for $345,000
($38,000 per acre). Nearby industrial lard is
selling for between $62,000 and $65,000 per
acre.3

Just because larrdfrll sites can be purchased for much
less cost than nearby property does not necessarily
mean that a landhll site is a bargain. Several costs
must be considered when acquiring a landhll site,
such as the costs of environmenta-l studies, possible
cleanup and architectura.l modifrcations. Only if the
gap between the price of an alternative property and
the landlill is larger than these anticipated addi-
tional costs will landf-rll development be advanta-
geous (see Figure 2). It also must be kept in mind
that the cost advantage must be large enough to
reduce significantly the potential risks associated
with landfill property development.

What llpes Of Development Work On A
Landlill?
Dev elopment C onstraint s
When contemplating landhll development, govern-
ment regulations, waste type and landfill desigrr and
condition must be considered. When a landlill is
closed, it is covered with layers of soil to form a cap.
For decomposition to occur as planned, the cap and
the under\ring refuse cells must remain intact. Ac-
cordingly, the purpose of government regulation of
closed landlills is to preserve the integrity of the
site. In most cases, government agencies require ap-
proval of any use of the site other than undisturbed
refuse decomposition. Some uses, such as building
structures on the site, require special approval by
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FIGIJRE 2:

The Land-Cost Gap
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government agencies. Recently, however, govern-
ments have been approving a variety of develop-
ments on landf-tll sites.

The type of waste deposited in a landfrll also
determines the options available for reuse of the site.
Municipal waste is subject to biological decomposi-
tion within a landfrll. During this process, methane
is generated by micro-organisms as they break down
orgaaic material. Methane migrates to permeable
areas, and if allowed to collect in those areas, the
gas may become explosive. Municipal waste also is
subject to settlement. As refuse degrades, the lald-
frll site will settle between 1Vo and lSVo.In cases of
poorly compacted refuse, landfrll sites have settled
as much as 507o.r Most settling occurs in the land-
fill's frrst five years (in moist climates); however,
long-term settling also occurs. Different parts of a
landfill are created at different times; so various areas
may be undergoing different stages ofdecomposition
simulteleously. These varying stages of decompo-
sition can cause differential settlement.

Other types of waste pose fewer potential devel-
opment problems. Landfrlls created with foundr5/
sand, fly ash and demolition debris may be suitable
for sophisticated development for two principal rea-
sons. These landfrlls contain wastes that consist of
tightly compacted materials; therefore, they are more
stable and less susceptible to settlement, and they
have good load-bearing capacities for structures. Also,
because the waste they contain has low organic com-
position, the landfrlls do not produce methane gas.

Finally, the design and condition of a landfill
affect its end use. A real estate developer is always
interested in decreasing exposure to risk. One of the
most basic forms of risk reduction is to gain more

knowledge of the situation. Uncertainty can be re-
duced if the developer understands the desigrr, con-
struction a]ld maintenance of a landf-rll site. With
an understanding of the desigr and refuse compo-
sition of a particular landlill, a developer can elim-
inate non-conforming uses and recognize the
modifications (and their associated costs) that may
be needed for alternative uses.

Various Landfill End Uses
The most common uae of a former municipal waste
landfrll is as open space, olten v/ith light recrea-
tional facilities such as walking and biking trails,
softball and soccer frelds arrd golf courses. Because
settlement of a landfrll is uneven in the frrst few
years following completion, initial development
should require non-permanent and yielding mate-
rials. After waste has stabilized, which may take ten
years or more, development may include paved areas
for parking lots, outdoor storage, tennis courts and
roads. The shape of the landf l may be transformed
by massive grading and berming efforts using flrll so
as not to disrupt the integrity of the landfrll. Ski
hills and toboggan runs have been constructed on
tra-nsformed landf'rll sites.

Buildings for residential and commercial use may
be constructed on such sites after the land has sta-
bilized and the waste has finished decomposing and
ceased producing methane. Depending on the cli-
mate, landhll design and other factors, it may take
up to 25 years or more for full decomposition.

Buildings may be constructed on a r€cently closed
landfill using one of two methods (see Figure 3).
First, pilings may be driven down through the land-
f-rll to support the structure. Because the pilings will
disrupt the integrity of the site, government ap-
proval for development ald guidance during con-
struction is necessary. Second, virgin soil on which
to build may be maintained within the landfill area.
This method requires the developer and/or landfill
designer to choose the specific area for the devel-
opment and create the landf-rll around it.

When building on a recently closed landhll, de-
velopers must give serious consideration to land set-
tlement and methane generation. The following is
an exciting example of landfill reuse.
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real estate professional who qualifies as a PRP be-
cguse he is an owner or operator of a contaminated
site, has caused or permitted contaminants to be re-
leased on the site or has transported or arranged for
the transport of the contaminants to the site. None
of these activities, of course, is typical conduct of
most real estate professionals.

One reported court case has addressed the po-
tential liability of a real estate broker under Super-
fund. In Tanglewood East Homeowners v. Charles-
Thomas, Inc.,s the plaintiffs sued a number of par-
ties involved in the development of a housing sub-
division, including the real estate brokerage hrm
that handled the sale of the homes, to recover costs
incurred in clealing up toxic wastes found on the
property. The court held that the defendants, in-
cluding the brokers, could be liable under Superfund
as transporters of the contaminating waste because
of grading and other related development work.
However, this case does zol provide a basis for im-
posing Superfund liabfity on real estate brokers that
act solely as brokers ald merely market a property.
According to this case, only if brokers are involved
in property development can they be held liable un-
der Superfund.

State Superfund Laws
Numerous state legislatures have adopted Super-
fund-like statutes that give states the authority to
clean up contaminated 6ites and claim reimburse-
ment from certain parties for the cleanup costs in-
curred. Although a variety of permutations and
peculiarities exist among the various statutes, most
are modeled after Superfund. Like the federal stat-
ute, "little Superfund" statutes do not extend liabil-
ity to real estate professionals who act only in their
brokerage capacity.

A number of states have added a twist to their
Superfund-like statutory schemes, however. Federal
Superfund and similar statutes in at least 21 states
allow a lien to be imposed against property for the
costs of environmental cleanup. Some statutes ex-
tend this lien to other property within the state that
is owned by the same party. In 16 states, this lien
is an ordinary one, subject to prior liens; however,
in f-rve states (Connecticut, Maine, Massachusetts,
New Hampshire and New Jersey), the lien is a so-
called Superlien, which ta.kes precedence over all
other prior liens. In three of these states (Connect-
icut, Massachusetts and New Jersey), the Superlien
acts as a regular priority lien in the case of residen-
tial property; nevertheless, in all frve states, the lien
has hrst priority over any other security interests
in the property that is subject to cleanup.

Underground Storage Tanks
USEPA estimates that there fie severaf million un-
derground storage tanks containing petroleum or
hazardous chemicals in the United States. The ma-
jority ofthese tanks and their piping ale constructed
of unprotected steel; therefore, they are subject to
lealage resulting from corrosive decay. I-eakage from

undergtound storage tanks can cause hres or explo-
sions, and it can contaminate underground water
systems. As a result of concern about the dangers
ard environmentel damage produced by this leak-
age, Congress in 1984 and again in 1986 acted to
regr.rlate underground storage tanks; many states
and even some local jurisdictions also have adopted
legislation governing these potential environmental
hazards.

The objective of federal legislation covering un-
derground storage tan.ks4 is to prevent, detect and
correct leaks and spills ald the corresponding en'
vironmental damage they create and to require
owners and operators of underground storage tanks
to meet certain standards ofhnancial responsibility.
Tanks installed after December 1988 must meet
standards of construction designed to preyent or re-
sist decay from corrosion and to prevent spills and
overflows. Because much tank leakage arises not in
the tank itself but in the associated piping, the pip-
ing also must meet such standards. In addition, new
tanks and piping must be equipped with a leak de-
tection system, and they must be monitored for leaks
at least monthly.

Existing tanks must be improved by adding cor-
rosion protection and leak detection features that
satisfy the requirements for new tanks. The dead-
line for making these improvements depends on the
tank's age; tanks installed before 1965 must meet
these requirements sooner than tanks that were in-
stalled later. By December 1993, all tanks must be
equipped with leak detection systems, and by 1998,
all tsnks must have corrosion, spill and overflow
protection.

In addition to these requirements regarding the
quality of tanks and their leakage monitoring sys-
tems, USEPA regulations require any suspected or
confirmed leak or release and the action taken to
correct any damage to be reported to federal or ap-
propriate state authorities.

Closure, or cessation of the use of underground
storage tanks, on a temporary or permanent basis,
also is regulated by federal Iaw. If use of a tank is
to be terminated permanently, the owner ofthe tank
must inspect for and clean up arry damage caused
by leakage; empty and clean the tank of all remain-
ing liquid, vapors or sludge, and remove the tank or
fiIl it with a stable inactive substance such as sand.
If a tank is to be closed t€mporarily, the leak detec-
tion system must be in operation as long as the tank
contains materials:

Some undergtound storage tar*s are exempt from
these requirements. The most sigaifrcant exemp-
tions are for farm or residential tanks that hold fewer
than 1,100 gallons of motor fuel for noncommercial
purposes and tanks that store heating oil for use on
the premises. However, even tanks that are exemPt
from federal regulation may be subject to rigorous
state or local regulation.
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Liability Act of 1980r (also known as Superfund or
CERCI"A) which imposes liability for the costs of
cleaning up seriously contaminated proPerty on per-
song who ate or have been i-nvolved with the prop'
erty (often referred ln as potenlially responsiblz pafties
or PRPs). PRPs include owners who had no involve-
ment in, control over or even knowledge of the re-
lease of environmental contaminants or individuals
who acquired the properby alter it became contam-
inated but had no knowledge of the contamination
at the time of purchase.

The Superfund law is administ€red and enforced
by the U.S. Environmental Protection Agency
(USEPA); it empowers USEPA to order the owner
of property that has been severely contaminated by
hazardous wastes to clean up the sit€ or to conduct
the cleanup and secure reimbursement of the cost of
doing so from the PRPs. They may be held strictly
Iiable for such costs, which often are of a staggering
magnitude measured in millions or tens of millions
of dollare.

There are, however, two important exemptions
to Superfund liability, both of which are the subject
of coneiderable debate and activity. Superfund ex-
empts from liability persons who, without partici-
pating in the management of a facility, hold indicia
ofownership primarily to protect a security interest.
Although this provision was intended to benefit real
estate mortgage lenders, its scope has been nar-
rowed dramatically by judicial interPretation of its
language. Court decisions have held a lender to be
liable for Superfund cleanup expenses if the lender
temporarily becomes the owner of a contaminated
property through foreclosure. In addition, in U.S. v
Fleet Factors Corp.2 the court held that a lender
could be liable if it had the copacify to influence the
property owner's treatment of wast€s or contami-
nants on the property whether or not it exercised
that power. Although at least one Eubsequent court
decision reached a contradictory conclusion, lenders
understandably have become cautious about mak-
ing loans secured by real estate unless the environ-
mental condition of the properby has been determined.
L,enders also have become unwilling or reluctant to
foreclose on property which is or may be contami-
nated. They also hesitate to manage the affairs of a
delinquent borrower whose loan is secured by con-
taminated real estat€, for fear of neg'ating the se-
cured lender exemption to Superfund liability.

Several attempts to conect this problem are un-
derway. U.S. Rep. LaFalce (D-NY), Owens (D-Utah)
and Weldon (R-PA) and Sen. Garn (R-Utah) have
introduced legislative proposals that would (1) ex-
pressly prescribe the actions lenders may undertake
to prot€ct their collateral without voiding Super-
fund's secured lender exemption and (2) establish
li-rnite on lenders' liability for cleanup costs. In ad-
dition, USEPA has released for public comment a
rule that describes specifrcally the extent to which
a secured lender may participate in the allairs of a
borrower whose loan is seo:red by contaminated real

estate. This proposed rule also itemizes the circum-
stances under which a lender may foreclose on and
liquidate its interest in a contaminated property
without incurring liability for Superfund cleanup
expenses. The rule further exempts from liability
government entities that involuntarily succeed to
ownership or control of contaminated property. This
provision is particularly important to the Resolution
Trust Corporation (RTC), Federal Deposit Insurance
Corporation (FDIC) and other government agencies
that are or may become owners of a large irrventory
of properties previously secured by loans made by
failed f'rnancial institutions.

Superfund also exempts from liability innocent
purchasers, that is, individuals who acquired prop-
erty v'ithout knowing or having any reason to k-now
that the property was contaminated. To establish
that one did not have reason to know of the contam-
ination and thus qualify for this exemption, Super-
fund requires a purchaser to demonstrate that he
had undertaken at the time of acquisition, all ap-
propriate inquiry into the previous ownership and
uses of the property consistent with good commer-
cial or customary practice. Thus, one must conduct
an adequate inspection or examination of the prop-
erty-often referred to as due diligence-to be en-
titled to this exemption from liability. Unfortunately,
neither the Superfund statute nor its regulations
prescribe the nature or extent of the due diligence
investigation that would be required. Potential pur-
chasers consequently are uncertain of the degree of
inspection that will allow them to claim this ex-
emption for a property that subsequently is discov-
ered to be contaminated.

To f-rll this void, the American Society for Test-
ing and Materials (ASTM), a private standard-set-
ting organization, has initiated an effort to establish
an appropriate standard of investigation that will
allow property purchasers to qualify for the exemp-
tion. A variety of private and public sector concerns
are involved in this effort, including representatives
from lending institutions, real estate organizations,
corporate property owners, and government and en-
vironmental consultants. Although the standard
ASTM intends to adopt through this process will be
voluntary and therefore not bind courts or admin-
istrative agencies such as USEPA, compliance with
the standard nevertheless may be viewed as persua-
sive evidence that the statutory "all appropriate in-
quiry" requirement has been satisfied. It is
anticipated that this standard will be f-rnalized and
adopted in 1992. In addition, the legislation intro-
duced by Reps. Owens arld Weldon also includes pro-
visions desigrred to define statutorily the investigation
that is necessa4z to qualify for the innocent land-
owner exemption to Superfund liability.

Although of great concern to real estate owners,
buyers, sellers or lenders, Superfund has virtually
no direct application to real estate brokers, agents
or other real estate professionals because their ac-
tivities do not bring them within Superfund's deh-
nition of PRPs. Superfund liability applies only to a

r In Albany, New York, a new public works com-
plex was built on a completed landfrll using the
piling method noted above. The $7 million proj-
ect consists of a 15,000-square'foot offrce build-
ing and a{oining 49,000-squarefmt garage- The
complex was built on the south side of the land-
Iill where construction and demolition debris
had been deposited. Early borings showed that
the landfrll was 20 to 25 feet deep and bedrock
was encountered at 30 feet. The short distance
to bedrock and the inert nature of the hll made
this project feasible.

To prepare the site, contractors leveled and
compacted the rubble, using a crane to drop 20-
ton weights from a height of 60 feet. The weights,
dropped ten times in each location, formed a 20-
foot grid of approximately ten'foot craters
Bulldozers then packed down two feet of gravel
before an ironing compaction pass with wider
weights further compressed the upper [-rve feet.
The foundation was set with 12'inch diameter
concrete piles tlriven 30 feet down to bedrock.

Constructing the public works complex on the
laadfrll solved two major problems for the city
of Albany. First, the cost of the new complex
absorbed the $1 million required to close and
cap the landfrll. Second, the landfill site pro-
vided the necessary acreage and linkageE to the
surrounding area. For years, the department of
public works had maintained scattered olfice
space requiring public vehicles to park all over
the city. As part of its ongoing capital improve-
ments, Albany sought a new state-of'the-art
home for the public works department in an
ideal location for service to the city.

When In The Life Of A Landfill Is The Best
Time For Development?
The decomposition process within a laadfrll suggests
that there is no "best time" to develop a landf-rll site.
In general, landfill development should be post-
poned until the site has been completely capped ald
vegetation has grown. Good vegetative cover con-
trols erosion and minimizes leachate by allowing the
plants to utilize moisture on the landfrll's surface
ihrough evapotranspiration. Vegetation also rnakes
the completed Landfrll more visually mmpatible with
the surrounding area.

The time to develop such a site depends on the
ty'pe ofdevelopment and the type ofwaste contained
in the landfrll. Parks and projects that can with'
stand settlement can pay less attention to timing
than more complicated developments. Inert waste
(fly ash, foundry sand and demolition debris) may
begin soon after landfrll closure because these land-
frlls do not settle or generat€ methane. With mu-
nicipal waste, however, timing of development is a
more di{Iicult issue.

In a municipal waste landfill, waste must undergo
several stages of decomposition before methane is
generated, creating a lag phase of about six months
to two or three years. The duration of active gas

generation appears to range from f-rve years in warm,
moist climates to 20 years in dry climates.6 To be as
safe as possible, a project should not be started until
methane generation has ceased and the refuse is
stable. However, these conditions are diffrcult tojudge
and may take several decades to occur.

E s t i mati n g D e co mp o sition
Two methods may be used to estimate the 6tate of
decomposition in a landfill: gas pump tests and cel-
lulose to figrrin ratios. Together, these analyses de-
termine how quickly a landhll can be developed for
a particular end use.

The gas pump test measures changes in pres-
sure in gas that has been pumped from a landfill to
evaluate the potential ofthe refuse to produce meth-
ane or to determine how much more methane the
refuse is expected to generate. Data from the pump
test must be extrapolated into the future for inter-
pretation, and they are subject to wide variability.

Refuse stability is determined by calculating the
cellulose to lignin ratio of refuse samples collected
from many different locations and depths in a land-
fill. Celtulose and ligrrin are specifrc organic mate-
rials that ocgur simultaneously in nature and are
present in fresh refuse. Cellulose (in the form of pa-
per and paper-related products) is the major chem-
ically identifrable constituent of municipal refuse.
Recently, data on the chemical composition of refuse
have been published, and these data have been used
in a mass balance analysis to cslculate a methane
potential for each chemical constituent. The results
indicate that cellulose and its related hemicellulose
fraction account for 97?o of the methane potential.?
Cellulose, therefore, can be expected to degrade dur-
ing the decomposition process and convert to meth'
ane. Liglin does not degrade under the anaerobic
(without free oxygen) conditions required for meth-
ane production; therefore, the ratio of cellulose to
ligrrin changes with time as waste decomposition oc-

curs. Studies that analyzed refuse samples from
landlills across the United States revealed that the
cellulose to ligrrin ratio decreased with time as the
waste decomposed. The ratio was approximately 4.0
for fresh refuse, 0.9 to 1.2 for active and partially
stabilized Iandfill and 0.2 for relatively well-stabi-
lized larrdf-rll.8

A Iandfrll site can be developed in stages that
take into account the decomposition process and its
associated side effects. The following example shows
how this method may be used.

r SaIt Meadows Park in Fairf'reld, Connecticut, is
being constructed in stages on 300 acres that
contain a wastewater treatment facility, two
landfrlls, a public works garage and a refuse
trarsfer station. The fust stage of development
involves constructing walking and bicycling
paths (with gravel and stone dust) and picnic
areas on the undulating terrain of one of the
landfill sites. The next stage involves an out-
door amphitheater that will be terraced with
fairly steep, gently sloping and somewhat level
gr€rssy areas. Years into the future when the
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landfill becomes more stable, a stage, band-
shell, dressing rooms, storage rooms and rest-
rooms will be added to the amphitheater.e

What Architectural Issues Need To Be
Addressed?
Any type of development on a landfill requires an
architectural desigrr that specifically addresses the
characteristics and limitations of the site. Architec-
tural designs must consider such issues as methane
generation, settlement, water runoff and long-term
care of the site.

Methane
Gases normally diffuse upward. However, since the
landfiIl cover is relatively impermeable due to its
high clay content, good compaction arrd possible wet
or frozen conditions, gases travel laterally until they
reach arl escape location. To prevent methane from
moving into structures built on a landfill site, gas
barriers and gas channeling devices must be con-
structed. These gas protection measures may simply
involve building a structure on a plastic liner that
is positioned over a layer of gravel. Because gravel
is permeable, it captures methane that is traveling
toward the building. The plastic liner prevents
metha-ne in the gravel layer from seeping upward.
Gas protection measures also may be quite sophis-
ticated as is shown in the following example.

r The Albany Public Works Complex (mentioned
previously) has a unique design for protecting
aga.inst the release of methane gas. The 15,000-
square-foot ollice area has been mnstructed over
a four-foot crawl space plenum (a space in which
the air pressure is greater than that of the out-
side atmosphere) for venting any methane gas
that may escape from the landfill. Gas buildup
in the plenum can be detected by manually
checking gas detectors. More importantly, a
methane concentration that reaches 207o of the
gas' explosive limit sounds an alarm and trig-
gere automatic aeration of the plenum to re-
move the methane within five minutes. Not since
the building opened on June 8, 1990, or at any
time before, has it been necessary to clear the
plenum of gas.

A three-fold system protects the 49,000-square-
foot garage area of the complex. Under the ga-
rage's concrete floor is a layer of sand that cov-
ers a geotextile fabric (a non-woven PVC barrier
layer). Below the fabric is a pipe system that
colleck methane from a one-foot layer of smooth,
washed stones. Gas sensors in the layer of stones
detect the concentration of methare, and they
will sound an alarm if methane reaches 20?o of
its lower explosive limit. Positive pressure
blowers or negative pressure suction then will
evacuate the gas within 30 minutes. Beneath
the stones is a PVC gas barrier membrane that
can stretch 7007o before it tears. The PVC layer
prevents methane from moving upward. A ring
of gas vents at the building's periphery vents
any gas that moves laterally.ro

Settlement
Landhll settlement is another issue that must be
adilressed in the architectural desigr of a develop-
ment. Two foundation methods (piles and the use of
virgin soil) for building structures, without waiting
for settlement to cease, were described previously.
Ifdevelopment can be postponed until the refuse has
stabilized, floating foundations may be used. Also,
because connections of utilities are subject to shear-
ing from differential settlement, utility couplings
must be flexible-

Water Runoff
Water that runs off buildings and parking lots con-
structed on a landhll should be collected and routed
to the sewer system. If not collected and rerouted,
the water will slowly seep through the landfill's cap
and into the refuse to create excess leachate which
is costly to treat and dispose and increases the po-
tential for groundwater contamination.
l,ang-Tenn Care
Developments on landfills must be designed and
constructed so as not to interfere with the long-term
care operations of the site. Tlpically in the United
States a lantlfrll must be monitored and maintained
for a 20- to 3O-year period after closure. Long-term
care involves monitoring groundwater, collecting ald
treating leachate, monitoring and controlling gas
migration as long as necessary and maintaining the
slope of and vegetation on the final cover. Devel-
opment projects must be designed to allow access to
particular areas of the landfill, such as leachate
st rage tanks, wat€r monitoring wells a.rrd gas vents,
so the long-term cere ofthe landfrll can be performed.

What Liability Comes With Owning Landfill
Property?
Landfrlls are designed to accept certain types of ref-
use. A landf-rll may accept relatively inert material,
such as fly ash or foundry sand, or it may accept
only hazardous (or potentially hazardous) materials.
Most landfrlls fall between these two extremes ald
receive norma.l community refuse. Today's modern
landfrlls are engineered specilically for the t1'pres of
waste they receive, and they are designed to mini-
mize potential hazards to the surrounding environ-
ment. However, no matter how well-desigrred and
operated, a landfrll still may cause surface and sub-
surface contamination. Waste contained in a prop-
erly maintained landf-rll is not inherently hazardous
but may become so under certain circumstances (e.g.,
excessive settling may cause leachate collection pipes
to crack or break, allowing leachate to contaminate
the area). If contamination occurs, some party will
be held responsible for repair and cleanup costs. Two
federal laws are most relevant to the potential lia-
bility involved with the investment in, operation on
or development of a landhll site.
Resource Conser "-ation And Recouery Act
The Resource Conservation and Recovery Act
(RCRA), administered by the U.S. Enyironmental
Protection Agency (USEPA), regulates the genera-
tion, transportation, storage and disposal of hazard-
ous wastes. The purpose ofthis legislation is to prot€ct
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llf ollowing two centuries of industrial, commer-
]' cial. reiidential and even recreationa.l misuse
I of America's natural environment and re-
sources, the last several decades have seen signifr-
cant public concern for protecting the environment
fmm continuing degradation. Federal, state and even
local governments have recognized and responded
to this concern with a variety of legislative and reg-
ulatory programs intended to preserve envilonmen-
tal quality. While much ofthie effort seeks to ensure
clean air and water, a signifrcant amount of envi-
ronmental regulation seeks to clean up or prevent
further contamination of land. Owners, lessors, les-
sees, buyers, sellers, lenders and brokers of real es-
tate as well as others involved in real estate
transactions mr:st cope not only with the hmlth risks
and hazards of environmentally allected real estate,
but also with the laws that govern environmentally
contaminated and protected property.

A variety of environmental hazards may affect
real estate. Commercial and industrial facilities most
often are environmentally contaminated by sub-
stances that have been inadvertently or canelessly
discharged onto property. These facilities, for ex-
ample, may contain asbestos in the form of insula-
tion or flrreproohng materials, or they may overlie
abandoned or operational underground storage tanks
that are sources of soil or groundwater contamina-
tion. Residential properties may be environmentally
contaminated by insulation, carpeting or building
materials that emit radon, lead, asbestos particles
or formaldehyde gas or by materials employed by a
previous commercial user. R.esidential properties also
may be environmentally threatened by under-
ground storage tanks arld by electromagnetic fields
emalating from electric transmission and distribu-
tion Iines and other power sources. Residential or
commerciaUindustrial properties may be limited in
their development by environmental interests in
preserving coastal areas, endangered species' habi-
tats or wetlands.

As one might expect, legislative measures
adopted to address environmental problems, and the
ways in which these laws may a1lect real estate, are
numerous and complex. The purpose of this article
therefore is to identify the most prominent environ-
mental problems addressed by legislative and/or
regu.latory schemes.

Superfund
Perhaps the most infamous environmental issue af-
fecting real estate originated with the Comprehen-
sive Environmental Response, Compensation and
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The data sets were subjected to a series of sta-
tistical tests to provide a basis for reaching judg-
ments about: (1) whether proximity to a known SSA
had a negative effect on residential property values
in any of the three towns; (2) how far away from the
SSA any nega.tive price effect was felt; and (3) how
persistently aly such negative effect was felt over
time. Three ststistical procedures were employed:

r Simple comparisons of averages resulted in
graphs depicting the movement of average
ADISPSF in different distarce zones.

r Percentage changes were calculated by com-
paring averages of ADJSPSF before and after
January l, 1984. Tlends in sales volume were
similarly tested and compared. In addition,
changes in the percentage mix of sales by zone
for each year within each town were compared.

r Multiple regression analysis received major
emphasis. ADJSPSF was the focal dependent
variable.

Within MRA, the standard Hedonic Pricing
Model was applied using two time measures: (1) deed
date, a continuous variable; and (2) before-after Jan-
uary 1, 1984, a binary variable. The coefficients for
all reported distance zones represented incremental
differences from the price of the most distant zone
(G) which served as a control.

Finally, the Hedonic Pricing Model was modi-
[-red to incorporate time-distance interactions ofboth
deed date and before-a.fter time in combination with
distance zone.

Conclusions
The results of the statistical tests and their f-rndings
led to the following conclusions.

Only in Town B was there any systematic, sig-
nificant negative effect on ADJSPSF ond on sales
volume for properties close to the SSA. In Towns A
and C, where remefiation and cleanup were com-
pleted promptly, no syst€matic or sigrrif-rcant nega-
tive effect was evident except in sales volume in
1989. The period ofthis decline in sales was too brief
to provide a basis for generalization.

After Ja-nuar5r 1, 1984, patterns of negative ef-
fects on ADJSPSF were spotty, un-systematic and
generally insigrrificant. The only consistent nega-
tive impacts appeared in Town B, in Zones S, A, B
and D. Even there, negative interactive time-dis-
taace variables were not signilicaat. Most consistent
was a lower rate of increase in average ADJSPSF
in Zone S generally and in Zones A and B in Town
B.

Sales volumee in the distance zones closest to
the SSAs did not decline perceptibly in the years
immediately following the December, 1983,
announcement. Aly decreases that did occur were
quite temporary. In 1988 and 1989, however, when

the general level of residential sales volume de-
creased throughout the market area, the declines
were much sharper in Zones S, A and B. No direct
association with proximity to the SSAs was dem-
onstrated, however.

No measurable negative impact beyond the SSA
was evident in Towns A and B. Even there, the post-
announcement effects lyere not signif-rcant. In Town
B, on the other hand, negative price (and sales vol-
ume) effects were found with properties located at
least 500 feet from the outer boundary of the SSA
through Zone B. It is arguable that the negative
impact extended through Zone D (1,500 feet away
from the SSA) in Town B, even though the measur-
able effects in intervening Zone C was posiriue.

Standard MRA using the Hedonic Pricing Model
supported and clarilied these conclusions based on
comparisons of averages and comparisons of trends.
Nega.tive statistically significant coefficients asso-
ciated with location were found in Town B only. There
the coefficients for Zones S, A and B were both neg-
ative and statistically sigrrificant. There was no such
impact in Town A or Town C.

The foregoing conclusions also were reinforced
when interactive time-distance variables were in-
corporated into the Hedonic Pricing Model. The neg-
ative impacts noted in Zones S, A and B in Town B
were generally not signifrcant; nevertheless, there
was a continuing negative impact associated with
property locations in Zones S, A and B after January
1, 1984, in Town B only, through at least June, 1989.

Any continuing, significant negative price im-
pacts associated with proximity to an SSA were lim-
ited to Town B. The SSA within Town B was the
site within which barrels of radioactive soil were
prominently stored in the open for more than two
years with attendant continuing publicity. Several
contaminated properties in this town were fenced
off, and danger signs warning of radiation hazards
were prorninently displayed.

The Superfund sites in Towns A and C, on the
other hand, were cleaned up expeditiously, and they
had none of the adverse publicity that persisted in
Town B. As a result, their potential negative im-
pacts were effectively eliminated. Accordingly, no
sigrificant negative effects on A-DJSPSF or sales
volume emerged. Indeed, with the exception ofprop-
erties within the Superfund site itself in 1988 and
1989, no negative price effect was identihed in Towns
A arrd C.

Therefore, the market response to proximity to
a known SSA was a direct function of the speed and
appar€nt effectiveness of any remediation or cleanup
effort. These results were generally consistent with
findings from other, similarly desigrred and exe-
cuted statistical studies in other states.

human beings from the dangers of illega-l dumping
of hazardous waste. The act applies primarily to
busi.nesses that deal with hazardous materials on a
daily basis. Under this law, only landfills approved
by the USEPA may be used for hazardous waste
disposal.

Superfund
The Comprehensive Environmental Response, Com-
pensation and Liability Act (CERCI"A), also known
as Superfund, was enact€d in 1980 (and revised in
the Superfr:nd Amendments and Reauthorization Act
ISARAI of 1986) to provide funds that state govern-
ments and the USEPA can use, in emergency situ-
ations, to contain and cleanup hazardous wast€
contamination. The act authorizes the USEPA to
impose cleanup (or remedial action) responsibility
on property owners and,/or operators. If the cleanup
order is ignored, the USEPA can perform the cleanup
itself and bill responsible parties for the cost. If
cleanup is necessary and the responsible parties
cannot be found or forced to do the cleanup at their
own expense, the site is placed on the USEPA's Na-
tional Priority List. Sites on this list are cleaned up
in order as determined by the potential harm and
human health risk they impose.

Three forms of liability for site remediation ex-
ist. Strict liability always exists and is imposed on
any entity (e.g., person, partnership or corporation)
related to the property as an owner, operator, trans-
porter of or generator of hazardous material. The
liability is imposed regardless of whether the entity
knew of the problem or waa even at fault. If more
than one party is responsible, joint liability is im-
posed. The USEPA can require cleanup costs to be
covered by any of the involved parties, including
lenders. Ifa lender has participated in the operation
of (or continues to operate aller foreclosure) a prop-
erby that is named by the USEPA, the lender will
be a likely target for reimbursement of cleanup costs.
This fact has caused marry lenders to rethink com-
mercial and industrial loan underwriting policies.
Finally, liability is retroactive in that all previous
owners and operators of a property may be held li-
able, even if the problem occurred before the enact-
ment of CERCI-A.

Exceptions to Superfund's strict liability are
limited. The three exceptions (also known as the
"Third Party Defense") are summarized as follows:

1. If the contamination was csused solely by an
act of God or war.

2. If contamination "was caused solely by an act
or omission of a third party other tharr an em-
ployee or agent of the new owner or other than
one whose act or omission occurs in connection
with a contractual relationship, existing di-
rectly or indirectly with the new owner."

3. If the nev/ owner "establishes by a preponder-
ance of the evidence that he exercised due care
with respect to the hazardous substance con-
cerned, taking into consideration the charac-
teristics of such hazardous substance in light
of all relevant facts and circumstances, and he

took precautions against foreseeable acts or
omissions of any such third party and the con-
sequences that could foreseeably result from
such acts or omissions."l r

Given the limited legBl defenses against liability,
anyone contemplating the purchase or use of a land-
fill site must do everything possible to protect him-
self before committing to anlthing.
Suggestions For Risk Reduction
Risk has been defrned as the difference between ex-
pectations and realizations.l2 Expectations are based
on assumptions. The obvious method for reducing
the risk of liability is to do everything within legal,
frnancial and time limitations to "assume" as little
as possible. In the case of landhll development, the
site itself holds a set of specialized assumptions that
must be confronted. Therefore, the frrst step is to
learn as much as possible about the assumptions
associated with a landhll site. The following is a list
of suggested actions.

I. Research the site history.
A. Who were the previous owners?
B. What were the previous uses? Check to

see if any previous use involved the gen-
eration, storage (including underground
tanks) or disposal of hazardous material
listed by the USEPA. If so, were all op-
erations performed according to govern-
ment regulations? Are there any records
of contamination? If so, how was the sit-
uation remediated?

II. Find out if the property or surrounding prop-
erty is (or may be) designated by USEPA or
the state as a cleanup site.

III. Review landlill desigrr and construction.
A. Desigrr.

1. Who designed the landfrll? What is their
track record?

2. Was the landfill desigrred according to
regulations? Were any exceptions made
for special conditions?

3. What type of waste was the landl'rll de-
signed to handle?

B. Construction.
1. Who constructed the landfill? What is

their track record?
2. Did the construction ofthe larrdl-rll fol-

Iow the desigrr? Were any design re-
visions necessary?

IV. Review the owner and management history
of the site.
A. Has the owner or manager been cited for

aly violations regarding the operation or
safety of the landhll? For example:
1. Groundwater contamination?
2. Improper daily cover?
3. Complaints about odors?
4. Violations for accepting wastes other

than those types approved for the site
(e.g., a municipal landfill taking haz-
ardous waste)?

B. Are management practices well
documented?
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C. What is the owner's and the manager's
track record? Have they owned or man-
aged other landfrlls? If so, how have they
performed in the past?

V. Determine long-term care responsibility: Who
is currently maintaining the site? Will they
continue to do so?

VI. Assess the frt of the project to:
A. Physical attributes: Is the site suitable for

the development, considering such factors
as size, shape, slope, topography, soil con-
ditions and drainage characteristics?

B. l,eeaupolitical attributes: Is the property
zoned for the intended use? If not, what is
the potential for changing the zoning
classification? Is there likely to be oppo-
sition to the proposed development?

C. Linkage attributes; Does the site have the
necessary access and utilities?

D. Environmental attributes: How will the
proposed project affect the landfrll and the
surrounding environment? For example,
will excees weight disturb the cap? Will
runolf from a parking lot overload the
surrounding drainage systems?

E. Dynamic attributes (people's perception):
How will the community respond to the
proposed development? How will the in-
tended market react to a landf-rll site?

VII. Hire a qualified environmentsl engineer to
address the following issues:
A. Does contamination exist on (or near) the

pmperty in the soil, water or air?
B. If not, what is the potential for contami-

nation from the landfrll site and neigh-
boring properties?

C. If so, what would be the cost of repair ac-
cording to federal, state and local
specifrcations?

As a frnal precaution, indemnification clauses,
dralted by a lawyer familiar with environmental lit-
igation, should be included in development con-
tracts. Although indemnification clauses do not
release owners and operators of the property from
the strict liability mentioned above, these clauses
cs.n be enforced to recover the cost of cleanup.

What Does The Future Hold For Landfills
And Their Subsequent Development?
The function of a landfrll will change in the near
future due to the practice of integrated waste man-
agement, which involves the coordinated use of waste
reduction, recycling, treatment and disposal sys-
tems to minimize envhonmental impact and maxi-
mize resource utilization at a reasonable cost.ls One
result of int€grat€d wast€ management is that a
la-ndhll will no longer be considered a final resting
place for alJ material but a waste decomposition
system.

Landfills will always be a necessarlr component
of the integrated waste management system, be-
cause there always will be a residue that cannot be
recycled, burned or composted. Estimates indicate

that if waste were reduced by all possible methods,
50?o of lhe landhll volume still would be needed.l!

Up to this point, landfrlls have progressed from
the old town dump to today's modern, sanitary land-
fills beause of reactions to environmental problems.
It is anticipated that future land{-rll desigr will be
proactive in nature. Research on refuse decomposi-
tion has revealed two principal methods for enhanc-
ing decomposition.

I*arhate Recycling
Leachate recycling collects leachate from the base
of a landfrll and pumps it to the landfill's surface
where it ie injected into the cap. This method main-
tains a high moisture content throughout the land-
frll, increasing the rate of waste decomposition. It is
expected that Ieachate recycling will greatly reduce
the time necessary for complete decomposition of
landhll waste. As a result, development of a landfill
site may be possible in 10 to 15 years instead of 20
or 30 years.

Waste Segregation
Some tJrp€s of waste are more conducive to degra-
dation in a landfil than others. For this reason, fu-
ture landfrlls may specialize in sprecific tpes of waste.
One kind of landhll may contain inert matter, while
another may be Iike a reactor in which "refuse is
kept moist, allowed to decompose, and eventually is
dug up and used as compost."r6

While these enhancement methods have been
used in laboratories, they have not yet been applied
to full-scsle landf-rlls for long.term monitoring and
direct evaluation of results. Strict government reg-
ulations and liability issues in the United States are
impediments to testing and practicing these inno-
vative concepts in la-ndfill disposal. For this reason,
Europe is far ahead of the United States in applying
modern landfrlling techniques and ideas. The lack
of research and development funding from federal
and state governments and private industry also has
curtailed the trial of new ideas regarding decom-
position enhancement. Curent research and devel-
opment efforts have improved past design problems,
and more rigorous design standards have been de-
veloped. Sti[, future landfill desigrrs (most likely
from Europe) will treat landf-rlls as reactors for
quickly degrading refuse, promoting gas use, reduc-
ing environmental impacts and allowing for faster
development of a completed landfill site.

Conclusion
As wellJoceted, developable urban parcels become
scarce, landlill sites grow more desirable. Problems
associated with the development of landf l sites, such
as market perception, lender uncertainty, govern-
ment regulation and oversight and exposure to lia-
bility, are not iasurmountable.

This article proposes that modern landfills are
temporary land uses and that, following an appro-
priate period ofutilization, redevelopment ofa land-
fiII site is not only possible but desirable. Technolog,
is having a signihcant impact on the duration of the

TABLE 8

Comparison of MRA Coeftrcients and t values Time-Distance Interactions: Before-After January 1, 19841

Variable
Three-Town

Total
Town

A
Town

B
Town

C

SFLIVAREA

AGE

BEFAtr"I

GARSTAI,S

LOTSIZE

Zone S

Zone A

Zone B

Zone C

Zone D

Zone E

Zone F

S'BEFAT"I

A*BEFATT

BIBEFAtr"T

CTBEFAtr"I

D*BEFAT"T

E*BEFAFT

FIBEFA.F'T

R-Squared
F Ratio
Standard Error
of Estimate
Durbin-Watson
Number of Sa]es

- 0.01
(13.78)t*
- 0.10

( - 2.36)r
30.00
(9.12).t
5.88

(4.14).r
.0008

(15.19)r*
- 4.94

( - r.19)
- 1.99

( - 0.36)
-7.29

( - r.34)
- 2.02

(- 0.42)
- 8.75

( - 1.76)
- 7.37

( - 0.34)
- 3.43

( - 0.85)
7 .72

(7.47)
2.25

(0.36)
9.33
0.47)
10.35
( 1.81)
11.62
(2.02)l
L.32

(0.28)
5.81

(1.18)
0.47

43.37
24.60

1.70
1,403

- 0.01
( - 7.01)**
- 0.23

( - 3.54)'*
25.94
(6.79)'*
6.90

(2.93)r*
.0008

(7.22\'*
- 19.78
(- 2.'t)r
- 11.80
( - 1.13)

- 17.58
( - 1.41)
- 9.63

( - 1.35)

- 9.84
(- 1.29)

- 6.00
(- 1.13)

- 7.87
(- t.42)
- 1.08

(- 0.1u
- 0.39

( - 0.03)
- 1.51

( - 0.11)
10.51
( 1.13)

-2.62
( - 0.28)

0.09
(0.01)
3.45

(0.50)
0.51

15.22
24.L0

- 0.03
(- 11.41)**

- 0.09
( - 1.18)

26.69
(3.63)'.
8.23

(3.43)t*
.0011

(14.58)**

- 4.30
( - 0.44)

0.30
(0.03)

- 4.01
( - 0.45)
- 0.15

( - 0.02)
- 5.41

( - 0.57)
-7.35

( - 0.81)
- 6.65

( - 0.68)
4.59

(0.43)
0.22

(0.02)
L2.02
(L.27)
8.43

(0.84)
16.78
(1.63)
6.04

(0.62)
10.70
(0.95)
0.58

2t.47
24.51

1.96
485

1.66
445

1.95
473

1. ADJSPSF is dzpendent uori4ble. 2. Nutubers in parenthes$ are t ualues

' = Significant at the .05 leuel

" = Stgaificanl at the .01 leuel

enhance or exacerbate any negative effects that a
location close to the SSA in Town B already had on
ADJSPSF,

Summary
A total data set of 1 ,423 usable sales of single-family
residential properties in three towns in northern New
Jersey was studied over the period July 1, 1980,

through June 30, 1989. Detailed property and sales
transaction information was gathered from public
records, published sources and lield inspections. The
Iocation of each sales property was identihed by dis-
tance zone from the boundaries of a Superfund site
(SSA) in each town. Sales within the SSAs them-
selves, both before and after January 1, 1984, also
were included.
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- 0.01
( - 5.30)*.
- 0.10

(- r.24)
30.36
(5.06)*r
0.94

(0.38)
.0009

(4.40)**
-7.74(- r.22)
-2.94

( - 0.37)
- 3.11

( - 0.30)
- 1.87

( - 0.21)
- 5.98

( - 0.67)
- 0.02

( - 0.00)
- 3.29

(- 1.22)
13.58
(r.89)

7 .69
(0.86)
8.96

(0.75)
11.21
(1.06)
8.74

(0.84)
3.05

(0.37)
8.38

(1.03)
0.49

15.34
22.L8



TABLE 7

Comparison of MRA Coeflicients and t Values Time-Distance Interaqtionsl

temporary nature of a modern landhll. As the tem-
porary use period is reduced (from 25 or 30 years to
less than l0 years), the adaptive reuse considera-
tions of a Iandfrll site fall within the normative time
horizone of most large-scale development plans.

With insight, cane and craltsman-like diligence,
a modern landfill site csn be transformed from al
underutilized mound of dirt and refuse to an eco-
nomically effrcient real estate asset that is beneli-
cial to the consumer, the community and the
developer.
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Yariable
Three-Town

Total
Town

A
Town

B
Town

C

- 0.01
(14.67)+r

- 0.16
(- 4.47)*'

8.30
(15.04)rr

.0007
(l6.01)**

6.64
(5.56)'*

- 60.55
( - 0.88)
- 29.59
( - 0.34)

18.66
(0.22)

- 0.05
( - .0007)

- 100.61
(- L.27)
-76.04
( - 1.14)

- 79.97
(- r.r1)

0.71
(0.88)
0.35

(0.35)

- 0.23
( - 0.23)

0.03
(0.04)
1.16

0.25)
0.90

(1.15)
0.95
(r.r2)
0.62

80.91
20.75

- 0.01
( - 6.85)**
- 0.16

(-2.49)r
8.14

(9.21)*r
.0008

(4.66)**
2.60

(r.37)
- 95.68
( - 1.06)

- 87.86
( - 0.76)

- 111.46
( - 0.78)

15.78
(0.r2)

- 215.06
( - r.53)

- 162.86
( - 1.57)

- 234.42
( - 2.11)*

1.13
(1.07)
1.09

(0.81)
1.36

(0.81)

- 0.12
( - 0.08)

2.55
(r.55)
1.96

( 1.61)
2.77
(2.r3).
0.69

35.80
t7 .29

- 0.01
( - 6.56)r'*
-0.25

(-4.40)*r
7 .14

(9.51)* *
.0007

(7.68)* *

5.66
(2.7 4)**

- rr3.72
( - 0.66)

49.55
(0.26)

- 160.13
( - 0.64)

- 132.78
( - 0.90)
151.70

(1.08)

- 111.82
( - 1.08)

- 36.98
( - 0.35)

1.13
(0.55)

- 0.60
( - 0.32)

1.68
(0.58)
1.54

(0.88)

- 1.91
(- 1.16)

7.27
(r.04)
0.38

(0.31)
0.62

24.25
2L.14

- 0.03
( - 12.49)*',r

- 0.16
( - 2.56)*

7.97
( 7.39)'l *

.0011
( 15.55)* *

9.99
(5.07)+l

- 51.23
( - 0.37)
- 51.03
( - 0.34)

50.16
(0.42)
32.48
(0.26)

- 163.19
( - 1.30)

- 7 4.62
( - 0.61)

- 5.23
( - 0.04)

0.58
(0.36)
0.59

(0.33)

- 0.56
( - 0.39)
- 0.36

( - 0.25)
1.94

(1.33)
0.84

(0.59)
0.09

(0.05)
0.71

39.18
20.19

1.54
1,403

r.79
485

1.58
445

1.83
473

These interactive variable findings showed a clear
and reasonably consistent pattern. Any negative ef-
fects that could be identified and measured in as-
sociation with proximity to one of the SSAs ofer
January 1, 1984, were conl-rned to Town B. Even the
negative effects in Town B were not statistically

sigrrihcaat, however; they could easily have oc-
curred by chance. In Towns A and C, no measurable
or discernible negative effect from proximity to the
SSA was indicated, especially after Januar5r 1, 1984.
Moreover, the interactive model results indicated that
the passage of time after the announcement did not

3{ REAL ESTATE ISSUES FALI,4,VINTM I99I l9

SFLIVAREA

AGE

DDATE

LOTSIZE

GARSTALS

Zone S

Zone A

Zone B

Zone C

7.one D

Zorre E

Zone F

STDDATE

ATDDATE

B'DDATE

C*DDATE

DIDDATE
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