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Aretrofit of the San Francnsco ‘Oakiand Bay Br;dge involves
s more than 30 diffeérent concrete mixes, edch of wiich
confers specific advantages For instance; accordmg o the:

; EPA, concréta containing more than 50% fly ash reszsts
th crackmg and corrosion assoc;ated wmh seawater.

The Springdale Pit, a former surface mine in Tamagua, Pennsylvania,
is used to store coal combustion waste produced by power plants

in Pennsylvania, New Jersey, and New York., When states rule

that minefilling is a "beneficial use” of CCW, it is exempt from
environmental safeguards that would be apphed to disposal sites.
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ation, in part for their use of environmental Y
terlals many of which contain CCW. """

ompany, holds -
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« his. company s Greenest Brick. Unlike conventional day. L
bricks: these fly ash bricks harden without baking. Testing B

so far indicates the bricks do net pose a human health

threat thiatigh leaching or dermal contact.
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The American Coal Ash Association
{ACAA) reported in its latest Coal Com-
bustion Product Production ¢ Use Survey
Results that 43% of all CCW produced
in the United States in 2007 was devoted
to what are termed “beneficial uses.” The
state-defined “beneficial use” designa-
tion means a waste product is used in the
manufacture of or as a replacement for
another product. Waste products granced
a state “beneficial use” determination arc
exempt from solid waste regulations gov-
erning their disposal.

An estimated 23% of the total CCW
produced in the United States each
year—more than 30 million tons—is
used in construction products, primarily

“yortland cement is made primar--
ily from lirmestone and clay,

" which are heated in cement kilns , .
_at temperatures of _about 2 700°F
‘Through a chemical _rocess .

. known as calc;natlon, the raw -
ingredients take on the prop__er-'
ties that make cement cemént,
including the ability to solidify-
and strengthen when mixed with:
water. The calcined raw materials -
form pebbles of "clinker” that are
ground into portland cement. Fly
. ash does not depend on heating
for its cementitous properties, so.

When it is used to partially replace :
- portland cement in a concrete -

" mix, producers save energy. :

v According to the Portland: I

" Cement Association;-about 60%" of .

- the CO, produced during cement” -
pruduct:on is a by-product of -

- calcination. The rest is a product B
- “of the fuels used to heat the .

- kiln-——often coal. Because: -
b . -calcination is a necessary s’teb fs
cement formation, other parts of

* the process must be modified if
- cemﬂnt prcducnon is'to reduce -
xts energy use and o, output

F
i
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concrete and wallboard, but also clin-
leer (raw material for making portland
cement), reofing granules, saggregate for
paving materials, and asphalc filler. In
2007, according to the ACAA, 14.5 mil-
lion tons of CCW was used in concrete,
another 5.0 million tons was used as
clinker, and 8.3 million tons was used
in gypsum wallboard, which is the stan-
dard interior wall material used in the
United States. (In EHP’s exploration of
the use of CCW in building preduects,
the preponderance of studies and sta-
tistics focused on the situation in the
United States.)

QOther “beneficial uses” inciude
applications that cricics say are closer to
unregulated dumping than to recycling,
For example, about 6.7 million tons of
CCW is used to fill abandoned mines,
often as a measure to neutralize the
acidic fiquid that can drain from these
sites into nearby waters. Another 10,6
million.tons is used for structural fills
and embankments. Under the “beneficial
use” designation, these applications are
exempt from safeguards that, depending
on state law, may be required of disposed
waste, such as the use of liners to prevent
leaching of potendally toxic wetals into
ground and surface waters. This raises
the potential for serious environmental
consequences.

In Environmental Concerns and
Impacts of Power Plant Waste Placement
in Mines, a 2004 report on minefilling
written for the U.S. Office of Surface
Mining Reclamation and Enforcement,
hydrogeologist Charles Norris reported
that “ground waters and surface waters
are being degraded by [minefilling]. Data
from designated ash monitoring points
show rises in the concentrations of total
dissolved solids, sulfate, manganese, iron,
boron, and a variety of trace heavy metals
in these waters that significantly exceed
baseline concentrations. . . . The data
raise fundamental questions about the
adequacy of safeguards in permits autho-
rizing ash placement in coal mines and
the assertions thar alkaline coal ashes are
inherently reliable and safe materials for
preventing acid drainage or remediating
abandoned mined lands.”

Given the potential for heavy metal
contamination, questions have arisen
about the advisability of adding COW
to construction products that will be
used in roads, bridges, even homes.
Do these types of “beneficial uses”
also potentially expose people to toxic
materials?

CCW in Construction Materials
Many of the construction-related uses
of CCW involve materials traditionally
made using enetgy-intensive processes
that release large amounts of preenhouse
gases. For instance, the cement indus-
try creates about 5% of global carbon
dioxide (CO)) emissions; in the United
States, producing a metric ton of pore-
land cement releases, on average, an esti-
mated 0.95 metric ton of CO, equiva-
lent [for more information on cement
manufacturing, sce sidebar at left], Craig
Benson, Wisconsin Distinguished Pro-
fessor of civil and environmental engi-
neering and gcoi{}gical engineering at
the University of Wisconsin—Madison
and codirector of the University of New
Hampshire—based Recycled Materials
Resource Ceater, calculates that sach
year in the United States recycling CCW
saves about 160 trillion BT'Us of energy
{about the amount of energy used by 1.7
million households), 11 million tons of
CQO, equivalent {comparable to the aver-
age annual emissions of more than 1.8
million passenger vehicles), and 32 bil-
lion gallons of watet.

About 71.1 million tons, or 55%,
of the CCW produced each year is fly
ash, a fine material thac is captured after
combustion in filters or clectrostatic pre-
cipitators. Fly ash is composed of micro-
scopic spheres containing largely silica,
iron, aluminum, and calcium; the biggest
current construction-related use of fly
ash is to replace portland cement, which

" binds the sand and gravel in concrete, Fly

ash has different characteristics depend-
ing on the chemical content of the ceal
from which it derives. Broadly speaking,
lignite and subbituminous coals produce
Class C fly ash, which has self-cement-
ing properties, whereas anthracite and
biruminous coals produce Class F fly
ash, which typically must be mixed with
water and a cementing agent in order to
harder.

Natienally, 8-12% of the bindcr in
concrete is {ly ash, says John Sager, who
coordinates the Coal Combustion Pred-
ucts Partnership, an initiative of the U.S.
Environmental Protection Agency (EPA)
that promotes recycling of CCW, David
(Gioss, the former executive director of the
ACAA, says concrete floors fortified with
fly ash are “highly polished, attractive,
have high wearability, and eliminate the
need for tile” Fly ash can reduce alkali
silica reactivity, a chemical reaction that
can cause extensive cracking of conerete
made with certain types of aggregate,
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adds Steven Kosmatka, vice president of
research and technology services at the
Portland Cement Association (PCA).

“Often the reaction is ‘T don’t want
parbage—waste—hidden in my con-
crete,” says Kosmatka, “But when people
hear that Fly ash contributes to strengch
development, can help improve durabil-
ity, help with economics, reduce heat
generation during setting, reduce perme-
ability to keep chlorides away from steel
reinforcement, and prevent corrosion,
suddenly people don't think of it as waste
anymore—they think of it as a substance
with a positive impact on the ultimate
product.”

Fiy ash can also stabilize soil heneath
a highway. Benson says fly ash mixed
into the upper 360 cm of soil “sets up like
lean concrete and creates a really good
working platform” that can replace the
1-m layer of crushed rock that is typically
used beneath major highways, “We avoid
the other 700 cm of fill and eliminate all
the energy and emissions associated with
excavating and crushing this rock,” says
Benson,

Fly ash constitutes 50-85% of a
wood replacement called LifeTime Lum-
ber, produced by LiféTime Composites
of Carlsbad, California. The material,
used for decking and fencing, is inedible
to termites and does not support mold
growth, unlike wood replacentents ‘made
with sawdust, says company president
Jim Mahler.

Fiy ash also can be combined with
water and pressed into bricks that harden
without the use of clay, heat, or portland
cement, says Henry Liu, president of the
Freight Pipeline Company in Columbia,
Missouri, who invented a process for pro-
ducing such bricks. Freight Pipeline has
licensed its Greenest Brick technology to
companies in 11 countries. U.S. licensee
CalStar Products of Newark, California,
plans to starc producing bricks at the
end of 2009 near a Wisconsin coal-fired
power plant run by We Energies. CalStar
will be capable of making 40 million
bricks a year, says chief operating officer
Tom Pounds.

“People are coming to realize that
when you build or renovate a building
you are laying down a huge carbon foort-
print from the energy required to make
the materials,” says Pounds, Largely due
to the 1,100°C heating needed to convert
clay inte brick, he says, “The embod-
ied enetgy in a single clay brick is about
6,000 BTUs, and we expect the fly ash
bricks to be well under 1,000 BTUs.”
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Another major application of CCW
is the udilization of flue gas desulfuriza-
tion {FGD} waste in wallboard. Power
plants often remove sulfur oxides from
their emissions by using “scrubbers” that
spray powdered limestone into the coal
smoke. A chemical reaction creates cal-
cium sulfite, which can be oxidized into
calcium sulfate—a synthetic counterpart
to the gypsum rock used in wallboard.
Approximately 33% of the gypsum chat
was used to make U.S, wallboard in 2008
was FGD gypsum, says Michael Gardner,
executive director of the Gypsum Asso-
ciation, a trade group, wheo adds, “Only
cutbacls in construction due to the reces-
sion have prevented the use of even more

FGD gypsum.”

Playing It Safe: Construction
Materials and Leaching

The heat of coal combustion eliminates
compounds such as dioxins and poly-
cyclic aromatic hydrocarbons that could
form during combustion, according to
“PAHs and Dioxing Not Present in Fly
Ash ac Levels of Concern,” a presenta-
tior: by Lisa Bradley and colleagues at the
2009 World of Coal Ash meeting, a bien-
nial conference organized by the ACAA
and the University of Kentucky Center
for Applied Energy Research. Bur CCW
can contain concentrated amounts of
many other toxics that occur naturally in
coal, including arsenic, mercury, boron,
cadmium, and chromium. Skeptics of
CCW say these toxics may leach from
many “beneficial uses,” such as minefills
or embankments, Can they leach from
construction materials as well?

For safety purposes, LifeTime Com-
posites tests fly ash before using it in its
LiféTime Lumber product. “We do not
want to run the risk of having a product
that exceeds limits {for heavy metals} in
our system,” says Mahler. “Our process
encapsulates the ash [in polyurethane]
to the point where no heavy metals are
released in any way to humans, pets, or
plants.”

At the 2007 World of Coal Ash
meeting Liu reported on a test simula-
tion of heavy rain at a construction site
where Greenest Bricks were stored. “We
compared the water sample to the EPA
standard for drinking warter, and every
item—Ilead, selenium, and so on—was
10, 100, or 1,000 times less than the
standard,” he says.

Meanwhile, Pounds says CalStar has
submitted its products to all relevant ULS,
and California EPA tests for leaching and

surface wipe tests. These tests were man-
aged and reviewed by Massachusetts-
based censultancy Gradient Corp., which
concluded, “[Tlhe presence of [CCW]
metals in newly manufactured CalStar
bricks is not expected to result in any
exposures of health concern via dermal
contact with brick surfaces or via leach-
ing.” Gradicnt's teport, including the test
data, is available on CaiStar’s website at
hrepd/fwww.calstarproducts.com/.

Like the natural rock, FGD gypsum
contains heavy metals. In tables prepared
o accompany its March 2008 brochure
“Agricultural Uses for Flue Gas Desul-
furization (FGD) Gypsum,” the EPA
shows higher levels of antimony, arsenie,
and mercury in FGD gypsum than in
natural gypsum, although in every case
except that of selenium and thallium,
metal fevels in natural and FGID gypsum
overlapped or feil below national average
background levels in soil. U.S.-made dry-
wail containing FGID gypsum has been
tested by time, says Gardner: “We have
two decades of history that have shown
no adverse effects.”

However, the high temperatures
involved in the production of wallboard
from FGD gypsum {as well as in cement
manufacturing) can cause the release of
mercury, according to an article by Con-
stance L. Senior and colieagues published
in the July 2009 issue of the Air 8 Waste
Management Association’s FM magazine.
“The wide variation in mercury loss (2 o
55%) from seven FGD gypsum samples
fcaken from Ffive plants] was attribured
to the different conditions under which
each gypsum sample was generated,” the
authors wrote, “Any remaining mercury
in the finished FGD-wallboard could be
released during use or subsequert dis-
posal or recycling of the wallboard.” The
authors noted that research is under way
at the EPA to evaluate the fate of mer-
cury and other metals through each stage
of wallboard’s life cycle.

Heavy metals tend to stay put in con-
ventional concrete, says Kosmarka, who
cites a 2007 PCA-financed study of con-
crete that passed the EPA’s roxicity char-
actetistic feaching procedure (TCLP) test
despite containing cement carrying up
to 1.1% lead, cadmium, and chromium,
The study, titded Comparison of Mortar
Leaching Methods, concluded that cemens
containing less than 500 mg/kg of these
elements would even be usable in drink-
ing water systems.

Fly ash has been present in other
studies of concrete leaching. A 1993 PCA
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the portland cement was cuc wich G%,
30%, or 50% fly ash. Leaching of 22 ele-
ments, including mercury, lead, and cad-
mium, was comparable from the portland
cements that contained (% or 30% fly
ash, and stightly higher in the 50% blend
{a level seldom used in road concrete).
“The incorporation of fly ash . . . resulted
in little or no deleterious environmental
impact from the leaching of inorganic ele-
ments over the lifetime of the pavement
system,” Cheng and colleagues wrote in
the August 2008 Journal of Envirenmental
Engineering.

The degree of heavy metal leaching
from highway applications “depends on
the chemical character of the ash, the
hydrologic secting, and whether the sur-
face will be concrete or asphalt,” Benson
says. “In almost all cases, the heavy mer
als get bound up with minerals after they
move out of the CCW layer [and into soil
or subsoil].”

Impacts of Regulation

The EPA requirement that many elec-
tric generators remove mercury from their
chimney emissions poses twin challeng-
es for fly ash recycling, First, depend-
ing on the mercury removal technique
used, the amount of mercury in the fly
ash rises by up to 184 times, according to
tests reported by Amy Dahl of Frontier
GeoSciences at the 2008 MEGA Sympo-
sium, & meeting sponsored by the EPA,
the Deparrment of Energy, the Electric
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Power Research Institute, and the Air &
Waste Management Association. One way
to avold an Increase in mercury in the fly
ash is to collect the fly ash before the mer-
cury is extracted from the flue gas stream,
says Robert Meidl, a senior environmental
engireer at We Energies, a Midwestern
utility.

Second, the activated carbon that is
typically used to caprure mercury from
emissions can inhibit the air-eatraining
compounds that enable concrete to resist
freezefthaw cycles. To work around this
problem, Sid Nelson, global business
director for mercury controls at Albe-
marle Sorbent Technologies Corp., says
his company has developed and applied
for patents on a mercury adsorbent that
containg bromine, During a full-scale cest
at a Chicago utility that was reported at
the 2007 World of Coal Ash meeting,
Nelson says 80-90% of the mercury was
removed, causing a 10-fold rise in the
mercury content of the ash. Tests showed
the ash was usable in concrete with the
addition of more air-entraining additive.

The question this raises is whether
these increased levels of mercury in fly
ash would change any of the leaching test
resules referenced above, says Pounds.
“This is not yet well understood, to our
knowledge. In any case, it points to the
need for thoughtful regulatory approaches
by EPA and others that would ideally
reward utilicies that take [steps] to preserve
their ash rather than contaminate it.”

Coal combustion waste

A massive December 2008 coal ash spill
in Tennessce has renewed calls that CCW
be regulated as hazardous waste under Sub-
title C of the Resource Conservation and
Recovery Act, which is seen by some as
essentially the only way the federal govern-
ment can reguface disposal under existing
laws. The EPA has twice considered and
declined to make this designation, which
many industry observers say would be a
deach knell to CCW recycling. “We think
che stigma of being designated as hazardous
would severely cripple or destroy beneficial
use, simply because when the public has the
option of using a material that is hazardous
versus nonhazardous, {the nonhazardous
option wins},” says Tom Adams, executive
director of the ACAA.

Evans, a former EPA official who
has testified before Cengress in favor of
some types of CCW recycling, favors a
middle-ground option: designating the
waste as hazardous when i is disposed but
not when recycled into certain products,
including cement and wallboard. Smaller-
scale precedents for such a decision exist,
she says, as in the recycling of zinc-con-
taining waste firom steel mills,

But Adams argues such a compromise
might fail. “The engineers who design
structures, the producess who make con-
crete, and the contractors who pour con-
crete tell us chey will not expose themselves
to the potendal litigation they would face
for building with something that was desig-
nated as hazardous. Some utilities have rold

, Coal surface mine

Coal ash leachate

Coal seam

Groundwater

Mait Lau/Earthjustice
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us that . . . they would have to put 160%
into disposal. They could not take the
chance of purting some into the market-
place and facing some creative litigation.”
{For more information about the debate
over CCW regulation, see "Balancing Act:
Creating the Right Regulation for Coal
Combustion Waste,” p. A498 this issue.]

Decisions about handling CCW pose
a tortuous set of tradeoffs. Coal burning
has come under attack for greenhouse gas
releases and for the environmental damage
resulting from mining and CCW disposal.
Recycling can artenuate the overall green-
house impact and the hazards associated
with ash storage, but millions of tons of
CCW are now put to “beneficial uses”
that, absent adequate monitoring, raise
environmental questions. Increased recy-
cling may reduce morc questionable forms
of “beneficial use” along with che risks
and environmental costs of waste disposal.

But the prospect of increasing the recy-
cling of CCW alarms some environmen-
talists who favor a move away from coal.
They believe increased recycling consti-
tutes an implicit endorsement of coal use
and lessens the urgency to find alternarive
sources of energy.

Pounds takes another view: “The coal
will be consumed to produce power regard-
less of the end use or designation of the
[CCW—and the challenge of replac-
ing coal power with cleanesr alternatives
will remain urgent. The alternative—to

simply landfill fly ash and to not take the

Commpuosite finer {clay and synthetic liner)

Upgradient
well

%

Low-permeability cap '

significant environmental benefits from
substituting fly ash for cement and other
applications—would be irresponsible.”
Evans makes a similar point, “The
increased disposal costs brought by national
minimum standards for coal ash landfills
and closure of unsafe coal ash impound-
ments will greatly increase the incentive for
power plangs to recycle, not dispose of the

Downgradient wells
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wastes,” she says. “Federal regulations that
require greater scrutiny and monitoring of
beneficial reuse applications will go a leng
way toward promoting safe recycling and
eliminating the reuses that pose serious
threats to health and the environmene.”

David J. Tenenbaum, feature writer at The Why Files,
won the 2002 science writing award from the American
Association for the Advancemant of Science,

Groundwater

Groundwater monitoring
system designed to detect
leachate escaping the landfill
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