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PACT?® is a low cost non-hazardous
patented chemical application that

can be applied directly to fly ash.
Since 2008, BMT has successfully
treated approximately 8 million tons
of fly ash with this process.

For innovative fly ash solutions, optimum
concrete performance, and groundbreaking
new products, BMT is the solid choice.
With our superior quality products, in depth
research, extensive support services, and
over 40 years of industry knowledge, BMT
IS uniquely positioned to help build and
sustain your business.

Build something great™ with Boral Mate

AN

To learn more about PACT® or BMT’s other techno *
contact us at: 1-800-964-0951 or visit us online a \

www.boralflyash.com.
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reetings to my fellow environ-

mentalists! Many of us do not

embrace that title, as it has

sadly been hijacked by zealots
that worship a cause rather than true stew-
ardship (more on this in a bit). I trace my
environmentalism back to my first year
graduating from college. As I was able to
move from a $20-per-week budget to get-
ting a paycheck that enabled a budget-free
lifestyle (at least until I became acclimated
to such funds), I found myself taking
up hobbies such as kayaking, mountain
biking, camping, and to lesser degrees
hiking and rock climbing. It was these
outdoor activities that really afforded me
the opportunity to absorb the splendor
of God’s creation. While I never believed
mankind is capable of destroying the
earth, I knew that he could temporarily
dirty up a spot or two, and while enjoying
my outdoor activities I have found myself
outraged more than a few times. I think
my concern for a clean environment is a
pretty basic instinct, and therefore shared
by a vast majority of Americans. So why
does the very mention of some environ-
mentally themed buzzwords evoke an
emotional response with me and many, if
not a majority, of our citizenry?

This common decency shared by so many
people has been hijacked into a big busi-
ness. Its simply the corporatization of
environmental stewardship. The large
environmental nongovernmental orga-
nizations (ENGOs) have become a big
industry with high salaries and power
players that push around farmers, corpo-
rations, and governmental bodies. While
their power and numbers have grown
over the decades, their substantive impact
to the environment has waned. With giant
leaps made in pollution control as a result
of environmental laws of the 1970s, real
substantive change in the quality of our
environment has been achieved.
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THE NOBLE
ENVIRONMENTALISTS

By Hollis Walker, ACAA Chair

As these changes occurred over the years
the playing field for substantive potential
action on the environment became smaller,
while at the same time, more and more
environmental organizations formed. Just
like any industry in a free market, the law
of supply and demand will manifest itself in
some way, and with a low supply (fewer real
environmental issues) and high demand
(groups looking to fix the environment),
there had to be a breaking point. And what
broke was integrity. The loss of integrity has
become so saturated in the ENGO commu-
nity that many have lost any shame about
being untruthful, and moved from dis-
torting facts to outright lies complete with
sophisticated propaganda campaigns com-
pletely based on falsehoods.

For most of us in the fossil industry, we have
long seen the dishonesty and have felt the
frustration that the ENGO’s dishonesty hasn't
been more evident to the average American.
We can study the pages and pages of so-called
coal ash “damage cases” published by the
ENGOs, then review the responses to such
allegations as reported by Electroic Power
Research Institute (EPRI), and clearly see the
dishonesty of the ENGOs. However, convey-
ing that volume of information simply is not
feasible to the average American, particularly
in today’s sound-bite information age.

The good news is that I don't think its all
on us. The power of the ENGOs has so
greatly influenced governmental policy
(and for such meaningless improvement)
at every level—federal, state, county, and
city—that the average American is start-
ing to feel the pinch and relying on their
own common sense that there has been
no substantive improvement in their sur-
roundings, yet they feel a cost (think: there
are no 100 watt lightbulbs around).

While this may sound like a rant against
ENGOs, its really not that but rather a

reality check for us all. The ENGOs, whether
through media outlets or the lobbying of
environmental agencies, have been the great-
est threat and impediment to the reuse of
Coal Compustion Products (CCPs). In sim-
ple laymen terms, the ENGOs fight against
recycling. Let that sink in for a moment. And
with the science (and when I say “science” I
mean taking measurements—not theoreti-
cal algorithms loaded with assumptions that
are debatable) so one-sided in favor of reuse
of CCPs, it's not even a fair debate amongst
honest participants.

While the the ENGOs are doing the heavy
lifting of exposing their dishonesty by them-
selves, I think our role is to help facilitate
this exposure by each of us committing a
few facts to memory and articulating them
as often as chance permits. So this is a call
to the CCP industry to arm themselves with
the facts (truth), participate in debate, call
out those who distort truth, and be proud
that you are noble environmentalists—one
who promotes reusing what others would
have squandered, helping offset extraction
of needed resources that improve the human
condition, and reducing energy consump-
tion from mining.

A consent decree in a federal district court
in Washington, DC, calls for the US.
Environmental Protection Agency (EPA) to
submit a regulation by December 19. The
EPA has signaled that it is trending toward
a Subtitle D CCR rule (that is, nonhazard-
ous). While this appears to provide relief to
the primary concern of ACAA members
that hazardous waste regulation of any form
is off the table, the devil is often in the details.
Even with a favorable Subtitle D rule from
the EPA, we will not be able to let our guard
down as recent activities in North Carolina
have shown. So spend some time visiting our
website and commit some facts to memory.
Remember my fellow environmentalists:
truth will prevail. Knowledge up! <
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he ACAA has been focused on

the effort to create coal ash regu-

lations in Washington, DC, for

almost 6 years now. Following
the December 22, 2008, Kingston, TN,
ash spill, the federal government decided
to revisit a task they had not been able to
complete since the passage of the Bevill
Amendment in 1980. With a new, friendly
administration in the White House, a
majority of congressional seats, and a new
administrator at the U.S. Environmental
Protection Agency (EPA), anti-coal
interests knew the planets were aligned
to deliver them to the Promised Land.
Because of the hard work of ACAA mem-
bers and many, many other organizations
and interests, the trip to paradise has been
seemingly parked at a rest stop. Indications
are that the EPA is inclined to regulate
coal ash disposal under Subtitle D of the
Resource Conservation and Recovery Act
of 1976. Subtitle D regulation removes the
threat posed by any form of hazardous
waste regulation.

Just as the light at the end of the federal
tunnel start to shine ever so slightly, a
spill at the Dan River plant in North
Carolina happened in February 2014.
The ENGOs were re-energized as they
now had fresh evidence that state
regulation of coal ash disposal was not
protective of human health and the
environment. After the spill, a media
frenzy was unleashed. Our office was
deluged with requests for comments from
both local and national media. Most of
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the media had already been tutored by
the anti-coal crowd. Disabusing media
of their education from the activists was
difficult. The ACAAs comments were
limited to the nature of the materials and
the opportunities for beneficial use.

Complicating the situation is the
fact that North Carolina Governor
Pat McCrory had over 20 years of
employment at Duke Energy. ENGOs
tried to make the case that the governor
had not acted on coal ash ponds due to
his past history with the utility. While
this makes great theater, there is no
evidence to support the allegation.

Duke Energy has a number of ash
ponds in North Carolina. ENGOs have
attempted to persuade the citizens
that all of these ponds are ticking time
bombs. To calm the waters (no pun
intended), the governor and legisla-
ture began to work on a bill to address
the ash pond issue. On August 19, the
legislature passed a bill to address the
ash pond issue. The governor allowed
this bill to become law on September
20 without his signature. Governor
McCrory was not supportive of the
provisions for the creation of an ash
commission to handle implementation
required by the bill. The new law has an
aggressive time line for several items. It
also has language which should benefit
the recycling of coal combustion prod-
ucts. The nine ash commission members
have been appointed. Three members

CAROLINA ON
MY MIND

By Thomas H. Adams,ACAA Executive Director

were appointed by the governor, three
by the President Pro-Tempore of the
Senate, and three by the Speaker of the
House. The ACAA submitted the names
of two North Carolina residents highly
qualified to speak on beneficial use. Lisa
Cooper, Senior Vice President of PMI
Ash Technologies, Cary, NC, and Cecil
Jones, retired Chief Materials Engineer
from the North Carolina Department
of Transportation from Raleigh were
suggested for an appointment to ensure
knowledgeable input to the commission
deliberations as it considers how best to
handle the future of ash ponds. We were
unsuccessful in getting the ACAA nom-
inees appointed. They remain available
to provide input to the commission
as the opportunity presents itself. We
thank Lisa and Cecil for their willing-
ness to stand for appointment.

North Carolina is the focus of atten-
tion for those interested in ash ponds.
Whatever this state does will impact
the actions of other states with ash
ponds. The ACAA will closely monitor
developments in North Carolina and
seize upon opportunities to protect and
advance beneficial use. Plainly stated,
the ACAA position is that the solu-
tion to the ash pond issue does not lie
exclusively with new, improved disposal
techniques. Some of the ponded ash
can and should be directed to beneficial
use. So, Carolina will be on my mind for
the foreseeable future. I am sure it will
be on yours as well. %



ASH BILL BECOMES LAW
IN NORTH CAROLINA
Following the February 2014 ash spill from
a pond at Duke Energy’s Dan River facility,
Governor Pat McCrory and the state legis-
lature moved to create legislation to closely
manage ash ponds in North Carolina. The
Coal Ash Management Act of 2014 became
law on September 20, 2014. A complete
copy of the bill is available at http://
legiscan.com/NC/text/S729/2013.

An important feature of the new law is
the creation of a Coal Ash Management
Commission (CAMC). The nine-member
commission is charged with implementa-
tion of the provisions of the act as North
Carolina evaluates 33 ash ponds. The
Governor, President Pro Tempore of the
Senate, and Speaker of the House were
each allocated three appointments to the
commission subject to specific qualifi-
cations. In an unusual twist, the CAMC
will have oversight from the Department
of Public Safety, not the Department of
Energy and Natural Resources (DENR).

Political intrigue was injected immediately
after the spill due to Governor McCrory’s
years of employment by Duke Energy. The
governor was accused of allowing Duke
Energy to ignore the dangers posed by the ash
ponds. A grand jury continues to probe the
relations between the DENR and the utility.

Developments in North Carolina are
expected to set standards for other states
that have coal ash ponds.

ASTM ACTION

ASTM Internationalheld aseriesof meetings
recently in New Orleans, LA. Committee
E50, Environmental Assessment, Risk
Management and Corrective Action, and
E60, Sustainability, as well as their related
subcommittees, met with ACAA. Focus for
this meeting was on Subcommittee E50.03,
Pollution Prevention/Beneficial Use. Gwen
Eklund is the Chair of E50.03. This sub-
committee recently completed work on
E2277, “Standard Guide for Design and
Construction of Structural Fills;” an effort
that took almost 3 years to complete. This
allowed the members to focus on other
items on their “to-do” list.

First up for consideration was E2060,
“Standard Guide for Use of Coal Combustion
Products for Solidification/Stabilization of

6 ¢ Ash atWork Issue | 2014

News Roundup

Inorganic Wastes” This standard was last
approved in 2006. According to ASTM rules,
the standard must be reapproved this year
or be removed from the inventory of active
documents. The subcommittee discussed
the document and came to the consensus
that it was still relevant and useful but needed
some updates. To prevent the document
from falling off the document inventory,
the subcommittee decided to put out a bal-
lot with a deadline prior to the end of the
year. This action would keep the document
active even if negative votes were received.
Following resolution and approval, the sub-
committee would then take on the task of
updating the text. Kimery Vories, recently
retired from the Office of Surface Mining,
reminded the subcommittee of the value
of documents such as E2060 to the regula-
tory process. Regulators rely on the reports
of independent third parties such as ASTM
International in rulemaking.

The subcommittee also expressed interest
in two proposed projects. To bring some
continuity to the risk assessment of coal
combustion products (CCPs), the sub-
committee will form a task group to create
a guide to risk assessment of CCP. A Chair
is needed for this work. The second project
of interest was proposed by Ray Bryant,
USDA Agricultural Research Service, and
Ann Couwenhoven, Raven Energy. It was
proposed that ASTM International create
a guide on the beneficial use of flue gas
desulfurization gypsum as a soil amend-
ment. Again, a task group leader is needed.
It is expected that work on these two docu-
ments will commence in early 2015.

EUROCOALASH 2014

The European coal ash community met for a
workshop on October 14 and 15 in Munich,
Germany. The event attracted 79 partici-
pants from 21 countries from around Europe
and beyond. The event was hosted by VGB
PowerTech and co-organized by ECOBA
(European Coal Combustion Products
Association) and the CBM of the Technical
University Munich. Topics covered in the
29 presentations included sustainable use
of CCP; developments in EU cement stan-
dards; sustainable masonry products made
with CCP; life-cycle analysis of masonry
made with CCP; challenges in using ash from
lignite coal combustion; alkali-activated
binders; leaching of dangerous substances
from construction products; potential for
use of stockpiled ash; and beneficiation of

landfilled ash. Several updates were provided
on regulatory developments across the globe.
ACAA Executive Director Thomas Adams
provided a presentation on the current state
of federal regulations in the United States,
along with the recent developments in North
Carolina.

ECOBA hosted a Research Workshop
on October 13 just prior to the start of
EUROCOALASH. This 1-day event fea-
tured invited research papers on CCP.

Atthe conclusion of this workshop, Joachim
Fuerborn, Secretary General of ECOBA,
announced that EUROCOALASH 2016
will be held in the Czech Republic.

WOCA 2015 COMES

TO MUSIC CITY

North Americas premier coal ash conference
and exhibition comes to Nashville, TN, on May
4-7,2015. Co-hosted by the Center for Applied
Energy Research at the University of Kentucky
and the ACAA, World of Coal Ash (WOCA)
provides a forum for technical presentations on
abroad spectrum of topics related to coal com-
bustion products (CCPs). In addition to over
100 technical presentations, the exhibit hall
offers attendees the opportunity to meet over
50 of the most progressive vendors of equip-
ment and services for CCP management and
beneficial use. The event is expected to attract
over 500 attendees from around the globe.

For those who desire an intensive educa-
tional experience, a short course will be
held on Monday, May 4. The course cov-
ers the science and technology of CCPs
taught by experts from academia and
industry.

The Renaissance Hotel in downtown Nashville
is the official hotel for WOCA 2015. It is con-
veniently located near the vibrant clubs and
restaurants that have made Nashville famous.
No visit to Nashville is complete without a
visit to the Ryman Auditorium, known as
the “Mother Church of Country Music”
The Ryman is located one block from the
Renaissance Hotel. The Country Music Hall
of Fame and Museum is close by as well
Nashville is home to many other points of
interest, including Vanderbilt University, the
Hermitage, and the Grand Ole Opry.

For more information on WOCA
2015, visit the event website at www.
worldofcoalash.org.
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BEYOND
CONCRETE

AWORLD OF
BENEFICIAL USES

Myriad of Applications Safely and Productively
Use Coal Combustion Products

By John Ward

n the 1970s and 1980s, a popular
marketing tactic called for listing
all of the places an industry’s prod-
uct was used. Sometime around
then, the coal ash beneficial use industry
decided not to be outdone and published
a long list that included, among other
things, toothpaste and bowling balls.

Fast-forward a generation to the 2010s,
when a host of anti-coal environmental
groups began aggressively attacking the
“dangers” of coal ash. “The EPA wants to
classify coal ash as hazardous waste—and
you can find it in your home, backyard, and
medicine cabinet,;” warned Mother Jones
magazine. Panicked readers began asking
which brands of toothpaste to avoid.

Setaside foramoment the fact that the U.S.
Environmental Protection Agency (EPA)
is now signaling that it will not pursue its
ill-conceived “hazardous waste” proposal.
Also set aside that if there ever really was
coal ash in toothpaste, it hasn’t been there
in decades. (Whether ash still makes its
way into bowling balls is a matter of some
speculation, but clearly it doesn't happen
in volumes large enough to be reported
as a major use.) The point is that Mother
Jones is essentially correct: Coal ash is a
valuable ingredient in dozens of prod-
ucts and applications that surround us in
everyday life. What Mother Jones doesn’t
get is this: That’s a good thing.

TWO SIDES OF THE

COAL ASH COIN:
PRODUCTION AND USE
Since the early 1960s, the ACAA has con-
ducted an annual survey of utilities to
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determine the volumes of coal ash that
are produced and used in various applica-
tions. A few major trends are evident in
this trove of data (Fig. 1).

First, there is a lot more coal ash produced
today than in previous decades. This is
partly because America is consuming more
coal and partly because steadily increasing
emissions controls result in more material
being collected. (This is especially the case
with flue gas desulfurization materials, also
known as synthetic gypsum. A by-product
of the scrubbers used to remove sulfur
from power plant emissions, these mate-
rials are not really “ash,” but are managed
and regulated alongside coal ash—hence
their inclusion in the family of coal com-
bustion products.)
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Second, the beneficial use of coal ash
has increased steadily over time and has
grown most dramatically during peri-
ods of regulatory certainty. (Usage rates
increased almost 50% between 2000 and
2008—the period in which EPAs “Final
Regulatory Determination” that coal ash
did not warrant hazardous waste regula-
tion was in place.)

And third, any coal ash that is not used
has to go somewhere. That “somewhere”
is landfills and wet impoundments which
are the primary focus of concerns over
ash handling and safety. The best solution
to coal ash disposal problems would be to
quit throwing coal ash away. But continu-
ing regulatory uncertainty and negative
publicity by anti-coal activists have the
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Fig. |: CCP production and use, 1990 to 2012
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perverse effect of causing more ash to
be disposed. If the United States had just
kept volume usage level with 2008 over
the next 4 years, then 25.9 million fewer
tons of coal ash would have been dis-
posed of in landfills and impoundments.

AN ARRAY OF

BENEFICIAL USES FROM
WHICH TO CHOOSE

A look at the most recently available
ACAA Production and Use Report pro-
vides a glimpse of the wide variety of uses
that are available (Fig. 2).

The most well-known beneficial uses also
account for the most volume. During
2012, 11.8 million tons of coal fly ash
were used in concrete and 7.6 million
tons of synthetic gypsum were used in
manufacturing wallboard. Those uses are
second only to the use of coal ash in mine
reclamation, which accounted for 12.8
million tons of use.

But coal ash is also frequently used as
a road base material or for stabilizing
soils for roads and parking lots. In these

EPA WIELDS BLUNT INSTRUMENT IN

ATTEMPT TO CLASSIFY BENEFICIAL USE

From 2002 until 2010, the EPA spearheaded the Coal Combustion
Products Partnership (“C2P2” program)—a highly successful collaboration
between several federal agencies and industry to promote increased
beneficial use of coal ash. Anti-coal environmental groups complained

to the EPA’s Inspector General that the Agency was “too cozy” with industry
and an investigation ensued. The EPA abruptly and unilaterally canceled
C2P2. Then, after nearly a million dollars of investigation, the Inspector
General concluded that the EPA should do more to evaluate risks of
beneficial use if (emphasis on “if”) the Agency was going to actively
promote the practices.

Despite the fact that the EPA has shown little or no interest in actively
promoting coal ash beneficial use since 2010, the Agency did embark on
an activity to create “Beneficial Use Risk Evaluation Methodologies” The
first methodology (for “encapsulated” uses) was released in February 2014
along with the application of the methodology to two major uses—fly ash
concrete and synthetic gypsum wallboard. (Both passed with flying colors.)
The Agency is currently working to develop a second methodology for
“unencapsulated” uses.

Lost in this bureaucratic inertia is the fact that the terms “encapsulated”
and “unencapsulated” are relatively new and poorly defined. The terms
were not used in the C2P2 program or in any EPA regulatory activity
prior to 2010. Nor are they the product of any public or academic discus-
sion regarding what they should mean or whether, in fact, a distinction is
even warranted.

Issue | 2014 Ash atWork + 9
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applications, coal ash eliminates the need
to quarry other materials or use products
such as cement and lime that are energy-
intensive to manufacture.

An application of growing importance is
the use of synthetic gypsum from power
plants for agriculture. Fields treated with
gypsum have improved soil quality and
retain water better. This creates higher
crop yields and prevents the runoff of fer-
tilizers and other agrochemicals that can
damage waterways downstream.

Coal ash is used in a variety of manufac-
tured building products, such as concrete
masonry units, asphalt shingles, carpet
backing, and even plastic-based trimboards.

Using coal ash as structural fill is also
appropriate when proper engineer-
ing controls are in place. An ASTM
International standard guide sets out best
practices for engineers using this mate-
rial and many states have implemented
programs for overseeing the proper con-
struction of structural fills. It’s important
to remember that coal ash is often speci-
fied for engineered fill activities because

of its unique mechanical properties that
can be superior to locally quarried mate-
rials in many locations.

PROTECTING HEALTH
AND ENVIRONMENT

Attacks on coal ash—either in disposal
or beneficial use settings—invariably
start with a laundry list of “what’s in
it” Activists trot out a litany of scary-
sounding metals and claim ash is “laden”
with “toxins” In truth, the trace levels
of metals in coal ash are comparable to
the levels of metals in the materials coal
ash replaces when used beneficially. (See
ASH at Work Issue 1 2012, “Coal Ash
Material Safety: Analysis of New Federal
Government Data Shows Coal Ash
Comparable to Residential Soils.”)

The question for considering coal ash
safety shouldn’t be “What’s in the ash?” If
the objective is protecting human health
and the environment, that question is
superficial and irrelevant. Almost every-
thing around us has heavy metals in it.
Those fancy new lightbulbs have much
greater concentrations of mercury than
coal ash, and daily multivitamin pills

probably contain selenium and chro-
mium, among other things.

A better question to ask about the health
and environmental safety of any material
is “Can whats in it get out and find its
way into people in quantities sufficient to
cause harm?”

In February 2014, the EPA released the
results of an exhaustive evaluation of
the risks of using coal fly ash in concrete
and synthetic gypsum in wallboard (see
sidebar, “EPA Wields Blunt Instrument
in Attempt to Classify Beneficial Use”).
EPA evaluators concluded that “..[e]
nvironmental releases of constituents
of potential concern (COPCs) from
CCR fly ash concrete and FGD gypsum
wallboard during use by the consumer
are comparable to or lower than those
from analogous non-CCR products, or
are at or below relevant regulatory and
health-based benchmarks for human
and ecological receptors. EPA sup-
ports the beneficial use of coal fly ash
in concrete and FGD gypsum in wall-
board. The Agency believes that these
beneficial uses provide significant

Mark your calendar for:

Winter Membership Meeting— February 10 and 11, 2015

Did you know that Savannah, GA, is the largest National Historic Landmark District in the United States?
Founded in 1733, the city has a rich historic legacy and provides visitors with an opportunity to look back
at the people and places that made Savannah an important part of U.S. history. Following the American
Revolution, it was the southernmost city of the new country for many years. During the Civil War, Savannah was
the primary target of General William T. Sherman in his famous March to the Sea. Located on the banks of
the Savannah River and about 20 miles from the Atlantic Ocean, the Port of Savannah has long been one

of the most important ports in the United States. Agriculture and manufacturing are the other economic
drivers in the regional economy.

The American Coal Ash Association will hold its Winter Membership Meeting in Savannah on February 10
and 11, 2015. The meeting format will be similar to recent meetings, with committee meetings being held
on the first day and technical presentations on the second day. The Women’s Leadership Forum will meet
on February 10. A welcome reception will close the first day’s activities.

Take a break from the winter weather and join us in Savannah on February 10 and 11. For more information,
visit the ACAA website, www.acaa-usa.org.
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ASTM INTERNATIONAL PROVIDES
GUIDANCE ON STRUCTURAL FILLS

Beneficially using coal ash in structural fill activities involves a lot
more than just dumping ash into low spots. Proper controls are
required to ensure that the ash accomplishes both engineering and

environmental objectives.

The international standards-setting body ASTM International has
published guidance to help accomplish this. ASTM E2277-14, “Standard
Guide for Design and Construction of Coal Ash Structural Fills,” covers
procedures for the design and construction of engineered structural fills
using coal combustion products (CCPs) including but not limited to fly ash,
bottom ash, boiler slag, or other CCPs that can meet the requirements of an

engineered fill.

ASTM standards are in addition to laws and regulations imposed on coal
ash use by many state departments of environmental protection. These best
practices and regulations are the result of decades of experience successfully
using coal ash for structural fill activities.

opportunities to advance Sustainable
Materials Management (SMM)”

In conducting this study, EPA subjected
products containing coal ash to a broad
spectrum of conditions, including many that
are unlikely to occur in real life. (The prod-
ucts containing coal ash still passed with
flying colors.) But one thing the EPA study
absolutely got right was looking beyond the
simplistic question of “what’s in it”

COMPARISON—THE
PROPER PARADIGM FOR
EVALUATING USES

When the EPA evaluated two prominent
beneficial uses of coal ash, the Agency
asked the best question: How does a prod-
uct containing ash compare to the same
product made without it? If the product
containing coal ash performs at least as
safely as the product that doesn't, then
why shouldn't we encourage uses that
keep coal ash out of landfills and disposal
ponds where health and environmental
risks are greater?

Using comparison as an evaluation tool
can work for any product. Consider the
toothpaste example. If toothpaste con-
taining coal ash resulted in the same
or less exposure to metals than tooth-
paste without coal ash, what would
be the problem? Millions of people
have mercury permanently installed in
their mouths as part of dental fillings.
It’s safe because the mercury is in a form
that doesn’'t get out of the fillings and
into people.
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While toothpaste is currently only a
hypothetical example, there are other
active beneficial uses that are coming
under increased scrutiny. An example
is the use of bottom ash as a deicing
agent for roads. Bottom ash is a coarse,
granular product less subject to leach-
ing of trace metals. Because it is dark in
color, many communities find it to be an
effective material for controlling snow
and ice in the winter. Any evaluation
of this use would be short-sighted if it
only considers what is contained in the
ash. Evaluation should first determine
whether constituents of the ash actually
leach out during normal use. Then the
evaluation should compare those results
to the environmental performance of
alternative materials. Salts and sands
that are also used for traction control are
hardly environmentally benign.

Another common beneficial use that is
receiving increased attention is the use
of coal ash for structural fills. A glance
at this magazine’s “Ash Classics” fea-
ture shows people have been applying
sound engineering practices to the use
of coal ash in structural fills for longer
than many of our readers have been
alive. The notable lack of environmental
damage cases related to these projects
after decades of widespread use is one
indication of their safety. The presence
of industry standards to guide their
proper installation (see sidebar, “ASTM
International Provides Guidance on
Structural Fills”) gives added assurance
that future projects can be constructed

in a manner that effectively prevents
trace metals contained in coal ash from
presenting any threat to human health or
the environment.

ONE MORE QUESTION

TO ASK

It is also fair to ask why coal ash is being
singled out for this level of scrutiny in
the first place. Is it because it has “coal”
in its name?

The complaints that led to the EPA
developing “risk  evaluation meth-
odologies” for coal ash came from
environmental groups dedicated to the
elimination of coal as an energy resource.
The conclusion of the EPAs Inspector
General who investigated those com-
plaints was that the EPA should evaluate
risks before deciding whether to pro-
mote or publicly support a practice. The
Inspector General did not conclude that
coal ash was somehow inherently danger-
ous—just that the Agency should do more
to evaluate uses before endorsing them.

If opponents of coal are truly concerned
about the contents of building materials,
where is the outcry calling for detailed
examination of the environmental per-
formance of materials coal ash replaces
when it is used?

Despite vigorous opposition to coal as an
energy source, it will continue to account
for the largest portion of our electric-
ity supply for decades to come. That
means we will continue to generate tens
of millions of tons of coal ash each year
in addition to the challenge of closing
and cleaning up historic disposal sites.
Human health and the environment will
benefit if environmental activists and
policymakers refocus efforts on using
coal ash beneficially rather than just
throwing it away. Of course, that requires
thoughtful consideration extending
beyond the simple demonization of all
things related to “coal” <

About the Author: John Ward is President
of John Ward, Inc., an energy consultancy
specializing in coal-related issues. He
serves as Chairman of the American Coal
Ash Associations Government Relations
Committee and of the ash marketing activ-
ist group Citizens for Recycling First.
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management , Trans Ash is prepared to provide state of
the art, creative, cost effective, and environmentally
acceptable CCP management alternatives.
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BEYOND

CONCRETE

TECHNICAL CONSIDERATIONS
FOR BENEFICIAL USE OF COAL
ASH IN CIVIL ENGINEERING

APPLICATIONS

By Veronica E. Foster, PE., and Robert S.Valorio, P.E.

number of states have
statutory targets for waste
reduction within their bor-
ders. The beneficial use of
residual wastes (that is, wastes which are
the by-product of a manufacturing pro-
cess) has been a common practice in the
United States for more than 80 years. This
practice has fluctuated with the country’s
economic performance. Reuse and recy-
cling strategies to reduce costs of raw
materials for products or to solve some
other problem have developed as budgets
decreased and competition increased.

The range of potential beneficial uses for
coal combustion by-products were dis-
cussed by the United States Environmental
Protection Agency (U.S. EPA) in the pre-
amble to the proposed Coal Combustion
Residuals (CCR) Rule issued in June
2010. The potential beneficial uses listed
in the preamble of the proposed CCR
Rule included the following:

o Construction applications: brick,
cement, concrete, road bed, struc-
tural fill, blast grit, wallboard,
insulation, and roofing materials;

o  Waste stabilization;

o Agricultural applications; and

o  Other applications: absorbents, filter
media, paints, snow/ice control, and
plastics/metal manufacture.

The long-awaited final CCR Rule is antic-
ipated to be issued by the U.S. EPA in
December 2014.
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Commensurate with the proposed CCR
Rule, the U.S. EPA developed a methodol-
ogy for evaluating CCR in consideration
of the risk to human health and the envi-
ronment associated with the potential
beneficial use. As recently as February
2014, the U.S. EPA used this methodology
to reaffirm its support of the beneficial
use of coal fly ash in concrete and flue-
gas desulfurization (FGD) gypsum in
wallboard.

The potential beneficial use of CCR for
other applications requires consider-
ations that include:

o Risk to human health and the
environment evaluated using the
U.S. EPA-established criteria;

o Cost savings;

«  Environmental liability;

«  Public relations challenges;

«  Sufficient supply of suitable CCR; and

«  Suitability, homogeneity, and consis-
tency of the available CCR.

The first five bullet items in the aforemen-
tioned list can be addressed by the general
beneficial use evaluation conducted by
the company considering CCR as a raw
material replacement and will not be dis-
cussed further in this article. The focus of
this article is limited to the sixth bullet—the
available CCR suitable for the potential
beneficial use in terms of both chemical
and physical properties—and whether or
not those properties are homogenous and
consistent, especially when compared

with the homogeneity and consistency of
the raw material that may be replaced by
the CCR.

Coal-fired power plants typically use mul-
tiple sources for the coal they burn. Coal
from a combination of sources may be
burned simultaneously, or the plant may
use one source for a period and then change
to another. It is important to understand
that coal from different sources produces
CCR with differing resulting chemistry.
For example, it has been Golder’s experi-
ence that coal from eastern Kentucky can
have high (>55%) silicon dioxide composi-
tion and low (<0.5%) sodium oxide, while
coal from North Dakota can have low
(<20%) silicon dioxide composition and
high (>6.0%) sodium oxide. Therefore, if
such variability in chemical composition
can impact the quality of the product for
which beneficial use is being considered, it
is imperative to understand the variability
of the coal sources used by the CCR sup-
plier. It is also important to understand
that there can be variability of coal within
the same coal seam, resulting in a poten-
tial for variability in chemical composition
from a single coal source. Consequently,
routine analytical testing of the benefi-
cial use of CCR may be prudent to ensure
consistency of the finished product where
large variability in chemical composition
directly impacts product quality.

As with chemical composition, the physi-
cal properties of coal ash can change from
one coal source to another and within



the same coal source. Routine testing of
the beneficial use of CCR may again be
prudent if changes in the physical proper-
ties will result in an inconsistent finished
product or a finished product that does
not meet quality requirements. The fol-
lowing table provides a range of physical
properties based on the testing of fly
ash by ASTM International Standard
Methods at one of Golder’s geotechnical
testing laboratories for five civil engineer-
ing projects located along the East Coast
of the United States.

Potential civil engineering applications

for coal ash material for beneficial use

could include the following:

o Subgrade fill beneath paved
roadways;

o Daily cover at solid waste landfills,
where permissible;

o Subgrade fill beneath landfill liner
systems; and

o Controlled low-strength material

(flowable fill).

The variation in chemical properties is
often more tolerable provided that risk
thresholds are not exceeded for human
health or the environment or where such
variation could affect an associated prod-
uct (for example, coal ash used as fill
against a concrete foundation). However,
variation in the physical properties, or
more specifically, variation in the engi-
neering properties of the coal ash, is
much less tolerable. To evaluate the ben-
eficial use of coal ash in civil engineering
applications, an understanding of the
engineering properties of the raw mate-
rial being considered for replacement
with coal ash is necessary, and the specific
design/performance requirements for the
finished project must also be understood.
With this understanding, a testing pro-
gram can be developed to verify that the
proposed coal ash has suitable physical
properties for the application.

To properly evaluate coal ash for benefi-
cial use in civil engineering applications,
itis necessary to demonstrate that the coal
ash would perform comparably to the
raw material being replaced. This can be
accomplished through similar prequalifi-
cation testing, which for beneficial use as
a natural soil replacement could include
testing for engineering properties such as:

Photo I: Samples of bottom and fly ash

1. Particle size analysis (for example,
ASTM D422);

2. Moisture content
ASTM D2216);

3. Behavioral indexes (for example, liq-
uid limit, plastic limit, and plasticity

(for example,

index via ASTM D4318);
4. Moisture-density/compaction char-
acteristics (for example, relative

density testing and/or proctor testing
per ASTM D698 or D1557); and

5. Shear strength (for example, direct-
shear and/or triaxial shear via various
methods selected to be representative
of application conditions).

Testing commensurate with that summa-
rized previously is typically required for
a natural soil fill used in common civil
engineering applications. In fact, it is
commonplace for such testing to be com-
pleted prior to approving a natural soil fill
for use in the application (prequalifica-
tion testing), and for some of these tests
to be repeated at a specified frequency
(conformance testing) to confirm that
the fill is homogeneous, consistent, and
remains suitable for the application. As
such, it is reasonable that such testing
would be required for a beneficial use
material, such as coal ash, in civil engi-
neering applications.

Data obtained by such testing will provide
information needed by a reputable, quali-
fied professional engineer to adequately
evaluate the suitability of the coal ash
for beneficial use in the civil engineering
application. This may include perform-
ing detailed engineering calculations
(for example, slope stability analyses) to

FLY ASH

demonstrate that replacing the natural
soil fill with the proposed coal ash are rel-
atively comparable, or what modifications
to the application design (for example,
reduced slope length or angle) or coal ash
(for example, blending with soil or modi-
fier such as portland cement) would be
needed for suitable replacement. The data
obtained may also be necessary to obtain
regulatory approval for the beneficial use
of coal ash in the application.
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Photo 2: Example of fly ash erosion

Photo 3: Example of steep fly ash slope pro-
tected from erosion with a layer of topsoil
and vegetation

Once test data have been obtained, the
engineering evaluation is complete, and
beneficial use is substantiated, there is
one further evaluation that the authors
would recommend for civil engineering
applications: consideration for construc-
tibility. For instance, the fine particle
size of fly ash and bottom ash can make
the product highly erodible where the
beneficial use application is as a soil fill
replacement, and there is increased pub-
lic scrutiny to any project using coal ash
in this type of application. Extra plan-
ning to address the erosion potential of
coal ash in this type of application is,
arguably, an element of the evaluation
for the beneficial use.

If coal ash is properly placed and com-
pacted and protected with suitable
erosion control measures, the material
can perform adequately. In long-term
exposure applications, coal ash can
develop a “crust” which will shed water
as long as it remains undisturbed, but
even foot traffic can disturb this “crust”
When initially placing coal ash, it can
also severely erode as the result of one
intense storm event through its entire
depth of placement if runoff can travel
down the gradient (Photo 2). Therefore,
it is critical to protect the placed coal
ash through a variety of readily available
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TABLE I: RANGE OF PHYSICAL PROPERTIES FOR FLY
ASH SAMPLES FROM EAST COAST U.S. SOURCES

Test description
and ASTM standard

method Fly ash A

Fly ash B

Fly ash C

Fly ash D

Moisture content 0l to 1.7% 28.2 to 19.3 to 0.1 to
(ASTM D2216) ’ e 34.1% 24.9% 34.1%
Particle size analysis
(ASTM D422)
Percent finer than No. 100 97.6 to 100 100 96.3
4 sieve
Percent finer than No. | o, 9., 947 | 47.3 to 88 90.6 444
200 sieve
Standard proctor test
(ASTM D698)
107.0 to
Maximum dry density 114.0 >1.0to 74.1 750 750
Optimum moisture | |} 5 148 | 30.1 t0 47,5 289 272
content

erosion-inhibiting technologies, which
are also commonly employed for natural
soil fill in these applications, as follows:

o Amend with a tackifying agent to
provide additional resistance to
erosion;

o Place and seed an overlying pro-
tective layer of topsoil (refer to the
Photo 3);

« Erosion control best management
practices including waddles, compost
logs, silt fences, hay bales, erosion
control/turf reinforcement mat; and

o  Spray-application stabilization prod-
ucts, such as Posi-Shell .

There is no one solution which will work
in every application and the professional
engineer who evaluated the application
with beneficial use of coal ash would
also need to be consulted with regard
to constructibility issues with coal ash,
whether the application be as a soil fill
replacement or otherwise.

In conclusion, CCR, particularly coal
ash by-products of coal-fired power
plants, have potential for beneficial
use in a number of civil engineer-
ing applications. Beneficially reusing
CCR materials can provide the follow-
ing benefits:

« Diversion of residual waste typically
destined for landfill disposal;

«  Cost savings by generator by not hav-
ing to pay for disposal costs;

o Cost savings by end user by not using
raw materials;

o End users can be more cost-competitive
with their end product; and

« Reduced use of raw materials.

It is imperative that the proposed coal
ash meet not only required chemical
properties/constraints but also needed
physical properties (that is, engineering
properties) for the intended application.
Further, coal ash, as with any mate-
rial incorporated into civil engineering
applications, should be routinely tested
for conformance to evaluate homoge-
neity and consistency of the coal ash to
maintain the requirements for a suitable
replacement in beneficial use. %

Veronica Foster, PE, received her BS in
civil engineering from Drexel University,
Philadelphia, PA, and has, for more
than 20 years, worked with waste incin-
erator ash and coal ash, primarily in
support of solid waste management and
remediation projects.

Robert Valorio, PE, received his BS and
MS in geotechnical engineering from
Drexel University. He has evaluated soils
and alternate materials for use in civil and
geotechnical engineering applications for
nearly 20 years.
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CONVERTING SULFUR
FROM FLUE GAS INTO
FERTILIZER

By Gail Reitenbach, PhD

Reprinted with permission from POWER magazine.

s environmental regulations

tighten—both in the U.S.

and around the world—coal-

fired power plants continue
to look for ways to operate economically.
Though reuse and sale of coal combus-
tion by-products has a long history, one
new approach could benefit a somewhat
unlikely partner industry.

The history of power plant emissions
regulations and control technologies is
largely one of preventing elements that
are bad for the environment or human
health—including sulfur dioxide, partic-
ulate matter, and nitrogen oxides—from
being dispersed to the environment. But
sometimes it’s possible to take advantage
of the by-products of the control tech-
nologies and put them to good use in the
environment. That’s the case with a new
process that converts sulfur to fertilizer.

Charah Inc. has developed a technology
that allows sulfur captured from power
plant exhaust gases to be pelletized into
a calcium sulfate fertilizer product that
returns vital nutrients to farm fields. To
understand why Charah and coal-fired
power plants would find this worth doing,
you need to understand the role of sulfur
in the environment and the economics of
the process.

SULFUR’S UPS

AND DOWNS

When coal is burned in a boiler to gen-
erate electricity, the naturally occurring
sulfur in the coal is released into boiler
exhaust gases. Before it was regulated,

coal sulfur was discharged into the
atmosphere through plant stacks. The
US. Environmental Protection Agency
(EPA) first started regulating power plant
air emissions in 1971. According to the
EPA, these air quality controls covered
SO2 because exposure to the gas can
cause adverse respiratory effects, it can
combine with other gases to produce
harmful particulates, and it is a primary
cause of acid rain.

Declines in SO, emissions began soon
after enactment of the 1990 Clean Air
Act Amendments, which established a
national cap-and-trade program for the
gas. Because coal-fired units accounted
for a large share of SO, emissions, the
program (which also covered NO)
provided an economic incentive for coal-
fired power plants to reduce emissions
by installing pollution control systems,
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burning lower-sulfur coal, or generating
less electricity.

All plants built after 1978 are required to
clean the sulfur from coal combustion gases
before they go up the stack. They do so with
flue gas desulfurization (FGD) units, com-
monly called “scrubbers” The EPA reports
that by the end of 2011, 60% of the U.S. coal
fleet had FGD scrubbers installed.

As scrubbers began to remove sulfur
from exhaust emissions, and some plants
switched to low-sulfur coal, the amount
of sulfur in the air decreased. EPA data
shows that between 1980 and 2012 con-
centrations of atmospheric SO, in the U.S.
decreased approximately 78% (Figure 1).

But sulfur need not always be a net nega-
tive for coal-fired plants. Since the 1990s,
captured sulfur from flue gas has resulted
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Fig. |: Sulfur reduction.This graph shows SO, air quality as a national trend from 1980 to
2012 (annual 99th percentile of daily maximum |-hour average) based on 57 sites.There
was a 78% decrease in the national average over that period. Source: EPA
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in the production of high-quality gypsum, hydrated calcium
sulfate: CaSO,-2H,O. That synthetic gypsum can then be
beneficially used in a number of common applications, from
plaster and wallboard to cement and fertilizer. Though gyp-
sum occurs naturally (and even lends its name to a town in
Colorado with a history of gypsum mining and processing),
synthetic gypsum has advantages in that it doesn’t have to
be mined, and it recycles what would otherwise be a waste
product that power plants would have to pay to dispose of in
landfills. Use of synthetic gypsum has also reduced costs for
drywall manufacturers.

COAL COUNTRY CONVERSION

Charah Inc.—a Louisville, KY-based company that specializes
in total ash management, including recycling by-products
from coal-fired power plants—has developed a technology
that allows sulfur captured from power plant exhaust gases to
be pelletized into a calcium sulfate fertilizer product, provid-
ing an improvement, it says, over previous forms of fertilizer
created from power plant emissions.

Charah’s new facility housing this process is located at the
1,472-MW Louisville Gas and Electric Co. (LG&E) Mill Creek
Generating Station, in Jefferson County, Ky. Coal provides
the majority of power for Kentucky, and this plant went into
commercial operation in 1972 and was LG&E’s first to utilize
cooling towers to protect the Ohio River’s aquatic life.

Plant owners are committed to keeping this plant online.
Starting in spring 2012, LG&E planned to spend approxi-
mately $1.3 billion to modernize the FGD systems and
install fabric filter baghouses for increased particulate and
mercury control on all units at the plant. This construc-
tion project is under way and will continue through 2015.
And in November 2012, LG&E officials announced that, as
part of the $1.3 billion, they would be spending approxi-
mately $940 million on clean coal technology at the station.
Mike Kirkland, general manager of Mill Creek Station,
told POWER that would include replacing existing scrub-
bers with new ones, installing new baghouses, and replacing
exhaust stacks.

Mill Creek burns approximately 4 million tons of high-sul-
fur coal annually, primarily sourced from the Illinois Basin.
Kenny Tapp, senior by-products coordinator for LG&E and
KU Services Co., noted that over 60% of the plant’s fly ash is
used in the manufacturing of cement and concrete; the eco-
nomic value of the fly ash utilization in concrete is estimated
to be in excess of $5,000,000 to the regional manufacturers
of concrete- and cement-based products. In addition, the
plant realizes significant savings on landfill capacity and
associated costs, though neither the plant nor Charah would
release detailed data on these savings.

The plant has had wet scrubbers and a FGD slurry process-
ing plant on its property since 1978, and its processing plant
can dewater up to 1,800 tons of gypsum per day for use in the
manufacturing of cement, drywall, or other uses. Now that
gypsum has expanded utilization opportunities as fertilizer.
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This additional use can consume 200,000 plus tons per year of
the total gypsum annual production.

FROM FLUE GAS TO GYPSUM

The sulfur-scrubbing process at a coal-fired power plant typi-
cally involves grinding high-calcium limestone to powder and
then mixing it with water to form a lime slurry. The lime slurry
is then sprayed into a contact chamber, where it combines
with boiler exhaust gases and the sulfur reacts with the lime to
become chemically bound.

Scrubbers come in two types: wet and dry. In wet scrubbers,
the ratio of lime slurry is greater and a slurry by-product is pro-
duced. In dry scrubbers, the ratio of slurry to hot exhaust gases
is controlled, to dry the lime slurry and result in a dry prod-
uct. Charah has developed a process to beneficially use the wet
scrubber slurry dewatered gypsum to manufacture a sulfur and
calcium fertilizer.

Wet scrubbers capture sulfur from all four units at Mill Creek.
The lime and sulfur slurry is aerated to create calcium sulfate,
dewatered to produce high-quality gypsum, and then processed
to make fertilizer at the adjacent Charah facility (Figure 2).

Mill Creek produces approximately 600,000 to 800,000 tons
per year of calcium sulfate gypsum. The gypsum products are
stockpiled onsite, and Charah manages the gypsum on behalf
of Mill Creek.

FROM GYPSUM TO FERTILIZER

The Mill Creek gypsum typically has higher purity than natural
gypsum because it has less inert impurities. Mill Creek gypsum
is 90+% pure calcium sulfate. Charah utilizes this calcium sul-
fate gypsum to manufacture a patent-pending fertilizer named
“SUL4R-PLUS product” that can be used to replenish the sul-
fur and calcium in farm soils, turf, and specialty crops (see
sidebar). As Danny Gray, executive vice president of Charah,
explained, this process essentially closes the cycle loop for the
sulfur that once was returned to farm fields with rainfall, but
now is removed by the power plant emissions control equip-
ment before discharging the cleaned exhaust gases into the
atmosphere.

The Charah plant accepts the gypsum when it discharges
from the existing Mill Creek dewatering facility onto a new
conveyor that moves it directly into the Charah plant. That
gypsum serves as the feed stock for the processing steps that
include pelletizing to create the granular SUL4R-PLUS prod-
uct. Although synthetic gypsum has previously been used as
a soil amendment, Charah says it is the first to pelletize the
by-product, which makes application easier for the farmer.

That granular product is stored inside the Charah warehouse
until it is transported to customers. Custom truck loading is
done inside the warehouse facility. Charah also has barge-
loading capability, as well as onsite railcar-loading capacity to
meet customers’ logistics needs. Because the Kentucky plant is
located near the Ohio River, Charah can reach distant markets
by barge at economical rates.



Fig. 2: Conversion site.The Charah product manufacturing facility sits on the Louisville Gas and Electric Co/s Mill Creek Generating Station

property in southwest Jefferson County, KY Courtesy: Charah Inc.

The sulfur level of SUL4R-PLUS product is greater
than 16%, its calcium level is greater than 20%, and the
product looks like and handles like any other granular fer-
tilizer (Figure 3). Farmers can replenish the sulfur depleted
by crops from farm soils by applying SUL4R-PLUS prod-
uct along with their other fertilizers. The product has a
unit weight of approximately 50 pounds per cubic foot and
spreads in common distribution equipment in a single pass
across the field.

WIN-WIN ECONOMICS

In nations where power plant emissions are tightly regulated,
adding beneficial reuse of by-products is likely to become an
increasingly valued option for the future business case. At full
capacity, more than 50% of Mill Creek’s gypsum will be benefi-
cially used. By avoiding disposal of the recycled by-products,
LG&E realizes lower operating costs, which help lower electric-
ity costs for the utility’s customers.

Additionally, Gray says Charah’s granular fertilizer provides
good economic value to the American farmer, as typical prices
of SUL4R-PLUS product are 20% to 30% lower than alternative
sources of sulfur equivalents.

Charah’s investment of $12 million to $14 million in 2013 has
provided a first-of-its-kind manufacturing plant to convert high-
grade calcium sulfate into a new agriculture product. The plant is
designed to reclaim up to 300,000 tons per year of gypsum and

HILLTOP

ENTERPRISES

Innovative Solutions
&
Support For All Your CCP Management

= CCP Beneficial Reuse

= Landfill Management and Closure
=> Transportation

= Environmental Remediation

= Plant Services

www.Hilltopenterprises.com

(610) 430-6920
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Fig. 3: From power plant to pelletized fertilizer. Courtesy: Charah Inc.

Sulfur’s Role in Agriculture—A key component of agriculture production in the U.S. has been the proper deployment of various types
of fertilizers. Historically, the primary fertilizers have been nitrogen (N), phosphorus (P), and potassium (K). High-efficiency farming
requires that particular attention be focused on secondary nutrients, which include calcium (Ca), magnesium (Mg), and sulfur (S). Sulfur
has become more important to high production and is often referred to as the “fourth major nutrient” Each of the secondary nutrients is
essential for high-intensity farming activities. Though required in smaller quantities than NPK, they are essential for plant growth. As a
nutrient, sulfur is needed in significant quantities by many crops that utilize approximately the same amount of sulfur as they do phos-
phorus. A typical crop, such as corn or soybeans, can extract and remove from the soil 12 to 20 pounds of sulfur per acre (Table 1). The
sulfate ion (SO,) is the form of sulfur absorbed by most plants. Replenishment of sulfur is crucial to maintain high production on each
acre. Typical sources of sulfur include organic matter, ammonium sulfate, gypsum, zinc sulfate, and elemental sulfur.

Table |.Typical nutrient uptake. Source: Charah Inc.

Typical nutrient uptake

Crop Yield

Corn 200 bu/ac
Soybeans 60 bu/ac
Wheat BO bu/ac
Alfalfa 6 ton/ac

Nitrogen (Ib/ac) Phosphate (Ib/ac) Sulfur (Ib/ac)
150 85 15
240 48 12
92 44 7
225 60 30

MNotes: ac = acre, bu = bushels.

produce up to 250,000 tons of SUL4R-
PLUS product fertilizer. It also created up
to 25 new jobs in the recycling industry.

At power plants that generate a high-
quality gypsum product, Charah
says a manufacturing plant can be
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custom designed and installed within
12 months. Charah provides the capital
for SUL4R-PLUS plants and maintains
owner and operator status. Agreements
between Charah and the host power
plant typically extend over five to
15 years. Charah plans to develop and

install SUL4R-PLUS manufacturing
plants throughout the U.S. at strategic
locations to meet the growing demand
for agricultural sulfur products. <

— Gail Reitenbach, PhD, is POWER’
editor (@GailReit, @ POWERmagazine).
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COLD IN-PLACE ASPHALT
RECYCLINGWITH CLASS C

FLY ASH

By Dr.Tyson Rupnow and Ben Franklin

n 2006, the parking lot at Iowa
State University’s (ISU’s) Jack Trice
Stadium was deteriorating quickly,
as evidenced in Fig. 1 and 2. Base
failures were occurring across the park-
ing lot at an increasing rate. A repair plan

was needed but, as usual, budgets were
tight and the owner was looking for a
solution that fit ISU’s tight financial con-
straints. The existing parking area was
constructed with 6 in. of hot-mix asphalt
over a compacted subgrade. Because it

Jack Trice Stadium, lowa State University, Ames, IA

did not have a more robust subgrade,
this pavement was not designed to pro-
vide an extended service life. However,
because the parking lot did not have
continual heavy use, the owner was com-
fortable with the original design.

Issue | 2014 Ash atWork -+« 21



When the discussion of repair options began, the focus quickly
came to placement of new hot-mix asphalt over a more robust
support system. The final designs considered included 8 in. of
gravel stabilized with an asphalt emulsion or 12 in. of reclaimed
asphalt pavement, also known as RAP, stabilized with Class C
fly ash. Both proposed stabilized bases would be placed over
compacted soil. After careful consideration of the properties of
both designs, the cross section with the fly-ash-stabilized mate-
rial was selected.

The fly ash used for this project came from three sources. The
Ames Municipal, Ottumwa, and Prairie Creek power plants all
provided material. The ash was added to the RAP at the rate
of 10%.

The construction plan was typical of this type of project.
First the existing pavement was reclaimed and windrowed.
The subgrade was graded to plan, conditioned for optimum
moisture content, and compacted. Next, the Class C ash
was spread along with the reclaimed asphalt. The ash and
the asphalt were thoroughly mixed. Compaction followed
the mixing process. The final step in subgrade prepara-
tion was to water the ash-asphalt mixture to activate the
calcium oxide in the Class C ash to stabilize the subgrade.
The subgrade was now ready to receive the new hot-mix
asphalt pavement.

Quality control/quality assurance testing in both the labo-
Fig. | (top) and 2 (bottom): Deteriorating asphalt pavements ratory and the field provided the necessary data to qualify
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Fig.3 (top), 4 (middle), and 5 (bottom): 8 years after reconstruction,
the pavement is performing as expected

the materials and the process used. The laboratory work
included analysis of the fly ash, determination of opti-
mal gradations, fly ash and moisture content, Proctor
determinations, and determination of unconfined com-
pressive strength. Field testing included dynamic cone
penetrometer measurements and unconfined compressive
strength testing.

As mentioned earlier, one of the primary controlling factors
for this project was cost. At $4.10/yd?, the fly-ash-stabilized
design was less than half of the cost of the emulsion-sta-
bilized design at $9.40/yd?. Because both designs were to
receive the same hot-mix application, the hot-mix asphalt
is not included in these costs. The only question remaining
was: Did the repair perform to the owner’s expectations?

We visited the project during the winter of 2014 and found
the answer to the question was a resounding “yes.” Figures 3
through 5 provide some evidence that the pavement is perform-
ing as anticipated. Some 8 years after the repair project was
finished, the owner has only performed routine maintenance
tasks, such as an occasional sealcoating and annual striping. %

Dr. Tyson Rupnow, PE., is a Concrete Research Manager at the
Louisiana Transportation Center, Baton Rouge, LA.

Ben Franklin is Director of Technical Services, Central Region, for
Headwaters Resources.

&) COAL ASH

RECYCLING, LLC

Sales Starting
Summer 2015

6 Million Ton Monofill - Class F Fly Ash

Located in Dunkirk NY

Transport via rail, truck & Great Lakes

info@coalashrecycling.com
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FLOWABLE FILL POTENTIALLY
CUTS MONTHS OF
CONSTRUCTION

By Hank Keiper, PE., The SEFA Group

nyone who has driven a
motor vehicle in Baltimore
or Washington, DC, in the
past 30 years knows one
word that inspires anxiety, fear, and
trepidation: beltway. In the case of
Baltimore, MD, the beltway is I-695 and
it completely encircles the city, cross-
ing the Patapsco River over the Francis
Scott Key Bridge in the southeast cor-
ner near Dundalk. Like every Patapsco
River crossing, motorists pay tolls
for crossing the Key Bridge. Tolls are
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currently collected at a single 12-lane
toll plaza on the northeast end of
the bridge.

As the use of electronic toll transpon-
ders has grown, the bridge’s owner,
Maryland Transportation Authority
(MdTA), proposed eliminating the
tollbooths and collect tolls entirely
electronically. Motorists without tran-
sponders would receive an invoice in
the mail based on license plate photo-
graphs. Vehicles would whiz through

the open plaza at highway speeds,
reducing congestion and the awkward
merging associated with traditional
tolling facilities.

Each tollbooth at the Key Bridge is
currently accessed by a set of stairs and
an 8 x 8 x 258 ft tunnel running under
the toll plaza. In addition to demolish-
ing the booths and concrete barriers,
the entire tunnel and each stairwell
would be removed by cut and cover,
essentially creating a 14 ft deep x 50 ft
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wide ditch across one of America’s busi-
est interstates for at least 3 months. The
project was designed in three phases to
stagger the construction and help with
maintenance of traffic.

Fortunately, the design consultant hired
by MATA reached out to the ready
mix concrete industry in Maryland
for information on abandoning the
tunnel using controlled low-strength
material or flowable fill. This project is
an excellent candidate for using flowable
fill with fly ash as a primary constitu-
ent. Each of the 10 stairwells offers an
opening to dump the material directly
into the tunnel. In addition, each
stairwell provides a flowable fill
reservoir higher than the tunnel ceil-
ing to maintain positive head during
subsidence. The project will take
approximately 800 yd® of flowable fill,
which can be easily accomplished in
1 day by the concrete producers within
a few miles of the plaza. The flowable
fill could be split into two placements
to reduce subsidence if desired by
the owner. Maryland is also home to
several beneficiated and by-product fly
ash sources!

The benefits of using flowable fill on
this project are enormous. The first,
of course, is safety both for the work-
ers and the traveling public. Instead
of a deep trench literally adjacent to
the Baltimore harbor, virtually all
of the work can occur at grade level.
Instead of months of lane shifting,
flagmen, signboards, dewatering, jack-
hammering, and orange barrels, most
of the tunnel activity will occur in
2 days. Another benefit to the owner
is the quality of the product. Because
the existing tunnel will remain struc-
turally sound and filled, there will be
very little chance of future soil sub-
sidence with associated repair work.
On the other hand, a cut-and-cover
contractor will be under significant
pressure to rapidly compact the select
fill material and close up the cut. Even
with strict density and compaction
monitoring of the embanked material,
the opportunity for less-than-optimum
compaction exists. The final benefit
is a dramatic reduction in time to
complete the project. As much as
3 months could be cut from the

schedule. That’s 3 months of greater

rush-hour congestion; 3 months
of dump trucks hauling away debris
delivering borrow material, and
3 months of Chesapeake Bay weather
to further delay the work.

Unfortunately, this is a good-news/
bad-news story. The good news
is MdATA agreed that abandoning
the tunnel with flowable fill was
an excellent design and construc-
tion solution. The bad news is
public opposition to all-electronic
tolling at another MdTA facility has

stalled the all-electronic tolling project
for several years. When the time
comes, the Maryland concrete indus-
try will be ready with a flowable
fill solution.

Hank Keiper is a Technical Service
Engineer with The SEFA Group, headquar-
tered in Lexington, SC. He is a licensed
professional engineer and a member
of American Concrete Institute (ACI)
Committees 229, Controlled Low-Strength
Materials, and 232, Fly Ash and Natural
Pozzolans in Concrete.
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ENVIRONMENTAL WIN-WIN

ARIPPA’s Role: Cleaning Up Historic Coal Waste
Sites, Restoring the Land Using Ash

ne of the largest-volume coal ash beneficial use success
stories in the United States is told in one of the nation’s
oldest coal fields.

The anthracite region—located in and around Pennsylvania—
is home to a coal industry dating to the mid-1800s or earlier.
Many decades of coal production for energy and steel man-
ufacturing produced literal mountains of coal refuse—the
rocks and dirt that was separated from the coal after min-
ing. In an era long before environmental regulations,
billions of tons of coal refuse accumulated over more than
189,000 acres in Pennsylvania alone. More than 5000 mine
sites were abandoned.

These coal refuse piles are not just unsightly. They create acidic
water that degrades more than 5500 miles of streams and asso-
ciated groundwater throughout the region. Abandoned mine
workings also pose physical hazards for people living in the area.

But what if there was a way to productively use that coal refuse
and then restore the land around it? For the past 25 years,
ARIPPA has been showing that there is.

LEADING THE WAY IN MINING

LANDS RECLAMATION

Now known simply as ARIPPA, the Pennsylvania-based trade
association started life as the Anthracite Region Independent
Power Producers Association. ARIPPA members operate power
plants that use modern circulating fluidized bed (CFB) technol-
ogy to generate electricity using the abundant, but low energy
value, coal refuse as fuel. The ash remaining after electricity is
generated and is then used to reclaim abandoned mine lands in
an environmentally responsible manner.

Since 1988, ARIPPA members have removed more than
212 million tons of coal refuse and used it to generate electric-
ity. They have subsequently reclaimed and restored more than

8200 acres of damaged mine lands and hundreds of miles of for-
merly dead streams.

ARIPPA’s Executive Director Jeff A. McNelly said that the unique
nature of modern CFB technology combined with the industry’s
desire to work in conjunction with various environmentally
concerned hands-on volunteer groups and governmental agen-
cies clearly indicate the industry’s commitment to being an
environmentally beneficial alternative energy industry.

“Our industry’s private, non-tax-dollar efforts combined
with the volunteer- and tax-payer-supported state/federal
government programs combine to form a dedicated and
concentrated plan to rid our lands of the significant envi-
ronmental hazards that abandoned mine lands have created,”
McNelly said. “Such hazards endanger the public, and limit
economic development and recreational opportunities in
mining communities.”

RECLAMATION AS AN INDUSTRY

The CFB power plants operated by ARIPPA members annually
generate between 3 and 5% of the total electric generation in the
Pennsylvania and West Virginia region, supplying hundreds of
thousands of homes and industry with much-needed alternative
energy while at the same time directly and indirectly employing
thousands of workers.

In celebrating its 25th anniversary this year, ARIPPA published
impressive industry statistics. Since 1989, ARIPPA members
have collectively:

« Removed and converted more than 212 million tons of coal
refuse into alternative energy.

+ Reclaimed over 8200 acres of formerly environmentally
damaged mine-scarred lands.

+ Restored approximately 1200 miles of formerly dead
polluted streams.
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“Breaker boys” performing the back-breaking work separating coal from refuse in the 1800s
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A typical coal refuse pile, similar to hundreds dotting the landscape in the anthracite region

Abandoned Mine Lands in PA

| Abandoned Mine Lands in Pennsylvania |

oV,
=
—
BT wene e . I Voo Problom Areas
S o e et Bt ~..f—. e — e (¢t [ County Boundaries

Abandoned mine lands affect wide stretches of the Commonwealth of Pennsylvania
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Surface water contaminated by acid mine drainage is a major environmental problem that can be corrected through mine reclamation

Coal ash is used in well-engineered fills to reclaim damaged mine lands and return them to safe and productive use
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Reclaimed mine lands can be used for a variety of public and commercial purposes

« Eliminated public safety hazards, including hundreds of
uncontrollably burning coal refuse fires emitting naturally
occurring ground level pollutants.

o Produced 1500 megawatt-hours annually of alternative
energy and steam.

o Donated thousands of dollars to various deserving vol-
unteer watershed and conservancy groups performing
abandoned mine land (AML) and/or acid mine drainage
(AMD) remediation improvements.

RECLAMATION ACTIVITIES

HIGHLY REGULATED

In 2010, Pennsylvanias Department of Environmental
Protection reported that “Pennsylvania has the nation’s largest
abandoned mine problem, with approximately 180,000 acres
of cliffs, coal refuse piles, and other dangerous features encom-
passing abandoned mine lands, some dating back to the 1700s.
More than 2 billion tons of coal refuse sits in piles across the
state, resulting in acid mine drainage which is the largest source
of water pollution in the state, degrading 5500 miles of rivers
and streams””

Pennsylvania’s Bureau of Abandoned Mine Reclamation estimates
the cost to eliminate these abandoned mine problems and complete
the cleanup of AML-AMD sites in Pennsylvania to be approxi-
mately $14.6 billion of taxpayer funds and take nearly 500 years.

Faced with such a daunting challenge, Pennsylvania environ-
mental regulators have embraced the opportunity to work with
the private sector to address coal refuse problems. The resulting
public-private initiative takes advantage of the characteristics of
coal ash while providing strict regulatory accountability.

Ash from CFB power plants is unique. Power plants that burn
coal refuse produce a higher percentage of ash than other types

of power plants because much of the fuel is rock that does not
burn. Additionally, these plants add limestone to the boiler to
prevent air pollution. The limestone adds to the volume of ash,
but it also imparts alkalinity. Ash is often returned to the area
from which the coal refuse was extracted, thus substituting an
alkaline material for an acidic material and enabling improve-
ment of water quality.

In the mid-1980s, the Pennsylvania Department of
Environmental Protection began to approve coal ash use for mine
reclamation. When an applicant proposes to use a source of coal
ash for beneficial use in Pennsylvania, extensive chemical testing
is required of the ash to determine concentrations of elements
that might cause environmental problems. The Department has
guidelines for permissible concentration levels. Twenty-one dif-
ferent parameters are used to assess the dry ash composition and
the leachate characteristics. If an ash exceeds the limits, it cannot
be used beneficially and must be disposed in a lined facility.

The Department also reviews the geology and hydrology of the
mine site to assure that the ash can be placed in an environmen-
tally safe manner. If the Department determines that placement
of ash at a mine would create a problem (either because of the
site or the ash quality), the proposal is rejected.

A QUARTER-CENTURY AND

JUST BEGINNING

In celebrating its silver anniversary this year, ARIPPA released a
40-minute documentary on the “Legacy of Coal”” (It is available
for viewing on the organization’s website at www.arippa.org.)
Tracing the historic origins of the anthracite region’s massive
coal refuse piles and the relatively recent actions to use them
productively, one thing becomes clear: It will take many more
decades of efforts like ARIPPA’ to overcome centuries of envi-
ronmental damage.
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PURR-FECT HARMONY®
ADVANCED CLUMPING
CAT LITTER

The PURR-fect Solution for a better planet.™

Recycle More! Turning Fly Ash into Cat Litter..

nybody involved with fly
ash knows that the recycling
of this valuable material is
one of, if not the greatest,
American recycling success stories. In
2012, approximately 23 million tons of
fly ash were beneficially used in various
recycling applications—thus prevent-
ing this material from being landfilled.
Unfortunately, this only represents
approximately 45% of the fly ash produced
each year in the United States, so the need
for new and innovative uses of fly ash
are still required. Our company, PURR-
fect Solutions, LLC™, and its research
team have been performing research and
development (R&D) on fly ash materials
for many years for various scientific appli-
cations. All along, we
were guided by
one simple

motivation: recycle more—take advan-
tage of the wonderfully useful chemistry
of these materials. And somewhere dur-
ing this fantastic voyage in R&D, we
stumbled upon a novel and unique way
to make an environmentally friendly
cat litter!

As luck would have it, during the time
we were investigating fly ash recycling
options, several team members voiced
their deep displeasure with the cur-
rent products on the market for green
cat litter alternatives (versus traditional
bentonite clay). Green litter products
have skyrocketed annualized growth
rates (approximately 20% per vyear).
Consequently, a flood of new green
litters are currently on the market; unfor-
tunately, none of these products
perform anywhere
near as

well as traditional clay products—the
“gold” standard for this industry. For
instance, the clump integrity is poor, the
odor control is subpar, and the materials
used for manufacture are often rejected
by cats. Let’s face it: cats are not used to
“doing their business” on wheat or corn
substrates—they prefer dirt or sand! It
seems that nothing performs as well as
the “gold standard”—that is, traditional
sodium bentonite clay, which was intro-
duced to the market in the early 1980s.
Hence, product performance is why
green litters, despite their solid growth,
are still being dominated by traditional
clay litters. Clay litters are responsible
for approximately 75% of the $2 bil-
lion per year market for pet litter in the




TABLE |I: COMPARISON OF CHEMICAL MAKEUP OF
FLY ASH LITTER VERSUS BENTONITE CLAY LITTER

PURR-fect HARMONY®

Bentonite clay

Chemical analysis (fly-ash-based material) litter
Silicon dioxide, % 39.1 58.6
Aluminum oxide, % 18.6 24.8
Iron oxide, % 6.0 3.0
Calcium oxide, % 22.6 3.0
Magnesium oxide, % 5.5 2.0
Sodium oxide, % 4.0 0.2
Potassium oxide, % 1.0 0.3
Sulfur trioxide, % 2.0 0.1
Titanium dioxide, % 0.3 0.3
Other, % 0.9 7.7

United States, which continues to grow
at approximately 3 to 4% per year (even
despite the latest recession).

So what is the problem with using ben-
tonite clay? The problem is strip mining
virgin materials so they can be used to
hold animal waste. The practice of strip
mining for pet litter is very environmen-
tally damaging. For every ton of clay
removed from the earth, 4 tons of over-
burden are removed to unearth the clay.
Some of this country’s most beautiful
landscape is bulldozed to mine bentonite
clay for pet litter! Why don’t we preserve
this resource for more valuable applica-
tions? Pet owners are faced with a choice:
use an inferior—but green—litter prod-
uct or unnecessarily damage the earth
for the convenience of a high-performing
clay cat litter.

THIS IS NO ORDINARY
LITTER

Our research work using fly ash allowed
us to see an opportunity, which was to
use fly ash to create a new type of litter
that not only looks and feels like clay,
but one that also actually performs like
clay. The resulting product is PURR-fect
HARMONY® advanced clumping cat lit-
ter—the only green cat litter that looks
like clay, feels like clay, and that your cat
thinks is clay. Currently, we offer our prod-
uct in two sizes (shown in the picture), a
12 1b trial size, and the more economi-
cal bulk bag containing 22 Ib. PURR-fect
HARMONY is the only advanced clump-
ing cat litter that combines the high
standard of performance expected of

clay with the environmental benefits of
“natural” litters. PURR-fect HARMONY
contains 85% fly ash that is beneficially
recycled into the product. Our substrate
is virtually indistinguishable from clay.
Why? As Table 1 shows, the chemical
makeup of sodium bentonite clay is very
similar to the chemical makeup of fly
ash. Consequently, the main difference
between our litter materials and clay litter
is not the chemistry but rather the overall
material structure. So it is no coincidence
that we look and feel like clay because
chemically, we are clay!

The manufacturing process is environ-
mentally friendly because it avoids the
need for strip mining to obtain the ben-
tonite clay and reduces the amount of
fly ash that has to be landfilled by power
plants. Using a scientifically formulated
and patented process, we transform and
encapsulate the fine fly ash materials
into an absorbent cat litter with a range
of particle sizes. Our fly ash comes from
the Coronado Generating Station in
St. Johns, AZ, marketed by CEMEX/
MRT. Although our proprietary process
is applicable to both Class C and Class
F ashes, our process has been optimized
for Class C ash. Our current pilot-scale
production facility is located in Salt
Lake City, UT, and it has the capacity to
produce well over a million pounds of
litter annually.

The remaining 15% of the product uses
all-natural materials to achieve its qua-
druple odor protection and superior
clumping strength. In designing our

product, we elected to not use any fra-
grances to cover or mask the odor; rather,
we chose to attack the odor at the source.
Our odor-blocking agents were carefully
selected by our team of scientists to pro-
tect you from malodor in four distinct
ways: absorb, capture, neutralize, and
prevent litter box odor. This powerful
combination is also good for single- or
multi-cat households. Our best-in-class
clump strength is the result of a unique
natural polymer made from a seaweed
extract. When it makes contact with lig-
uids, the polymer naturally swells and
forms a strong bond between neighbor-
ing particles within the litter. Unlike most
natural litters, which have poor clump
integrity, our litter clumps remain intact
even after being dropped from a 1 ft
height. This is no ordinary litter!

THE FUTURE OF PURR-
FECT HARMONY

The growth potential for our product
is enormous, and the number of stores
carrying our product continues to grow
each month. Many pet specialty retailers
crave innovative new products that help
differentiate them from “big box” stores
and grocery chains. The uniqueness of
our product and its positioning in the
marketplace benefits not only us but also
the retailers who carry us. We hope every
cat parent will realize that by switching
to PURR-fect HARMONY cat litter, they
can do something positive for the world
without having to sacrifice anything.

PURR-fect Solutions, LLC™ is excited to
provide another avenue for the beneficial
reuse of fly ash—one that is recession-
proof and quite unique. Our vision is to
continue to pursue innovative uses of fly
ash to expand its recycling potential rather
than landfill this valuable chemistry.

For more information, please visit our
website at www.purr-fectharmony.com.
You can also visit our Facebook page
(www.facebook.com/harmonylitter) to
learn more, including locations where
PURR-fect HARMONY is available. %
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CONGRESSMAN
DAVID MCKINLEY—
A NEW ACAA CHAMPION

n 2012, the American Coal Ash

Association established a new

award to recognize extraordinary

contributions to the beneficial use
of coal combustion products: the ACAA
Champion Award. The recipient is selected
exclusively by the Chair of the ACAA
Board of Directors and is known only to
the Chair until the moment the presen-
tation is made. The recipient may be an
individual or individuals; an institution—
private or public; a member of the ACAA
or a non-member; living or deceased.

What constitutes extraordinary contri-
butions to the beneficial use of CCP? In
this case, beauty is truly in the eye of the
beholder. Over the decades of beneficial
use, many, many important contributions
have come from a wide range of sources.
Advances in research, innovative use of
CCP, extraordinary marketing efforts,
educational leadership, leadership for
the industry through participation in
technical organizations, involvement
in regulatory activities, and protecting
beneficial use from assaults by outside
interests are examples of worthy contribu-
tions. The biggest challenge for the initial
awards is to sort through the myriad of
worthy recipients and select just one.

In 2012, Mark Bryant concluded his
4 years as Chair of the ACAA Board of
Directors by presenting the very first
ACAA Champion Award to John Ward for
his exceptional work in providing leader-
ship in meeting challenges from the U.S.
Environmental Protection Agency and

ENGOs following the Kingston, TN, ash Chair of the ACAA Board of Directors Lisa Cooper presents Congressman David B. McKinley
spill in December 2008. Bryant noted that ~ with the ACAA 2014 Champion Award.
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the immediacy and intensity of the assault
on beneficial use by those opposed to coal-
fired generation of electricity challenged
the very survival of the beneficial-use
industry. With his deep experience in the
machinations of Washington, DC, John
Ward was able to provide top-notch advice
and guidance to the association.

One vyear later in Pinehurst, NC, Chair
Lisa Cooper bestowed the second award
to retired ACAA Executive Director Dave
Goss. While Goss has continued to man-
age special projects for the ACAA since
his “retirement,” he really did want to
retire. Chair Cooper thought it was time
to recognize Goss for his service to the
ACAA over more than a decade. During
his tenure as COO of the association,
ACAA came back from a very fragile
financial condition, carefully grew the
services provided, increased member-
ship, and improved the reputation of the
ACAA to outside organizations. Goss
also brought the ACAA together with
the Center for Applied Energy Research
at the University of Kentucky to create
the highly successful World of Coal Ash.
Working with leaders from the ACAA

membership, Goss nursed the ACAA
back to health.

The next ACAA Champion Award was
presented this past June in Pittsburgh,
PA. As one of her last actions as Chair of
the ACAA Board, Lisa Cooper named
Congressman David B. McKinley as the
third recipient. Congressman McKinley,
from the first Congressional district of
West Virginia and a registered professional
engineer with a deep knowledge of benefi-
cial use of CCP, became the elected voice
for beneficial use in the U.S. Congress in
his very first month following his election
in 2010. Within 30 days of being sworn
into office, McKinley authored a bill pre-
venting the EPA from creating hazardous
waste regulations for the management of
CCP. That one-paragraph bill was the first
in a series of bills passed by the House
of Representatives with bipartisan sup-
port. During the process of getting his bill
through the House Energy and Commerce
Committee, Congressman McKinley has
had to twist many arms to get attention on
the issue, even confronting Speaker of the
House John Boehner in a heated discus-
sion. Today, five bills directing the EPA to

create a CCP management plan closely fol-
lowing that used for municipal solid waste
have passed the House. The last bill, HR
2218, passed in April 2013, was praised by
President Obama following passage. Yet
Senator Harry Reid and the Democrat
majority in the Senate will not take action
on the bill. All efforts to get the bill through
the Senate have been end-runs because
Senators Harry Reid and Barbara Boxer
will not allow this bill to go through in reg-
ular order. McKinley is clearly not a career
politician. At an age when most successful
businessmen are off golfing, sailing, trav-
eling, and enjoying the fruits of a career,
McKinley chose to go to Washington to
try and fix things. In the dark days of 2010,
the ACAA needed a strong, passionate
champion in Washington, DC. David B.
McKinley was the right man at the right
time.

The ACAA maintains a plaque with the
names of the recipients of the ACAA
Champion Award. It is on display at every
ACAA meeting. Who will be the fourth
recipient? Only one person knows and
he is not talking. We will find out at the
ACAA 2015 fall meeting.*

Updated for 2014

l“_l'

INTERNATIONAL

This important guide covers procedures
for the design and construction of
engineered structural fills using coal
combustion products (CCPs) including, but
not limited to fly ash, bottom ash, boiler
slag, or other CCPs that can meet the
requirements of an engineered fill. CCPs
may be used alone, or blended with soils,
or other suitable materials to achieve
desired geotechnical properties.

Purchase your copy from ASTM International today!
http://www.astm.org/Standards/E2277.htm

7 ASTM E2277 Standard Guide for Design and
Construction of Coal Ash Structural Fills
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Focus on CCP Production and Use

A STUDY IN

COLLABORATIVE SUCCESS:
A PROPOSALTO SUSTAINIT

Anne Weir, Executive Director, Association of Canadian Industries Recycling Coal Ash (CIRCA)

he Agency believes that these beneficial uses

provide significant opportunities to advance

Sustainable Materials Management™ ... It was

with a sense of relief that the coal ash industry
read these words in the U.S. Environmental Protection Agency’s
(EPA’) February 2014 report, where it supported beneficial use
of coal fly ash in concrete and flue gas desulfurization (FGD)
material in wallboard and reconfirmed the environmental
safety of encapsulated applications. Yet this restoration of legal
certainty® for coal combustion product (CCP) use is notably
subdued, considering it requalifies nearly 6 years of uncertainty
for an industry with such a capacity to contribute to the econ-
omy and the pursuit of sustainability.

So much has happened since the Kingston, TN, spill that
prompted the EPA to pull its plug on multi-agency government
support® for beneficial use of coal ash that it can be tempting
to look past the hard-won knowledge that shaped the indus-
try’s pre-Kingston reality in favor of something more current,

1 “Coal Combustion Residual Beneficial Use Evaluation: Fly Ash Concrete and FGD
Gypsum Wallboard,” U.S. Environmental Protection Agency, Washington, DC, Feb. 2014,
91pp., http://www.epa.gov/epawaste/conserve/imr/ccps/pdfs/ccr_bu_eval.pdf.

2 “The development of sound legislation, regulations and other necessary measures
designed to provide industry with the level of ‘legal certainty’ are a minimum requirement
for capital investment in modern economies. These investments provide for efficient and
effective recovery or value-adding ‘best use’ of CCPs for beneficial ends. ... ‘legal certainty’
...underpins all corporate commercial decision-making processes. Ambiguity associated
with the materials classification will only result in hesitancy for further investment into
future utilization technologies...In the absence of legal certainty, generators, investors,
business owners and customers operating in highly-competitive commercial markets
typically avoid regulatory uncertainty or risks associated with an activity, resulting in the
widespread loss of current and future beneficial utilization opportunities for CCPs”
Heidrich, C.; Feuerborn, H.-J.; and Weir, A., “Coal Combustion Products—A Global
Perspective,” VGB PowerTech, V. 93, No.12, Dec. 2013, pp. 46-52, http://www.vgb.org/
vgborg/en/pt_12_2013.html.

3 From 2003 to July 2009, the Coal Combustion Products Partnership (C2P2)

allied U.S. Departments of Environment, Energy, Highways and Agriculture, and other
proponents of beneficial use (ACAA, USWAG, CIRCA, and industry stakeholders)
championed increasing beneficial use of coal combustion products in the United States.
http://webappl.dlib.indiana.edu/virtual_disk_library/index.cgi/6825758/FID3536/pdfs/
c2p2facts.pdf.
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assuming “current” is more relevant; yet this would be an unfor-
tunate over-simplification. This article unearths enduring facts
about beneficial use of CCPs—facts nearly obscured by a mul-
titude of more recent, but potentially misleading, inputs. As
“those who cannot remember the past are condemned to repeat
it,* this article is intended to clarify the merits and underscore
the value of CCPs beneficial use in a range of applications,’
including expanded recovery of needed minerals.®

Post-Bevill (2000)” and pre-Kingston (2008), an irrefutable
case was made for fly ash concrete in industry literature which
effectively stated a science-based, quantifiable case for ben-
eficial use. After years of tussling over details of approaches
to life-cycle analyses and emissions protocols, clear means
were established by which to evaluate and monetize the effi-
cacy of material replacements in the interest of sustainability

4 Santayana, G., The Life of Reason, Vol. 1: Reason in Common Sense, 1905, http://
www.gutenberg.org/files/15000/15000-h/15000-h.htm.

5 ACAA statistics itemize 15 beneficial use categories; Canadian publications list six,
with “Other” representing “waste stabilization, specialty uses such as mineral filler and
flowable fill” Prior to 2000, Canadian statistics detailed 12 use categories, with “Other”
uses including “oil well reclamation/cementing agent, microspheres and roofing tiles”
ACAA “2012 Coal Combustion Product (CCP) Production & Use Survey Report”: http://
www.acaa-usa.org/Portals/9/Files/PDFs/revisedFINAL2012CCPSurveyReport.pdf;
Natural Resources Canada “Production and Use Of Coal Combustion Products (CCPs),
2010-2012 Average”: http://www.circainfo.ca/documents/2010_2012CCPSurvey-NRCan.
pdf; Natural Resources Canada “Total Coal Combustion Products (CCPs) Production and
Use—1999: http://circainfo.ca/members/documents/Pand Ustats1999.pdf

6 “Utilization of Coal Ash from Landfill,” Association of Canadian Industries
Recycling Coal Ash (CIRCA), Apr. 2013, 2 pp., http://www.circainfo.ca/documents/
Circa_FactSheet10_FINALUtilizationfromLandfill-03.pdf.

7 “Notice of Regulatory Determination on Wastes from the Combustion of Fossil
Fuels,” delivered May 22, 2000, ruled national regulation of coal ash is appropriate under
nonhazardous (Subtitle D) authorities in landfills and surface impoundments, http://www.
epa.gov/epawaste/nonhaz/industrial/special/fossil/ff2f-fr.pdf.



and related economic impacts.® Industry leaders in Canada’
and the United States put their findings to constructive use,
encouraging innovation through design and construction
specifications and practices accomplished through increased
use of supplementary cementitious materials (SCMs), of
which fly ash represents the greatest proportion.'® Improved
technical performance alongside significantly reduced envi-
ronmental impacts proved persuasive:

“...prescriptive codes lead to considerable waste of cement,
while adversely affecting concrete’s durability. [They] must be
replaced with performance-based specifications that promote
durability and sustainability”"!

“Use of reclaimed and recyclable industrial by-products...to
partially replace Portland cement in concrete, reduces GHG
emissions and results in sustainable “green” concrete...bene-
fits include minimization of waste disposal...lessened pressure
on natural resources...concrete using SCMs will generally

exhibit an extended service life over conventional concrete.”'?

Industry stakeholders took up the cause, making efforts on
every front (education, advocacy, standards development,
communications, and promotion) to increase beneficial use
of SCMs/CCPs, despite implications for the status quo. “About
the same time, environmental regulation increased pressure
on industry to reduce emissions and the coal-fired power gen-
eration and cement industries came under increasing scrutiny.
Also, at about the same time, the International Energy Agency
identified “clinker substitution” as a key strategy to reduce CO,
emissions from cement manufacture. These forces galvanized
complementary objectives into something of a silver lining,
encouraging Coal Ash Producers and Marketers into profitable
and productive partnerships that support both industries’ aspi-

rations to increase sustainability”"?

Post-Kingston, detractors of every stripe capitalized on igno-
rance of coal ash chemistry, its management, and attendant

8 “Beneficial use of fly ash in concrete and FGD gypsum in wallboard results in
positive environmental impacts...most significantly energy savings ($4.7 billion in 2007
energy prices, enough energy to power over 4 million homes for an entire year), water

use reductions ($76.9 million in 2007 water prices, roughly equivalent to the annual

water consumption of 61,000 Americans)..., avoided greenhouse gas (11.5 million tons of
avoided CO, equivalent and [other] air emissions (30.3 million kilograms of avoided NO,
and 23.9 million kilograms of SO )”

“Waste and Materials-Flow Benchmark Sector Report: Beneficial Use of Secondary Mate-
rials—Coal Combustion Products,” U.S. Environmental Protection Agency, Washington,
DC, Feb. 2008, 95 pp., http://circainfo.ca/members/documents/EPAWasteandMaterials-
FlowBenchmarkReportFeb2008.pdf.

9 From 2001 to 2006, the Government of Canada’s National Action Plan on Climate
Change presented Federal Departments of Natural Resources, Industry, Public Works, En-
vironment & Health, and industry stakeholders with opportunities to identify and develop
emission-reduction strategies and practices.

10 NRMCA confirmed “ready mixed concrete forms the single largest market for fly
ash” and that, “even so it can still offer the largest potential for increased fly ash utiliza-
tion,” confirming “34% of all ready mixed concrete was produced with straight portland
cement... 56% was produced with fly ash as the only SCM.”

Obla, K. H; Lobo, C. L.; and Kim, H., “2012 NRMCA Supplementary Cementitious
Materials Use Survey,” Concrete InFocus, Fall 2012, pp. 16-18.

11 Mehta, P. K., and Walters, M., “Roadmap to a Sustainable Construction Industry;”
The Concrete Specifier, Jan. 2008, p. 50.

12 Bouzoubaa, N., and Foo, S., “Use of Fly Ash and Slag in Concrete: A Best Practice
Guide,” Materials Technology Laboratory, Jan. 2005, 46 pp., http://circainfo.ca/docu-
ments/UseofFAandSlaginConcrete-ICONPWGSCJan2005.pdf.

13 Weir, A, and Kennedy, D., “Fly Ash Forecast: Fair, Changeable, Increasingly Sus-
tainable,” Ready Mix News, V. 23, No. 1, May 2014, pp. 6-7, http://www.atlanticconcrete.ca/
images/pdf/rmnspr14.pdf.

public concern to gain political advantage. Dave Goss, ACAA
Executive Director at the time, characterized the political land-
scape with which the coal ash industry was coping:

“Competitors of CCPs raise [the spectre of comparative tox-
icities]...this stigmatization has a genuine adverse impact
on...[current and future] use....It is a travesty that this
highly successful example of industrial recycling may be
lost due to issues that are largely political in nature and not
at all related to the material itself...the use/re-use of CCPs
supports sustainable practice and should...be increased”**

While many stakeholders stuck by science™ and sustainability*®
to advance CCP use, provide input to the EPA, and appeal to
common sense, others filled the vacuum left by withdrawal of
government support with everything from resounding silence
to damning ambiguity.”” This was perhaps predictable, as the
battle to influence public perception of CCPs is an enduring
skirmish in the fiercely competitive construction materials
market. Economist Jeftrey Sachs suggests that “economy is inti-
mately interconnected with a much broader drama that includes
politics, social psychology, and the natural environment...*8
that understanding of issues is best appreciated as

“a big canvas, in which culture, domestic politics, geo-
politics, public opinion, and environmental and natural

resource constraints all play important roles..”"

Although the EPA has re-established that prudent coal ash
use will support “public good” through “sustainable materials
management” and although there is agreement this will yield
higher-performing, more sustainable infrastructure when
it is most needed, challenges remain. Today’s specifiers, and
policy- and decision-makers navigate conflicting inputs born
of competing agendas, the flotsam of two “perfect” storms
(Bevill Amendment and Kingston spill). In other words, as
some barriers to CCP use are removed, others have developed
to replace them. Meanwhile, significant change since 2000
and 2008 makes for a very different canvas: climate change is
acknowledged as fact and anthropogenic influences upon it
are confirmed®; proposed 30% cuts to U.S. coal-fired power
production will reduce coal ash supplies as a matter of course.
Under these circumstances, recent Canadian experience—
including Ontario-legislated closure of coal-powered plants in

14 Goss, D., “Usage Declines May Signal Beginning of Troubling Trend,” ASH at Work,
Issue 2, 2010, pp. 14-17.

15 “Replacing part of the clinker with low-cost coal fly ash has recently emerged as a
viable economical and ecological solution to balance material efficiency with environmen-
tal concerns. From a resource perspective, coal fly ash is still underutilized in the industry,
while it is well known to be an excellent candidate to partially replace clinker;” “Fly Ash

is Critical for C-A-S-H,” Concrete Sustainability Hub@MIT Research Profile Letter,

Sept. 2010, http://cshub.mit.edu/sites/default/files/documents/9-2010%20CSHub-News-
Brief%20%282%29.pdf.

16  “The Economic Impacts of Prohibiting Coal Fly Ash Use in Transportation
Infrastructure Construction,” American Road & Transportation Builders Association
Transportation Development Foundation, Washington, DC, Sept. 2011, 131 pp.

17 Perkins+Will, “Fly Ash in Concrete,” Nov. 2011, 54 pp.

18  Sachs, ]. D., The Price of Civilization: Economics & Ethics after the Fall, Random
House Canada, Toronto, ON, Canada, 2011, 336 pp.

19 Sachs, ]. D, The Price of Civilization: Economics & Ethics after the Fall, Random
House Canada, Toronto, ON, Canada, 2011, 336 pp.

20 “Human Influence on Climate Change Clear, IPCC Report Says,” Sept. 2013, 3 pp.,
http://www.ipcc.ch/news_and_events/docs/ar5/press_release_ar5_wgi_en.pdf.
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2014—offers a glimpse into the potential future of coal ash in
the United States:

“In recent years, emission reduction regulations, access
to lower-priced, lower-emitting natural gas and invest-
ment in renewable energy sources have contributed to a
decrease in coal-fired power generation in Canada, with a
corresponding impact on coal ash production. Meanwhile,
steady demand for coal ash [has recast] landfilled ash as
a significant source of materials and minerals to supply
diversifying markets. ..

“Ash recovered from landfill offers social, economic and envi-
ronmental benefits...that [traditional sourcing of] natural
materials cannot...[filling] demand for natural resources...
(i.e.: lime, sand, aggregate, metals and rare earths), reduc-
ing demand for resources from natural sources. In terms
of energy demand and CO, emissions, ash recovery and
processing requires significantly less energy, and generates
significantly lower emissions, than traditional mining and

processing of natural mineral resources.”*!

Meanwhile, the specter of declining availability is encourag-
ing industry to manage and allocate ash like the high-demand,
value-adding material it is. Just as chemical solutions are mini-
mizing the impact of operational changes adopted to comply
with legislated regulatory changes, processes and technologies
that facilitate use of landfilled ash are very much in process.”
While use of coal ash in cement and concrete manufacture
remains strong, new uses are proliferating: “high commodity
prices are encouraging [extraction of]| minerals, metals and rare
earths from coal ash deposits [where] recovered ash can supply
high-demand materials...to market more sustainably than tra-

ditional mining methods allow.”**

2014 industry parameters paint a compelling canvas of oppor-
tunities and challenges for coal ash use:

o Our infrastructure is crumbling faster than our respective
economies are recovering;

« Coal ash is recognized as key® to cost-effective, more sustain-
able concrete;

« Coal ash production is declining in Canada, and slated for
reduction in the United States;

« Six years of legal uncertainty requires proponents’ work
to restore coal ash to its pre-Kingston status in design,

21  CIRCA, “Utilization of Coal Ash from Landfill,” Apr. 2013, 2 pp., http://www.
circainfo.ca/documents/Circa_FactSheet10_FINALUtilizationfromLandfill-03.pdf.

22 “Since 2010, Mercury emission reduction legislation required operational changes
impacting Fly Ash characteristics, an issue with which the concrete industry is still grap-
pling. The adoption of chemical additives to reduce carbon content in Coal Ash presented
a new challenge, which industry has worked successfully to address. As industries’ knowl-
edge base has evolved, tremendous progress has been made to develop new technologies,
proving that operational changes (like Powdered Activated Carbon) present temporary
challenges that can be remedied and will be resolved. ”

Weir, A., and Kennedy, D., “Fly Ash Forecast: Fair, Changeable, Increasingly Sustainable,”
Ready Mix News, V. 23, No. 1, May 2014, pp. 6-7, http://www.atlanticconcrete.ca/images/
pdf/rmnspr14.pdf.

23 Robl, T,, “The Utilization of Ponded Ash,” University of Kentucky Center for Ap-
plied Energy Research, ACAA Winter Meeting, Feb. 2013.

24 CIRCA, “Utilization of Coal Ash from Landfill,” Apr. 2013, 2 pp., http://www.
circainfo.ca/documents/Circa_FactSheet10_FINALUtilizationfromLandfill-03.pdf.

25  “Fly Ash is a Critical Tool,” Portland Cement Association, Skokie, IL, Nov. 2009.
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purchasing, and performance specifications;

« CCPs’ capacity to reduce atmospheric emissions AND sustain
productivity is eclipsed by politically motivated assaults on
the materials’ “credibility”;

» Government agency influence is diminished, yielding fewer
influential voices to champion, never mind maximize, benefi-

cial use.

As reasonable as it may sound to delegate the recycling of coal
ash to the marketplace, history suggests there are potential
drawbacks to doing so without the steadying influence of gov-
ernment collaboration:

“markets systematically underprovide certain ‘public goods,
such as infrastructure, environmental regulations, educa-
tion and scientific research, whose adequate supply depends
on the government.”*

Judicious management of coal ash will support “public good”
through more sustainable practice; EPA’s 2000 and 2014 deci-
sions bear this out. Despite agreement that coal ash in cement
and concrete yields more durable infrastructure, current recy-
cling rates—31% in Canada, 44.5% in the United States—suggest
limits to the market’s capacity to realize the full potential of our
ash resources unaided because the majority of North American
coal ash production is still being diverted to landfill.

Government support of the industry has historically proved
effective: use rates increased under the U.S. government’s Coal
Combustion Products Partnership and Canadas National
Action Plan on Climate Change. Both programs quantified
compelling emission reduction” and other® sustainability ben-
efits, offering the security of legal certainty required to realize
CCPs’ sustainability potential.

Given the capacity of CCP use to reduce emissions and reduce
consumption of energy and natural resources in the manufac-
turing, transportation, construction, and mining sectors, and
given the significance of our governments’ challenges to dem-
onstrate policy that redresses climate change, restoration of
government involvement to maximize CCP use is eminently
practical. Public support of CCP use will promote “sustainable
industry development, whilst protecting the environment and

26  Sachs, ]. D., The Price of Civilization: Economics & Ethics after the Fall, Random
House Canada, Toronto, ON, Canada, 2011, 336 pp.

27 “If Fly Ash were used as an SCM (Supplementary Cementing Material) at the
prescribed limit, about 1.2 Mt of GHG emissions would be displaced. If the prescribed
maximum were surpassed by 25% or 50%, associated impacts would be 1.6 or 1.9 Mt
CO,e, respectively”

“Analysis of Resource Recovery Opportunities in Canada and the Projection of Green-
house Gas Emission Implications,” Natural Resources Canada, Ottawa, ON, Canada, Mar.
2006, 343 pp., https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/mineralsmetals/pdf/
mms-smm/busi-indu/rad-rad/pdf/rrd2-eng.pdf.

28  “Beneficial use of fly ash in concrete and FGD gypsum in wallboard results in
positive environmental impacts. .. most significantly energy savings ($4.7 billion in 2007
energy prices, enough energy to power over 4 million homes for an entire year), water
use reductions ($76.9 million in 2007 water prices, roughly equivalent to the annual
water consumption of 61,000 Americans)..., avoided greenhouse gas (11.5 million tons of
avoided CO, equivalent and [other] air emissions (30.3 million kilograms of avoided NO,,
and 23.9 million kilograms of SO )

“Waste and Materials-Flow Benchmark Sector Report: Beneficial Use of Secondary Mate-
rials—Coal Combustion Products,” U.S. Environmental Protection Agency, Washington,
DC, Feb. 2008, 95 pp., http://circainfo.ca/members/documents/EPAWasteandMaterials-
FlowBenchmarkReportFeb2008.pdf
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29  Heidrich, C.; Feuerborn, H.-J.; and Weir, A., “Coal Combustion Products—A
Global Perspective,” VGB Powertech, V. 96, No. 12, Dec. 2013, pp. 46-52, http://www.vgb.
org/vgborg/en/pt_12_2013.html.
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Nashville, TN, will be the site of the 2015 edition of the World of Coal

Ash from May 4 to 7. Co-sponsored by the Center for Applied Energy
Research at the University of Kentucky and the American Coal Ash As-
sociation, it is the premier event in North America for those interested in

the beneficial use of coal combustion products. The event is held every

2 years and is expected to attract 600 attendees. The event opens with a
short course on coal combustion products with instructors from the

academic community and industry experts. Presentations begin on
Tuesday, May 5. Over 100 presentations will be made over the course
of the event. Over 50 exhibitors will be on hand to provide information
on equipment and services to the beneficial use community. A welcome
reception will be held on Tuesday. On Wednesday evening, a field trip to
the famous Wild Horse Saloon is scheduled.

The Nashville area offers a lot to see and do. The downtown area is
particularly vibrant with music, food, and sports. Broadway Street is the
main street for the nightclubs. No trip to Nashville is complete without
a visit to the Ryman Auditorium, the Mother Church of Country Music.
The Grand Ole Opry is just a short drive away. Mark your calendar and
be sure to make your hotel reservations early.

Photos courtesy of Nashville Convention & Visitors Corporation.
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IN & AROUND ACAA

WASHINGTON, DC

ACAA officials and volunteers staffed a booth in January at
the Transportation Research Board meeting, which annu-
ally attracts nearly 12,000 transportation professionals from
around the world. Executive Director Thomas Adams is shown
discussing coal ash use with conference attendees. ACAA vol-
unteer Dr. Lisa Bradley provided coal ash-themed M&M:s as a
conversation starter.

Ash at Work Issue | 2014

LEXINGTON, KY

The Center for Applied Energy Research and ACAA co-hosted
an Ash Utilization Workshop in April that featured expert
speakers from across the beneficial use industry. Among them,
Dr. John L. Daniels, PE., Associate Professor of Civil and
Environmental Engineering at the University of North Carolina
at Charlotte, presented information on how beneficial use of
coal ash helps control costs, creates better products, and helps
create a more sustainable community.

ALBUQUERQUE, NM

Barnes Johnson, Director of the U.S. Environmental Protection
Agency’s Office of Resource Conservation and Recovery,
attended ACAA’s winter meeting to brief ACAA membership
on the results of the Agency’s risk evaluation of fly ash concrete
and synthetic gypsum wallboard. From left to right: ACAA
Chair Lisa Cooper, Mr. Johnson, ACAA Vice-Chair Hollis
Walker, and ACAA Past Chair Mark Bryant.



Fly Ash Marketing . .

Engineering and Construction

Transportation/Logistics
Post Generation Recycling and Handling v

STAR® Thermal Beneficiation

SEFA’S THIRD STAR® PLANT IN GEORGETOWN, SC
OPERATIONAL SPRING 2015 CAPABLE OF
PROCESSING DRY AND RECLAIMED FLY ASH

888-339-SEFA * www.sefagroup.com

®
S I AR ®
STAGED TURBULENT AIR REACTOR




ASH ALLIES

American Road & Transportation Builders Association
Champion for Coal Ash Reuse in the Transportation
Construction Industry

American Road &
M Transportation Builders
Association

ince 1902, the

DC-based  American  Road

&  Transportation  Builders

Association’s (ARTBA) mission
has been crystal clear: “We are a federa-
tion whose primary goal is to aggressively
grow and protect transportation infra-
structure investment to meet the public
and business demand for safe and efficient
travel. ARTBA also provides programs
and services designed to give its members
a global competitive edge”

Washington,

On behalf of its 6000+ members from the
public and private sectors, ARTBA works
to ensure its members’ views and business
concerns are addressed before Congress,
the White House, federal agencies, the
courts, the general public, and news media.

The number one reason why people join
ARTBA is simple. They deliver results.
That’s their value proposition and it explains
why industry firms and organizations make
ARTBA a key part of their business strategy.
Since 1990, federal investment in transpor-
tation construction programs has increased
50% more compared to federal outlays for
general construction.

ARTBA consistently leads the charge and
frames the surface transportation reauthori-
zation debate on Capitol Hill. It advocates for
expanded investments in highways, bridges,
transit, airports, rail, and ports and water-
ways to meet the infrastructure challenges of
today’s global economy. The transportation
construction industry ARTBA represents
generates more than $380 billion annually
in US. economic activity and sustains more
than 3.3 million American jobs.

ARTBA has been a steady ally for the
American Coal Ash Association (ACAA)
in the ongoing effort to prevent the United
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States Environmental Protection Agency
(EPA) from designating coal ash as a “haz-
ardous substance” Over the past 5 years,
ARTBA has provided multiple sets of reg-
ulatory comments, legislative testimony,
and public statements documenting the
essential role of coal ash in transportation
construction and helping to preserve and
improve the nation’s infrastructure.

The most visible display of ARTBAs advo-
cacy on the coal ash issue is the ARTBA
Foundation’s September 2011 study, “The
Economic Impacts of Prohibiting Coal Fly
Ash Use in Transportation Infrastructure
Construction,” which concluded “the
cost to build roads, runways, and bridges
would increase by an estimated $104.6 bil-
lion over the next 20 years if coal fly ash
is no longer available as a transportation
construction building material”

This breaks down to a $5.23 billion annual
direct cost, including a $2.5 billion increase
in the price of materials and an additional
$2.73 billion in pavement and bridge repair
work due to the shorter pavement and ser-
vice life of other portland cement blends.
To put this $5.23 billion figure in perspec-
tive, it is almost $2 billion more per year
than the federal government currently
invests in the Airport Improvement
Program and approximately 13% of the
federal government’s annual total aid to
the states for highway and bridge work.

The ARTBA Foundation study also
explored how states would have to forego
the potential additional benefits and
savings of as much as $65.4 billion over
20 years derived from using fly ash in new,
high-performance concrete pavements.

In addition to the economic impacts
detailed in the ARTBA study, the

transportation sector’s use of coal ash
is truly an environmental success story.
According to EPAs own data, coal ash
accounts for between 15 and 30% of the
cement in concrete. Further, EPA has
noted using coal ash at this level results
in annual greenhouse gas (GHG) reduc-
tions in concrete production between 12.5
and 25 million tons and an annual reduc-
tion in oil consumption between 26.8 and
53.6 million barrels. Also, EPA has stated
coal ash “generally makes concrete stron-
ger and more durable,” which “reducles]
the need for future cement manufacturing
and corresponding avoided emissions and
energy use.”

ARTBAs President
& CEO Pete Ruane
has more than 40
years of diversi-
fied experience
in the economic
development,
transportation,
construction, and
national defense fields, and is known as
the “dean of transportation lobbyists” on
Capitol Hill. A decorated Vietnam veteran,
he worked at the highest levels of the U.S.
Department of Defense. He later spent
9 years as President and CEO of National
Moving and Storage Association before
assuming the top job at ARTBA in 1988.

At a time when discussions are beginning
to occur on reauthorizing the nation’s
surface transportation program, ARTBA
looks forward to continuing to work
with ACAA and ensure EPA does not
unnecessarily increase the cost of sorely
needed transportation improvements
which improve public health and safety
by designating coal ash as a “hazardous
substance.” %
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The power to support all your
environmental needs.

When dealing with Coal Combustion Products (CCPs), you have to make smart business To review our qualifications
and experience document,

please download it at
leading environmental services company — we can assist you with handling CCPs safely, wmsolutions.com/utility.

decisions and responsible environmental ones. At Waste Management — North America’s

responsibly, and in full regulatory compliance.

Waste Management offers the most comprehensive range of sustainable solutions in the
marketplace:

CarbonBlocker™ technology for treating and neutralizing high carbon levels
Fly ash marketing and beneficiation

Ash pond conversion and closure

Remediation services including closure, decontamination and demolition
Landfill design, construction, management and closure

Construction, engineering and design of new CCP disposal facilities

To learn more, contact an Energy specialist at 877 747 3775
or visit wmsolutions.com/utility.
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Feature

ASH CLASSICS

A Long History for Structural Fill

“Ash Classics” is a recurring feature of ASH at Work that examines the early years of the National Ash Association (NAA) and issues

and events that were part of the beneficial use industry’s defining years.

he use of coal ash in engineered structural fills can be traced to the very origins of the beneficial use industry. A 1970
white paper by the ACAA predecessor National Ash Association shows that materials characterization and design for
specific engineering purposes were chief considerations from the foundations of the practice. A 1982 “Ash in Action”
newsletter prominently discusses the use of coal ash for road base on the Washington Dulles International Airport

access road.

Meeting
Preprint JPG-70-9

A ATIONAL ASH ASSOCIATION, INC.
1818 H Streel, N. W,
Washington, . . 20006 W

with campliments of

Fly Ash as a Structural Fill

A. M. DiGioia, M. ASCE and
W. L Nuzzo, A. M. ASCE

ASME-IEEE Joint Power Generation Conference
ASCE Participating Society

Pittsburgh, Pa.

September 27-October 1, 1970 / $1.00
Nonmembers / $2.00

Dateline: Washington

€/ ASHIN ACTION

NATIONAL ASH ASSOCIATIONING. SUITE 310, 1815 M. STREET NW WASHINGTON OC. 20006 (202) 655-2303
VOLUME I, ISSUE 2 FEBRUARY, 1982

COVEY'S CORMER: We really appreciate your
Support and enthusiasm for the first issue
of Ash in Action. Your comments and sug-
gestions are always welcome, and your
Washingten staff will continue to pro-
mote and support the Interests of our
industry all over the world.

Flease remember, when reguesting addi-
tional information from our staff, please
refer te the AiA Volume and Issue numbers

as well as to Ehe article numbers of any
items which interest you.

Ash Marketers, please be sure to take
note of the article below on the new
stretch of the Dulles Airport Access
Road about te be put te bid, And we ham%mTFDsn
Trom the Department of Transportation: Don Graffe of the Fed—
eral Highway Administration Eas Just announced that the coh-
tract for the stretch of the Dulles Access Road described in
AlA's Decenber, 1981 issue is being awarded to Cherry Hill Sand
and Gravel Co., Jessup, MD on February 5, 1952,‘1’?§"‘rm-’rr§

ash-aggregate, Our congratulations te Cherry Hilll

Well, the time for the Sixth International Ash Utilizstion
Sym, suslumi Harch 7=-10 is getting closer. It's really golng to
® an exciting and informative event and I'm looking forward to
seeing all of you there.

Jim Covey

T T T T TP T T T T

1. HEW DULLEE ATRPORT SECTION TO BE BID - NAR Headquarters has
learned that the Federal Highway Rdninistration (FWWA) will re-
lease Section 3 of the Dulles hccess Road fof bids later in
February, BI3ding documents will specify 148,800 sq. yds. of
6* lime-fly ash-aggregate base [r.n?. si’d_di'fn‘i_a_n' a%ﬁitfennl
detalls will be avallable from NAM Headguarters as soon as they
are released.

2. RCRA GUIDELINES - At a late-January U.5. Chamber of Com-
merce luncheon attended by John Gillis of WARTs WashIngton
Htaff, Environmental Protectlon Agency (EPA) Administrator, Ann
Gorsuch discussed the status of the Resource Conservation &

Complete copy of paper available at http://bit.ly/Y62pfZ
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2014 AMERICAN COAL

ASH ASSOCIATION

MEMBERSHIP DIRECTORY

These listings are organized into the following six membership categories:

=Utility = Marketer = Specialty Marketer = Associate = Individual

Ameren Missouri
1901Chouteau Ave, MC 611
St. Louis, MO 63103

Charles Henderson, P.E.
Managing Executive,Ash Mgmt &
Rail Maintenance

Phone: (314) 554-3158

Fax: (314) 554-4188

E-mail: chenderson@ameren.com

American Electric Power
POB 16036, Arena Bldg, FlI 3
Columbus, OH 43216-0036

Richard Hayek

CCP and Gypsum Marketing
Phone: (614) 583-7457
Fax: (614) 583-1619
E-mail: rdhayek@aep.com

Aurora Energy, LLC
100 Cushman St, Ste 210
Fairbanks, AK 99701

Buki Wright

President

Phone: (907) 452-8767
Fax: (907) 451-6543
E-mail: buki@usibelli.com

Basin Electric Power Cooperative
[717 E Interstate Avenue
Bismarck, ND 58503

Kevin Solie

Senior Env. Coordinator
Phone: (701) 557-5495
E-mail: ksolie@bepc.com

Colorado Springs Utilities
13545 Cooling Tower Road, MC 41
Fountain, CO 80817

Brian Leach

Project Manager

Phone: (719) 668-8965
Fax: (719) 668-8977
E-mail: bleach@csu.org

Colstrip Energy Limited
Partnership

1087 W River St, #200
Boise, ID 83702

R. Lee Roberts

General Partner

Phone: (208) 344-3570
E-mail: viellevigne@aol.com

Consumers Energy
1945 W Parnall Rd, P26-303
Jackson, M| 49201

Willie Mills Jr.

Coal Combustion Products Manager
Phone: (517) 788-1233

Fax: (517) 788-0545

E-mail: willie.millsjr@cmsenergy.com

Dairyland Power Cooperative
3251 East Avenue S, PO Box 817
La Crosse, WI 54602-0817

David Lesky

Lead Chemist

Phone: (608) 787-135I
Fax: (608) 787-1490
E-mail: dle@dairynet.com

Dominion
5000 Dominion Blvd
Glen Allen, VA 23060

Dennis Slade

Environmental Consultant

Phone: (804) 273-2658

E-mail: dennis.a.slade@dom.com

DTE Energy
4901 Pointe Drive
East China, Ml 48054

Laurie Cook

Principal Market Engineer, CCPs
Phone: (810) 326-633I

Fax: (810) 326-6324

E-mail: cooklm@dteenergy.com

Duke Energy Corporation
526 S Church St, Mail Code: ECO2F
Charlotte, NC 28202

Tony Mathis

Manager

Phone: (704) 382-7721

Fax: (704) 382-9843

E-mail: trmathis@duke-energy.com

FirstEnergy Corp
76 South Main Street
Akron, OH 44308

Paul Kish

Senior Environmental Specialist
Phone: (330) 761-4323

Fax: (330) 315-9792

E-mail: kishp@firstenergycorp.com
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Great River Energy
611 E Century Ave, Ste 200
Bismarck, ND 58503

Al Christianson

Mgr, ND Business Development

Phone: (701) 250-2164

Fax: (701) 442-7864

E-mail: achristianson@grenergy.com

Indianapolis Power & Light
Company

One Monument Circle, Rm 771
Indianapolis, IN 46204-2936

Dana Meier

CCP Manager

Phone: (317) 261-8792

Fax: (317) 630-3602

E-mail: dana.meier@aes.com

Kansas City Power & Light
Company

PO Box 418679

Kansas City, MO 64141

Frederick Gustin, P.E.
Manager, CCPs & Additives
Phone: (816) 556-2108

Fax: (816) 556-2047

E-mail: fred.gustin@kcpl.com

LG&E and KU Services Company
220 West Main St, 4th Floor
Louisville, KY 40202

Kenneth Tapp

Senior By-products Coordinator
Phone: (502) 627-3154

Fax: (502) 627-3243

E-mail: kenny.tapp@Ige-ku.com

Lower Colorado River Authority
6549 Power Plant Road
La Grange, TX 78945

Rebecca Loeve
Environmental Supervisor
Phone: (979) 249-8774

Fax: (979) 249-8749

E-mail: beckie.loeve@lcra.org

Midwest Generation LLC
235 Remington Blvd, Ste A
Bolingbrook, IL 60440
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Maria Race

Director, Environmental Services
Phone: (630) 771-7862

Fax: (312) 788-5526

E-mail: mrace@mwgen.com

Muscatine Power & Water
3205 Cedar Street
Muscatine, |A 52761-2204

Jean Brewster

Mgr, Environmental Affairs
Phone: (563) 262-3259

Fax: (563) 262-3315

E-mail: jprewster@mpw.org

Nebraska Public Power District

402 E State Farm Road North
North Platte, NE 69101

Thomas Schroeder
Fossil Fuels Manager

Phone: (308) 535-5327
Fax: (308) 535-5333
E-mail: tjschro@nppd.com

PPL Generation, LLC
Two North 9th Street, GENPL6
Allentown, PA 18101-1179

Lawrence LaBuz

Manager, Coal Combustion Products
Phone: (610) 774-5340

Fax: (610) 774-4759

E-mail: lllabuz@pplweb.com

PSEG Fossil, LLC
80 Park Place
Newark, NJ 07102

Donald Gaston Jr.

Director, Power Generation

Phone: (973) 430-7491

Fax: (973) 642-0760

E-mail: donald.gastonjr@pseg.com

Public Service Company of
New Hampshire

780 N Commercial St, POB 330
Manchester, NH 03105-0330

Allan Palmer

Senior Engineer

Phone: (603) 634-2439
Fax: (603) 634-3283
E-mail: palmeag@nu.com

Raven Power
1715 Monkton Farms Drive
Monkton, MD 21111

Ann Couwenhoven

ENG. MGR. Combustion

Phone: (410) 787-5113

E-mail: acouwenhoven@raven-power.
com

Santee Cooper
| Riverwood Dr., PO Box 2946101
Moncks Corner, SC 29461-2901

Thomas Edens

Administrator, Combustion Product
Utilization

Phone: (843) 761-8000

Fax: (843) 761-4156

E-mail: thomas.edens@santeecooper.
com

South Carolina Electric & Gas
100 SCANA Parkway
Cayce, SC 29033

Warren Connor Jr.

Manager - By-products Utilization
Phone: (803) 217-7153

Fax: (803) 933-7542

E-mail: wconnor@scana.com

Southern Company

600 18th St, N, Bin 14N-8162, POB
264|

Birmingham, AL 35203

Hollis Walker

CCP Manager

Phone: (205) 257-5311

Fax: (205) 257-5765

E-mail: hwwalker@southernco.com

Southern lllinois Power
Cooperative

11543 Lake of Egypt Road
Marion, IL 62959

Leonard Hopkins

Fuel and Compliance Manager
Phone: (618) 964-1448 x268
Fax: (618) 964-1867

E-mail: Ihopkins@sipower.org



Sunflower Electric Power
Corporation

2440 Holcomb Lane/PO Box 430
Holcomb, KS 67851

Paul Reynolds

Mgr, Generation & Environmental Engnrg
Phone: (620) 277-4522

E-mail: preynolds@sunflower.net

Tampa Electric Company
702 N Franklin St, POB |11, Plaza 5
Tampa, FL 33601-0111

Victoria Jones

Manager, Combustion By-products
Phone: (813) 228-1006

Fax: (813) 228-1033

E-mail: vmjones@tecoenergy.com

Tennessee Valley Authority
1101 Market St, LP 5G-C
Chattanooga, TN 37042

Tara Masterson

CCP Marketing & Utilization Specialist
Phone: (423) 751-3845

E-mail: tvmasterson@tva.gov

Tri-State Generation &
Transmission

PO Box 33695
Denver, CO 80233

Stephen Powell

Senior Fuels Engineer

Phone: (303) 254-3485

Fax: (303) 921-8243

E-mail: stepow@tristategt.org

We Energies
333 W Everett St, A231
Milwaukee, WI 53203

Robert Paulson

Sr Environmental Consultant

Phone: (414) 221-3948

Fax: (414) 221-2022

E-mail: robert.paulson@we-energies.
com

Wi isconsin Public Service
700 N Adams St, PO Box 19001
Green Bay, WI 54307-9001

2014 Membership Directory

Dawn Dejardin

Fuel and By-Product Analyst

Phone: (920) 433-5787

E-mail: dmdejardin@wisconsinpublic-
service.com

Wolverine Power Supply
Cooperative, Inc.

POB 229, 10l W Watergate Rd
Cadillac, Ml 49601

Daniel DeCoeur
Engineering Manager

Phone: (231) 775-5700

Fax: (231) 775-2077

E-mail: ddecoeur@wpsci.com

Xcel Energy
1800 Larimer St, Ste 1300
Denver, CO 80004

Karen Holliway, CEM, CPG
Environmental Analyst

Phone: (303) 294-2036

Fax: (303) 294-2328

E-mail: karen.holliway@xcelenergy.com

Ash Grove Resources, LLC
5375 SW 7th St, Ste 400
Topeka, KS 66606-2552

Brady Pryor

President

Phone: (785) 267-1996

Fax: (785) 267-4360

E-mail: brady.pryor@ashgroveresourc-
es.com

ASHCOR Technologies Ltd
800, 919 - Il Avenue SW
Calgary, AB, Canada T2R IP3

Joe Schnitzer

President

Phone: (403) 209-6012

Fax: (403) 209-6915

E-mail: joe.schnitzer@ashcortech.com

Boral Material Technologies Inc.
200 Mansell Ct East, Ste 305
Roswell, GA 30076

John Scoggan

VP Utility Services

Phone: (678) 639-7016

Fax: (770) 552-3372

E-mail: john.scoggan@boral.com

| O

Charah, Inc.
12601 Plantside Drive
Louisville, KY 40299

Charles Price

President & CEO

Phone: (502) 245-1353

Fax: (502) 245-7398

E-mail: cprice@charah.com

HEADWATERS

A RESOURCES

Headwaters Resources
10701 S. Riverfront Parkway, Ste 300
South Jordan, UT 84095

Gary England

Vice President

Phone: (801) 984-9491

Fax: (801) 984-9499

E-mail: gengland@headwaters.com

Holcim (US) Inc.
600 Pennsylvania Ave, SE, Ste 410
Washington, DC 20003

Erika Guerra

Government Affairs & CSR

Phone: (435) 615-6960

Fax: (202) 544-7886

E-mail: erika.guerra@holcim.com
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Kansas City Fly Ash LLC
15100 E Courtney Atherton Road
Sugar Creek, MO 64058

David Rylance, P.E.

Fly Ash Sales Manager

Phone: (816) 812-8316

Fax: (816) 257-7479

E-mail: drylance@kcflyash.com

Lafarge North America
903 E 104th Street, Ste 900
Kansas City, MO 64131

Mike Mings

Cementitious Manager - United States
Phone: (417) 861-1534

E-mail: mike.mings@)]afarge-na.com

MRT CEMEX
929 Gessner Road, Ste 1900
Houston, TX 77024

Harland DeWitt

Manager - Business Development
Phone: (713) 722-1728

E-mail: harlandr.dewitt@cemex.com

Nebraska Ash Company
I1815Y St, PO Box 80268
Lincoln, NE 68501

Dale Kisling

President

Phone: (402) 434-1777

Fax: (402) 434-1799

E-mail: dalek@nebraskaash.com

Salt River Materials Group
8800 E Chaparral Rd, Ste 155
Scottsdale, AZ 85250-2606

Dale Diulus, P.E.

Vice President, Pozzolans & Logistics
Phone: (480) 850-5757

Fax: (480) 850-5758

E-mail: ddiulus@srmaterials.com

Separation Technologies, LLC
12827 Penguin Drive
Bradenton, FL 34212

Scott Ziegler

Manager, Business Development
Phone: (601) 299-0963

E-mail: sziegler@titanamerica.com
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} SEFA

The SEFA Group
217 Cedar Road
Lexington, SC 29073

Jimmy Knowles

Vice President - Market Development

Phone: (803) 520-9000
Fax: (803) 520-9001
E-mail: jknowles@sefagroup.com

TRANS-ASH

Trans Ash, Inc.
617 Shepherd Dr, PO Box 15396
Cincinnati, OH 45215

Bruce Kazich

National Sales Manager

Phone: (513) 733-4770

Fax: (513) 554-6147

E-mail: bkazich@transash.com

VHSC Cement, LLC
2204 Timberloch Place, Ste 248
The Woodlands, TX 77380

Clinton Pike

President

Phone: (281) 419-2422

Fax: (281) 419-2446

E-mail: bpike@pozzoslag.com

Waste Management
8675 Fairweather Trail
Poland, OH 44514

Jerry Brumert

Business Director

Phone: (330) 519-7870
E-mail: jpbrumert@wm.com

-
GYPSOIL

BRAND GYPSUM
Beneficial Reuse Management,

LLC/Gypsoil

372 W Ontario St, Ste 501
Chicago, IL 60654

Robert Spoerri

President

Phone: (312) 784-0303

Fax: (312) 784-0310

E-mail: rspoerri@beneficialreuse.com

Eagle Environmental Services,
LLC

PO Box 368
Harleyville, SC 29448

Marvin Brown

President

Phone: (706) 860-7737
E-mail: mbrown@eesllc.biz

Harsco Minerals
5000 Ritter Rd, Ste 205
Mechanicsburg, PA 17055

Pat Kelley

Technical Development Manager
Phone: (717) 506-2067

Fax: (717) 506-1754

E-mail: pkelley@harsco.com

Lehigh Hanson, Inc.
7660 Imperial Way
Allentown, PA 18195-1040

Mark Stillwagon

Director - Alternative Fuels & Resources
Phone: (610) 366-4761

Fax: (610) 366-4616

E-mail: mstillwagon@lehighcement.com



McDonald Farms Enterprises,
Inc.

7247 East County Line Road
Longmont, CO 80504

Randall McDonald

General Manager

Phone: (303) 772-4577

Fax: (303) 442-5706

E-mail: r.l.mcdonald@mcdonaldfarmsinc.
com

SCB International Materials,
Inc.

239 Church Hill Rd
Lenhartsville, PA 19534

Peggy Rennick

Regional Sales Manager

Phone: (610) 659-7318

Fax: (610) 756-4230

E-mail: prennick@scbinternational.com

Sphere One, Inc.
601 Cumberland, Building 32
Chattanooga, TN 37404

Ryan Brownhill

Operations Manager

Phone: (423) 629-7160

Fax: (423) 678-0614

E-mail: rbrownhill@sphereone.net

SYNMAT

Synthetic Materials

Synthetic Materials
6009 Brownsboro Park Blvd
Louisville, KY 40207

Karen Milligan, MBA, CSP
Environmental, Health and Safety Manager
Phone: (502) 895-2810

E-mail: kmilligan@synmatusa.com

U.S. Minerals
2105 North Winds Dr
Dyer, IN 46311

Jason Vukas

Vice President

Phone: (219) 864-0909

Fax: (219) 864-4675

E-mail: jvukas@us-minerals.com

2014 Membership Directory

USC Technologies, LLC
1300 NW Briarcliff Pkwy, Ste 250
Kansas City, MO 64150

Richie Benninghoven
President

Phone: (816) 595-3013
Fax: (816) 595-3015
E-mail: recb@usckec.com

USNR Energy Services
212 State St, POB 256
Belle Vernon, PA 15012

Bob Carter

Vice President

Phone: (724) 929-8405

Fax: (724) 934-5543

E-mail: b_carter@usnr-energy.com

Associate

ADA Environmental Solutions,
Inc.

9135 S. Ridgeline Blvd, Ste 200
Highlands Ranch, CO 80129

James Mitchell

Director of Sales and Marketing
Phone: (303) 962-1972

Fax: (303) 734-0330

E-mail: jamesm@adaes.com

Advanced Wall Technologies,
LLC

4870 Sadler Rd, Ste 300
Glen Allen, VA 23060

John Swenson

Managing Partner

Phone: (804) 205-5152

Fax: (804) 804-5I51

E-mail: john@awtresources.com

AECOM
250 Apollo Drive
Chelmsford, MA 01824

Lisa Bradley

VP & SrToxicologist

Phone: (978) 905-2131

Fax: (978) 905-2101

E-mail: lisa.bradley@aecom.com

Aspen Gold Consulting, LLC
8603 Brookplace Drive
Hixon, TN 37343

Kris Johnson
Phone: (719) 235-6180
E-mail: kjohnsonwp@hotmail.com

Carmeuse Lime & Stone
3600 Neville Rd
Pittsburgh, PA 15225

Bob Roden

Project Manager

Phone: (412) 777-0722

E-mail: bob.roden@carmeusena.com

Ceramext, LLC
19798 Explorer Drive
Penn Valley, CA 95946

Ross Guenther

General Manager

Phone: (530) 432-3823

Fax: (530) 432-3879

E-mail: rossguenther@comcast.net

CeraTech, Inc.
1500 N Beauregard St, Ste 320
Alexandria, VA 22311

Mark Wasilko

Executive Vice President

Phone: (703) 894-1130

E-mail: mark.wasilko@ceratechinc.com

CETCO
2870 Forbs Avenue
Hoffman Estates, IL 60192

Chris Athanassopoulos
Technical Services Manager
Phone: (847) 851-1831

E-mail: catha@cetco.com

CH2M Hill
11301 Carmel Commons Blvd
Charlotte, NC 28226

Christopher Hardin

Coal Combustion Practice Leader

Phone: (704) 544-4040

E-mail: christopher.hardin@ch2m.com
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Civil & Environmental
Consultants, Inc.

333 Baldwin Rd
Pittsburgh, PA 15205-1751

Stephen Dixon

Vice President

Phone: (412) 249-2354

Fax: (412) 429-2114

E-mail: sdixon@cecinc.com

Clean Earth, Inc.
334 S Warminster Rd
Hatboro, PA 19040

Steve Sands

President

Phone: (215) 734-1400

E-mail: ssands@cleanearthinc.com

Combustion Products Science,
LLC

389 Rock Mills Road
Lagrange, GA 30240

Russell Stapp

Consultant and Technical Director
Phone: (706) 616-4812

E-mail: russell.stapp@yahoo.com

Conestoga-Rovers & Associates
1835 Belt Way Drive
St. Louis, MO 63114

Phil Harvey

Vice President

Phone: (314) 423-1878

Fax: (314) 423-1889

E-mail: pharvey@craworld.com

DC Goss, LLC
16106 E Nassau Dr
Aurora, CO 80013-2726

David Goss

Consultant

Phone: (303) 717-8941
E-mail: dave@dcgoss.com

DiGioia, Gray and
Associates, LLC

570 Beatty Rd
Monroeville, PA 15146

Anthony DiGioia Jr.
President

Phone: (412) 372-4500

Fax: (412) 372-1972

E-mail: tony@digioiagray.com
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DustMaster Enviro Systems
190 Simmons Ave, POB 10
Pewaukee, WI 53072

Scott Adams

Product Manager

Phone: (262) 691-3100

Fax: (262) 691-3184

E-mail: scotta@dustmaster.com

Earnhardt Grading Inc.
7525 Old Plank Rd
Stanley, NC 28164

Natalie Earnhardt
Business Development
Phone: (704) 507-845|
E-mail: natalieearnhardt@
earnhardtgrading.com

Fiore and Sons, Inc.
730 West 62nd Ave
Denver, CO 80216

Mike Fiore

President

Phone: (303) 429-8893

Fax: (303) 429-3035

E-mail: mike@fioreandsons.com

FLSmidth, Inc.
2040 Avenue C
Bethlehem, PA 18017-2188

David Escott

Power Market Manager

Phone: (610) 264-6551

Fax: (610) 264-6307

E-mail: david.escott@flsmidth.com

GAI Consultants, Inc.
4101 Triangle Lane
Export, PA 15632-1358

Gary Brendel

Senior Director, Power Facilities Engineering
Phone: (724) 387-2170

Fax: (412) 476-2020

E-mail: g.brendel@gaiconsultants.com

GEI Consultants
3159 Voyager Drive, Ste A
Green Bay, WI 54311

John Trast

Senior Engineer

Phone: (920) 455-8299

Fax: (920) 455-8225

E-mail: jtrast@geiconsultants.com

Georgia Pacific
133 Peachtree Street, NE, 8th Floor
Atlanta, GA 30303

Brandon Gilley

Product Stewardship Manager
Phone: (404) 652-2656

Fax: (404) 749-2559

E-mail: SBGilley@GAPAC.com

Golder Associates Inc.
5100 West Lemon St, Ste 208
Tampa, FL 33609

Manitia Moultrie

Associate/US Power Sector Leader
Phone: (813) 769-5300

Fax: (813) 287-1716

E-mail: manitia_moultrie@golder.com

Haley & Aldrich, Inc.
6500 Rockside Rd, Ste 200
Cleveland, OH 44131

Steve Putrich

VP-CCR/CCP Program Manager
Phone: (216) 706-1322

E-mail: sputrich@haleyaldrich.com

Haver Filling Systems, Inc.
460 Gees Mill Business Court
Conyers, GA 30013

Bill Christ

Business Development Manager - US
Phone: (770) 760-1130

Fax: (770) 760-118I

E-mail: bill.christ@haverusa.com

HILLTOP

ENTERPRI

Hilltop Enterprises, Inc.
1157 Phoenixville Pike, Ste 102
West Chester, PA 19380

Albert Silkroski

President

Phone: (610) 430-6920

Fax: (610) 430-6921

E-mail: asilkroski@hilltopenterprises.
com



Hull & Associates, Inc.
3401 Glendale Ave, Ste 300
Toledo, OH 43614

William Petruzzi

Waste Management Division Leader
Phone: (419) 385-2018

Fax: (419) 385-5487

E-mail: bpetruzzi@hullinc.com

Ish Inc.
8404 Six Forks Rd, Ste 203
Raleigh, NC 27615

Ishwar Murarka

President & Executive Scientist
Phone: (919) 844-9890

Fax: (919) 844-0917

E-mail: ishwar@ishincusa.com

John Ward, Inc.
3751 W [36th Ave, Ste V4
Broomfield, CO 80023

John Ward

President

Phone: (801) 560-980I
E-mail: wardo@wardo.com

LB Industrial Systems, LLC
311 East Ramsey Road
San Antonio, TX 78216

Richard Didelot
Sales Manager

Phone: (210) 344-2009
Fax: (210) 344-1121

E-mail: rdidelot@Ibindustrialsystems.

com

Lhoist North America
623 West Hickory Ct.
Louisville, CO 80027

Michael Schantz

Director, FGD Solutions Grp

Phone: (720) 890-8022

E-mail: mike.schantz@]lhoist.com

Mississippi Lime Company
3870 S Lindbergh Blvd
St. Louis, MO 53127

Greg Andersen
GCC Business Manager
Phone: (314) 543-6301
Fax: (314) 543-6501

E-mail: geandersen@mississippilime.

com
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National Gypsum Company

2001 Rexford Road
Charlotte, NC 28211

Mundise Mortimer
Director of Strategic Planning
Phone: (704) 365-7476

E-mail: mmortimer@nationalgypsum.

com

Nu-Rock Technology Pty. Ltd.

P.O. Box 570
Manly, NSW 1655 AUSTRALIA

Ward Wescott
Director
Phone: +6 141 394 593

E-mail: ward.wescott@nu-rock.com

Paul Koziar Consulting
542 Togstad Glen
Madison, WI 53711

Paul Koziar

Consultant

Phone: (608) 219-0847

E-mail: pjk_assoc@hotmail.com

Phillips and Jordan, Inc.
6621 Wilbanks Road
Knoxville, TN 37912

Max Morton

President

Phone: (865) 688-8342

Fax: (865) 688-9902

E-mail: mmorton@pandj.com

PMI Ash Technologies, LLC
6511-207 Creedmoor Road, Ste G
Raleigh, NC 27613

Lisa Cooper

Senior Vice President

Phone: (919) 647-4226

Fax: (727) 213-1108

E-mail: lisa.cooper@pmiash.com

Prairie State Generating
Company, LLC

1739 New Marigold Road
Marissa, IL 62257

Chris Landoll

Coal Combustion Residuals Manager
Phone: (618) 824-7678

E-mail: clandoll@psgc-llc.com

RAH Energy, LLC
706 Arlington Avenue
Greenville, SC 29601-3206

Rick Haverland
Phone: (973) 674-4227
E-mail: rick.rahenergy@gmail.com

Reco Cement Products, LLC
1116 N. Point View Rd.
Oconomowoc, WI 53066

David Lisowski

CEO

Phone: (262) 227-9406

Fax: (262) 646-8614

E-mail: david@recocement.com

River Consulting
POB 8722, North Highland Stn
Atlanta, GA 31106

Mark Gilbreath

Director - Business Development

Phone: (770) 377-7348

Fax: (985) 624-1399

E-mail: mgilbreath@riverconsulting.com

S&ME, Inc.
11420 Johns Creek Parkway
Duluth, GA 30097

Eldon Evans

Vice President - Director Energy Program
Phone: (770) 476-3555

Fax: (770) 476-0213

E-mail: eevans@smeinc.com

Saiia Construction Company,
LLC

4400 Lewisburg Rd
Birmingham, AL 35207

Tim Oates

Business Development Manager
Phone: (205) 290-0400

Fax: (205) 943-2210

E-mail: toates@saiia.com

Schiff Hardin LLP
233 S Wacker Dr, Ste 6600
Chicago, IL 60606

Joshua More

Counsel

Phone: (312) 258-5500

Fax: (312) 258-5700

E-mail: jmore@schiffhardin.com
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Son-Haul, Inc.
P.O. Box 1449
Fort Morgan, CO 80701

Toria Neb

President

Phone: (970) 867-4401
Fax: (970) 867-2186
E-mail: tneb@son-haul.net

Tau Technical Communications
LLC

PO Box 1106
Hillsborough, NC 27278

Dawn Santoianni

Managing Director

Phone: (919) 638-0139

E-mail: dawn@tautechnical.com

TestAmerica Laboratories, Inc.
1064 Ryans Run
Garnet Valley, PA 19060

Carrie Gabel

Sr. National Account Director

Phone: (610) 389-1257

E-mail: carrie.gabel@testamericainc.
com

TransWood Carriers, Inc.

2565 St Mary’s Ave
Omaha, NE 68105
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Stan Meier

VP, Sales and Marketing
Phone: (402) 346-8092
Fax: (402) 884-2891

E-mail: smeier@transwood.com

United States Gypsum
Company

550 W Adams Street
Chicago, IL 60661-3676

John Gaynor

Director, Synthetic Gypsum
Phone: (312) 436-3735
Fax: (312) 672-3735
E-mail: jgaynor@usg.com

University of Kentucky
2540 Research Park Dr.
Lexington, KY 40511-8410

Thomas Robl

Associate Director

Phone: (859) 257-0272
Fax: (859) 257-0220
E-mail: tom.robl@uky.edu

URS Corporation
1375 Euclid Ave, Ste 600
Cleveland, OH 45115-1808

Mark Rokoff

National CCP Mgmt Practice Leader
Phone: (216) 622-2429

Fax: (216) 622-2428

E-mail: mark_rokoff@urscorp.com

Individual

Tufts University
Dept. of Civil & Environmental Eng.
[13 Anderson Hall, 200 College Ave
Medford, MA 02155

Christopher Swan ScD
Asst. Professor

Phone: (617) 627-5257

Fax: (617) 627-3994

E-mail: chris.swan@tufts.edu

VA Tech Foundation
CSES Dept. MC 0404, VA Tech
Blacksburg, VA 24061-0404

W Daniels

Professor

Phone: (540) 231-7175
Fax: (540) 231-7630
E-mail: wdaniels@vt.edu
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Coal Combustion & Gasification Products | the journal

Welcome to the third CCGP insert in ACAA’s Ash-at-Work. You will find abstracts of

the papers published during 2012-2013 in the online journal, Coal Combustion and
Gasification Products (www.coalcgp-journal.org). The CCGP Journal is a science and
engineering journal devoted to the sustainable production and utilization of an economic
resource and the environmentally-sound disposal of the portion of the material that cannot,
at least for now, be utilized. It is collaboratively published by the American Coal Ash
Association and the University of Kentucky, Center for Applied Energy Research. Allen
Press, a respected publisher of scientific journals, provides the electronic submission portal
and manuscript processing services. Together we pledge the following:

* First, this journal is carefully reviewed and judicated by academic and industrial experts.
We strive to publish papers of the highest quality and that meet the highest scientific
standards. What you will find will be reliable, honestly presented, and worth reading.

* Second, it will be free and universally available. High quality, full versions of the
papers are published upon final acceptance online and downloadable anywhere in the
world via the web, yielding the most impact from a focused, one-stop location for the
latest research and news. The journal is also free to the authors, within the bounds of
reasonable page limits.

* Third, we keep it relevant. By adding a print version of the journal consisting of
abstracts of the online journal and other relevant materials to Ash ar Work, the premier
trade magazine published by ACAA, we will provide readable synopses of current research
to all stakeholders.

Coal Combustion and Gasification Products fills an underserved niche in the literature

as a high-quality refereed journal. To this end, we have assembled a knowledgeable and
experienced editorial board to serve as our first line of paper reviewers. In addition, we will
continue to reach out to the broader community of ash scientists and engineers to review
papers. The success of the journal depends on all of us: authors, reviewers, readers, and the

editorial staff at the CAER.

We invite you to browse the following pages and to read the full-text papers from the journal

web site: www.coalcgp-journal.org.
Feel free to contact us with ideas on ways this journal can assist our shared industry.
On behalf of UK CAER and ACAA

Jim Hower, Editor-in-Chief
Tom Adams, Tom Robl

The CCGP Journal is accepting manuscript submissions. In order to submit a
paper, select the Submit a Manuscript button from the journal homepage:
www.coalcgp-journal.org.

Submission guidelines can be found on the web site.




Influence of Activator Solution Formulation on
Fresh and Hardened Properties of Low-Calcium
Fly Ash Geopolymer Concrete

Carlos Montes', Erez N. Allouche’*

L Post Doctoral Fellow, Alternative Binder Research Laboratory,
Louisiana Tech University, Ruston, LA 71272, USA

2 Associate Professor of Civil Engineering and Research Director,
Alternative Binder Research Laboratory, Louisiana Tech University,
Ruston, LA 71272, USA

The effect of the composition of activator solutions on fresh and
hardened properties of geopolymer concrete was investigated.
Research variables included liquid sodium silicate product (DH,
NH, and StarH), sodium hydroxide molar concentration (6, 10,
and 14), and sodium silicate—to—sodium hydroxide ratio (1, 2,
and 3). Response variables were compressive strength, corrosion
resistance expressed as remaining compressive strength and mass
loss, and flowability. Results were analyzed using Minitab statisti-
cal software. Findings suggest that activator solution formulation
has a significant effect on the properties of the resulting geopoly-
mer binder. The experimental design used was found effective

in establishing the optimum activator solution formulation for a
given fly ash stockpile to be used for an application with specific
performance requirements.

Full paper available at: www.coalcgp-journal.org

Cordyline fruticosa Growth and Soil
Microbial Quality with Topical Application of
Coal Combustion By-Products Aggregates

Sangchul Hwang*, Isomar Latorre, Eileen Irizarry
Department of Civil Engineering, University of Puerto Rico, Maya-
guez, Puerto Rico 00681

Coal combustion by-products aggregates (CCAs) are a solidified
composite of fly and bottom ashes (2:1, by wt). Here, we assessed
the feasibility of beneficial use of CCAs as a soil amendment or
conditioner by conducting an outdoor experiment with Cordyline
Sruticosa (lucky plant) to determine its growth and soil microbial
quality under the influence of topical CCA application (95 tons
ha21). Enhanced growth of C. fruticosa with CCA application
was noted, with respect to plant height, growth rate, leaf size, and
leaf chlorophyll intensity. Soil dehydrogenase activity and total
heterotrophic bacteria count were greater with topical CCA appli-
cation, especially in the 5-15-cm layer, than in the control system
without CCAs. The stimulated soil microbial quality due to the
influence of CCAs was believed to be responsible, at least in part,
for enhanced growth and health of C. fruticosa. Therefore, CCAs
can be construed as beneficial as a soil amendment or conditioner
for decorative plants such as C. fruticosa.

Full paper available at: www.coalcgp-journal.org

Quantifying the Benefits of Flue Gas
Desulfurization Gypsum in Sustainable
Wallboard Production

Jin Cheol Lee, Sabrina L. Bradshaw, Tuncer B. Edil,

Craig H. Benson

University of Wisconsin-Madison, Recycled Materials Resource Center,
2228 Engineering Hall, 1415 Engineering Drive, Madison, WI 53706

Electric utilities produce more than 11.2 Mt of flue gas
desufurization gypsum annually. Approximately 7.5 Mt are used
in wallboard production. This paper examines the environmental
and cost benefits associated with replacement of natural gypsum in
wallboard with flue gas desulfurization gypsum.

A life-cycle analysis program was used to quantify the benefits

of using flue gas desulfurization gypsum from electric power
production in wallboard construction. Comparisons were made
between energy consumption, water use, and greenhouse gas
emissions associated with obtaining and processing virgin gypsum
material and with flue gas desulfurization gypsum. The analysis
considered wallboard produced with 100% natural gypsum or
100% flue gas desulfurization gypsum. From discussions with
wallboard industry representatives, system boundaries were
established that set resources associated with pre-drying flue

gas desulfurization gypsum at the wallboard plant equivalent

to those associated with milling and pre-drying virgin gypsum.
Ultimately, gypsum mining was the only factor contributing to
environmental differences between wallboard manufacturing using
virgin gypsum and flue gas desulfurization gypsum. Additional
impacts of landfilling the unused flue gas desulfurization gypsum
was also considered using life cycle inventory for data generated
from construction, operation, and maintenance costs for Subtitle
D (non-hazardous municipal solid waste) landfills. In 2007, the
United States utilized 7.5 Mt of flue gas desulfurization gypsum
in wallboard production. An equivalent annual use of flue gas
desulfurization gypsum as a replacement for mined gypsum in
wallboard manufacture and the associated avoided landfilling of
unused flue gas desulfurization gypsum results in a reduction of
energy consumption by 1,200 TJ, water consumption by 18 GL,
greenhouse gas emissions by 83 Mt CO,e, and a cost savings of
$49 to $64 million dollars. The associated reduction in energy
consumption from using flue gas desulfurization gypsum in
wallboard is commensurate with the annual energy use of 11,800
American homes, 58% of the annual domestic water use in
Nevada, USA, and the removal of 11,400 American automobiles
from the roadway.

Full paper available at: www.coalcgp-journal.org

Microstructural and Mineralogical Transformation
of Hydraulically Disposed Fly Ash—Implications to
the Environment

Jabulani S. Mahlaba?*, Elsabe’ P. Kearsleyl, Richard A. Kruger3
! University of Pretoria, Department of Civil Engineering,

Pretoria, 0002, South Africa

% Sasol Technology Pry (Ltd.), R&D, Environmental Sciences and
Engineering, Plbag x1034, Secunda, 2302, South Africa

3 Richonne Consulting, RO. Box 742, Somerset Mall, Cape Town, 7137,
South Africa

Increasing amounts of coal are combusted annually to meet the
ever-increasing energy demands. The inevitable by-products include
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fly ash and saline effluents, which require acceptable disposal. The
aim of this article is to compare the effect of hydraulic disposal
with dry ash dumping. The results indicate that the former carries
more environmental benefits based on the physical, chemical, and
mineralogical aspects that were investigated.

Full paper available at: www.coalcgp-journal.org

Waste Classification of Slag Generated in a
Pilot-Scale Entrained-Flow Gasifier

Ashleigh Cousins', Robin W, Hughesz*, David J. McCalden?,
Dennis Y. Lu?, Edward J. Anthony”

! CSIRO, PO. Box 883, Kenmore, Queensland 4069, Australia

2 CanmetENERGY, Natural Resources Canada, 1 Haanel Drive,
Ottawa, Ontario, Canada KI1A 1M1

Series of gasification tests have been completed in the pilot-scale
entrained-flow slagging gasifier at CanmetENERGY using

Canadian coals, oil-sand coke, and blends of these fuels to determine
if the produced slags are nonhazardous in nature. Solid wastes
generated during these tests were analyzed for their trace metals,
crystallinity, and toxic constituent leaching tendency in an attempt
to provide more insight into the possibility of disposal or by-product
use of gasifier-produced solid waste. The gasification tests were
performed at conditions representative of commercial gasifiers using
a dry-fuel-feed configuration. The lower-volatility elements were
found to partition between the slag and process-water solids (PWS)
collected after gasification of the oil-sand coke. The less volatile
group 1 elements tended to be enriched in both solid streams,
whereas the slightly more volatile group 2 elements tended to exhibit
higher enrichment in the PWS. Slag samples were found to be inert
with regard to their leaching potential, and so these materials can be
considered nonhazardous.

Full paper available at: www.coalcgp-journal.org

Mineralogical Transformations in Coal Feedstocks
during Conversion or Combustion, based on
Packed-Bed Combustor Tests — Part 1: Bulk Coal
and Ash Studies

Ratale H. Matjiel*, Colin R. Ward2, Zhongsheng Li2

! Susol Technology (Pry) Ltd., Post Office Box 1, Sasolburg, Free State
1947, South Africa

2 School of Biological, Earth and Environmental Sciences, University of
New South Wales, Sydney, New South Wales 2052, Australia

Mineralogical and inorganic geochemical studies have been carried
out on composite samples of six different coarse-crushed (<120 mm)
feed coals tested in a pilot-scale packed-bed combustor designed

to simulate conversion and some fixed-bed combustion processes,
and also on composite samples of the ashes produced. Six different
coals were tested, with percentages of mineral matter (LTA yield)
ranging from 25 to 47%. Quantitative XRD analysis shows that the
low-temperature (oxygen-plasma) ash (LTA) of the individual coals
contains 15-22% quartz, 48-64% kaolinite, and 2-7% calcite, 4%
aragonite, and 3-12% dolomite. Small, but significant proportions
of illite, mica, pyrite, titanium minerals (rutile, anatase), and
aluminophosphate material (goyazite) are also found in some of the
coal samples.

Bassanite, and in some cases gypsum, are found in the LTA of all the
coal samples. These phases are thought mainly to represent artefacts
derived from interaction of organically-associated Ca and S during
low-temperature ashing. A lower percentage of these phases was
observed in the LTA of the coal with the highest mineral matter
(LTA) percentage, consistent with a lesser abundance of organic matter
containing organically associated Ca and S in that particular sample.

The ash produced in the lower part of the packed-bed combustor
from these coals, at temperatures up to 1250 to 1260 °C, contains
11-17% quartz, 11-32% mullite, 3-11% cristobalite, and 5-13%
anorthite, along with 36-49% amorphous material. As might be
expected, the mineralogy of this ash produced is related to the
mineral matter in the feed coal used for each test. Although much of
the quartz in the coal appears to be unreactive, some reacts to form
cristobalite under the conditions in the combustor vessel; as a result
the proportion of quartz + cristobalite in the ashes is close to that

of quartz in the LTA of the respective feed coal samples. The clay
minerals in the coal react to form mullite plus amorphous material,
with the proportion of mullite in the ash being broadly related to the
total proportion of clay minerals (plus mica where present) in the
different feed coals.

Calcium, whether in carbonate phases or associated with the organic
matter of the coal, appears to react with some of the aluminosilicate
material released by changes in the clay minerals to form anorthite.
Other Ca-bearing aluminosilicates, such as gehlenite and diopside,
may also be produced. Small proportions of Ca not taken up in this
way may form anhydrite and/or portlandite, although some may
also be incorporated into the amorphous material. The proportion
of anorthite and other crystalline Ca-bearing phases in the ash is
therefore related to the proportion of Ca-bearing phases, including
bassanite and gypsum as well as carbonates, in the LTA of the
respective feed coal materials.

Pyrite in the coal appears to form iron oxide minerals, with hematite
as the main crystalline iron-bearing phase in the packed-bed
combustor system. Although the proportions are low and other
sources of iron may also be involved, the proportion of iron oxide
minerals in the ash is broadly related to the proportion of pyrite in

the LTA of the coal samples.

The chemical composition of the ashes from the packed-bed
combustor, with the exception of one sample, are very similar to the
chemical composition of the laboratory-prepared (815 °C) ashes from
the respective feed coal samples, after both are normalised to remove
the dilution effects of the loss-on-ignition and SO5; components.

The base/acid ratios obtained for the combustor ashes are very
similar to the base/acid ratios obtained from chemical analyses of the
laboratory-prepared (815 °C) ashes for the respective feed coals. This
suggests that the reaction process is essentially iso-chemical in nature
from the mineral matter point of view.

This study has indicated a number of quantitative links between the
mineral matter in a range of feed coals and the mineralogy of the

ash produced by the packed-bed combustor process. In particular
the proportion of anorthite and other Ca-bearing phases in the
combustor ash, which appears to have a bearing on sintering and
slagging behaviour, is related mainly to the percentage of Ca-bearing
carbonates in the mineral matter of the feed coals. The study has also
shown that quartz in the coal is partly transformed to cristobalite
under packed-bed combustor conditions. Although a significant
scatter is involved, the proportion of iron oxide phases in the ash
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is also broadly related to the proportion of pyrite in the feed coal
mineral matter.

Although there may be some technological differences between the
reactor and full-scale utilisation facilities, the results of the study
provide an improved basis for understanding the mineralogical
changes associated with ash formation during coal conversion or
combustion processes. They also provide a basis for the prediction of
ash characteristics, including the potential for clinker development,
based on integrating the mineralogical properties with the bulk
chemistry of the feed coal used in such utilization systems.

Full paper available at: www.coalcgp-journal.org

Mineralogical Transformations in Coal Feedstocks
during Carbon Conversion, based on Packed-
Bed Combustor Tests — Part 2: Behaviour of
Individual Particles

Ratale H. Matjie, Colin R. Ward, and Zhongsheng Li

Individual particles of coal and non-coal material from the upper

and lower parts of a pilot-scale packed-bed combustor bed, designed
to simulate conversion or combustion processes, were subjected to

an integrated program of mineralogical and inorganic geochemical
analysis. The main objective of the study was to evaluate the reactions
that may occur during carbon conversion at a particle-by-particle
scale, and thus gain an improved understanding of the contributions
from the different types of particles in the feedstock to the overall ash
formation process during utilisation of coarse-crushed coal materials.

Coarse-crushed coal feedstocks inherently contain separate fragments,
ranging from carbon-rich material (coal) to mineral-rich non-coal
material (stone), due to the heterogeneous nature of the coal beds
from which they are mined. Analysis of hand-picked coal and stone
particles from six different Highveld feedstocks, crushed to <120
mm, has shown that the two different groups have quite different
mineralogical and chemical properties. The carbon-rich particles
typically contain higher proportions of carbonate minerals (calcite,
dolomite) than the stone fragments; the stone fragments typically
contain a greater abundance of quartz and illite, and, in some cases,
also contain abundant detrital feldspar minerals such as microcline.

The mineral assemblages in these two types of particles also respond
in different ways to the high temperatures (up to 1260 °C) reached
in the combustor column. In the lower (highest-temperature) part of
the packed-bed combustor the clay minerals (especially kaolinite) in
both the carbon-rich and mineral-rich fragments transform to
mullite, cristobalite, and amorphous material. Quartz may also
react to form cristobalite under these conditions. Pyrite in the
carbon-rich (and in some cases in the mineral-rich) fragments reacts
under reducing conditions to form pyrrhotite and/or troilite, with
further breakdown of these minerals forming hematite and other
iron-oxide phases.

The carbonate minerals may undergo solid-state reactions with the
clay mineral residues to form a variety of calcium silicate phases,
including anorthite, gehlenite, akermanite, and diopside. The CaCO;
polymorph vaterite may also be formed in some cases. Bassanite,
together in some cases with anhydrite or gypsum, is also found in the
low-temperature oxygen-plasma ash (LTA) residues of the heated but
still carbon-rich (char) particles. As with the same phases in the LTA

of the feed coals, the bassanite and gypsum may represent artefacts of
low-temperature ashing; however, in the char they may also

represent products of reaction between CaO from decomposed
carbonates and S released from carbonised organic matter within the
combustor system.

Bonded aggregates (clinkers), made up of heated stone and/or char
particles bound together by solidified glassy (molten) material,

were formed in the lower parts of the combustor column. Higher
proportions of anorthite, amorphous material, and, possibly,
cristobalite are associated with the clinkers, relative to the unbonded
heated stone fragments. The difference probably reflects the nature
of the bonding material. The fused material bonding the particles
together to form the clinkers was probably derived from melting of
the Ca-rich ash left after removal of organic matter from the carbon-
rich particles in the feed coal. Anorthite and mullite crystallised from
the melt on cooling, after the melt had flowed around the more solid
stone and char fragments remaining in the ash bed.

Mineralogical analysis of individual carbon-rich and mineral-rich
fragments, and also of bonded aggregates (clinkers) from different
zones of the packed-bed combustor, therefore provides a useful
supplement to study of composite feed coal and bulk ash materials,
helping significantly to understanding the mineral reactions that take
place under high-temperature conditions. Melting of Ca-rich ash
from the carbon-rich particles, for example, with a high B/A ratio,
represents a key process in clinker formation. Hand-picked samples
of the different coal components in such a coarse-crushed feedstock
can encompass the mineral associations and interactions that occur
at the individual particle scale, giving a better insight into the
heterogeneous nature of the coal feed and resulting ash product.

Study of individual coal and ash particles can be used to complement
more conventional approaches based on whole-coal and homogenised
ash materials, and provide a more comprehensive basis for feedstock
management in relation to the resulting ash properties. Most
importantly, it is shown in this study that mineralogical changes
during coal utilisation do not take place at a bulk level encompassing
the entire feedstock, but occur in single particles where different
mineral assemblages may respond in different ways to the imposed
reaction conditions. Ca-rich particles that give rise to ash with a low
melting point, for example, provide the bonding material in the
present study that leads to clinker formation.

Full paper available at: www.coalcgp-journal.org

Potential Indoor Air Exposures and Health Risks
from Mercury Off-Gassing of Coal Combustion
Products (CCPs) Used in Building Materials

Christopher M. Long,* Sonja N. Sax, Ari S. Lewis
Gradient, 20 University Road, Suite 5, Cambridge,
Massachusetts, 02138 USA

Coal combustion products (CCPs), including coal fly ash (CFA)
and flue gas desulfurization (FGD) gypsum, have gained accepted
use as substitutes for traditional substances in building materials.
The presence of trace metals and other contaminants in CCPs has
led to concerns regarding possible human exposures and potential
health risks associated with their beneficial use in products such as
building materials. However, despite these concerns, few qualitative
or quantitative risk assessments addressing CCP beneficial use
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applications have been conducted. Recognizing the need for such
scientific analyses, US EPA announced in late 2011 its plans to
conduct a health risk assessment covering various CCP beneficial
use applications.

Specific concerns have been raised regarding the fate of mercury
(Hg) in CCP building materials, given its volatility and expectations
that levels in CCPs will increase with continued efforts to improve
Hg capture from stack flue gases. Risk assessment offers a
well-established, objective framework with which to determine
whether Hg off-gassing from CCP building materials could result
in human exposures of health concern. We thus conducted a
screening-level human health risk assessment to estimate potential
inhalation risks from indoor air exposures to Hg for multiple

CCP udilization scenarios: (1) FGD-gypsum wallboard used in a
school classroom or home, and (2) CFA concrete blocks used in a
school classroom. Mercury off-gassing rates were estimated using
published experimental data from laboratory studies, and indoor air
Hg concentrations and exposure levels representative of high-end
and more typical exposure conditions were predicted using a mass
balance indoor air model and conservative (i.e., health-protective)
assumptions regarding building characteristics (e.g., material loading
ratios, air exchange rates) and exposure parameters (e.g., exposure
times, frequencies, and durations).

Even using parameters intended to overstate potential exposures,
predicted indoor air Hg concentrations were typically below
background indoor Hg levels. With calculated hazard quotients
(HQs) that ranged from 0.00004 to 0.016, predicted indoor air
Hg concentrations were well below established inhalation toxicity
criteria (Figure 1). Our risk assessment thus indicates that Hg off-
gassing from CCPs in concrete and wallboard building materials is
unlikely to result in indoor Hg exposures of potential health concern.
Additional studies are needed to further characterize Hg off-gassing
rates from CCP-containing building materials and to monitor any
changes to Hg levels in CCPs, but this assessment provides support
for a large margin of safety between worst-case indoor air Hg
exposures associated with CCP-containing building materials and
potential adverse health risks.
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Figure 1. Comparison of time-adjusted estimates of indoor air exposure
levels of Hg off-gassed from CCPs used in concrete and wallboard with
the US EPA reference concentration (RfC) for elemental Hg (note the
log-scale of the y-axis)

Full paper available at: www.coalcgp-journal.org

Scale-Up Design and Erosion Studies of Bottom
Ash in Pneumatic Conveying System

Snehasis Behera*, A.K. Sahu, Sudipta Das, PK. Senapati, S.K.
Mishra

Institute of Minerals and Materials Technology (CSIR),
Bhubaneswar-751013, Odisha, India

Pneumatic conveying characteristics and scale-up studies of the
bottom ash from three thermal power plants, i.e., M/s Orissa
Power Generation Corporation (M/s OPGC), M/s Indian Metals &
Ferro Alloys Led. (M/s IMFA), and M/s Jindal Stainless Ltd.

(M/s JSL), were carried out in a pneumatic conveying test rig at

the Institute of Minerals and Materials Technology, Bhubaneswar,
Odisha, India. A minimum conveying line inlet air velocity of
approximately 18-25 m/s was required for M/s OPGC, M/s IMFA,
and M/s JSL bottom ash. The erosion rate of M/s OPGC and M/s
JSL bottom ash was less in cast-iron bend compared with mild-
steel bend, but for M/s IMFA the erosion rate was high and similar
for both types of bends. Scale-up design was used to determine

the variation in pressure drop and phase density at constant mass
production flow rate in plant scale. Particle degradation size
distribution studies also were carried out after conveying 2 t of
bottom ash out of a total conveying of 16 t for each source of
bottom ash.

Full paper available at: www.coalcgp-journal.org

Effects of Coal Combustion Byproduct
Encapsulated Ammonium Nitrate on Wheat Yield
and Uptake of Nitrogen and Metals

Eton E. Codling
USDA-ARS-Environmental Management and Byproduct Utilization
Laboratory, 10300 Baltimore Avenue, Beltsville, MD 20705.

As a result of the use of ammonia nitrate (AN) in the bombing of
the Alfred P. Murrah Federal Building in Oklahoma, regulations
have been proposed on the sale and shipping of AN fertilizer in the
United States, with the potential of restricting its use by farmers.
Consequently, research is being conducted to reduce the explosive
effects of AN by encapsulating it with coal combustion byproducts,
including class C fly ash (FAC), class F fly ash (FAF), and flue gas
desulfurization gypsum (FGD-gypsum).

Of the approximately 65 Mg of fly ash and 21 Mg of FGD-gypsum
produced annually in the US, only a small fraction is used in
agriculture. Coal byproduct encapsulated ammonia nitrate (CBEAN)
could be a source of N fertilizer for farmers; however, potential

metal uptake from soil amended with CBEAN has not been fully
investigated. The objective of this study was to determine the effects
of fertilization with CBEAN on wheat yield and uptake of N

and metals.

Ammonium nitrate fertilizer encapsulated with FAC, FAFE, or
FGD-gypsum was obtained from Dr. Darrell Taulbee, University of
Kentucky Center for applied Energy Research. The encapsulated AN
fertilizers, as well as an unencapsulated AN control, were mixed with
2 kg of a low N soil at rates of 56 and 112 kg ha™ and planted with
hard red spring wheat (Zriticum aestivum L.). Plants were grown in
a growth chamber and fertilized with P and K of as required. Plants
were harvested at the boot stage and at maturity for grain and straw.
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Biomass yield at the boot stage was significantly higher in the

FAC treatment, compared to the unencapsulated control, for both
application rates. Nitrogen application increased wheat grain and
strew yield compared to the control. Grain and straw yields were
significantly higher in the encapsulated AN treatments only at the
high application rate. Grain yields at the high application rate were
9.1, 10.8, 10.4, and 11.2 g for the AN, AN+FAC, AN+FAF, and
AN+FGD-gypsum treatments, respectively.

Encapsulation of AN did not significantly affect N concentration of
wheat biomass, grain, or straw.

Encapsulation of AN did not significantly affect the concentrations
of As, Cu, Mn, and Zn in wheat biomass, grain, or straw. Wheat
biomass Ca concentration at the boot stage was slightly elevated,
compared to the unencapsulated control, in some of the encapsulated
treatments at the high rate of application.

Soil extractable nitrate and ammonium concentrations were not
significantly affected by AN encapsulation or application rate at either
the boot stage or the grain stage harvests.

Biomass, grain, and straw yields for wheat plants fertilized with
three types of coal byproduct encapsulated ammonium nitrate were
higher or equal to those of plants fertilized with unencapsulated
ammonium nitrate. The N concentrations of wheat biomass and
grain in the encapsulated treatments were greater than or equal

to those of the unencapsulated control. In this pot study, coal
byproduct encapsulated ammonium nitrate fertilizer was as effective
as unencapsulated ammonium nitrate for wheat growth, with no
significant increase in plant metal concentrations. However, further
field studies are needed to verify these findings.

Full paper available at: www.coalcgp-journal.org

Fouling Intensity of Three Indian Coals

S Balakrishnan and R Nagarajan*

Particle Science Laboratory, Department of Chemical Engineering,
Indian Institute of Technology — Madras, Chennai — 600 036, India

Indian power sector is dominated by coal-fired thermal power
plants which address 70% of domestic electricity needs and 60%
of commercial energy needs. Out of 253 Gt of coal reserves in
India, 89% are non-coking coal having 40 — 45% ash content by
weight. Hence, it is imperative to study fouling intensity of Indian
coals in order to effectively use high-ash coals without affecting
the normal functioning of boilers, and to schedule periodic
maintenance of the boilers. Three Indian coals (Coal 1 (lignite),
2 (bituminous), 3 (bituminous)) of varying ash content, carbon
content, and calorific values were selected for this study, along
with one coal (Coal 4) having less ash content (Table 1). Inertial
force was considered to be dominant in transporting fly-ash
particles to the surfaces, and the presence of liquids, condensed
from the flue gas, was considered the main factor in holding

the impacting ash particles together. Chemical equilibrium
calculations were performed to quantify the condensable alkali
salts, and eutectic formation was incorporated to accurately predict
the condensation onset temperature. Furthermore, by including
the binary eutectic, it is observed that the condensation onset
temperature is reduced from ~1200 K to ~890 K. With that
information, the self-regulated deposit growth model developed
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by Rosner and Nagarajan (1987) was adopted to simulate deposit
growth. By applying energy conservation principles, the deposit
surface temperature was calculated during its growth. Figure 1
shows deposit thickness versus time for 8 hours for a 210 MW
power plant. At end of the eighth hour, Coal 2 shows highest
deposition thickness of ~17 cm. Despite having low-ash content,
the deposit thickness associated with burning Coal 1 is comparable
o that corresponding to Coal 3. This is due to Coal 1 having a
lower carbon content compared to Coal 3. The deposit thickness
of Coal 4 was the least with thickness of ~1.5 cm. Based on this
study, the following ranking has been assigned to coals in terms of
their fouling tendency:

Coal 2 > Coal 3 > Coal 1 > Coal 4

Hence, a simple simulation procedure may be applied in
power plants to rank the coals, and accordingly schedule boiler
maintenance to remove the fouling deposit.

Table 1. Proximate analysis of select coals and their ash composition

Coal 1 Coal 2 Coal3 Coal 4

(Irdi etal,, (Irdiecal., (Roy, (Senior et al.,

1993) 1993) 1940) 2000)

Proximate

Analysis (wt %) Basis 100%

Fixed carbon 35.1 34.7 56.34 61.99
Moisture 14.9 4.3 0.8 1.44
Ash 7.0 37.6 18.1 7.01
Volatile matter rest rest rest rest
Heating value 21.3 18.8 25.1 30.5
M]/kg)

Ash composition ~ Basis 100%

(wt%)

Al203 15.3 23.3 22.54 22.87
CaO 14.7 1.4 2.58 1.84
Fe203 5.5 11.4 10.10 19.18
K20 - 1.7 1.48 1.53
MgO 3.1 0.5 258 0.60
Na20 0.9 0.1 0.30 0.32
SiO2 32.0 54.7 57.61 42.92
TiO2 2.3 1.3 1.52 1.71
SO3 - - 0.25 -
From Ultimate Analysis

S 1.9 0.5 - 1.64

- - Codl3

— |

% T, 8 - Codl - |
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Figure 1. Deposit thickness as a function of time (up to 8 hours) for
four selected coals for a 210 MW power plant running with 34%
efficiency.
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A Note on the Occurrence of Yitrium and Rare
Earth Elements in Coal Combustion Products

James C. Hower!, Shifeng Dai?, Vladimir V. Seredin?, Lei Zhao?,
Irena J. Kostova®, Luis F.O. Silva>, Sarah M. Mardon®, Gulbin
Gurdal’
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Geochemistry, Russian Academy of Sciences, Staromonetnyi per. 35,
Moscow, 119017 Russia

4 Sofia University “St. Kliment Ohridski, ” Department of Geology and
Paleontology, 15, Tzar Osvoboditel Blvd., 1000 Sofia, Bulgaria
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There is an international need for a variety of lanthanide elements
(rare earth elements, or REEs) in modern electronic and related
components. This has led to a desire to broaden production from
both previously productive locations and to expand production

to new sources, possibly including coal-derived fly ash. The
concentration of lanthanides in coal-combustion fly ash depends
on a number of factors, one of the most important being the
concentration of the elements in the feed coal. Unlike some elements,
such as Zn and As, the REE concentration is largely not a function
of element volatility. In this study, we review the concentrations

of REEs in a power plant burning a variety of coals. Additionally,

a power plant burning 2-3% tires in a cyclone boiler and a plant
burning 30% pet coke were also investigated. In general, the
Yttrium + REE concentrations do not systematically vary between
electrostatic precipitator rows. However, the light REE/heavy REE

ratio (LREE/HREE) generally decreases with a decrease in flue gas
temperature. The element partitioning responsible for the LREE/
HREE decrease is not fully understood.

Book Review: The John Zink Hamworthy
Combustion Handbook, 2nd edition, Volume 1:
Fundamentals

Edited by Charles E. Baukal, Jr., CRC Press, Boca Raton, FL, 2013.

The information on combustion technology is still not completely
explored for each and every aspect of the combustion

process. Industrial applications of the combustion process suffer
from many challenges. Oil refining, power generation, and
chemical process industries have stringent controls for air
pollutant emissions resulting from the combustion process, and
have been facing environmental and fuel-consumption issues in
addition to the costs, that need to be addressed. The complete
determination of these components requires the understanding of
the combustion process. These include the fundamental concepts
and detailed information on heat transfer, burners, kinetics, and
the complex reactions that occur during the process.

Payal A. Chandan, University of Kentucky, Lexington, KY 40511

Full paper available at: www.coalcgp-journal.org

Geotechnical Characterization of Clinker-
Stabilized Fly Ash-Coal Mine Overburden Mixes
for Subbase of Mine Haul Road

Soumya Ranjan Mallick, Manoj Kumar Mishra
Department of Mining Engineering, National Institute of Technology,
Rourkela, India

India is expecting to generate more than 2, 50, 000 MW during 12th
five year plan period. The coal production would be 1000 MT per
year. Opencast mining plays a major role in meeting the demand of
fossil fuel for thermal power generation. Mine activities have to be
expanded to meet this demand. It would lead to use of large capacity
haul trucks. Carrying capacity of trucks/dumpers used in opencast
mines has grown from 10 T to 200 T in recent years, with higher
capacity being considered at places. Introduction of large capacity
haul trucks demands well-designed haul roads. At present design

of new haul roads is based on past experience and empirical
methods. Opencast mines displace large amount of overburden as
waste material.

The sub-grade, sub-base and/or base of haul road typically uses those
overburden materials. This investigation wants to focus on replacing
a part of overburden material with another suitable and better
material. There are about 170 opencast coal mines and many are
near to thermal power stations. Problems associated with vehicular
breakdown and poor performances as well as low morale work force
of manpower have been attributed to the poor condition of haul
road. The current fly ash production is about 180 MT and will rise
to about 600 MT by 2030. The usage percentage of fly ash is about
50% leaving the rest as plant waste occupying huge land area and
creating environmental problems. Dumped fly ash adversely affects
land, air and water resources. So its gainful bulk utilization is a major
challenge to India’s growing power sectors.

The investigation has characterized fly ash, mine overburden
material as well as clinker. Geotechnical properties of untreated fly
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ash, mine overburden, fly ash-mine overburden mixes and clinker
treated fly ash-mine overburden mixes were determined. Clinker
percentage, curing period as well as fly ash percentage were observed
to have strong influence on the strength parameters of the developed
FCMs. The best material obtained was 62% FA+30% O/B+8% CL.
Ultrasonic pulse velocity measurement was carried out to confirm the
obtained UCS values.

Full paper available at: www.coalcgp-journal.org

Chemical weathering and mobility of inorganic
species in dry disposed ash: An insight from
geochemical fractionation and physicochemical
analysis

S. A. Akinyemi', W. M. Gitari’, A. Akinlua' and L. F. Petrik’

' Fossil Fuel and Environmental Geochemistry Group, Department of
Earth Sciences; University of the Western Cape, Private Bag X17,
Bellville 7535, South Africa.

2 Environmental and Nano Sciences Group, Department of Chemistry;
University of the Western Cape, Private Bag X17, Bellville 7535,
South Africa.

3 Environmental Remediation and Water Pollution Chemistry

Group, Department of Ecology and Resources Management, School
of Environmental Studies, University of Venda. Private Bag, X5050,
Thohoyandou, 0950, South Africa.

The burning of low-grade coal produces vast amount of ash

and other solid byproducts. In South Africa, coal combustion
byproducts undergo disposal on land as dry heaps or slurried to
dams. In this study, the geochemical partitioning, transport, and
mobility of elements in dry disposed ash dumps were investigated
using a modified sequential extraction scheme. The chemical

and mineralogical compositions of 50 drilled core samples were
investigated by X-ray fluorescence (XRF), inductively coupled
plasma mass spectrometry (ICP-MS) and X-ray diffraction (XRD).
Ternary plots of major elements as determined by XRF showed that
the 15-year-old and 2-week-old dry disposed ashes are sialic, and

the 4-year-old ash cores are sialic and ferrocalsialic. The variation

in chemical compositions and degree of chemical weathering are
ascribed to differences in the chemistry of feedstock coals and ash/
water/CO; interaction chemistry. The relationship between SiO,

and chemical index of alteration (CIA) showed moderate to high
degree of weathering. Multivariate statistical analysis revealed the
subtle chemical alteration differences and disparity in dissolution of
major components of fly ash. The pH profile of the cores indicate
that contact with atmosphere and consequent ingress of CO,,
leaching by rainwater and point of saturation has a great effect on the
chemical weathering of the dry disposed fly ash. XRD analysis of two
weathered drilled core samples taken from 4 m depth intervals showed
the presence of calcite. The chemical interaction of fly ash with the
atmosphere, ingress of CO, will ultimately lead to reaction with

the buffering components such as CaO and subsequent conversion
into calcite. The results obtained from modified geochemical
partitioning scheme revealed the relative enrichment and depletion
in the inorganic elements at various depth sections of ash dump
(Tables 18&2). This is attributed to chemical interaction of fly ash
with ingressed CO, from the atmosphere, pore water pH, leaching by
percolating rain water, fluctuation in water level (i.e. weathering over
time), heterogeneity in fly ash, continuous irrigation of fly ash by high
saline effluents, and fresh water.

Table 1: Relationship of major elements in different solubility
with depth of dry disposed ashes
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Location of Cerium in Coal-Combustion Fly Ashes:
Implications for Recovery of Lanthanides

James C. Howerl,]ohn G. Groppol, Prakash ]oshiz, Shifeng Dai’,
David P. Moecher?, Michelle N. Johnston'*

1 Center for Applied Energy Research, University of Kentucky, Lexington,
KY 40511, USA

2 Physical Sciences, Inc., Andover, MA 01810, USA

3 China University of Mining ¢& Technology (Beijing), Beijing 100083,
China

4 Department of Earth and Environmental Sciences, University of
Kentucky, Lexington, KY 40506, USA

Given the worldwide demand for rare earth elements (REEs) in
modern electronics, all potential sources of the REEs should be
investigated. Coal-combustion fly ash represents a potential source

of REEs. Fly ashes, derived from the combustion of coals from
Kentucky in the United States and Jungar in China, were examined

by wavelength-dispersive spectrometry electron microprobe analysis of
epoxy-bound polished pellets. From previous studies, it was known that
the REEs did not show any enrichment relative to flue gas temperature
at the point of collection or to the particle size, that is, external surface
area, of the particles. Cerium, the most abundant of the REEs in these
fly ashes, was used as a proxy for the entire suite of REEs. For fly

ashes from both sources, Ce is disbursed throughout the glassy fly ash
particles. For fly ash processing with respect to the

recovery of REEs, this implies that the entire particle must be leached
to maximize the element recovery.

Full paper available at: www.coalcgp-journal.org
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Chemical partitioning and mobility of trace
elements in dry disposed weathered ash
conditioned with high saline effluents

S.A. Akinyemil, A. Akinlua', W, M. Gitari’, R. O. Akinyeye2 and
L. E. Petrik’

v Fossil Fuel and Environmental Geochemistry Group, Department

of Earth Sciences; University of the Western Cape, Private Bag X17,
Bellville 7535, South Africa.

2 Environmental and Nano Sciences Group, Department of Chemistry;
University of the Western Cape, Private Bag X17, Bellville 7535,
South Africa.

3 Environmental Remediation and Water Pollution Chemistry

Group, Department of Ecology and Resources Management, School

of Environmental Studies, University of Venda. Private Bag, X5050,
Thohoyandou, 0950, South Africa.

The mobility of inorganic elements in the ash dump due to chemical
interaction of weathered dry disposed ash conditioned with high
saline effluents with ingressed CO2 from atmosphere and percolating
rain water was investigated. Drilled ash core samples collected

from the weathered dry disposed ash dump at a South African coal
burning power station were characterized using X-ray diffraction
(XRD) and X-ray fluorescence (XRF) analyses. A modified sequential
extraction (SE) procedure was selected to determine the mineralogical
association of the investigated element in the 1-year-old drilled ash
cores. XRD revealed the major fly ash mineral phases to be quartz
and mullite. Other minor phases included hematite, lime, calcite,
anorthite, mica and enstatite. The presence of minor quantities

of mica and calcite in the weathered ash cores is attributed to
carbonation process due to over time reduction in pore water pH.
The 2-week-old ash cores are sialic in chemical composition (i.e.
essentially Al and Si). On the contrary, the 1-year-old ash core
samples were both sialic and ferrocalsialic in chemical composition
(i.e. essentially Fe, Ca, Al and Si) which could be ascribed to
indiscriminate dumping of Fe-catalyst. The chemical index of

alteration (CIA) and chemical index of weathering (CIW) are both

suggesting relatively high degree of weathering. CIA and CIW in the
ash cores depend on the pore water pH, leaching rate, carbonation
process, and possibly the conversion of alkali and alkali earth metals
to carbonates. Multivariate analysis results suggest that the major
oxides and carbon percent show differences and variables that have
greater contribution to 1-year-old ash cores differentiation (Table 1).
The decreasing response of As, Mo, Cr, and Pb with depth suggest
immobility attributed to co-precipitation with Fe and Mn oxide phase
of the ash core samples (Table 2). On the other hand, the increasing
response of Pb, Mo and B in carbonate fraction with increasing depth
suggests mobility due to weathering (Table 2) as revealed by leaching/
flushing of soluble major chemical phases (i.c., CaO and Na,O).

The relative mobility of trace elements in the 1-year-old ash cores are
influenced by over time reduction in pore water pH.

Table 1: Varimax Rotated Factor Loadings Matrix and
Communalities Obtained from Principal Component Analysis for the
Studied Major Elements in the ash core samples
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Table 2: Relationship of major elements in different solubility with depth of dry disposed fly ashes

Spearman’s correlation (Only correlations that are significantly different from 0 at the 0.01 level )

Obs Age Solubility | Variable] As Se Mo Cr Pb B
1 1 Carbonate  |Depth - - 0.57 - 0.58 -
2 1 Exchangeable|Depth - - - - - 0.55
3 1 Fe and Mn___ |Depth -0.83 - -0.74 -0.71 -0.58 -

Probability (p-values)

Obs Age Solubility | Variable| PAs PSe PMo PCr PPb PB small p
1 1 Carbonate  |Depth - - 0.0032 - 0.0025 - 0.0025
2 1 Exchangeable| Depth - - - - - 0.0095 | 0.00107
3 1 Feand Mn |Depth <.0001 - <0001 0.0002] 0.0047 - 2.1E-06

Full paper available at: www.coalcgp-journal.org
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SYNMA I The Proven Leader in

Synthetic Gypsum Processing
Synthetic Materials and Management

Specializingin...

Design and Build Services for Gypsum Dewatering Systems
Management of Gypsum Slurry to Eliminate Production Risks to Utilities

Production of Quality Gypsum Cake for Commercial
and Agriculture Applications

Operation and Maintenance Services for all FGD Systems
Comprehensive FGD Laboratory Services

Market Development and Transportation of Synthetic Gypsum

Contact SYNMAT at: info@synmatusa.com
6009 Brownsboro Park Blvd., Louisville, KY 40207
Phone: 502-895-2810 Fax:502-895-2812 Website: SYNMAT.com



HEADWATERS

DELIVERING INDUSTRY LEADERSHIP

When producers and users of Coal Combustion Products work with Headwaters Resources,
they get more than access to the nation’s largest manager and marketer of CCPs. They get
a partnership with the unparalleled leader in building and protecting beneficial use
practices in the United States.

Increasing the beneficial use of CCPs requires a sustained commitment to engaging in
regulatory affairs, developing technologies and technical standards, ensuring ash quality,
and providing logistics to reliably supply ash to end users. Headwaters Resources
maintains the industry’s most comprehensive program to address those needs.

From building CCP management infrastructure nationwide to defending our industry in
Washington DC, count on Headwaters Resources to deliver.

www.flyash.com
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