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Two Eurosilo® Concept for Handling
CCR Waste to Landfills

Written by Richard Munson

I t d t . The ruling is fair, but six years of uncertainty delayed the implementation of wet to dry systems to
n rO u c I O n transport CCR'’s to landfills because of the lack of clarity on how to store these wastes.

In December 2014 the EPA Now utilities and supporting vendors will be focusing on their ash ponds to determine if they comply
pu blished the lon g awa ited with the regulations or if they need to be modified or closed. There is a lot of work to do for each

) . . utility to determine where they stand on each pond or impoundment and then in determining their
final ruling on Coal Combustion oath forward.

Residuals (CCR) handling. The

This paper focuses on a new way to store and transport the CCR materials which saves capital
rule was published in the Federal  cost, reduces operating costs and simplifies the movement of CCR material. We realize that the
Regi ster on Ap ril 17. 2015. CCR rule focuses more on the integrity of impoundments but how to move this material is important

too. Some operators are confronting the question now of how to store and move their CCR waste

because the volumes are enormous and, over time, small efficiencies add up to big savings.



Not much has been done on new designs to transport CCR because creates high capital costs to build and high costs to operate and maintain
moving this material is complicated. Handling three or four different these systems. Also, CCR materials are not the ideal materials to handle
types of CCR material spawns complex storage and handling equipment SO engineers often concentrate on traditional methods to do so and new
designed to hold and then transport large amounts of each material. concepts are considered speculative. The traditional way to store these
This inevitably drives the construction of more conservative designs. This materials is shown in Figure 1.

FLY ASH FGD GYPSUM BOTTOM ASH

Concrete silo with
pug mill conditioners

Covered storage with Steel silo or
portal reclaimer concrete pad

Have there been any innovative designs come to the forefront on
how to handle this waste most efficiently?

\When considerin g the la ree Our proposition is to minimize the footprint and complexity at the plant end and create surge storage
at the landfill end which provides flexibility in the operation. This is a departure from traditional methods
because the CCR material does not lend itself to storage in a traditional mass flow silo. This concept
offers flexibility for handling the CCR material which is critical. Being able to “push” the material quickly
out to the landfill to a receiving vessel reduces pressure on the plant operators. Having an efficient

truck loading capability at the landfill also contributes to the overall efficiency.

volumes of waste - the cost per
ton to move this waste should
be scrutinized.

This concept uses a pipe conveyor to connect the power plant storage to the landfill storage. Note:
this could also be a curved trough conveyor if the environmental permits would allow or if the route
will allow it.

See Figure 2 for the flow diagram illustrating the new concept arrangement.
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A Eurosilo is used at the plant to store the gypsum as well as the
gypsum dewatering equipment — see Figure 3. This creates a very
small footprint. A Eurosilo is also used at the landfill to store the
comingled CCR waste — see Figure 4. Trucks are loaded under this
landfill Eurosilo with a good loading efficiency. The pipe conveyor will
carry the comingled CCR at a high tonnage rate from the plant to

the landfill Eurosilo. This can be at the maximum conveyor capacity.
Having a silo at the landfill allows the plant to quickly expel the daily
CCR production to the landfill in a matter of a few hours. This relieves
pressure on the plant operations and creates flexibility by allowing the
plant to disengage from the landfill operation. The benefits are listed
later in the paper — and there are many.
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The Two Eurosilo CCR Handling Concept

The plant portion of this concept envisions a
live bottom hopper to receive the bottom ash
adjacent to the gypsum Eurosilo and then

two fly ash silos to store the dry fly ash. An
enlargement of the plant equipment is shown
later in the paper. The fly ash will be conditioned
under each fly ash silo while depositing onto the
pipe conveyor. All three pieces of equipment
simultaneously reclaim their respective material
directly onto the pipe conveyor. The pipe
conveyor is in a conventional conveyor shape at
this point and transitions into a pipe shape after
the last fly ash silo.

Being able to reclaim in close proximity to the
pipe conveyor and at a high rate allows the
conveyor to operate at peak capacity saving
significant power cost per ton because the large
motors are operating at peak efficiency. The pipe
conveyor can negotiate sharp curves and hills on
the way to the landfill which eliminates transfers
and additional conveyors. A pipe conveyor to a
landfill is shown in Figure 6.

TRANSPORT OPTIONS: PIPE CONVEYOR
Simple installation

Lower power requirements: $.15/ton
Total enclosure of the material

Short curve radii
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For gypsum handling with the Eurosilo the BLOWUP OF PLANT STORAGE EQUIPMENT
sturdy augers work perfectly for FGD materials.
There are approximately 60 gypsum Eurosilos in
operation in Europe. Of that total approximately
half have dewatering on top of the silo to minimize
cost and footprint. The primary challenge of this
concept is to demonstrate that the operator can
store the comingled CCR in the landfill Eurosilo

and justify the cost.

Gypsum Eurosilo

Live Bottom Feeder
Most fly ash blends that we have tested show

that the blended CCR handles extremely easily
in the Eurosilo. The material strength of these
CCR blends, even when stored for long periods
under pressure, do not exceed the Eurosilo auger
capabilities so the concept offers the advantages
noted. If the material will setup in such a way
that it exceeds the auger capabilities a discharge
level can be applied. However, if the CCR landfill
Eurosilo cannot be justified due to the slightly
higher capital cost or material concerns the
Eurosilo concept is still the obvious choice at the
plant location because it offers significant capital
and operating cost savings.

Pipe Conv Tail Drive

Elec Room

The key to understanding this concept is to study
the impact that the landfill CCR Eurosilo has on
all aspects of the operation. Taking all subtle
improvements into consideration illustrates how
the landfill silo drives efficiencies.

Each constituent of the CCR waste stream

has vastly different handling characteristics.

The fly ash is dry and dusty and needs to be
conditioned before transporting. Conditioning
the fly ash is critical and has to be carefully done.
Conditioning Powder River Basin (PRB) fly ash is
even more critical because it can set up rapidly.
The gypsum needs to be dewatered to between
10% and 15% moisture so that it is dry enough
to transport but it can become sticky and can set
up to some extent under pressure while being

Fly Ash Silos

e
Pipe Conveyor— ___
to Landfill

BLOWUP OF LANDFILL STORAGE AND LOADING EQUIPMENT

Covered Emergency
Storage Pile

(e M= (oo Fe X o ellile=l VAo sl eRieR:Ie)=l | Nere are numerous advantages offered by this concept which are listed below. But the advantages, like

cohesive and sticky products like FGD over a
longer period of time without bridging problems.
The bottom ash needs some form of handling at
least to cool it down (if a dry system) or dewater
it before transport if it came from a submerged
flight conveyor.

Gypsum silo automation

Gypsum Eurosilo at plant

i i saves labor, has fewer
side saves approximately

$10,000,000 alone, and
installation is much faster,

conveyors and the more
efficient operation saves
The following two Figures illustrate the plant and

landfill equipment in more detail. Slight variations
of this equipment layout are likely from site to site.

power cost,

Fewer material transfers
and fewer conveyors to
deal with at the plant and
easier truck loading at the
landfill, heavy duty augers
are the way to handle FGD
type materials,

the concept itself, are tedious to explain so we have listed them in four general categories as follows:

Smaller footprint and landfill
truck loading operation can
be minimized and made
semi-invisible.
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® | ower capital costs by consolidating the gypsum handling
equipment footprint at the plant — estimated savings are $8,000,000

to $10,000,000 depending on storage sizes needed. The list of

equipment eliminated is shown in the next section under operating
cost savings,

The savings above do not consider EPC engineering and
construction overheads,

Consolidating the gypsum dewatering equipment on top of the Eurosilo
at the plant eliminates the following equipment:

— Redundant gypsum transfer conveyors from dewatering building to
storage building,

— Gypsum dewatering building,

— Gypsum storage building,

— Transfer tower on top of gypsum storage building,

— Overhead tripper conveyor inside gypsum storage building,

— Portal reclaimer to reclaim the gypsum from storage,

— Reclaim conveyor to take gypsum from storage,

— Transfer tower and additional conveyors to take the gypsum to the
tail end of the pipe conveyor,

— Two bay truck loading for gypsum at the tail end of the
pipe conveyor.

The concept assumes that the bottom ash, gypsum and fly ash can
be reclaimed simultaneously onto the pipe conveyor for transport to
the landfill. To do this there will be much less power required and fewer
transfers required to get the material onto the pipe conveyor,

Once at the landfill there would be a single conveyor discharge into the
Eurosilo. Alternatively, the CCR can be conveyed to the emergency
pile,

Once the truck loading operation starts at the landfill the material will

be loaded into trucks by a series of double augers that eliminates the
need for any conventional conveyor transfers thus reducing the need
for bin vibrators and air cannons that can be disturbing to

local landowners,

* Much faster schedule to construct, the slip forming of all silos can be
done one after another,

¢ A version of the concept uses no CCR Eurosilo at the landfill and in this
case the capital savings are even higher more like $15,000,000 but
with this case the operating costs will be higher.

® The gypsum dewatering and Eurosilo operation can be automated. It is
currently done that way in Europe and all recent gypsum Eurosilos built
have been built with dewatering on the top level. The elimination of the
dewatering building, storage building and portal reclaimer can justify
the elimination of at least one operating position,

Being able to move all CCR to the landfill at the maximum capacity
of the pipe conveyor allows the conveyor to operate fewer hours per
day and to operate at peak power efficiency while in operation. This
saves the hours of operating the belt and allows the motors to run
at the highest efficiency on their efficiency curves. This also pushes
the belt replacement 3 years further into the future and reduces idler
replacements,

The truck loading operation under the landfill Eurosilo is vastly more
efficient than traditional loading designs because two trucks can be
loaded simultaneously with efficient queuing. Trucks can be loaded
at all times even when material is being put into the CCR Eurosilo.
The truck loading operation at the landfill can be done by the truck
operators themselves if that much independence is desired.

The material is transferred to the landfill Eurosilo in a matter of hours at
high capacity. This is more efficient because fewer people have to be
involved or stand by waiting for the daily CCR production to transfer,

It is easier to design redundancy into a Eurosilo than to other types
of storage. For the in plant gypsum Eurosilo there is an emergency
bypass of the silo in case the silo internals are being maintained and
there is an optional truck loading spot under the silo in case the pipe
conveyor is down for maintenance.
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The gypsum is directly put onto the pipe conveyor using far fewer

conveyors and motors,

* The loading operation at the landfill can be done underground or
partially underground where the operation is sheltered from the
elements and where it is quieter,

Fewer foundations are needed to construct the facilities at the plant,

Construction time is significantly reduced,

Less power is required per ton of gypsum moved,

Comingling the CCR materials provides a better handling and more
consistent sand like material that is more consistently packed into
place in the landfill.

* The pipe conveyor motors are run at closer to peak efficiency reducing ¢ The fly ash does not need to be conditioned as much and the gypsum
does not need to be dewatered as much since they will be comingled
in the CCR Eurosilo at the landfill. More testing is needed to verify

the limits of this observation but initial tests indicate that the blended
material is like sand and behaves predictably with less sticking.

wasted power,

Can the CCR Eurosilo Handle
PRB Fly Ash

An obvious question is, “Can this
concept handle PRB fly ash.”

We have tested pure PRB fly

ash and found, as many know,
that the PRB ash will set up very
quickly with the right amount of
conditioning moisture. The set up
is exacerbated when immediately
packing the sample back into a
mold to simulate storage under
pressure. This is an interesting
challenge for this concept if the
plant is burning pure PRB coal
but most plants don't burn pure
PRB coal. If the plant is using
pure PRB coal then it may not be
a candidate, at least at this time,
for the landfill Eurosilo part of
this concept.

Our tests of non-PRB fly ash have shown that it can be combined with the gypsum or bottom ash and
the two materials create a better handling material with no set up problems. We also tested blends of
gypsum and pure PRB fly ash. These tests are not intended to be all inclusive test results or the final
testing on the subject but the test results do show the following general conclusions:

1. Pure PRB fly ash, if conditioned and then put under pressure in a mold, will set up to a hard
consistency quickly,

2. Blends of 1:1 PRB fly ash and gypsum also set up once mixed and put under pressure in most
cases but not as hard as pure PRB fly ash,

3. Pure PRB fly ash, if conditioned to generate pellets with approximately 15% moisture, allowed
to cure while not under pressure in a mold, and then mixed with gypsum did not exhibit any set
up or strength increase during storage. This is the key to blending and storing PRB fly ash with
this concept.

Using this concept it is intended that the gypsum and fly ash (and bottom ash at times) will mix

while being loaded onto the pipe conveyor and then mix more while being discharged from the pipe
conveyor. Once discharged into the CCR Eurosilo the materials will be mixed in the discharge chute,
once again in the horizontal double auger to move the material to the telescopic chute and then
once again while being placed in layers in the Eurosilo by two silo fill augers. This amount of mixing is
enough to develop a homogenized blend.

During reclaiming to trucks, the CCR will again be mixed by the reclaiming augers and again in the
double auger that load the trucks. So under normal conditions the CCR materials will be mixed to a
near uniform consistency before loading into trucks at the landfill. The mixed CCR material is a nice
consistency and is easier to handle than either fly ash or gypsum by itself. But this is pertaining to
normal fly ash not pure PRB fly ash.
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Our testing has shown that pure PRB fly ash sets up very fast in the
presence of water. For normal conditioning percentages such as 15% to
20% moisture the fly ash sets up extremely fast and needs to be mixed
violently with a cutting motion to keep the conditioned mixture from setting
up into a solid mass. There are a number of conditioners that do just that
but more work is necessary to implement this type of conditioning into

Our test results show that the pure PRB conditioned ash samples set up
to a strength higher than the Eurosilo augers can handle and, therefore;
pose an unacceptable risk to store in the landfill CCR Eurosilo. The last test
result shows that if the PRB ash is conditioned in a manner that uses up all
its cementitious capabilities in the reaction (15% moisture conditioning) that
subsequent combining with gypsum and storage under pressure does not

Alternatives to Eurosilo Concept

for Landfill End Equipment

Option 1 — move the CCR to the landfill edge or Option 2 — move the CCR to a strategic point
into the landfill and simply stack the CCR into on the edge of the landfill and then transfer to
a large pile for handling with mobile equipment a portable or shiftable conveyor system that

this concept. create any substantial strength. More testing is required to flush this out but
the direction for the solution seems obvious.

Option 3 — utilize a discharge tower similar to
those recently built that uses the pipe conveyor

We speculated that mixing the conditioned PRB fly ash with the dewatered to feed the discharge tower and two truck

gypsum might inhibit the reaction of set up so we tested that also and
found that if the PRB fly ash is not conditioned properly it will set up under
pressure even when immediately mixed 1 to 1 with dewatered gypsum.

and short distance trucking. It is likely that essentially eliminates trucking within the landfill. loadout conveyors. While this is not as efficient

this involves more operating costs and more Most importantly, this option eliminates the as using a Eurosilo to store and load the CCR
it does cost less by approximately $6MM. It

costs for this are far less than any other option. does Option 1. This would involve more capital increases operating costs by not being able to

environmental dust generation but the capital complexities of the truck loading operation as

cost for the moveable conveyors but would move the CCR at the most efficient rate to the

save a huge amount of operating cost for the landfill but it does not cost as much.

in landfill trucking.

Summary of Testing

The conditioning method for pure PRB fly ash is critical to assure that the T ; As should be obvious, if you have a significant amount of CCR waste to be moved to a landfill, the storage and movement needs to be accurately modeled
to illustrate which option best fits each individual site i.e., which option yields the lowest cost per ton for handling. In some cases the best landfill option
becomes obvious. In other cases it is not so obvious and detailed study will illustrate the answer.

conditioning completely reacts the lime (Ca0), alkali and sulfate (SOK) in the
fly ash to stop the pozzolanic reaction of the fly ash. This will assure that the
ash does not further react while in the silo either in pure form or when mixed
with the gypsum and or bottom ash. -

DISCHARGE TOWER USING CONVENTIONAL CONVEYORS TO LOAD TRUCKS

We have found, and the literature suggests, that if you condition the PRB

fly ash to a point where it is deemed worthless for future cementitious uses

it won’t set up further. Thus it can be stored in the Eurosilo whether mixed

or not with the gypsum. We simulated the situation of being stored on the

lower layer with 20 tons of material on top of the sample. We did find that -
conditioning the PRB ash with 15% moisture until it stabilized and then

mixing with gypsum eliminated the ability of the mixed sample to set up

even under pressure. We feel this has the potential to allow the storage of ) = i T sa
PRB fly ash in the future. But, at present, it is obvious that more testing is A 7 5 (-] m 5
needed. Additionally, we did not test the fly ash of different blends of non

PRB coals with PRB coal and these different fly ash blends do need to L
be tested.
The question of an upset condition is always going to be present with this Under the worst case scenario where the plant feels that they cannot put

concept so we need to be able to handle that situation. The upset condition  Pure PRB fly ash into the landfill Eurosilo then there is the option to divert
is when gypsum reclaiming to the pipe conveyor is halted for whatever the conditioned fly ash onto the stackout system that will be covered for
reason and pure conditioned fly ash is sent to the landfill Eurosilo. If it is pure ~ dust control. Even if it sets up after being stacked on the ground at the
PRB fly ash then the conditioning method must create fully reacted pellets landfill it can still be handled with mobile loaders.

so that they don’t subsequently react and set up during storage.
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Conclusions

This concept offers a plant that needs to move bottom ash, fly ash and gypsum to a landfill the
flexibility to split the storage of the material to the plant and landfill and then move it rapidly to

the landfill with no restriction on rate. This will save a significant amount of operating time just to
transfer the material to the landfill. Once stored in the landfill Eurosilo the truck loading operation
is faster. For large volumes of CCR to be moved over a 20 year period this truck loading efficiency
gain adds up to sizable dollar savings.

The actual truck logistics can be complicated and several key variables need to be analyzed to
model the exact landfill trucking operation. So the key to the overall puzzle is how to handle the
material at the landfill end to make the trucking efficient. If you burn PRB coal that adds another
layer of complexity and more testing is needed. But this concept offers clear cut and certain
capital and operating cost benefits at the plant end that should be carefully considered. When the
operating costs are modeled and projected over a long term project life the savings are significant
for plants generating significant volumes of CCR waste. The environmental benefits

are also obvious.
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