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This paper discusses how bed blending systems can be
applied to the utilization of fossil fuels.
jects of guality control and available stacking and
reclaiming equipment are also explored along with a
case history of bed blending at Utah International

Corporation's Navajo Mine.
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INTRODUCTION

It will be the purpcose of this paper to
discuss how bed blending systems can be
applied to the utilization of fossil fuels.
The paper will also deal with locations for
blending systems, types of storage piles,
equipment, cquality control, and a case
history of a bed blending application. Since
the available technical material on blending
is extensive, it is suggested the reader
consult the bibliography at the end of this
report for further information.

WEY AND WHERE TC BLEND

Four primary bed blending locations
should be considered: at the mine, at the
coal preparation plant, at the transshipment
facility, and as part of the user's coal
handling system whether it be for combustion
or the conversion to synthetic fuels.

Blending at the mine is employed to
increase the available mine reserves by
utilizing crop coal and to reduce the need for
selective mining techniques. This is accom-—
plished by utilizing coal or lignite that
contains unacceptable properties and blending
them into the desired mixture. One example
of a complete coal blending system located
between a strip mine and a power plant can be
found at the Navajo Mine located near Arizona
Public Service Company's Four Corners Power
Plant in New Mexico. We will discuss this
installation in detail in this report.
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Transshipment facilities can econcomically
utilize bed blending if their fuel contracts
involve specific grading limitations on Btu,
sulfur, and/or ash. Blending will enable
them to produce a lower cost fuel by custom
blending to specific specifications the coal
or lignite received from various sources.

When more than one mode of transportation is
used to transship the coal, the offloading
and reloading at the ship or rail terminal
offers an excellent opportunity for blending
the varying grade of coals. The blending of
different coals can be accomplished without
any additicnal major expense since a coal
handling system would already be a necessity.

Equally if not more important would be
the blending of raw coals from different mines
or from different locations within the same
mine just prior to their beneficiation. The
cost of coal beneficiation has been shown to
decrease markedly with increased production.
Substantial benefits could be derived if the
output from twce or more mines was combined
to provide a common feedstock to a single
beneficiation plant. In considering the use
of blending prior to the beneficiation process,
careful attention must be paid to the washa-
bility characteristics of each coal source and
to make certaln that the finished blend has
acceptable Btu, sulfur, and/or ash properties.

At the power plant upgrading the fuel by
bed blending could result in a lower capital
expenditure in boilers and auxiliary equipment
since a wide latitude boiler is not reguired.
Normally the boiler and its auxiliary equip-
ment must be designed to accomodate the
volume of the lowest Btu fuel anticipated. If
the blended fuel is ©f a higher BTu value, the
boiler can be sized smaller and thus cost less.

There is also evidence that boiler slag-
ing could be considerably lessened by




upiform Btu coal. One reason for slagging
15 thought to be the anomalous upward fluc-
+uyations in heat value of the incoming fuel.
These flucuations cause the fire to burn
higher and hotter in the box thus inducing
slagging conditions. Uniform quality fuel
could eliminate this major cause of slagg-
ing.

Ash removal problems associated with
the furnace and the precipitators can he
reduced if the variation of ash content 18
kept within practical 1imits. Short term
variations of ash content may result in
"slugging” of the precipitators with larger
than normal amounts of ash. This could
cause a grounding of the electrostatic
precipitation field, violation of anti-
pollution laws, and possikle large fines.
As with the precipitators, furnishing uni-
form quality coal would eliminate high ash
gurges, thereby reducing the size and com-—
plexity of the bottom ash handling eguipment.

perhaps the most important of all blend-
ing applications would be the utilization of
western sub-bituminous coals for boilers that
would otherwise be unable to fire them effic-
iently. Also by upgrading the fuel, blending
would reduce the cost of flue gas desulfur-
ization (FGD) systems.-

I 2 synthetic fuel facitity, bed blend-
ing can result in a more uniform particle
size of the feedstock. This would minimize
the size of the screening station necessary
to segregate the various constituent sizes
prior to the feeding of the gasifier. A
more efficient gasifier operation would
result if the feedstock could be held within
a Btu value of not more +han 250 Btu's from
its average value.

Both power and conversion plants usually
regquire extensive dead storace piles for
emergency use as well as the live storage
capacity needed to gatisfy the plant's fuel
requirements between shipments. The coal
stockpiling and reclaiming facilities gen-
erally represent a substantial investment,
poth in capital and in acreade. The incre-
mental cost of providing ped blending to
these facilities is quite reasonable and
worthy of gerious consideration.

To be successful, blending requires a
judicious selection of coals. Random selec—
tion of coals for blending can cause deteri-
oration of the ash characteristics with the
possibility of further combustion problems
due to a lowered ash fusion remperature.
DEFINITIONS

Before getting into the details of the
bed blending systems and their economics, it

would be wise €O gset the definition of terms
we will be using.

Coal Rank
while steam generating units have been

Fired successfully using all ranks of coal
from anthrocite to lignite. auxiliary eguip-
ment desigh will vary according to the
chemical and physical properties of fuel. as
well as those properties defined in estab-
1ishing rank.

on varying combinations of molsture. heating

Rank classifications are based

and agglomerating
ASTM Standard
classification

value, volatile matter,
properties as defined in the
D-388, "Specification for the
of Coals by Rank".

Bed Blending
Bed blending is a term applied to a bulk
materials system handling large qualities of
nonuniform.materials and turning them intco an
acceptable homogenious plant feed. This is
accomplished by spreading the raw materials
at a constant uniform rate, back and forth
over a lLong rectangular area and gradually
uilding up a bed of several hundred layers
of material in triangular Cross sections.
Reclaiming of the layered bed is performed by
consecutively removing small Crass sections.
Each slice of the cross section to be removed
will then have the same physical and chemical
properties as the entire bed.
Returning to our discussion

of blending,
blending

we wish now to explain how a bed
storage pile is formed.

Fig. 1 Single Boom Travelling Stacker

Fig. 2 Double Boom Travelling Stacker
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HOW A STORAGE PILE IS FORMED

Stockpiling of materials in layered beds
can be accomplished in a number of ways.

1. A single, slewing or fixed, boom
travelling stacker, Fig. 1.

2. A double boom travelling
stacker, Fig. 2

3. Overhead tripper, Fig. 3.

4. Radial stacker with telescopic
head, Fig. 4.

5. Circular storage stacker.

These stackers are generally equipped
with luffing boom conveyors to minimize the
drop of material te the pile after discharge.
For automatic stockpiling the boom tip is
equipped with & level detector (S) which can
be electrically interlocked with the hoists.
The timing relay in this circuit permits the
boom to be raised automatically in increments
as the pile is progressively built up. For
materials which must be blended under shelter
or which are not subject to segregation the
travelling tripper in the apex of the build-
ing roof is freguently employed.

Belt Tripper

Fig. 3 Seal

Fig. 4 Radial Stacker With Telescopic Head
LAYERING METHODS

Blending beds can be built up using any
>f a number of layering methods.

Chevron Method, Fig. 5

This bed blending method is the most
commonly employed since it has the following
advantages.

1. It is possible to add an additive or
corrective material at anytime, even during
the iast few passes of the stacker, over the
entire pile length to obtain the reguired
blend.

2. Partial blending of the bed end cones
is simpler.

3. The stacker can be a non-slewing type
with a boom of minimum length (since it must
only extend to the pile center). Result is a
lower stacker weight and a lower overall
installed cost.

4. Automation of the stacker movement
is comparatively simple.

The disadvantage of the chevron method
is greater particle segregation in the bed
cross section. The significance of this
phenomenon will be discussed later. If segre-
gation is of major importance and results in
unacceptable variations in the recovery of the
blend, other stacking methods can be enmployed.

& Windrow Pile Cross Section

Fig.

Windrow Method, Fig. 6

Using this blending method, the bed is
composed of numerous small layered beds.
Particle segregaticn is considerably reduced
and distributed throughout the cross section.
The disadvantages of this method are:

1. If blend corrections must be made at
random, they will only be in certain parts of
the bed cross section.

2. A slewing stacker with a long boom
{boom discharge must extend to outer row) is
regquired resulting in a higher cost unit than
for the chevron method discussed above.

3. By building the individual small beds
the stacker has to operate between many rever-—
sing points at the pile ends.

4. Blending of the bed end cones is
difficult to accomplish, possibly making it
necessary to recirculate portions of the end
cones.



5. Automation of stacker movement is
complex requiring computer control.

Modified Windrow or Six Row Method, Fig. 7

This is a compromise between the chevron
and windrow methods. The bed is built up by
depositing three small layered beds to form
the base of the pile and then filling in
these layered piles to complete the full bed
aross section. With the modified windrow
method, particle segregation is somewhat
reduced and distributed within the pile
cross section as compared to the chevron
method.

The disadvantages of this system are
cimilar to those of the windrow method but
on a reduced scale. Automation of the stack-
er movement is still complex and often semi-
automatic operation is adapted. For this
operation the plant operator first sets the
boom location to commence the forming of each
of small individually layered beds and he
then puts the machine in the automatic mode-

Modified Windrow Pile Cross Section

Fig. 7
Circular Piles

The formation of a circular pile can be
accomplished by either the chevron or windrow
method of layering.

The chevron method requires the use of
a simple luffing boom radial stacker. How-
ever, the pile that is to be formed in a
windrow fashion requires the use of a portal
frame supporting a conveyor with tripper or
a shuttle conveyor system to reach to the
near and far sides of the pile.

1 -
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circular Storage System

Fig.

The stacker rotates around a column
fixed in the center of the circular storage
pile. The central column not only supports
the stacker but also supports the rotary
reclaimer, the incoming conveyor supplying
material to the stacker. and, if the pile is
to be enclosed, it can also be used to

~

support the roof. (See Fig. 8)
The blending of materials can bhe accom—
plished by a number of methods.

1. Separate batches.

2. Batch on batch.

3. Continuous batch. e
in cases 1. and 2. above, both chevron

and windrow stacking can be employed. In

case 3., only chevron stacking is used.

Separate Batches. Here two working piles
are used. Each pile occupies less than one
half of the entire circular area. The piles
are separated by a permanent dead pile. The
permanent dead pile is there to eliminate end
cone formation. Matertal is layered against
the sloping surface of the dead pile and is
reclaimed up to this pile.

Separate batch piles can be layered in
either chevron or windrow patterns. If the
chevron method is employed, a luffing boom
stacker can be used. By lowering the boom to
a point just above the top of the formed plle,
a minimum freefall height i1s allowed, thus
keeping dusting to a minimum.

Tn windrow piling, a shuttle conveyor or
a conveyor with tripper system must be emplov—
ed. 1In both chevron and windrow stacking, the
free fall of material from a point above the
highest point of the pile to the floor elevation
can create an undesirable amount of dust. In
some cases, the use of dust collection equip-—
ment is5 regulired.

When building windrow pile in a circular
storage area, cne of three methods must bo used
ro assure that the volume of material deposited
into each windrow is uniform due to the differ
ent radii on which each windrow is constructete.
As the radius of the windrow being constructed
increases, either the speed of the stacker
rotation is decreased, the nunmber of passes
over one point is increased, Or the input
capacity to the stacker is increased.

with both windrow and chevion batch stack-
ing, permanent dead pile is required to sep-
arate the piles. This dead area occupies space
that would otherwise be used for live storage.

A reversible reclaimer is used in con-
junction with the separate batch storage
system. While one pile is being reclaimed, the
other pile is being bedded.

Additional control equipment is reguired
for a windrow formed pile compared te a chevron
formed pile.

a
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Tn this case, the initial
pile constructed is generally two thirds of the
total storage area. The storage pile can be
either of windrow or chevron construction.

Wwhen the initial pile is ready for reclaim
and the reclaimer is set into operaticn, the
stacker is moved to begin forming a new pile
that places the second batch in the remaining
one—third area.

in the case of a chevron constructed pile,
the stacker builds the second batch against
the end cone of the first batch hence "batch
on batch" pile construction.

Pile formation, as in separate batching,

Batch on Batch.




can be through the use of a luffing boom
stacker to minimize dusting. At the end of
construction of the second pile, the two
piles appear to be one, seamless and uniform.
However, it must be noted that the material
layered in the end cone of the first pile
and the overlapping end section of the
second pile will not have the uniform blend
of a continuous pile. There will be some
difference in the blend of materials within
the end cone section when compared to other
sections of the pile.

During construction of the second pile,
the bilended material is being reclaimed in a
continuous clockwise fashion, leaving rocm
for the third pile to be constructed in the
same way as the second.

Windrow piling can alsc be used in batch
on batch stacking through the use of the same
type of machinery described under the sepa-
rate batch system except for one additional
complication. Since the initial pile con-
struction 1s two thirds of the entire area
and the second and all following piles will
be of either one third or some other portion
of the entire area, adjustable end-of~travel
stops for the stacking machinery must be
employed.

Unlike the separate batch system, there
is no down time in the reclaim cycle of the
batch on batch system due to repositioning
of the reclaimer.

The reclaimer operation is continuocus
with only the stacker operating limits
requiring periodic adjustment for relocation
of the stacker.

Continuous Batch. The continuous batch
method is one developed recently for a
storage/reclaim system that Robins Engineers
and Constructors is providing in the United
States.

The continuous batch system is unique
in that the stacking and reclaim operation
is continucus. Repositioning of eguipment
is never necesgary.

The heart of this new concept is the
method in which the pile is built. Rather
than building horizontal lavers in either a
chevron or windrow pattern, the pile is
constructed in an inclined chevron pattern.
This results in a multi~layered pile with a
vertical apex that slopes downward toc grade
terminating in a horizontal point., {See
Fig. 2}

The initial pile is constructed of the
proper arc length and with a sloping surface
to layer the incoming material on a pre-—
determined angle. The length of the taper-—
ing pile is calculated based on the blending
efficiency desired and the properties of the
incoming material.

The blending pile is then constructed
by slewing the stacker between limits over
the top of the inclined portion of the ini-
tial pile. As the stacker rotates from one

end of the pile to the other, the luffing
mechanism keeps the top of the boom just
above the top of the formed pile to keep
freefall and dusting to an absolute minimum.
On each successive back and forth pass,
an additional layer is added to the inclined
or "tail" section of the pile.

When the

level of material at the high end reaches the
prescribed pile height, the boom then auto-
matically indexes a short distance in the
direction of pile construction (towards the
low end) which also advances the position of
the tip of the pile tail. The boom then
indexes between these limits adding inclined
chevron layers to the pile.
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Fig. 9 Circular Pile Cross Section

Each time the level of material reaches
the prescribed high level, the stacker boom
indexes to new limits continuing to build
layers until it has rotated back to the initial
starting point just behind the reclaimer.

As the reclaimer advances, drawing blended
material from the pile, the stacker continues
to place material into storage following the
reclaimer making full utilization of the area
available.

Since the contimuous batch method uses
inclined chevron layering to form the pile,
it is not necessary to be concerned with chang-
ing the boom rotation speed, number of passes,
or input capacity to control incoming volume
as explained earlier for windrow pile construc-
tion of a radially formed pile.

The circular chevron built stockpile has
the same advantage over the linear pile. The
thickness of layers in a linear system vary
due to the relative speed difference between
the stacker travelling with or against the
direction of material flow, causing varying
volumes of material to be delivered to the
pile. With the circular yard, the material
is supplied to the center and no relative
speeds exist.

RECLATMING METHODS

Messiter Reclaimer, Fig. 10

The harrow (rake) of this machine covers
the entire bed base and has an independent
horizontal movement. The many projecting
teeth on its forward face disturlb the material
particles in the entire bed cross section.
Particles cascade down the forward face to the
bed base. The Messiter reclaimer moves con-
tinually forward into the bed and capacity is
reqgulated by this forward speed. A plow




conveyor — operating horizontally along the The projecting teeth on the forward face

ped base — moves the material to 2 tunnel of the harrow disturbd the material particles
conveyor running parallel to the bed. in the bed face as the carriage travels back
rnother version of this type of reclaimer and forth along the bridge. The material
has both ends raised se that the collecting particles cascading down to the bed base are
conveyor can be located above ground level- picked up by the bucket wheel and are dis-
The bed in this system is formed on an ele- charged onto a bridge conveyor which feeds a
vated bhase- coliecting conveyor belt running along side

the blending bed.

The carriage speed is variable (low in
the center and high at the sides of the bed
face) to obtain a regular output of the bucket
wheel. Each time the bucket wheel arrives at
the side of the bed face, the reclaimer moves
a step forwaxd so that a new slice can he cut.
Reclaimer output is regulated by the size of
this advance.

The advantages of the bridge type bucket
wheel reclaimer are: better more effective
storage capacity in a given area, relatively
low civil work costs. high capacity range
fup to 5000 tph of coal), and low operating
and maintenance costs.

The disadvantage of the machine is that
it does not reciaim the entire bed base at
one time, since the pucket wheel reclaims the
bed first from left to right and then vice

versa. This type reclaimer can he equipped
Fig. 10 Messiter Reclaimer with two bucket wheels working independently,
cach reclaiming one half of the bed face or
While the Messiter reclaimer is an for simultaneous travel across the bed face.
excellent reclaimer of blended material, it In the first case each carriage has a varying
has a pumber of disadvantages such as a speed. In the latter case the two carriages
smaller effective storage capacity for a are coupled at 2 fixed distance and have cne
given area, the cost of civil work is high, rravelling speed- Double wheel reclalimers
the capacity of the raclaimer is limited, of fer better blending efficiency.

and the maintenance costs on the reclaimer
are higher than other types of equipment.

Rotary Bucket Wheel Reclaimer, Fig. 11
The rotary bucket wheel reclaimer has

the bucket wheel mounted on a carriage which
tyravels back and forth along 4 bridge which
spans the full width of the ped. The bucket
wheel surrounds the bridge and can be revers
sible for inline pile arrangements. The
carriage supports one harrow {or two harrows
for a reversible bucket wheel). This harrow
is manually adjustable to compensate for
materials various angles of repose-

A Fig. 12 Drum Reclaimer

Drum Reclaimer, Fid- i2
The drum reclaimer has a pridge equipped

with a conveyor spanning the full width of the
bed. A drum equipped with buckets, surrounds
the bridge and 1s supported by rollers at-
rached to the sills. The bridge is coupled
with the sills, which are supported on trucks.
The harrow for this machine consisting of
fhree horizontal parts, covers the entire bed
face. The top and bottom part move horizon—
tally and in opposite directions to the center
part. This way the forces created by the
movement of the teeth through the bed face
are absorbed in the harrow itself.

The harrow main frame has a triangular
bridge, hinged mounted on each side to the
main bridge on the centerline of the drum.

Fig. 11 Rotary Bucket Wheel Reclaimer
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Tt is supported with adjustable members on
the sills. With this arrangement, the posi-
tion of the bottom row of teeth in the harrow
maintains a fixed distance to the bucket lip
circle at any positicn of the harrow. The
drum reclaimer continuously advances into the
bed which can be regulated to meet capacity
requirements. The drum reclaimer can also be
equipped with reversible buckets and two
harrows for in line pile configurations.

This drum reclaimer, as with the rotary
bucket wheel, overcomes the disadvantages of
the Messiter reclaimer and also permits re-
claiming the entire bed face at one time.

The disadvantage of the drum reclaimer
is basically one of weight and the heavy
construction required to support the drum,
resulting in higher initial cost. End cone
regirculation time is longer, reducing the
bed efficiency and requiring larger plant
bunkers.
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Fig. 13 Rotary Scraper Reclaimer

Rotary Scraper Reclaimer

The rotary scraper reclaimer consists
of a bridge supported chain scraper and
harrow that rotates through 360°, reclaiming
stored material to the center of the storage
pile where it is transferred through a cen-—
tral hopper to an underground receiving
conveyor.

The circular scraper reclaimer operates
fully automatically. The reclaimer is sup-
ported on one end by rail mounted trucks.
The other end is supported by a bearing
located on the central support column that
is also used to support the stacker. incoming
conveyor supplying material to the stacker,
and building roof structure.

The reclaimer advances towards the pile
driven by the wheeled trucks con the outside
circular rail. The rate of speed that the
reclaimer advances into the pile is adjustable
and controls the rate of tonnage reclaimed.

B SN

Fig. 14 Rotary Scraper Reclaimer in Storage
Dome

A harrow is mounted on the reclaimer
bridge and moves back and forth against the
face of the pile. The projecting teeth on the
harrow contact the bedded material with posi-
tive force, loosening the particles and causing
them to flow to the base of the pile. At the
base of the pile, the material forms a wave
that is a homogenous blend of the vertical
cross section.

The horizontal scraper chain that is
suspended beneath the bridge beam is then used
+o blend each foot of vertically blended mate-
rial across the face of the pile. Theoret-
ically., every blade on the scraper chain
reclaims a little porticn from each foot of
the pile width. Each scraper gaining volume
as it passes across the eatire width of the
pile until a complete cross secticnal compo-
sition of the pile is obtained. (See Fig. 13 &14)

There are basically two types of face
raking devices. The wire rope device and the
rigid harrow. The wire rope devise acts much
like a windshield wiper, sweeping over the
whole pile face. Generally, there are two
ropes used that are hinged at the upper apex
of the bedding pile. At the lower end, they
are mounted on a carriage that moves along the
pile base. The rope lies loosely on the pile
face and cuts off a slice of the storage pile.
Generally, the rope devise is considered best
suited for small, grain size materials. The
harrow, with its many projecting teeth and
rigid heavy construction, is better suited for
the larger particle size or higher tonnage
capacity applications.

Boom Type Stacker Reclaimer, Fig. 15

This is an adaptation of the conventional
bucket wheel reclaimer design. A harrow, pro-
vided at the end of a boom, agitates the face
of the pile as the machine advances down from
the center of the pile. The boom swings in an
arc from side to side. Reclaim capacity for
this machine is subject to surges and accurate
blending is not possible due to the arcual
movement of the harrow. However, for systems
not requiring extreme accuracy but requiring




a high tonnage output,. this boom type re-—
claimer is worthy of caonsideration.

Fig. 15 Boom Type Stackexr Reclaimer

Rotary Plow Feeders, Fig. 16

These tunnel machines are mentioned here
because they do have a limited application in
bed blending systems. Rotary plow feeders
are generally installed in long tunnels under
a slot bunker having a 'V' shaped bottom
cross section. {See Fig. 17) A tunnel is
provided with two or more plows which rotate
in a horizental plane reclaiming the material
from one or two shelves. The rotary plows
slowly traverse back and forth discharging
material onto a conveyor at the bottom of
the tunnel. This system lends itself to
blending two basic fuels such as high and low
sulfur content coals. One travelling plow
feeder would be operating under each pile of
the different coal ranks. The collecting
conveyor, receiving the material in two
layers, would carry the mixture which would
be blended by the tumbling actilon of subse—
quent transfers. In this sense, the system
is somewhat like bin blending system.

Fig. 16 Rotary Plow Feecder

The advantage of bunker sicrage is the
relatively lower cost as compared with above
ground bins when large quantities have to be
atored. The efficiency of blending with this

system.is less than the other systems previ-
ously discussed and is not recommended when
more than two materials have to be combined.

Fig. 17

Rotary Plow Feeder Tunnel

Although the terms blending and mixing
are used interchangeably, this does not imply
that the two terms are synonymous — but rather
that in many instances a conventional mixing
action will be entirely satisfactory. This
is especially true when the purpose of mixing
is primarily an averaging procedure, such as
the mixing of ceoals having different sulfur
contents prior to combustion.

BLENDING QUALITY CONTROL

Removing material continuously in small
uniform transverse increments by a reclaim
machine has the same effect as continuously
sampling the entire contents of the storage
pile. Interval spacing and number of sample
cuts correspond to the pile length and the
number of layers. Since each sample is rep-
resentative of the whole, each layer repre-—
sents an exact portion of the whole and each
transverse cut must therefore be a true rep-
resentation of the average of the entire pile.
Tt follows that the sum of the transverse cuts,
which is the total pile recovery, will be uni-
form in both chemical and physical analysis.

The most convenient method to measure
uniformity is standard deviation. A mathe-
matical formula can be applied to the analysis
of each component making up the entire lot.

Tt is the square root of the average of the
squares of the individual deviations of all
samples from their mean.
m
p? =S (X - a)? - %
v m
vl

Standard Deviation

Il

where D

m = Number of samples
¥ = Individual deviation of
A -
any desired propertv
a = Average property
i 1
and a =:Xv - =
vl
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Standard deviation is the basis for
quality control. For example, given the
average in the standard deviation of a lot
of material it can be stated that the value
of 95% of all samples of the lot will fall
between the average + twice the standard
deviation. Further, 99.7% of all samples
will have a value between the average #
three times the standard deviation. It
therefore follows that the lower the standard
deviation of any lot oxr storage pile of ma-
terial the more nearly all incremsnts taken
from it will have an analysis equal to the
average. As indicated before, the number of
sample cuts taken corresponds to the number
of layers. Therefore the greater number of
layers in the blending bed. the lower the
standard deviation.

One of the most frequent misinterpreta-
tions of blending efficiency is that the
degree of blending is relative and not an
absolute figure and that it has to be mea-
sured against the known observation. Blending
efficiency indicates how much of an improve-
ment can be made in a particular operation or
how close to a given integrated average mate—
rial consistency can be duplicated. Blending
will not enrich the individual component nor
will it improve an integrated average which
itself was not acceptable. It is a matter of
zccuracy, refinement and subtle variations in
control. Tt is a precaution taken to assure
that the blended material will be constant,
predictable, and duplicable.

The accuracy of blending systems is also
a function of the length of the piles. This
is actually the second criteria - the first
being the number of layers - to produce sat-—
isfactory results. In building a long trian—
gular shaped pile there will be a long trian-
gulax center portion formed by several hundred
layers with two half cones at each end. The
material in the end cones is distributed
differently than that of the triangular center
portion. In the center portion, materials are
layered and particle movement is in two direc-
rions, but in the end cones the geometrical
pattern is different. Half cones are formed
hecause the material being discharged at the
end point will roll down in any direction on
the surface always following the path of least
resistance, generally the steepest angle.

When the reclaiming machine reaches to
the end cone it cuts varying cross sectional
amounts of material subject to the geometry
of the material present in the cone shape.
Following this reasoning, the first cut the
reclaimer makes on a new pile theoretically
represents the last layer and may be far
removed from the overall average. Accuracy
increases as the machine approaches the full
cross section. Its change can be plotted on
a uniform curve.

The number of layers in a pile is deter-
mined as a function of the pile cross section,
average rated capacity of the stacker, and
the stacker traverse speed expressed by the
fellowing formula.

Wo x Va x 60

N c

where Wo = Capacity of pile - tons
per ft
va = Average stacker velocity -
fpm
¢ = Average capacity of stacking
device - tph
N = Number of layers
From this formula italso follows that the

average material deposited by the stacking
device per foot is:

C
W = Fax 80
where W = Tons of material deposited

per ft of stacker traverse

To minimize end cone influence and im-
prove overall efficiency, it is suggested that
an optimum layout for the blending system
provide for a minimum pile length ecuivalent
to at least six times the width of the pile
base. A wider pile has more layers and will
increase blending efficiency, but should the
pile become too short it would upset the
efficiency due to end cone influence. The
six to one ratio is a good empirical solution
put when this ratio cannot be achieved, it may
be advisable to provide for end cone blending
or to recirculate the matexial in the outer
half of the end cones and reblend it into an
adjacent pile.

High volumetric bed efficiency will
therefore lead to a long slender bed with a
small cross section which will consist of a
relatively small number of lavers in the cross
section+: however, for high blending efficiency
a large number cf layers usually three hundred
or more is required. TFor any given bed volume
these two factors are in conflict and the
selection of optimum bed dimensions are often
established by compromise. If a very high
blending efficiency is mandatory. a pile with
a large cross sectlon containing of upwards of
500 layers may be reguired. If the storage
volume must be large due to train schedules,
etc. , the cross section of the piles will be
large and the proportions of the pile may be
such that the volume of the end cones will
represent appreciable ratio of the whele. In
order to maintain the desired high blending
efficiency, the end cones would probably have
to be hlended or recirculated. The required
volume of the beds or pile in a bed blending
system depends on the tonnage, shipping sched-
ule of the coal, variation of physical and
chemical properties of the fuel. and the
magnitude of the process receiving material
from the blending system. An in depth analy-
sis of these factors is usually necessary to
establish the desired pile volume. Practically
it has been found that a finished bed volume
equal to one week of plant consumption is
adeguate.

Tf limitations of available area and
overall dimensions of the blending system are
not important factors, then the optimum
dimensions of the bed are governed by volu-
metric bed efficiency and number of lavers in
the bed required for good blending {(blending
efficiency).



The volumetric bed efficiency is defined
as the percentage of the total bed volume
represented by the main pile (parallel body
of the bed) versus the percentage of the ma-
terial in the bed ends. The efficiency is a
function of the % vatic where L is the length
of the bed betweén peaks and B is the base
width of the pile-

POSSIBLE DISADVANTAGES OF BLENDING

In the past sone blends have caused
serious compustion problems that could have
heen avoided by a more careful choice of coals
or blending proporitions. Tha cause of certain
combustion problems such as slagging and foul-
ing have been traced to the relative guantities
of several minerals in the ash. One of the
most troublesome components of the western
lignite coals is sodium. Experience has
shown that more than 0.4% sodium in the coal
(dry basis) or more than 4% sodium in the ash
are likely to cause serious slagging and foul-
ing problems. These difficulties are explained
Ly the tendancy of large percentages of alkalis
aspecially sodium to jower the ash softening
temperature of the cozl. Although sodium con-—
rent of 4% or less appears to have no consis-—
rent effect on ash softening temperature, an
increase to 6% can cause ash fusion tempera-
tures to be lowered by 150° — 200°F.

various combustion problems particularly
+hose caused by lower ash fusion temperatures
car: be traced to the components of the coal
ash. An understanding oF ash characteristics
explains why the compustion characteristics of
fwo coals, when blended prior to combustion,
could be far less acceptable than those of
cither coal when fired separately.

An adeguate explanation of the possible
adverse effects of coal blending on ash fusion
temperature would involve a considerakble fa-—
miliariry with phase diagrams and other tocls
of physical chemistyy and is therefore outside
the scope of this article. But as any phys-
ical chemist or chemical engineer knows, the
problems cai be solved. ANy reader interested
in the solution can consult the technical lie-
erature, particularly the works of Stewart
shou, Winegartnelr and Ubbens, Marklevy, and
Estep et al, listed in the appendix.

CASE HISTORY FOR cOAL BLENDING

An interesting example of successful coal
blending is the Wavajo Mine located in the
Four Corners area of New Mexico. This mine
supplies Arizona rublic Service Company's Four
corners Power Plant with all its fuel- Utah
Tnternational Inc. oOwWns and operates the mine
which supplies the plant annually with 2%
million tons of sub-bituminous comal containing
an average of 92000 Btu's per pound.

conditions within the mine produce coal
which can vary between 7000 and 10,200 Btu
per pound. A variation in heat content of
this magnitude would rnormally cause serious
operational and esconomical problems at the
power plant. A solution was found by utiliz-
ing Robins Engineers and Constructors' exten—
sive, fairly sophisticated, and highly auto-
mated coal blending system which handles all
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the coal after being crushed at the mine to
-3/4".

The blending system at this facility
consists of ten separate storage pile areas
arranged so that each completed pile is
approximately 90' wide by 800' long and 32°'
high and containing 30,000 tons of active
coal storage. Piles are formed by means of
a double-boom travelling stacker which con-
tinually travels the length of the piles for-
ming horizontal layers in a continucus flow
as material is received over the conveyor
system.

Blending
engineer who schedules the
shovels in the pits in an effort to have one
shovel in the face where the heating value is
higher than average and the other shovel in
the face where heating value is lower than
average. BAs a pile is being built, a running
inventory is kept of the grade. If grade
varies too much from the 9000 Btu average.
engineer revises +he loading schedule or
directs the coal to ancther pile. Once a
pile has been built, it can be scheduled for
reclaiming at the plants convenience. Because
of climatic conditions and the relative na-
ture of the mined coals, it has been their
practice to reclaim each pile within two
weeks after completion. This avoids the
problem cf spontanecus combustion and at the
same time allows for a live storage capacity
of up to 240,000 tons of coal. This repre-
sents a ten day supply when the generating
anits are operating at 100% capacity.

Reclaiming at this facility is accom—
plished by using one of two Robins Engineers
and Constructors bridge—type bucket wheel
reclaimers equipped with 25' diameter bucket
wheels. {(See Fig. 18)

quality is controlled by a mine
loading of the two

Plant

Fig. 18 Four Corners Power

the



The coal delivered to the Four Corners
Power Plant must meet specifications covering
minimum heating wvalue, maximum volatile
matter, maximum ash, maximum moisture, maxi-
mum alkalis, maximum grindability, and mini-
mun ash fusion temperature. Experience has
shown that regulation of the Btu heating
value causes all other specifications to
fall substantially within the specified lim-
its. Carefully kept records between 1964 and
1969, during which more than 500 blend piles
were constructed to a target grade of 9000
Btu's per pound, show that the average range
of variance of the coal pile from target
grade was 47 Btu's., or about .5%. The target
grade of 9000 Btu's is the average quality
for the entire 30,000 ton pile. Coal re-—
claimed from the piles is not of an absolute
uniform quality, but does not vary substan-
tially from it.

Takle No. 1 shows the maximum daily Btu
fluctuations from a monthly norm for a six-
vear period. Only four times during the 2200
day test period, the dajly fluctuation from
the monthly nerm exceeded 5% (roughly 450 Btu
variance from the approximate 2000 Btu norm).
The average maximum daily variations for
monthly norm was about 1.7%, or roughlyv 150
Btu's. It must be remembered that these are
maximums and that the average daily Btu
variance is much less, generally only a few
Btu's.

One influence of the Navajo Mine's
bilending system, where a very definite eco-
nomic significance can be proven, is the
utilization of "crop" coal. There exists at
the Navajo Mine lease large areas of deeply
weathered low Btu coal adijacent to the bed
outcrop. The low quality of this material
prohibits its utilization as mine run fuel.
The only way this coal can be used is by
blending it with higher than average quality
coal to form an acceptable grade of power
plant fuel. The utilization of the blending
facility has, and will, allow the recovery
of a substantial natural resocurce which
otherwise would have remained unmined.

The assurance of uniform guality fuel
delivered from the Navajo Mine's blending
facility has also exerted definite economic
and operational influences on the Four Corners
Power Plant.

Of initial significance is the economy
and capital cost. Based on having a blending
system, smaller uniform fuel boilers were
selected which were able to generate the
required thermal energy from the 9000 Btu
blended average fuel. These Four Corners
Power Plant boilers were designed to rela-
tively close tolerances at a substantial
capital savings.

Operations are significantly simpler at
the power plant because of the blending
facility with its uniform quality of coal
and the surge capacity the facility offers.
Therse is evidence that the boiler slagging
has been considerably reduced.

The Four Corners Power Plant is a base
load facility. Virtually all of the other
power plants in the Arizona Public Service
system have higher generating costs than this
plant. Thus any power generating loss at
Four Corners must be replaced by substantially
higher priced electricity from their other
power facilities. Uniform quality fuel con-
tributes significantly to maintaining sustained
full capacity boiler operation thus allowing
maximum power generation.

CONCLUSION

A blending system can have significant
economic value in the handling and burning of
coal. The future of coal blending depends a
great deal on government regulations covering
standards for 50, removal. These blending
systems have been highly successful in other
industries. In steel making the entire costs
of the blending system have been paid for in
as little as three years by improved plant
efficiency. Industrial processes are always
improved by maintaining a constant uniformity
of the feed stock. &As with the Four Corners
Power Station, rising coal transportation and
generating costs should help to provide the
necessary incentive to go to bed blending.

One final warning: even the blending of
similar coals should not be undertaken without
an understanding of the physical chemistry
involved, nor should you go to bed blending
without the benefit of an engineering and
construction firm totally familiar with the
concepts of bulk materials handling, sampling,
and blending.

Maximum Daily Btun Flyctuations From the Monthly Worm*

f
i 1964 138€5 196€ 1967 1968 1969
Month | + - - - - - + - + - + -
i
January i.2% 2.8% 1.7 1.6% 0. 9% 1.2% 1.2% 1.6% 1.7% 2.0% 1.3% 2.5%
February 0% 1.0% 1.4% 2.6% 0.2% 0.2% 5.4% 1.0% 1.9% 1.8% 1.6% 3.1%
March 1.6% 5. 3% 2.1% 1.2% 0.5% O.7% 1.8% 1.6% 1.7% 1.1% 1.3% 2.5%
April 1. 4% 1.3% 1.8% 0.5% 0.6% 0. 3% 1.8% R-TE G. 8% 0. 9% 1.4% 1.0%
HMay 3.8% 3.6% 2._0% 2.1% 0,8% 1.2% 3.0% 2.3% 1.5% 3.2% 0.7% 0.8%
June 2.0% 1. 4% 3.9% 5.5% 1.0% 1.3% 1.4% 1.5% 1.7% 1.5% 0.6% 0.8%
July } 5. 4% 1.8% 3.4% 3.8% 1.3% 1.2% 2.0% 2.1% 1.8% 1.9% 1.1% 1.3%
August 1.3% 1.5% CoE%x 1.6% 1.3% 1.5% 1.6% 1.3% 2.1% l.8% 1.7% 1.9%
September i.le 1. 3% 1.1% 1.5% 1.9% 1.2% 1.68% 2. 3% 2.0% L.a% 0.7% 1.7%
October 1.2% 1.2% 1.9% 1.5% 3.9% 2.0% 1.4% 1.5% 1.0% i.9% Z.0% 1.2%
Nowvember 1.2% 1.E% 2.0% 1.9% 1.25% 1.5% 1.5% 1.2% 3.0 3.8% 2.5% 1.3%
Decembar l 2.1% 2. 7% Q9% 1.9% 1.1% 1.3% 2.0% A-2% 1.1% I.a% 1.2% 1.7%
TOTAL TORS 2,116,000 2,398,000 2,012,000 2,435,000 2,154,000 3,187,000

*Expressed as a positive and a negative percentage deviation from the average grade of coal delivered to

the power plant during the month.
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