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EXECUTIVE SUMMARY

At the request of the U.S. Department of Energy (DOE), Pittsburgh Energy Technology
Center, a study was conducted to provide DOE with a reliable, documented estimate of the
cost of producing coal-water fuel (CWF). The approach to the project was to specify a plant
capacity and location, identify and analyze a suitable coal, and develop a conceptual design
for an integrated coal preparation and CWF processing plant. Using this information, a
definitive costing study was then conducted, on the basis of which an economic and
sensitivity analysis was performed utilizing a financial evaluation model to determine a price
for CWF in 1992

The design output of the integrated plant is 200 tons of coal (dry basis) per hour. Operating
at a capacity factor of 83 percent, the baseline design yields approximately 1.5 million tons
per year of coal on a dry basis. This is approximately equivalent to the fuel required to
continuously generate 500 MW of electric power. The design and costing are based on a
battery-limit integrated plant located at or near a coal mine site. It is assumed that roads,
rail lines, electric service, water access, auxiliaries, etc., are available. CWF can leave the
plant by rail, barge or pipeline. Costs for off-site disposal of dewatered refuse are included
in the final cost figure.

The CWF produced by the plant is intended as a replacement for heavy oil or gas in electric
utility and large industrial boilers. The particle size distribution, particularly the top size, and
the ash content of the coal in the CWF are specified at significantly lower levels than is
commonly found in typical pulverized coal grinds. The particle top size is 125 microns (vs.
typically 300myu for pulverized coal) and the coal ash content is 3.8 percent. The lower top
size is intended to promote complete carbon burnout at less derating in boilers that are not
designed for coal firing. The reduced mineral matter content will produce ash of very fine
particle size during combustion, which leads to less impaction and reduced fouling of tubes
in convective passages.

The plant design is based on a specific eastern high volatile A bituminous coal; namely, the
No. 2 Gas seam, of which there are enormous reserves. Presently, production from this
seam is about 5 million tons/year. With the cooperation of Peabody Coal Company, drum
quantities of run of mine (ROM) samples were obtained and screened, milled, and analyzed
for float/sink and froth flotation properties. Based on these results, a highly efficient coal
preparation process was designed. The coal preparation circuits involve skimming off a high
quality coarsely-sized product, crushing middlings to minus 1/4 inch, and cleaning all fines
using Microcel™ column flotation. Since the final product is a slurry, extensive fines
processing can be accomplished at reasonable cost because dewatering requirements are
minimal and coal drying is not required. Consequently, advanced coal preparation methods
for cleaning coal fines integrates well with CWF production.

The CWF production portion of the plant is based on a staged milling process to efficiently
produce a fluid, stable slurry. The sizing, power draws and costs of the grinding mills were
provided by Allis Mineral Systems, who have experience with milling of coal under the
unique conditions necessary to produce a high quality CWF. The cost for CWF additives,



which represents the largest cost element in the total product price, was obtained from
vendor quotes.

Following the conceptual design of the integrated plant, Roberts & Schaefer Company was
engaged to provide estimates for the capital costs, labor, operating and maintenance
supplies, and consumables. The Roberts & Schaefer Company is a construction and
engineering firm that is highly experienced in design, costing, and construction of coal
preparation facilities. A summary of the cost elements in the pricing of the CWF is
tabulated below.

Item

Investment Capital $42,200,000 -
Working Capital $2,005,000 - - -

Labor $4,760,000/yr 652 3.26 011 |
Electricity $4,816,000/yr 660 3.30 0.11
Reagents $12,434,000/yr 1704 8.52 0.29
Other O&M $2,897,000/yr 397 1.99 0.07

Btu Loss $4,962,000/yr 680 | 340 | ou

In the above listing, Other O&M includes property tax, insurance and maintenance supplies.
Btu loss refers to the loss in combustible matter as a result of beneficiating the feed coal.

Based upon these cost elements, the annualized cost of CWF in 1992 dollars is estimated
at $1.84 per MMBtu. This cost estimate includes a feedstock coal cost (mine mouth, pre-
cleaned) of $1.00/MMBtu in 1992 dollars, and is based on a 20-year plant life, with a
constant inflation rate of 4 percent per annum over the life of the plant, 100 percent equity
‘mvestment (as opposed to debt financing) and a 15 percent nominal after-tax internal rate
of return on investment.

Design and construction of coal preparation facilities are mature, state-of-the-art operations
and represent minimal project risk. The major uncertainty is associated with the design of
the CWF portion of the integrated plant, particularly the sizing of the grinding mills.
Accordingly, the estimate of capital investment includes a very conservative contingency of
30 percent. An analysis of the sensitivity of the cost to variations in individual cost elements
was also performed.
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1.0 INTRODUCTION

This study was undertaken for the purpose of providing the U.S. Department of
Energy with a reliable estimate of the cost of coal-water fuel (CWF) and of documenting
the basis for the estimation. The approach to the project was to specify a plant capacity and
location, identify and analyze a suitable coal, and develop a conceptual design for an
integrated preparation and CWF processing plant. Using this information, a definitive
costing study was then conducted by the engineering firm, Roberts & Schaefer Company.
On the basis of their results, an economic and sensitivity analysis was performed utilizing a

financial evaluation model to determine what CWF would cost in 1992.

The scale of the coal preparation and CWF plant design chosen for the study is 200
tons per hour coal output on a dry basis (285 tph CWF). The baseline case assumes round-
the-clock operation with an annual operating capacity of 83 percent, corresponding to 166
tph dry coal average output or about 1.5 million tons per year. This is equivalent to the
energy required to fuel approximately 500 MW of continuous electric generating capacity.
(Other approximate equivalencies are 27,000 barrels per day of CWF or three unit trains
per week of CWF delivery.) It is possible that some economy of scale could be realized if
the design were based on a larger plant. This would be modest, however, and would be
derived mainly from the preparation plant since the equipment specified for CWF processing

is about the maximum from which economies of scale can be obtained.

The design and costing are based on a battery-limit, integrated plant located at or
near a coal mine site. As such, it is assumed that roads, rail lines, electric service, water
access, auxiliaries, etc., will be available. Also, no provision is made for raw coal storage,
since coal storage is assumed to be part of the mining operation. CWF delivery can be by
rail, barge or pipeline. The normal operating mode is assumed to be out-loading of CWF
directly into unit trains made up of rail tank cars. Storage is provided for two days

production of CWF.



Costs for off-site disposal of dewatered refuse are included in the final cost figure.
The waste stream will contain mineral matter and a smaller amount of combustible material
of the mined coal. In addition there will be minor amounts of the reagents used in the
preparation process, all of which are now employed in coal beneficiation operations. There
are no problems anticipated in disposing of the plant refuse by means conventionally

practiced at coal mine sites.

The CWF type at which the study was directed is a boiler grade fuel intended to be
burned in utility or large industrial units. The particle size distribution, particularly the top
size, and the ash content of the coal in the CWF were specified at significantly lower levels
than is commonly found in present pulverized coal grinds for similar application. The
rationale for the lower top size of particles in the CWF is that this will promote complete
carbon burnout at less derating in boilers that are not designed for coal firing. The
assumption is made that atomizer technology will advance adequately to provide spray
droplet sizes sufficiently small to fully take advantage of the finer coal particle size
distribution. The top size of present pulverized coal grinds is about 300 microns. While it
is established in the technical literature that finer coal particles require shorter residence
times for burnout, there can be no definite predetermined size specification for a generic
CWF as is being considered here because furnace volume and radiant characteristics will

vary. Accordingly, a somewhat arbitrary top size limit was selected; namely, 125 microns.

The ash content for the cleaned coal can be specified with more certainty. The main
objective of a lower ash level is to minimize deposit formation in convective tube banks.
The technical literature and discussions with combustion technologists investigating this
subject have revealed that there is a substantial decrease in deposits when ash levels in coal
are reduced to somewhere in the 3-5 percent range!. The reason for the deposit drop-off
with ash reduction is that the ash particle size decreases with decreasing quantity of ash,
which in turn leads to less impaction of tubes because the finer ash particles with their lower

inertia tend to follow gas flow through the convective passages.



The mechanism leading to finer ash particles at lower ash levels has been reasonably
well established?-34, At moderate to high concentrations of mineral matter, each coal
particle (or in the case of CWF, each droplet) gives rise, upon combustion, to a single ash
particle. Most of the small mineral matter particles within the coal particle (or CWF
droplet) coalesce into this single ash particle during burnout of the coal char. Accordingly,
deeper cleaning of coal produces particles (or CWF droplets) with less total ash, so that the
size of the final ash particle is finer. There is also a second important effect which occurs
as ash levels fall to approximately 3 to 5 percent. During coalescence, higher quantities of
mineral matter tend to impart mechanical integrity to char particles (cenospheres), which
allows them to burn out intact as individual particles. At low ash levels this mechanism
cannot operate effectively because the separation between mineral matter particles is too
great; hence, char particles tend to fragment during burnout, thus producing even finer ash.
It is desirable to clean coal deeply enough to reach the regime where fine ash particles are
released during combustion, and accordingly the specification for the preparation plant
design was set at 3-5 percent coal ash. The actual value realized in the preparation plant

design is 3.7 percent.
2.0 PROJECT APPROACH

The integrated plant design is based on a high volatile A bituminous coal from an
extensive seam in West Virginia. The overall approach to the study was to identify the coal,
obtain samples for relevant analyses and develop quantitative, conceptual process flow
diagrams. Vendor data for the size and cost of major equipment were then obtained.
Finally an architectural and engineering firm (Roberts & Schaefer Company) was engaged
to perform a detailed process review and definitive costing, including total capital,

construction and operating and maintenance costs.

A coal-water fuel form affords the perfect opportunity to utilize advanced physical
methods of beneficiation to deep clean coal. Deep cleaning requires processing relatively
large amounts of coal fines, as compared to conventional coal cleaning. Normally, these coal

fines would need to be dewatered and subjected to thermal drying, both of which are



relatively expensive operations. However, since the final product is a CWF, the dewatering
operation is minimized and thermal drying is unnecessary. Thus, by combining beneficiation
and CWF formulation in a single plant, significant cost savings accrue because of the

reduction or elimination of these important unit operations.

For cleaning fines, the coal preparation plant design includes column flotation circuits.
Column flotation was selected since this technology allows more efficient recovery as
compared to conventional methods of cleaning coal fines. Primary emphasis was given to

ash reduction, since the coal chosen for the present design is fortuitously low in sulfur.

2.1  Coal Selection and Analysis

Using the Keystone Coal Industry Manual and other available sources, a review of
coals of Pennsylvania, Virginia, West Virginia and eastern Kentucky was conducted. There
are innumerable seams in these states with coal of acceptable cleaning and slurrying
properties; however, all the data that one would like to have to make an appropriate choice
are often not readily available (data such as cleanability and grindability properties).
Accordingly, the initial selection was based heavily on proximate analyses and on current
availability and total reserves of the coal. The coal chosen was a high volatile A bituminous
from No. 2 Gas seam (aka Campbell Creek seam) mined by Peabody Coal Company in
Montcoal, West Virginia. Total annual production of No. 2 Gas coal is close to five million
tons, with about 1.4 million tpy output from the Montcoal complex. Total seam reserves are
estimated at eight billion tons (original minable tonnage.) A tour of the Montcoal mine site
and the cleaning facility was arranged by Peabody. This coal is typically cleaned to about
5 percent ash by physical methods, including froth flotation, and sold as steam coal, although
it is of metallurgical quality. It was arranged for drum quantities of ROM coal to be
sampled and shipped for analysis by Commercial Testing and Engineering (CT&E), a major

coal testing laboratory.



A regimen of tests was developed involving screening, float/sink, grinding, etc., that
provided the data necessary to prepare the process flow diagrams for the preparation plant
and to compute mass balances. This was an interactive process in that a process flow
diagram would be developed on the basis of laboratory results, from which further lab
testing would be defined, the results of which produced an improved plant design, and so
forth. A similar procedure was followed for the design and sizing of the column flotation
circuits, which was performed with major assistance from the Virginia Center for Coal and
Mineral Processing at the Virginia Polytechnic Institute and State University (VPI). The
results of the CT&E and VPI analyses are collected in Appendices A and B. Listed below

in Table 1. are typical proximate analyses of No. 2 Gas coal.

Table 1. Typical Proximate Analyses No. 2 Gas Coal (Dry Basis)

—— ——————_——— m
PEABODY
PROPERTY ROM COMMERCIAL
PRODUCT
#F —]

% ASH 40.0 5.0

% VOLATILE MATTER 23.0 32.0

% FIXED CARBON 37.0 63.0

% SULFUR 0.7 0.8

HHYV BTU/LB L 8,830 14,800

2.2 Design Methodology
2.2.1 Preparation Plant
The methodology that was required in designing the coal preparation plant was driven

by the factors listed below, some of which are common to general beneficiation processes

and others of which are unique to the present CWF application:



Product ash content of 3-5 percent (2-3 1b/MMBtu)
High Btu recovery

Minimum grinding of mineral matter

Minimum coal throughput to flotation circuits
Readily dewaterable product

Coal Washability Characteristics

A discussion follows of each of these factors and its role in guiding the preparation

plant design.

A product ash level of 3-5 percent is desirable in order that the ash resulting from
coal combustion have a sufficiently fine particle size distribution. Extremely small ash
particles will follow the gas flow in the convective section of a boiler, thereby minimizing
tube erosion and deposition. To achieve simultaneously a low ash level and a high Btu
recovery, it is necessary to subject a portion of the coal to finer grinding in order to liberate
mineral matter. Coal comminution is ordinarily avoided in preparation plant operations
because fines are difficult to handle and to market. However, in the present case the final
product is to be a coal-water fuel in which the coal will ultimately be milled to a very fine
size consist. Accordingly, it is far less disadvantageous, both operationally and economically,
to introduce grinding into a beneficiation process that is an integrated precursor to CWF

processing.

The ROM coal feed to the preparation plant is 40 percent ash by weight. Grinding
such a high ash feed will incur operational and maintenance costs that can be avoided by
first subjecting the ROM material to a high specific gravity separation. The resulting
product is greatly reduced in mineral matter content. The other constraint on the
preparation plant grinding is that it is considered good practice to minimize the throughput
to flotation circuits, inasmuch as this type of benefic’ation process is more costly than
alternative gravity-based methods such as cycloning or jigging. Hence, to the greatest extent
possible, conventional coal cleaning methods are utilized ahead of fine grinding and flotation.



A further consideration that imposes limitations on the grinding is that the products
Jeaving the various cleaning circuits must be dewatered to some extent prior to being milled
into CWE. Accordingly, there is a trade-off to be observed between retaining relatively
coarse, more easily dewatered material and finer ground coal that has mineral matter

liberated but is more difficult to dewater.

Lastly, the inherent washability characteristics of the ROM coal fractions and their
separation products throughout the beneficiation process are fundamental driving factors in
the design. It is apparent from the float/sink analysis for flowstreams 2 and 6 of Figure 1,
summarized in Table 2, that this particular coal contains a large fraction of low gravity
material, another large fraction of high gravity material and a very small amount of
middlings. It is evident that initial separation at relatively high specific gravity will remove
substantial amounts of mineral matter from the incoming coal. The refuse from a 1.7 sp.

gr. separation will actually consist of about 86 percent mineral matter.

Table 2. Summary of Composite Float/Sink Data for
Two Fractions of Incoming ROM Coal

l SPECIFIC GRAVITY | 24" x ¥&" FRACTION
SINK FLOAT | WEIGHT % | % ASH
- 1.4 19.5 4.4

14 1.7 22 22.7

1.7 - 28.1 89.0
b

WEIGHT %
- 1.4 23.1 3.0
1.3 234
889
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The foregoing principles were applied in the design of the coal preparation plant,
shown conceptually in Figure 1. The mass balances shown in this schematic were developed
by utilizing the laboratory analyses of the coal fractions (screening, float/sink, grinding) and
a computer program that simulates coal preparation operations’. This computer code

provides an approximation to practical plant performance for each unit operation.

Referring to Figure 1, ROM coal is first screened at %" and the undersize is further
screened at 28 mesh (600 microns, Tyler designation). The %" size was selected because
screening efficiency is highest when the screen size is close to the D5 of the material consist
(see Table 3), and in combination with the 28M screen provides the same size ratio
(approximately 10:1) of material to both the Baum jig and the 1.7 sp. gr. cyclone. The 28M

x 0 fraction is then diverted to the flotation circuit.

Table 3. Screen Analysis of ROM Coal

PASSING RETAINED WEIGHT %
2" 1" 16.6
1" 1" 16.5
" Va" 16.6
v 28M 33.9
28M 0 16.4

Following the Baum jig, the 2}4" x %" material is milled to %" x 0 to liberate
additional mineral matter. Float/sink tests and proximate analyses showed that this grinding
operation produced a significantly lower-ash product out of the 1.3 sp. gr. cyclone, although
carbon recovery was not improved. The 28M screening following the first rod mill is
intended to separate fines for flotation prior to sending the larger size %" x 28M fraction
to the 1.3 sp. gr. cyclone. The reject stream from the 1.3 sp. gr. cyclone is further milled and
sent to flotation, because testing showed that additional recovery of low-ash product was

achievable.



Column flotation cells were specified for processing the fine (28M x 0) coal streams
in this preparation plant design. Column flotation represents an advanced method of
beneficiation for fine material that is widely used in the mineral industry and is currently
being introduced into the coal industry. Employing a counter-current water wash, column
flotation is superior in p2rformance to conventional froth flotation in cases where very fine
particles (< 100M x 0) are to be processed. Screen analysis (Appendix B) showed that the
product from the rod mill contained approximately 70 percent finer than 100 mesh. The
column cells were sized by VPI based on their engineering experience with these units, and

the performance determined from release data that were experimentally n>easured by them.
22.2 CWF Plant

Coal-water fuel can be produced by any of several methods: (1) "single-step," in
which the exact required amounts of coal, water and additives are charged to a media mill
(such as a ball mill or stirred vertical mill) and grinding is performed under viscous
conditions; (2) "bimodal," in which part of the coal is milled either dry or wet (dilute or
viscous) to a coarse consist, part is milled dry or wet to a fine consist, and the two blended
in a mixing step; (3) a variation on the single-step method in which a minor fraction of the
mill product is further milled to a finer consist and blended back into the original major
fraction; (4) dry-milling of the entire amount of coal with subsequent addition of water and
additives in an appropriate mixer (mills other than a media mill, e.g., bowl mill, have been
used for grinding by this method); and (5) the "staged" method which was selected for the
present study. In the staged process, part of the coal is milled under efficient conditions,
such as dry or as a dilute water suspension, followed by viscous milling of all material in a
finishing step.

In the present case, Figure 2 schematically illustrates this approach as applied to the
design of the CWF production section of the plant. For the %4" x 28M fraction coming from
the coal preparation section, a centrifuge is used to reduce the moisture level to
approximately 7 percent, éfter which this dried product is ground in rod mills. For the

28M x 0 fraction, coal dewatering is accomplished using a screen bow! centrifuge. Next,

10
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makeup water is added to bring the water level to 46 percent by weight, and the resultant
slurry is wet milled under relatively low viscosity conditions. The products from the wet and
dry milling operation are combined and final milling (ball mill II in Figure 2) is acccmplished

under viscous conditions.

There is inherent inefficiency in all the CWF processing methods because, as is now
well understood, substantial amounts of fines must be produced in a CWF in order to impart
fluidity and stabilityd. Hence, it is not sufficient to simply mill coal to a specification such
as is usually set for pulverized coal grinds, e.g., 75 percent less than 200 mesh; provision
must be made to produce fines. There does not seem to be any published data on the
comparable efficiencies of the various processes mentioned above, although the degree of
inefficiency of viscous milling has been reported to be a factor of four or more greater than

conventional grinding.

The staged process was judged superior for the requirements of the present CWF.
Since part of the cleaned coal, Figure 2, coming into the CWF plant is %" in size, it
appeared that extensive viscous grinding would be required to insure a top size of 125
microns if a single-step method were selected. Hence this approach was ruled out. The
normal bimodal process was also ruled out because of the requirement to produce what
would be essentially a very fine grind of a substantial amount of coal. Ball mills are known
to be very inefficient for very fine grinding; the only viable alternative is a high-speed media
mill. However, contacts with a high-speed media mill vendor indicated that an impractically
large number of their largest mills would be required. Dry milling with subsequent mixing
with water was not selected because it is not generally known how to control such grinding

to produce the required fines.

Referring to Figure 2, the staged CWF process is designed to accommodate the
incoming coal streams from the preparation plant and to produce the most efficient grinding
scheme practicable, consistent with the required loading of fines in the product CWF. Most
efficient grinding is by dry and/or dilute wet milling; accordingly, the circuits were designed
to do much of the grinding in these ways. The %" x 28 M stream is the more easily

12



dewatered to a sufficiently dry condition for rod millings. Rod milling is more efficient than
ball milling for the relatively coarse product and also provides better top size control. The
28M x 0 coal preparation plant stream, together with makeup water and the required
additives for CWF processing, produces a fairly dilute feed for ball mill I. The ball mill I
and rod mill products are then blended and sent to ball mill Il for final grinding, then to
high-shear mixers to improve viscosity and stability. Specific mixing energy input was
specified as 5 kWh/ton of coal®. The sizing, power draws and costs of the mills were
provided by Allis Mineral Systems, who have experience with viscous milling of coal. Some
modification of their results was necessary to accommodate variations in the final
specification of the plant design. The mill sizes and operating power draws (given as specific
grinding energies along with throughput) are shown on Figure 2 together with a size
designation for feed and products in and out of the mills. (Fgq and Pgg on the figure refer
to feed and product sizes that 80 weight percent of the coal is finer than.) The size of the
large ball mill II shown in Figure 2 is based on the Allis recommendation. Two smaller
mills, approximately 14.5/ in diameter by 29/ in length!3, could serve as an alternative and
would not significantly impact cost or efficiency of the plant. The total grinding energy to
produce the CWF is 38 kWh/ton of coal. (Note that while the centrifuges are shown in
Figure 2 as part of the CWF process, they are actually included in the costing of the

preparation plant.)
3.0 INTEGRATED PLANT DESIGN
3.1 Preparation Plant

The general design approach is described in section 2.2.1. In this section, some
pertinent details are presented together with descriptions of how a coal preparation plant
‘simulator was used as a design aid. The description is based on Figure 1. A detailed
process flow diagram (Figure 3) and plan views (Appendix C) of the integrated plant are

shown on foldout sheets.

13
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Several flowsheet configurations were evaluated for processing the ROM coal in
accordance with the objectives and guidelines described in Section 2.2.1. These flowsheets
utilized different processing options, such as number of streams split from the ROM coal,
screen sizes and specific gravities used for separations, regrind of middlings, and proportion
of material sent for flotation. A process that yielded a product with high carbon recovery

and low ash content was finally selected (Figure 1).

A coal preparation plant simulator was used to predict plant performance from
laboratory data. Several plant simulation programs have been developed for coal
preparation applications’. One such simulator is that developed jointly by the U.S.
Department of Energy and the Environmental Protection Agency’. This simulator, the
"Computer Simulation of Coal Preparation Plants,” was used to evaluate the flowsheet
design, perform off-line optimization, and examine the effect of process variables on coal

product quality.

The flowsheet contained two areas where special laboratory testing was required to
develop complefe material balances. First, laboratory float-sink tests were performed to
predict the washability of the jig product after being crushed to 4" x 0 in the rod mill. This
washability can not be predicted since there exists no mathematical model capable of
accounting for mineral liberation during grinding and, thereby, calculating new washabilities.
Considering the washability of the ROM coal and the operating specific gravity of the Baum
jig, the product leaving the jig closely resembles the minus 1.7 specific gravity material for
the ROM coal. Consequently, laboratory tests were performed by separating the plus 1.7
specific gravity material from the ROM coal, grinding the remainder to %" x 0, and
performing washability tests on the ground product.

Laboratory experiments were also conducted to obtain an accurate estimate of the
performance of the flotation columns used to clean the minus 28M streams. These tests
were conducted by the Virginia Center for Coal and Mineral Processing and involved
preparing coal samples in the laboratory that were similar to those to be sent for column

flotation for evaluation. An established technique, known as release analysis, was employed

15



to evaluate the flotation behavior of these streams and obtain the optimum separation that
could be obtained by froth flotation19:11, A floatability curve, similar to that obtained from

washability analysis, is obtained from the procedure.

Column flotation tests have been shown to produce a separation approaching that of
the float/sink curvel?. Hence, the procedure consisted of obtaining release analysis curves
for each stream to be processed by column flotation, selecting an optimum operating point
from each curve, and designing flotation columns to replicate this behavior. For stream 7
(Figure 1), a 28M x 0 sample was obtained by screening, then subjected to release analysis;
the resulting flotability curve is shown in Figure B-1 in Appendix B. The optimum point for
operating the column was selected from this curve as producing a 4.0 percent ash product
at 75 percent yield. For stream 16, a %" x 28M sample was first prepared by screening the
ROM coal. From this sample the plus 1.7 sp. gr. and the minus 1.3 sp. gr. material was
removed by a float-sink procedure, after which it was ground to 28M x 0. The ground
sample was subjected to release analysis, and the resulting flotability curve is also shown in
Figure B-1 in Appendix B. The optimum point for operating the column for the feed stream
was selected from this curve as producing an 8.3 percent ash product at 80 percent yield.
The column flotation performance for stream 11 was estimated using best engineering
judgement as laboratory flotation data were not available for this steam. Other than above,

all material balances were obtained using the computer model.

Table 4 summarizes the output characteristics of the three clean coal product streams
from the coal preparation flowsheet. Computer calculated washability data of major product
streams are given in Appendix D. The combined clean coal product characteristics from all
three clean coal streams are obtained using a weighted average of the individual

characteristics of each stream.
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Table 4. Summary of Performance of Preparation Plant
Based on Simulated Flow Values of Figure 3

Stream 14 (%" x 28M) 29.0% of Input Material
2.6% Ash
15,170 Btu/lb HHV

Stream 17 (minus 28M) 12.0% of Input Material
4.0% Ash .
14,760 Btu/lb HHV

Stream 18 (minus 28M) 12.0% of Input Material
6.1% Ash
14,576 Btu/lb HHV

Combined Clean Products 53.0% Total Recovery
(Streams 14 and 19) 85.1% Carbon Recovery
89.6% Btu Recovery
3.7% Ash

14,945 Btu/lb

3.2 CWF Process Plant

The essential elements of a process design to produce high quality coal-water fuel
comprise the grinding and mixing circuits and the selection of proper additives. In this
section further details of these items as well as CWF storage will be given. It was not
possible, as was done for the preparation plant design, to have laboratory testing performed
in order to precisely define specifications and operating conditions for the CWF plant.
These had to be based on published data and on prior operating experience of commercial

vendors specialized in these operations.

A staged grinding process as illustrated in Figure 2 was chosen for the CWF plant
design. Having selected a process scheme, the problem of designing the plant becomes one
of sizing mills and specifying power requirements. In ordinary mineral processing plants
where rod and ball mills are utilized, designing can be accomplished with confidence using
the Bond methodology!3. However, the experimental data of Bond were obtained under
dry or dilutc wet milling conditions and cannot be applied directly to viscous milling as is
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required for CWF processing. The predicted difference in mill capacity between
conventional and viscous grinding is in fact very large, being several times less for the latter
according to published information’. Accordingly, it was necessary to obtain the ball mill
sizes and horsepower (and costs) fron: an equipment manufacturer. Allis Mineral Systems
was chosen because they have specific experience with ball milling of viscous coal slurries.
They were provided with feed sizes, tonnage, and grindability for each stream and the
desired product size. The staged CWF process shown in Figure 2 differs somewhat from
several variations on which Allis based estimates, and adjustments to their data were made
for the final adopted design. The rod mill (Figure 2) sizing and power draw were estimated
by the Bond method, as they also were for the two rod mills specified in the preparation

plant (Figure 1), because these all involve conventional grinding.

Referring to Figure 2, two clean coal product streams from the preparation section
of the plant are fed to centrifuges for dewatering, with the discharged water recycled. The
V4" x 28M stream, which is the more easily dewatered, is reduced to approximately 7 percent
moisture content for dry grinding in the rod mill. The exact moisture level is not critical so
long as it is low enough for dry grinding. The estimated feed and product sizes in terms of
the 80 percent passing points, as well as the power draw per ton per hour of coal, are shown
on the figure. The rod mill product is blended with the product of ball mill I to be fed to
ball mill II.

The 28M x 0 coal stream from the preparation plant is similarly dewatered and fed
to ball mill I for wet grinding. Per recommended engineering practice this stream is over-
dewatered and a required amount of makeup water added back in, together with a solution
of the surfactant and base additives. This method eliminates the operational requirement
for dewatering the coal stream to an exact water content. The wet milling in ball mill 1 is
conducted at about 46 percent water content and with all the additives present, which yields
a mill base of only moderate viscosity and provides for grinding efficiency approaching that
of conventional milling. The product stream is blended with that from the rod mill for
viscous milling in ball mill II. (It is noted that the Fgq of ball mill I is lower than the Pg
of the final product from ball mill {I. This is an artifact of the staged milling process. It is
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required that this finer product be sent through the second ball mill in order to provide for

the necessary viscous grinding which generates the fines required 1n a quality CWF.)

The product from ball mill II is subjected to high-speed mixing as a "finishing" step.
A specific mixing energy input of 5 kWh per ton of coal is specified based on reported®
studies that show the viscosity of CWF slurries decreases and levels off at about this point.
Following the mixing operation, CWF is then pumped directly to rail tank cars for transport
to users. Two insulated and heated storage tanks, each of 1.5 million gallons capacity
(approximately two days production), are provided in the event of a discontinuity in the unit
train operation. Outloading to barges or to pipeline is an equivalent alternative to rail

transport.

Processing of CWF involves only unit operations utilizing mature technology and
equipment with histories of proven reliable operation. There are no complex equipment,
unit processes, or elevated temperature and pressure operations involved. Process control
entails the monitoring of only a few intermediate and final product properties; specifically,
coal content, particle size distribution and viscosity. With standard instrumentation these
properties can be measured very rapidly in a quality control lab by periodic sampling.
Viscosity and coal content could be analyzed on-line if desired, but this does not seem to be
practiced for particle size distribution.

3.3 Description of Process Flow Diagram

Following is a description of the detailed process flow diagram shown in Figure 3.
As mentioned earlier, the process is based on a battery-limit, integrated plant located at or
near a dedicated coal mine, where necessary roads, rail lines, electric and water service,
auxiliaries, etc., are available. The flow sheet description includes the entire process within

the plant battery limits, but specifically excludes the following:
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® Raw coal transportation from mine-mouth to preparation plant.

® Raw coal unloading and storage.

® Raw coal stockpiling and reclaiming.

® Raw coal crusher and grizzly for the 2.5" topsize control of raw feed coal.

® Mobile material handling equipment.

The above operations are generally found at a mine site, whether or not the mined
coal is beneficiated. Consequently, the cost of these operations is included in the ROM coal
cost and is not considered explicitly as a cost element in CWF preparation. Also, the
flowsheet does not specify the final disposition of refuse. Rather the design and costing
provide for all refuse to be dewatered and collected in a refuse bin, from which it is
transported from the plant site by conveyor belt to a disposal location assumed to be

approximately one mile away.

The Process Flow Diagram can be broadly classified into several sections, each of

which is discussed below.

Raw Coal Screening Circuit

The preparation plant circuit begins with a 250 ton capacity truck dump hopper from which
raw coal is removed via a vibrating feeder onto a conveyer belt. A conveyer belt scale is
provided for manual monitoring of raw coal throughput. A mechanical sampler is installed
on the conveyor belt for cutting samples of the raw coal entering the preparation plant. A
tramp iron magnet removes any tramp iron present in the feed before it enters the

preparation facility.

From the conveyor belt, the raw coal is dumped on double-deck screens where it is
separated at “4". The plus %" oversize is sent to a Baum jig while the undersize is deslimed
at 28M using single-deck screens. The undersize from the single-deck screens is sent to the
froth flotation circuit and the oversize (%" x 28 M) is sent to the primary hydrocyclone

circuit.
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Baum Jig Circuit

The +Y4" oversize from the double deck raw coal screens is cleaned in a Baum jig operated
to provide a high specific gravity separation. The jig refuse is drained and sent to a refuse
belt conveyer. The jig product is also drained and sent to a 50-ton surge bin for
intermediate storage. Process water drained from the jig product is sent to a sump, from
which it is pumped to two classifying cyclones for removal of entrained fine coal. The
cyclone overflow is returned to the jig head tank for reuse in the jig circuit. Coal present

in the cyclone underflow is combined with the raw %" x 0 coal prior to desliming at 28M.

Primary Grinding Circuit

The jig product is removed from the 50 ton surge storage bin via a screw feeder and fed into
a rod mill (rod mill I) where it is wet milled in an open loop circuit to minus %" topsize.
The ground product is deslimed at 28M and the 4" x 28M stream is sent to the primary
hydrocyclone circuit to be combined with the primary cyclone product. The 28M x 0 stream
from the desliming operation is sent to the froth flotation circuit.

Primary Cyclone Circuit

The Y4" x 28M oversize from the raw coal screening circuit is sent to a 5,000 gallon heavy
medium sump and pumped to the primary heavy medium cyclone circuit. This circuit
consists of two, 24" diameter cyclones and is configured to operate at high specific gravity
(=1.70 sp.gr.). The cyclone product is drained, rinsed, and combined with the %" x 28M
coal obtained from the primary grinding circuit. The combined stream is sent to the
secondary heavy media sump. The refuse material from the cyclones is drained, rinsed, and
dewatered on screens. The flowsheet includes a small centrifuge that can be used for further

dewatering the refuse before it is sent to the refuse belt conveyor.

Secondary Cyclone Circuit

Material from the secondary heavy media sump is pumped to the secondary heavy media
cyclone circuit. This cyclone circuit consists of three, 24" diameter cyclones and is configured

to produce a low specific gravity (=1.30 sp.gr.) separation. The low-gravity separation is
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achieved using fine magnetite; namely, 100 percent passing 325M and 25 percent passing 5
microns. The cyclone overflow is drained, rinsed, and dewatered on single deck screens,
then further dewaterec with a centrifuge. The dewatered cyclone overflow product is sent
to the CWF plant via a belt conveyer. The cyclone underflow is drained, rinczd, dewatered

on a single-deck screen and sent to a 50-ton surge bin prior to the secondary grinding circuit.

Secondary Grindiug Circuit

The secondary cyclone circuit underflow is removed from a 50-ton surge bin via a screw
feeder and fed into a rod mill (rod mill IT) for further size reduction to 28M topsize, under
open circuit conditions. Ground matenal is sent to tbe column flotation feed sump for

intermediate storage and conditioning prior to column flotation.

Froth Flotation Circuit

Prior to flotation, thc column feed material is conditioned in a sump to modify particle
surface cheraistry for optimum flotation performance. This circuit consists of two banks of
column cells, each containing three, 10’ diameter cells. The first bank is designed to treat
the raw, 28M x 0 coal obtained irom the raw coal cleaning circuit. The second bank treats
the 28M x (C coal from the secondary grinding circuit. The froth products from both banks
are combined and sent to a screen bowl distributor for distribution to two screen bowl
centrifuges. The dewatered 28M x 0 product is transferred from the centrifuges to the CWF
plant by a belt conveyer. The column refuse is pumped from each of the columns to a static

thickener.

Column Refuse Dewatering

Column refuse is thickened in the static thickener and pumped to a refuse belt fiiter press
where it is further dewatered to approximately 30-35% moisture. The dewatered refuse is
directed to a refuse belt conveyor where it is combined with refuse streams from the jig and
heavy medium cyclone circuits and dumped into a 250 ton refuse bin for intermediate

storage prior to eventual disposition.
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Magnetic Recovery and Make-Up Circuit

The magnetite recovery circuit is similar to a typical media recovery circuit, with minor
modifications to accommodate the unconventional low gravity separation in the process flow
sheet. Because of the requirement previously mentioned for fine magnetite for low gravity
separations, a magnetite grinding mill is included in the circuit to avoid the costly purchase,
storage and handling of fine magnetite. With the grinding mill in the circuit, 70 grade
magnetite (68 -72% -325M) may be purchased and ground .to finer sizes as needed.
Provision is also made to minimize the loss of fine magnetite in the circuit by employing a

magnetite thickener.

Magnetite supplied from the magnetite bin is fed into a ball mill and is ground wet in closed
circuit to the required degree of fineness. The ground magnetite slurry is directed from the
mill to a sump from which it is pumped to a single, ground magnetite cyclone classifier. The
unde.flow is returned to the ball mill for further size reduction, and the overflow is directed
to the magnetite thickener. The magnetite thickener overflow is sent to a sump and pumped
to the magnetite thickener overflow head tank for use in the drain operations in the heavy
medium cyclone circuits. Magnetite from each drain screen in the primary and secondary
heavy media circuits is collected separately and returned directly to its respective heavy
media sump. Magnetite from rinse screens is recovered through the primary magnetic
separators in each of the circuits. The concentrate from each of the magnetite separators
is returned directly to its respective heavy media sump, while the effluent containing dilute
media is sent to the dilute media sump. From this sump, the dilute media is pumped to
three classifying cyclones. The overflow from the classifying cyclones consisting of fine
magnetite is sent to the magnetite thickener. The cyclone underflow containing relatively
coarser magnetite is sent to the secondary magnetite separator, from which the recovered
magnetite is sent to the magnetite thickener. The magnetite thickener underflow is pumped
to the magnetite diverter with density monitored by an on-line nuclear density gauge. From
the magnetite diverter, the recovered magnetite is directed as needed to the primary or

secondary heavy media sumps as make-up magnetite.
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CWF Processing Circuit

The products from the two clean coal centrifuges represent the feeds to the CWF grinding
and mixing circuit. The centrifuge designated EB-36 discharges 109 tph of V4" x 28M coal,
containing the equivalent of 35 gpm moisture, via belt conveyor to a surge tank and into the
12.5 diameter rod mill III for dry grinding. This mill discharge is blended with the slurry
discharge from ball mill I and fed to ball mill II. The feed to ball mill I is the 28M x 0
partially dewatered product from the screen bowl centrifuge. This material is fed at 90 tph
coal, slurried with the equivalent of 75 gpm water, into the 14.5’ diameter ball mill. The
additives (in water solution) plus makeup water are admixed with this coal slurry feed.
(Note that the additives (1.2 tph on a dry basis) are combustible materials with a heating

value comparable to coal and are therefore included as fuel in the CWF.)

The combined products of ball mill I and rod mill 111 are fed to the 18.5/ diameter ball mill
1I for final milling under viscous conditions. This mill discharge is passed over a magnet to
remove fugitive iron from broken or worn mill grinding media, then pumped to a 20,000
gallon high-shear mixing tank (four each), and finally to rail car loading. Two 1.5 million
gallon storage tanks are available in the event of a disruption of unit train arrival or

departure. These storage tanks have capacity for two days production of CWF.
40 EQUIPMENT SIZING AND COST ESTIMATIONS

Following the conceptual design of the integrated plant, Roberts & Schaefer
Company (R&S) was engaged to review the design, develop a detailed process flow diagram,
and provide estimates for the capital costs, labor, operating and maintenance supplies, and
consumables (other than CWF additives and grinding energy, which were estimated by SAIC
and Allis Mineral Systems). Roberts & Schaefer is a highly experienced architectural and
engineering company with a specialty in design, costing and construction of coal preparation
facilities. The report of their subcontract effort was provided to DOE PETC through the
Burns and Roe Services Corporation“. The relevant information in that report is included
in this section of the present report, in Appendix C, and in the attached process flow

diagram.
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4.1  Capital Costs

The capital costs are detailed in Table C-1 of Appendix C and were estimated by
standard procedures used by R&S. A summary of these costs is shown in Table 5. The
R&S procedures yield what is referred to in various engineering sources as a definitive
estimate, which has an expected accuracy of + 10 percent. Vendor prices for the major
equipment were obtained by SAIC and provided to R&S. The ancillary equipment to
complete the plant design was added by R&S. Also shown in Table C-1 are the number,
size, capacity and connected horsepower of the equipment, obtained by SAIC from vendors
or estimated by R&S. The R&S cost estimates are based on data they use for preparing
proposals to their clients for turnkey projects. The installed costs of the equipment include
engineering, site preparation, and piping, platework and electrical hookups for each item.
The equipment costs for the CWF portion of the plant were brought to installed and
operational cost figures by applying the multipliers R&S uses for its proposals.

In estimates of this kind, it is customary for R&S to apply a 10 - 15 percent
contingency; however, because a substantial portion of the plant represents CWF processing
which does not carry the maturity of preparation plant design and construction, an overall
contingency of 30 percent was deemed appropriate for this study. The greatest uncertainty
in designing a CWF plant is related to the sizing of the grinding mills. There are : . data
available on scaling a viscous grinding process to full-scale production. Equipment
manufacturers can develop estimates based only on pilot-scale testing and analogy to
conventional milling. This scaling uncertainty represents a much greater production and cost
risk in construction of the first few CWF plants than in later units, and eventually the risks
will decline to the level of that assigned to other major equipment by the time an nth plant
is designed. The large capital contingency included for the CWF portion of the integrated
plant covers the uncertainty in the sizes of the grinding mills and insures that the design

production capacity is adequate.



Table 5. Summary of Capital Cests for Integrated Plant (See Table C-1)

“ ~ Coal Preparation $13,967,000.
|| Refuse Handling 1,383,000,
“ Clean Coal Handling 765,000.
“ CWF Processing 15,725,000.
“ Contingency 9,560,000.
“ Start-Up 800,000.
|| TOTAL $42,200,000.

4.2 Labor Costs

Labor costs, which represent a fixed operating and maintenance (O&M) cost, were
estimated by developing a manning chart for O&M and management personnel, shown in
Table C-2 of Appendix C. A chemist is included in the management category to oversee all
analyses performed in the plant, particularly the monitoring of CWF properties. The total
labor is based on one group of four management personnel and four shifts of operating
personnel, since it is intended to run the plant 24 hours per day, seven days per week. An
operating factor for the plant of 83 percent requires production during 7,300 hours per year.
This would allow an average of 24 hours per week for scheduled maintenance and four

hours per week for unscheduled maintenance.

An average labor rate of $70,000 per person per year, including indirect burden, was
applied, for a labor expense totally $4,760,000 per year for 68 persons. The $70,000 figure
was obtained by escalating to 1992 labor-rate data reported in a 1978 analysis of coal
preparation costs!3. It was found by consulting several sources that the average annual
labor rate varies widely among estimators, due at least partly to locale and by what indirect
costs are included. However, thé $70,000 figure is consistent with an average from three

other sources16:17,18,
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4.3 Variable O&M Costs

The variable O&M costs include electric energy, preparation plant consumables,
CWF additives, other maintenance supplies and water. The estimation of costs for each of

these categories is summarized below.

The electric power requirements are shown in Table C-1, where the connected
horsepower of each piece of equipment is listed. It is noted that the grinding energy to
produce CWF comprises about two-thirds of the total electric energy requirement. This
power draw is related to the required fineness of grind and the viscous milling conditions.
The total connected horsepower of 18,800 would require a power substation of the order of
15SMW,.. The actual operating electric power is taken to be 85 percent of connected, and,
at 83 percent operating capacity, power usage would be 87 x 10° kWhyy, equivalent to a
specific energy of about 60 kWh/t coal output.

The cost of electricity has been taken as 5.5¢ per kWh for industrial service in West
Virginia, the design site of the integrated plant. This figure represents a highly conservative
estimate, since data from 1987 through 1990 indicate industrial power rates in West Virginia
at between 3.60¢ and 4.23¢ per kWh1%, This conservative estimate also serves as a
contingency in the estimate of the total operating power of the plant.

The preparation plant consumables usage and cost are based on experience of R&S
and input from VPI and SAIC. Magnetite consumption is taken as 2 1bs per ton of feed to
the heavy media cyclone circuits, and total feed to these circuits is 271 tph. At $125/ton for
the required fine grade of magnetite, the cost of magnetite consumption is approximately
$34/hr, or 17¢ per ton clean coal in the CWF. Flocculant, which is required in refuse
disposal, was determined by discussions with manufactures of static thickeners and filters to
be $0.75 - $1.00/ton of the 32 tph of 28M x 0 thickener feed treated. For conservatism, the
higher estimate was used, yielding a flocculant cost of $32/hr, or 16¢ per ton of coal in the
CWF. Fuel oil, which is employed as collector in the column flotation circuits, is used at the

level of 0.75 Ib/ton of column coal feed, at a nominal delivered price based on commodity
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quotes of about 20¢ per pound. The frother for the column flotation cells is used at the
level of about 0.7 Ib/ton coal feed to the column. A delivered price of 85¢/1b frother was
obtained from vendors for their products. Total coal feed to the columns is 122 tph. A

summary of the preparation plant reagents and costs is given in Table 6.

Table 6. Summary of Cost and Usage of Consumable Reagents for Preparation Plant

Cost Per Ton
of Coal in CWF

Cost Per
Operating Hour

Reagent

Magnetite $34 $0.17
Flocculant $32 $0.16
Collector $18 $0.09

Frother $72 $0.36

$0.78/ton

(2.6¢/MMBtu)

The principal additive used in the formulation of CWF is a dispersant and usually
represents the single largest contributor to the incremental cost of producing the slurry. The
most widely known dispersant for CWF is the ammonium salt of a naphthalene-
formaldehyde sulfonate (ANS). Since this is an anionic surfactant, a base (ammonium
hydroxide) is also used to control the pH of the slurry. Price quotes from vendors indicate
the delivered cost would be about $0.55/Ib. of active ingredient (it is sold as a solution) for
the ANS. Recent published prices in the Chemical Marketing Reporter for ammonium
hydroxide put the delivered price at approximately $0.14/Ib. The usage level for the two
CWF additives cannot be known precisely without a laboratory evaluation since it is coal-
specific. Accordingly, best engineering judgment was employed, and values of 0.6 percent
and 0.4 percent of the coal (dry basis) were specified for ANS and ammonium hydroxide,
respectively. At these usage levels the CWF additive costs are $6.62 and $1.12 per ton of
coal, or $1,324 and $224 per hour, for ANS and base, respectively.



Maintenance supplies were estimated by R&S based on their engineering judgment
and on data in referencel4 to be $1.35/ton coal output, or $270 per hour. This expense on
an annuél basis is approximately equal to 5 percent of the estimated total capital cost. The
water usage for the plant comprises the amount that goes out with the CWF (343 gpm) and
also with the refuse (101 gpm). The total water usage of 26,640 gallons/hour is estimated
to cost $16 per hour at 60¢/1000 gallons, or 8¢ per ton coal output.

The foregoing O&M costs estimates are summarized in Table 7 in three commonly
useful forms. For this study, the fixed costs comprise the total labor, property taxes and
insurance, and remain unchanged unless there is a change in the operating capacity factor;
for example, if plant operation were reduced to three shifts (120 hours per week). In such
a case, operating labor would be reduced appropriately, but management labor and property
taxes and insurance would not change. The variable O&M costs depend on the plant

operating output, and are accounted for in the CWF Production Sensitivity Analysis.

Table 7. Summary of Variable O&M Costs

Variable Cost Item $/hour $/ton coal $/MMBtu
Electric Usage 660. 3.30 0.11
Preparation Plant Reagents 156. -0.78 0.026
CWF Additives 1548. 1.74 0.26
Water 16. 0.08 0.0027

Other O&M Supplies

4.4  Financial Assumptions and CWF Price Estimate

In addition to the investment capital and O&M costs previously estimated there are
several other cost elements that enter the pricing of CWF. Working capital is required and
is taken to be one-twelfth of all annual O&M expenses. A combined federal and state tax
rate of 38 percent and a property tax rate of 2 percent are assumed, both of which are
consistent with recommendations in the EPRI Technical Assessment Guide!6. The Btu loss
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during beneficiation is estimated from the process recoveries and the heat values of input
and cleaned coal: 376 tph input at 8830 Btu/lb and 199 tph output at 14,945 Btu/lb, to yield
a loss of 692 MMBtu/hr, or 10.4 percent. At the assumed feed coal cost of $1.00/MMBtu,
this loss is equivalent to $692/hr, or $3.46 per ton of clean coal. The financial assumptions
anc a summary of cost elements used to estimate the price of CWF are presented in Tables

8 and 9, respectively.

Table 8. Financial Assumptions Used to Estimate CWF Price

s —
—

Cost of Coal Feed $1.00/MMBtu

Plant Life 20 Years

Plant Operating Factor 83.3 Percent

Inflation Rate 4 Percent

Depreciation Method 7-Year Declining Balance
Federal and State Tax Rate | 38 Percent

Property Tax Rate 2 Percent

Equity Investment 100 Percent

Return on Investment 15 Percent (Nominal after Tax)

In addition to these tabulated assumptions it is also assumed in the financial analyses

that all capital investment funds are expensed one year before plant operation begins.

Table 9. Summary of Cost Elements in Pricing CWF

Investment Capital | $42,2,000

Working Capital $2,005,000 - - -
Fixed O&M $5,604,000/yr 768 3.84 0.13
Variable O&M | $19,337,000/yr 2650 13.25 0.44
Btu Loss $5,050,000/yr 0.12
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With these cost data and the financial assumptions of Table 8, a price was derived for CWF
product using a financial evaluation model developed for use in costing products from coal
preparation facilities?0, The annualized price, free-on-board the production plant at the
mine site, is $1.84/MMBtu, comprising $1/MMBtu coal feed and $0.84/MMBtu incremental
cost. This price includes a 15 percent nominal after-tax return on investment, corresponding
to $0.15/MMBtu.

5.0  PRICE SENSITIVITY ANALYSIS

The sensitivity of the CWF base case incremental price of $0.84/MMBtu to variations
in economic and technical assumptions and parameters was examined. The results are
collected in Table 10 for the main variables, where nominal variation percentages are

chosen.

Variations in plant life show an inverse effect, a shorter life increasing the price
because capital is applied over less of a time period. In the case of a variation in cost of
coal, an increase or decrease causes the total CWF product price to increase or decrease
by the amount of that variation in addition to the variation in the incremental cost shown

in the table.

The variations in the plant capacity factor refer to five-day weeks of 120 hours/week,
52 weeks/year, in the case of three shifts, and 80 hours/week, 52 weeks/year, in the case of
two shifts. The three-shift case assumes 100 hours/week of production and 20 hours/week
of maintenance, with a capacity factor of 59.4 percent. The two-shift case assumes
approximately 67 hours/week production, 13 hours/week maintenance, and a capacity factor
of 39.8 percent. These show that there would be a modest price increase if the plant were
run on a three-shift operation, but a significant increase if the plant were reduced to two
shifts.

The variable listed as CWF Production refers to change in plant output if CWF

specifications or the properties of another selected coal were different than the base case.

31



The properties ot interest are the particle size distribution (PSD) of coal in the CWF and
the ease of coal grinding as measured by the Hardgrove Grindability Index (HGI). In the
first case, the baseline PSD for the CWF was set at a Pgq of 55mu, which was estimated to
yield a top size of approximately 125mu, as discussed earlier. (Pgq refers to 80 weight
percent of particles finer than the stated size.) If a coarser particle consist is specified; for
example, a Pg of 70mgu, which is estimated to yield a top size in the range of 300mu, similar
to a pulverized coal grind, then a substantial reduction in price would be realized. To
estimate this reduction, the increased grinding capacity of each CWF mill was determined
using the Bond methodology for the coarser PSD. This estimate gave a production rate of
259 tph output for the same equipment size and power draw of the CWF section of the
overall plant. However, since the preparation plant input would now be approximately 30
percent greater (487 tph), costs of all factors other than labor were increased appropriately.
The result given in Table 10 shows that the incremental price would decrease about

$0.13/MMBtu.

The price sensitivity to coal grindability was also examined by varying the HGI. The
rationale for the range of 55 to 70 (baseline taken as 65) is that in selecting a coal for CWF
production, one would not normally choose one that is harder to grind than a 55 HGI
material unless there were other compelling reasons; and the selection of coals with HGI
values greater than 70 becomes more limited. Again, using the Bond methodology, the CWF
plant capacity was estimated as 170 tph for HGI = 55 and 214 tph for HGI = 70. As in the
case with PSD sensitivity, the CWF plant size, cost and total power draw remain constant.
Since the variation in output is well within = 20%, which is the design capacity range for the
preparation plant, only the O&M costs (electricity and supplies) were altered in estimating

the effect of HGI on the incremental CWF cost as given in Table 10.
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Table 10. Sensitivity of CWF Price to Financial and Technical Variables

e ——
—

Change from
Base Case
Incremental
Price of
- $0.84/MMBtu
Item Variation Base Case + $ -3
Investment Capital + 10% $42,200,000 0.017 | 0.017
Labor + 10% $4,760,000/yr 0.011 | 0.011
Electricity + 10% $4,784,000/yr 0.011 | 0.011
Reagents and Additives + 10% $12,434,000/yr 0.029 | 0.029
Plant Life F 50% 20 years 0.060 | 0.010
Income Tax Rate = 20% 38% 0.016 | 0.004
Rate of Return (nominal after tax) + 33% 15% 0.070 | 0.050
Cost of Coal + 10% $1.00/MMBtu 0.012 | 0.010
Btu Loss + 10% 10.2% 0.011 | 0.011
Capacity Factor/Labor Time 59.4% (3 shifts) | 83.3% (full time) | 0.08 -
| 39.8% (2 shifts) 83.3% (full time) | 0.21 -
Production*:
PSD Dgo/TS (259 tph) 70mu/300mu 55mu/125mu - 0.13
HGI (170 tph) 35 65 0.13 -

*Note that the production rate varies from the 200 tph base case
PSD = particle size distribution, TS = top size, HGI= hardgrove grindability index
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Appendix A

COMMERCIAL TESTING AND ENGINEERING COMPANY

Laboratory Analysis Results

Sieve analysis of ROM coal and proximate analyses of screened fractions.
Float/sink analyses of screened fractions.

Sieve and proximate analyses of mill product after 1.7 sp. gr. separation
of ROM coal and milling to %" x 0.

Float/sink analyses of fractions shown on page A-9.
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August 19, 1991

’ EOS TECHNOLOGIES, INC.
1601 WORTE KENT STREET

SUITE 1102

ARLINGTON VA 22209
ATTENTION: EDWARD T. McHALE
BOA NO.: JM-0785
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Sample taken at
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COAL

EOS TECHNOLOGIES., INC.
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August 12, 1991

Sample identification by
EOS TECHNOLOGIES, INC.

SAMPLE I.D.: RAW COAL

Member of the SGS Group (Socseie’ Genorale de Survediance)

PLEASE ADDRESS ALL CORRESPONDENCE TO:
P.O. BOX 808, CHARLESTON, WV 25323

TELEPHONE: (304) 925-6631

MONTCOAL COMPLEX
PEABODY COAL CO.

05/15/91

FAX: (304) 925-8877
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1" RD

1/2" RD
174" RD
28 Mesh
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33.88
16.44
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COMMERCIAL TESTING & ENGINEERING CO.

ALl A S,

Manager. Charieston Laboratory
OVER 40 BRANCH LABORATORIES STRATEGICALLY LOCATED IN PRINCIPAL COAL MINING AREAS.
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Appendix B

VIRGINIA CENTER FOR COAL AND MINERALS PROCESSING
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Laboratory Test Results

Release analysis results for 28M x 0 fraction of ROM coal.

Size distribution of 28M x 0 coal after removal of plus 1.7 sp. gr. and
minus 1.3 sp. gr. material and milling.

Release analysis results for 28M x 0 coal after removal of plus 1.7 sp. gr. and
minus 1.3 sp. gr. material and milling.

Plots of data on pages B-2, B-4 at two abscissa scales.



Table 1. Release Analysis Results for ROM -28 Mesh Sample

Sample | Ash (%) | Wi() | Wi(%)
Product 1 3.16 85.15 25.89 2589 3.16
Product2 | 3.1 69.57 21.15 47.04 332 |
Product 3 5.17 59.58 18.11 65.15 3.83 “
Product 4 6.67 30.25 9.20 74.35 4.18
Product 5 | 6.43 6.25 1.90 76.25 424 |

Tail § 14.30 1.45 0.44 76.69 4.30 “

Tail 4 44.65 2.96 0.90 7759 476 |

Tail 3 52.25 493 1.50 79.09 5.66 “

Tail 2 81.96 15.97 4.86 83.95 10.08

Tail 1 90.38 52.81 16.06 100.0 22.98

Total 328.92 100.0




T W ut

Table 2. Size Distribution for 1.3 x 1.7 Float Fraction

Size (Mesh)

+35 0.06 100.0

“ 35x48 1.50 99.97
| 48x65 6.52 98.47
65x100 14.65 91.95
100x150 13.03 77.30
150x200 11.89 64.27
200x270 14.06 52.38
270x400 5.89 38.32

-400 3243 32.43

B-3




Table 3. Release Analysis Results for 1.3 x 1.7 Float Fraction

Cum. Ash (%)

Cum. Wt (%)
Product 1 7.32 73.37 37.47 3747 7.32
Product 2 8.66 58.94 30.10 67.57 7.92
Product 3 11.39 45.89 23.43 91.0 8.81
Product 4 16.82 9.90 5.06 96.06 9.23
Tail 3 29.60 4.72 243 98.49 0.74
Tail 2 46.67 1.39 0.71 99.20 10.0
Tail 1 74.94 1.61 0.82 100.0 10.53
L Total 195.81 100.0
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Appendix C

ROBERTS & SCHAEFER COMPANY

Results of Costing Study

Equipment and Cost List

Labor Manning Chart
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Wil

Cl

il

Management
Plant Manager

General Foreman
Chemist
Clerk

‘ Total

Operating

Shift Foreman
Plant Operator
Electrician
Mechanic

Welder

Thickener & Presses
Repairman Helper
Utility Man
Grinding Plant
Quality Control

Total

Summary
Management
Operating Shifts (4) 4 x16 =

At average $70,000/man/year
Per Ton of CWF Coal Solids

C-11

Table C-2. Plant Manning Table and Labor Cest Estimate

No.
1
1
1

-

4

ItQ&NHHHNHHH

p—
()

2~

$4,760,000/year
$3.26/ton
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Appendix D

FLOW STREAM CHARACTERISTICS

The appended tables list the calculated washability characteristics of each product stream
shown in Figure 1, with the exception of the column flotation products. Streams are
referenced in the tables by their respective stream numbers as well as their origins and
destinations. All tabulated stream data shown were calculated by the coal preparation plant
simulator used in this study, with the exception of streams # 1 and # 10 whose
characteristics are partly based on experimental data supplied to the simulator. The Btu
values shown in these tables were calculated from empirical relationships built into the
simulator. These sometimes differ from the actual values which are based on proximate

analyses and which were used in calculating the heating values of the flowstreams.



ey o8 $9€ 0001 SIL'E s 818 89 0£T EH
9591 T3 961 TsL BILE is 818 08 0£T - 01T
0zLEl 16 STl T 8IL'E Ls 818 0t 01T - 061
831'p1 €6 6L o 81L' s 818 01 061 - 081
£5E'D1 £6 99 ) 8IL'E s 818 ol __ ost-oct |
[ 249 48 $6° £s rara'l peS0l LsT Lel 91 = oLl - 05’1
0t9'v1 o8 Ly 909 $ISTI 51 oLl Le = 051 - OF'1
9wl 8 6€ 69§ LEVYT 86' LL ol _ or1-oEl
£10'S1 08" €T Sor £10's1 08 X4 SOy 0€'1 Vol wanad 991 HECE/
09’8 9 608 0001 si1L'E IS 888 o 0tT us
9586 I3 At 96L BILE Is 888 091 0£T- 01T
(174§} 1w (ALY 9't9 sIL'E 18 888 iy 01T-06'1 |
LT o 9l IS BIL'E s 888 sT 061 - 081
1LEL i 801 9'8p 8IL'€ Is 888 $T 081-0L1
eV oL 99 19p %0'6 A 8¢ €7 oLt oSl
065'p1 o 6 sEP $80'%1 11 08 2z __ os'1- ov'1 __
w L 91y "Wyl " 8's 9l o'l 0E'l
$29'v1 W Ly 929N v Ly 0€'1 1%0}g wa01ad 5o
000’9 09 €I 8IL'E 1% 1’68 0tZ AuIS
s 73 sov 8IL'E 65 168 o'st 0£27- 01T
66211 v 86z BIL'E 6§ 168 0's 017 061
6081 55 611 8IL'E 65 T68 0z 061 - 081
9651 5o 81 8IL°E 65 V68 01 081- 0L
£90°p1 59 £38 LeL'8 73 Loy L oLl - 051
S8b'yl <9 (%Y S€o'pl L9y (%] L1 0s'1-0¥'1
9s'p1 3 £ Zs0'vl 5o 78 7 0¥~ 0El
655°¥1 9 I's 65591 s s st g1 V%0l wanad ggy 1 Aq g/e-T
qumy 4% SRS JBOY. % ¥V % M qumg % Injng (w0, % Y5V % T JBiap puv uopomsg aiS
FALLVINWND NOLIDVHA

(.p/1) U221 jro)) mEy Asewtd NOLLVNLISAA

WIg 10A3AU0T) Pad W] INIOINO

1 HAGWNAN WVRLISMO B A0 SISAUTVNV ALNTIEVHSVM (ELVIND VD)

D-2



mg voypufOs sqf 95°F = 180D L0

qUnig $26'6 = LoD My waosad (g = injng faio], w2013d ooy = Y5V anoy sad suoj 94§ = Awmol] KFWING WNISMO]]
¥26'6 w 00K 0001 T 968'€ 2y rAY] (A4 oczaws || _
0S6'11 €8 E374 8hL 0Z8'€ 09 L98 0ot 0£Z- 01T
el o8 st 69 93L'E Ls vis Sy 01T 061 I
206'€1 88 66 09 vE8'E 19 $98 81 061-081
€071 6% 9L 98¢ i 0% 9 618 51 o8l - 0Lt
29v'¢1 06 Ls 713 60001 or'l 6T€ Y4 6L - 051
Lol L8 vy 9'%S L8T'El 9zt 6l 6t (1T S
6LL'DY L8 113 Lo 7471 L& 89 oul ovi-ogl
9£6'v1 o8’ 87 L8 9€6'v1 o8’ 8T L8€ 0’1 V%01 1u013d 0'001 apsodwon ___
L €8 314 0001 96y S8 €9 (1744 0£T AUS a
0gezt €8 Isi 08L %'y 1 89 0 0£T- 01T
ﬁ. ILY'El w L 0€L 96"y 13 2€9 ST o1zZ-061 |
$S9'El 3 901 S 96'y S8 €9 01 06'1- 081
8LL'El w 66 soL 6y sg $£9 ST L 081-0L1
_ 708'v1 w 6L 089 osv'ot 88 00¢ L9 oL - 051
__ 860'p1 I3 $s £19 799'¢1 06" ay o1l 0s1- OF'1
__ 18971 08 vr £0§ 1€S'p1 08 £ € ovi- el
L36'Y1 6L 5T s91 L86'p1 6L ST 0f'1 eold wanad poj 0fqgr
0£9'E1 SIL'E 05T AuIS ]
€861 (13 sl siL'E v 648 08 0£Z- 01T
W6'E1 % 101 8IL'E 9 6388 $T 01z- 061 __
4 A0 L& SL sIL'E v 688 (Y4 061~ 08'1 =
sl 86" £ 8IL'E 9 688 ol o81-0L1 _
cL'vl 86 Iy 601'01 144 €€ vl oL1- 05t
yIs'yl 6 SE S8ET1 0T 8l §T oSk - Ov'l
¥06'41 16 o€ 056'€1 6’1 88 L6 __ oy'l- 0E'l
901 13 0z T90's1 o 0T €8 __ g RLL waiad ggg L AUR ]
my % anung [ROL % YsV quUmy 4 1n)ing Jeio], % YsV % M __ 19 dg WBapm pus uopway a2y
FALLVINWND T NOLIOVYA

(.5/1) uaa13g [vo) mey Kiswisd NOLLVNLISHA

WPY 10£3Au00) PR ¥4 NIDIIO

- "

(1905) | YAAWNN WVANISMOTA O SISAIVYNV ALITIHVHSVAM ALV INY VO

n I -

"

D-3



D-4

3¢ woeg NOLLVNLLSAU

(.p/1) vI210G 180D meY NIDIHO

__ 6€v'01 08" $9E o001 8IL'E Ls 88 0£Z S 1=H
= 9591 (8 961 zse | 8IL'E Ls arg 08 0£ZT- 01T u
0zLEl 16 s T 8IL'E s L8 0t __ o1z- 061
8811 €6 6L | 8ILE Ls 818 oi
£5€'91 £6° 99 169 L' s ) ol
17491 6 €S tad) eSOl isc L6z 91 oLi- 08t
0£9'v1 68 Ly 909 9zl sl oLl Le oS- or'l
19L'v1 58 6€ 69§ L1V 86' LL ) ori-oEl =
£10's1 08 £ sor | €10's1 08 €2 sor 01 Ivoid 101 60g Y
[ oo " 608 ooot | siLe 15 888 Yoz o€z WS
958'6 Lo ) 96L 8IL'E 15 888 091 €T 01T
0or'1t w Tet 9€9 8IL'E Is 838 Y4 oIz~ 061 _
6LTEL o 991 s | 8IL'E 15 888 $T 061 - 081 m
st w 201 9y | 8IL'E Is 888 §T ogl- oLt —
(] 2] 6L 99 1oy 960'6 1zt $St €T oL’1- 081 ‘
_ 065'¥i o 6 8y 801 Il 08 X3 us'h- ov'l
__ L9l ” L 91y "'n "w 8s 9l a or'i - 0g)
o't "w oy o't Ly ooy octwoy f|  wenad 9 X
000'9 T st a , T
LLs 2 S6r v | 8ILE 65 ) oSt __ 0£ZT- 01T
66211 3 862 rog 8ILE 65 ) 0's = 01z~ 061 ﬁ
60821 59 st s 8IL'E 65 Tes 0t __ 061 - 081
965'€1 59 81 e | 8ILE 65 168 ol = o081 0L
€101 <o €8 [§72 LEL's TS Loy Lt oLt - 081
81 9 s yor s€0'y1 T3 £8 Lt 051 OVl
9zs'vl o € L8t Zs0'¥1 73 z8 z1 __ ore-ocl
6551 5o 1S s 6551 5o IS sen 0£°% 1014 | yaaa.ad ggg VAq gz
= umy % Injing W0, % 4sv % M qumig % anjing jmoL % 45V ¢ M 1B pus uojeIy XIS
AALLVINAND ) NOLIOVYA *

T HAAWNN WVHRISMOT 4O SISATVNY ALNHIGVHSVAM (ELLVINYIVO

By



ﬁ mg sonmmROs 541 £91 = WAN0QT0S  GUME 9bE’s = wawop mig  waonad gop = pmgiwol  weoxad 6Zg = gy anoguad soo) g = wmold Kiwwuing weansmord =
I ot 89’ 67§ 0001 BIL'E 3 898 £ee __ ez aus |

L§9'01 " 0'se L9 8ILC ss L8 o€l = 06T - 01T

ezl 8 61T LES 8ILE v L8 69 __ 01T 0611

L09'EL w wu gop s1L'E 5§ L88 61 061 - 081

910't1 £ 06 69y 6L ¥ 988 sl o081- 0L

ELEDI 8 79 €€y 86 wl 3'9€ 61 oL 081

L68¥1 18 6% 91y uest szl vl sz o0s1-ovl

9L9'*1 8L v r'6€ bSI'P1 s6 9L 79 ori-0gl
L LY s 8€ 67 4 vLL'Yl s 8¢ 67¢ 0c'1 1%0ld 1eosad 0001 ausodwony
[ wrn P 8T 296 P 89 0w 0£T s |

0£62l € st 96 T3 8'€9 o __ 0£Z- 01T ___

ILY'ET w L €L 296 s8 89 s1 _” 0z- RL_

SSO'El 73 901 S1L 296’ <8 €9 ol 1 ost-o081

8LL'El w 66 soL 296' 73 ) sz 08'1- 0Ll

't 173 6L 089 08501 % 00¢ L9 oLi- oSl

86¥'F1 w §s £19 2991 06 901 on 0s1- oyl

189'%1 08 ) £05 16581 08’ €s 8€E ori-ofl

1861 oL sz 9t 1861 oL 0€'1 1%01 Tuearad |- 04a8z
| oon 8 612 8iL's v 688 ol 0£Z WIS __
__ €861 3 sLl v's8 8ILE v 688 08 0€Z- 017

W'l 9% rol viL 8IL'E v 688 T 01T~ 061

W T3 st 6% 8IL'E %3 688 0z 061 - 081
_ﬁ us'vt 86" £ 6L 8IL'E s 688 o'l 081 0L'1

L'yl 86 iy 61 0101 s €€ vl 0Lt - 051

yI8'vl s6 SE soL <8ETl 0T b8l st 0s'1- or'l

¥06'v1 16 o€ 089 0S6'1 6l 88 L6 vl - 0E'l

290'61 133 0T €8¢ 29051 113 0t €85 0118034 ywaosad g 8T fq b/l

qumg 2 Injng [MIOL % WV % M qumiy % njins (o], % Y5V % 1M a0 dy Wjap pus uopowsy Ty

FALLYINNND NOLLOVYd N

8ir woeg NOLLVNLLS3A

(/1) BI21G j€0D) MTY NIDNIO

(902) 7 YIAAWNN WYILISMOTA 4O SISATVNV ALI'IEVHSVA (ELLVIND VD

D-5

a.:

[




0£9'11 8 612 0001 8IL'E v 638 vl u 06T WS m
€861 €6 su vss 8IL'E 73 688 08 0€T- 01T a
= W6l % rol viL 8ILE v 6388 sT 01Z- 061 __
__ 8T 6 SL 6L ILE v 698 0z 06’1 - 08
= us'vl 86" €5 6L 8IL'E 9 688 ol 0s1-0L1 “
__ L 86 Y 61L 0101 8T €€ i oLt - 051 __
__ gyl 6 I soL $8c2l 0T vl $T 051 - O¥'1
__ 06'v1 is 0t 0S6'€1
290°ST 8 0T sz £&q 91
6£901 08 $9E
E 9591 L8 991 0eT- 05T
e 16 su o1z - 061
881'p1 €6 6L 061 - 081
€5E'91 €6 99 BILE Ls L8 ot 081-0L1
= $es'vl %3 €5 X7 ¥ES01 LSt L6z 91 0L1- 081
__ 059'v1 3 Ly 909 9zl ss1 oLl Lt 051 - Or'l
__ 19L'v1 T3 6¢€ 69§ LET'PL 86 Le vol ori-ocl
€101 08 €7 S0P £10'T 0% £7 sor g1 Ivol 1w0sd g7 vi Qi
wmg % INJing (Mo, % ¥V % M amg % 1njing juio), % WV %M W1ap pus uopdesy azis
FALLVINWND NOLLOVYA

(N8Z) usaidg [rop mey Kvuind :NOLLVNLLSAA

(.4/5) uaang jeo) mey NIOINO

£ HAENNN WVIULSMOTA 4O SISATVNV ALITIVHSVM TALVINOTVO




mg vonpwfos sq 1§'1 = 160D Y08

qUmig ISK'i1 = AU mg

wansad (g0 = Injng [90),

waorad G4z = ysv

inoy 13d suoy 161

= JUIMOJ] :KIBUING WRIALNEMOL] __

[ v 23 (Y74 0601 6y w S8L €LY J—_’ 0£T AU __

65621 05 891 L8 £00'% 9 1es 0L 0£T- 01T __
16L°€1 6 Lot LSL 266'€ 89’ £€8 T o1z - 061
£80'p1 6 S8 SEL 196'€ 89° o8 91 __ 06’1 - 081

. SIEDL €6 89 &1L y6E'Y YA TsL 41 wo 081-0Ll
STSvl €6 €S yoL weol 8l LOE I'e _? oL1- 081
IATRY 16 Iy €19 8PLEL e §31 €S 0s1- 0¥l
el 88’ 143 079 £IE'V1 86’ 9'9 Ll L ARY
T50's1 8 12 €y zs0's1 123 1T €y 0f'1 1wold waanad 0001 ausedwop
L'n 33 85T 0001 96’y S8 8'€9 o 0£T AUS
0£6'1 £8 rd 08L 96' 113 8¢9 05 0ET- 01T
9LY'EL (4’8 Lt otL 96°Y S8 3¢9 st orZ-06'1
$S9'€l 43 901 SIL 296'F (13 8€9 01 061 - 08°t
8LL'EN 8 66 soL 296y 8 8€9 st 081-0L1
o1'pl 43 6L 089 08¥°'01 88 00¢ L9 oLL- 081
s6v'vI 43 S €19 99l 06 901 o1l __ os1-0ovl
189'v1 08 vy €0$ 1€8'v1 08" £ $8€ __ or'l- Ot
i86'v1 6L Y4 $91 L86'V1 6L (Y4 $91 0£'1 %014 waosad 77¢ 0498z
mg % snjing |w0L % Ysv % M qUmy %mpns oL, | %y % M 1D dg A pus uopoery Xy =

FAALLYINWND ) NOLLOVYd T
(W8T uaa1dg ro) mey Lvwugd NOLLVNLISAA (p/1) waandg o) My NIDNIO (1103) £ YFFWNN WYHULSMO14 4O SISATYNV ALITISVHSVM Q31vINITVO

U



9sb'p1 06 09 0001 81L'E s 818 o ﬁﬂ 0£ 1uIS __ I
8SH'pl 06 09 0001 SIL'E LS 848 € 0ET-01T =
L8¥'v1 06 Ls L66 81L'E Ls 88 v 01z - 061
6zs'vl 06 vs £65 8IL'E IS §L8 3 061 - 081
295'v1 06 s 066 8IL'E s 818 3 08'1- 01
S19'p1 s 8y 586 vES'01 152 L6 vl oL'L - 0SE
TLo'vl 88 vy L6 1971 [S 9 oL Ly 0s’1-0b1
= et 8 8€ 526 LEI'Y] 86 L 652 oyi- 0E
| oo o8 £7 519 £10's1 08 £2 sL9 0€'1 Mol Jea12d 79y miau |
seL'vl 9L oL 9001 8iL'E is 888 (1 ﬁ o€ JuS
S6Tp1 oL oL 0001 81L'E IS ) T 0§27 - 01T
80€'V1 o 69 666 sIL'E Is 338 9 o1z 051
19E'v1 oL 59 £66 8IL'E 15 888 v 061 - 08'1
0¥'v1 o 79 66 8IL'S is 38 '3 081 0L
t6¥'pl Lw L) 86 960'6 it S'8E 61 oLt-0s1
16S'p1 9L’ (34 £96 8071 121 i34 L't os’1-0p'l
L19'%1 r Ly 976 byl o s 9t ori-ot’l
$29'v1 vL Ly 168 29’01 "0 Ly 168 0t'1 190} waad £9¢ Uifhqg
VEY'DI 59 6§ 0001 8IL'E 6s I'6s 3 05T Aws
vEv'pl <9’ 6'S 0001 sIL'E 6 168 (1) 0€T-01T
vER'DI 59 &S 0001 8IL'e 65 168 o 01z 061
VEvel 59 65 0008 8IL'E 65 ) I3 061 - 08'1
I sevm 59 6§ 0001 81L'E 6 re8 v 08'1- 0Ll
el 9 8s 666 LEL'8 73 Loy 1 oLl - 08T
805's1 3 ¥s 86 SE0'b1 73 £8 v 051 - ¥l
1651 3 £ ) zZsom 3 8 s ov'1- o€l
13932 59 I's 168 65S'P1 s9° XY 1'68 0€'1 yeo§ wanad 661 14q g/€-Z
qunig “% nj|as Qo] % Ysv % M qmd % 1njing €10 % sV % M ap dg ¥ AL pus uopossy xZ|S
HALLVINWND B NOLLOVYA T

FIPW PO ‘NOLLVNLISHA

#ir wneg NIONIO

¥ YIANNN WVRLLSMOTA 4O SISATVNV ALITIAVHSVA A4LVINOTVO

D-8

LN BT T



i SonIafOS 1 €11 = 1WWoOT0S | aUmE S6EPl = wewepmg  weard 190 = smms(mol,  weasd gy = gy anoyuadsuoigl = dmmol) lwmuing weansmold
See'91 TS €9 0001 voL'S 0 zi8 o [ octams =
%6£'¥1 s £9 0001 e 95 1'88 T 0£Z7- 01T __
Siv'vl 18 79 266 6lL€ vs ) v 01Z- 061
¥yl 18 6 v66 0zL'S ss €88 £ _h v
0681 18 9§ 166 eLe %3 £88 3 ) o8- 0Ll __
Ly§'H1 w s 986 959'6 wl vse 1 ‘_T oLL- oSt =
«9'vl o8 Ly 16 61€l oEt LTl £ ST - oF'l __
£89'r1 8L e 876 LSE'P1 v6° 9L 9€l ov'L - 0F'L __
LY L 8¢ £6L €LY U 8 £6L 0’1 W0l _ waosad (g0l asodwop
¥o8'€1 w® £6 0001 296y 58 8'€9 v o€z Aws
$06'ET w 16 966 29'% <8 €9 g 0£Z- 0IT
_% SL6'El w Ls 886 296'v 58 89 3 01z~ 061
wo'rl w v8 £36 29 73 €9 3 061081 |
ZLo'vt 73 18 L'i6 296y S8 ) 81 081-0L1
Wl w 0L 656 08¥'o1 88’ 00g L9 oL1- 051
szs'vl T3 €5 768 7991 06" 901 n 0S1- 0¥l
889'71 0% € o'sL 1€'w1 08 € oy oyl-0gl
136'¥1 6L T 65T 1361 6L sz 6T €1 190l waosad |- 0493z __
wt | s s 0001 8ILE ¥ 688 r 0£Z AuIS
0£S'¥1 6 Ls 666 8ILE ¥ 688 3 __ 0ET- 01
9851 % TS o6 8iL's v 688 3 017~ 061
1£9'%1 9% 8y 686 8IL'E v 688 I3 061 - 08°1
61L'F1 9% A} 786 CITA 73 688 3 081-0L1
08L'p1 9 L€ L6 60101 5T €Te i oLt oSl
88yl v Ve $% $8€21 $07 v8l 6 01 - ¥l
£16'01 16 6T 96 0861 61 88 921 o¥1-0g1 =
290's1 73 0t 018 29051 58 0T 018 0E 1 190l wasiad gg 82 A4 911 =
amg % i (ao], % YV %M qumd % 1njing feio], % 4V % M 10 dg WM pus vopoway g
HALLVINNND o NOLLOV Y
11'W POY NOLLVNLISAG 8if wneg :NIONIO (1003) p WAAWNN WVALISMOT HO SISATVNV ALHEVHSVM ALV INDTVO

D-9

non

W

R et

]

T



Qnax5 auoph> Kivwud) o) (1) 2uopPA) WA NOLLVNLISEA

(A8Z) uvaldg [eo)) mey NIONO

9 YHEWNN WVILISMOTA 40 SISATVNV ALITIEVHSVM A4LVINDTVO

069'1L o8 61z 0001 8I1L'E v 688 ovi £ ...._mi_.—
€861 €6 L1 ¥'s8 81L'€ v 638 08 0£Z- 01T __
6l 9% ot viL 81L'E v 688 sz 01T~ 061 =
R g 6 sL 6L 8IL'E 73 688 0z 06°1- 081 __
_T syl %6’ £ 6zL 81LE 3 698 o1 087 - 0L __
v 86" Y 6iL 01’08 st € vi oLt- 08 __
big'l s6 SE SO0L $8671 07 vl §T oS- or'l
Y0671 16 0t 0'89 0s6'E o1 88 L6 oyi-0et
790's1 8 02 €1 290'st 53 0z €8S waad 638 « Lq vt
6t0l 08’ $9t 0001 SIL'E LS g8 :3 74 0£T Aus
9591 T 961 st 8IL'E Ls 818 08 _— 0£T- 0IT
ozL'El 16 s ) 81L'€ is 818 0t orz-o61 ||
881'p1 €6 6L ) 8IL'E Ls 818 0l 061 - 08°1
£€'p1 €6 99 ze9 81L'E Ls 818 ol 08'1- 0L
Y28y v6 £ e ¥ES01 15T L6z 91 __ L1 - 081
0€9'y1 6% Ly 909 1921 51 oLl e __ oSt - orl
| 190'%1 <8 6¢ 69§ LEI'V1 86" LL ol = orl-0e1 _
£10's1 08 €T sov €101 08" £ sor 0€°1 %01 waasad gy it Aa z
qumg % Ijjns B0, % v % M mg % Injns (oL % ¥V %M 1p ds nopm pus uopdesg RIS
HALLVINWND NOLIDOVYA N

D-10



= nig vonpmfOg 541 Z§'1 = 1831800 L0S

qUmig 6¥SIL = wdjuo) Mg

183033d g0 = NN [WIOL

wonad 187 = gV

2noy 32d 500} 9Z] = AWMO[] KITWWAS WeINSMOL{

D-11

cry FH" N

e

o

6¥S°I1 88" e 0001 868 9% vo8 ssi = 0£T AuIS ﬁ.w
1961 73 vLl s¥8 aLe 5o 818 8L = 06T~ 01T
706°€1 56" €01 L9L oLL'E s L8 §Z __ 01Z- 061
ez 9% LL L £9L'€ 5o 0’88 61 __ 061 - 08°1
s’ 73 95 €L 016's T3 0's8 1 081- 0Ll
Sl 16 v T 1zz'o1 o1z 9lE 81 oLL- oSt
8Ll 6" LE 69 £0LZ1 sl o1 1€ osi-ovt |
L88'¥1 06 e €99 LLO'ST e 038 o1t or1-ost Tl i
650'S1 73 0t Lvs 650°S1 58 0z Lvs 061 19014 w3o13d 0001 ansodwoy)
wru €8 796'% 0£Z WIS
0621 £ Isi 8L 296'% 58 €9 0 0£Z- 01T
aLVEL w L 0L 96y 58 89 sl 01Z- 061
sso'el 73 901 S 796' S8 €9 ol 061 - 08°1
LUl 8 66 soL 296' 58 €9 sz 081 - 0L1
011 w 6L 089 08¥'01 88 00€ L9 oL1- 051
6601 w8 $s €19 199'c1 06 901 o1l 0sT- bl
18951 08 Ve €08 1€yl o8 €S e orL-0E1
= 86'1 6L §T $91 L86'51 6L Y4 sl _ﬁ 0€'1 1void wanad g9 04q 8z
__ qumg % Injing [wo, % sV % M qymg 2 Injing Mo % Yy % 1M = a0 dg S ——
FALLVIND NOLIOVYd )

(N8T) uaasg jvoD) muy NIDRIO

_ (oo aucldo Aiewnd) o) (£°1) 3uojpk) WA :NOLLVNLLISAA (100) 9 WIAWNN WVIULSMO 14 4O SISATVNV ALITIEVHSVM ALV INOTVD




—

1noy iad suo) 69 = j K |

mg uoypwlQs sq) 65°1 = 103D LOS qumg 192'11 = 830D mg wa01ad pg°0 = InyIng |MOL wauad 79z = ysv 13 S id

[ oen e z9T 0001 008" w 019 90 0£T AU

62l $8 §sl voL w9y 6L voL 9§ 0£T- 01T

996'€1 8 Vil 8L usy oL 9oL L orT- 061

VLLEL 8 001 7 9Ly s 9L Tt 061 - 081

8261 58 0%6 60L 658 €8 659 w f 081 0L

1zev1 73 7L L899 £ov'01 s6 Tog s oo _

€951 ve TS 0'€9 009'1 9% on v6 05t - 0¥l __

EEL'Y] 8 0¥ 9€s 965'¥1 €8 Ss vez ov'l - 0ET

020'1 8 €7 R 020'S1 w €7 n 06’1 ¥vold 1e3013d (001 ansoduwo)
€8 85T 0001 967 8 veo oz 0£T Aums P

0861 €8 vl 0sL 96 <8 €9 0 0£T- 01T

av'el 8 o €L 296 58 8€9 s1 01T~ 061

Sso'El w 01 Sl 296 3 €9 01 061 - 081

SLLEN 3 66 soL 296" 58 €9 T 08’1 - 0L1

z01'v1 T3 6L 0’89 08¥'01 8% 00€ L9 __ oLt 08T
P 86t'v1 w §s £19 79961 06 901 ol 0L - 001 __
I teom 08 Vo €05 165l 08 £s €€ ov'i - 0E'T

L86'b1 6L L86'01 o€l ¥vol] 1u01d 918
I oo o8 8IL'E 3 0£T WS

£8621 €6 sil 1L'E v 688 08 0£T- 01T

Iv6'El 9% 1ol 8ILE v 588 sz o1z o061 |

8yl L6 st 8ILE 3 688 0z 061- 081

syt 86 €5 81L'E ¥ 688 ol 08'1- 0L

€ZL'vl 86 v 601°01 st €€ i oLt- oSl

pig'vl 6 St [3:1r 4 $0T 8l LY os’t-ov'i

$06'%1 16 0t 056'€Y 6l 88 L6 oF'l- 01

290's1 & 0z 290's1 & 0z €85 0£'L eolg L= waonad ygy 9z ka v/t

amg | % myns mog % Usv aymig % Injing (w10 % WV % M 10 dg = WM pus uopdwIy S

FALLYVINWND NOLIOVYd

uonwolj uwne) NOLLVNLLSIA

(W8T) ueang jeo) mey NIONIO

L JAdWNN WVIHISMOTA O SISATVNV ALTIEVHSVM GILVINDTVO

D-12



Z1 weass pux g weans quiod W NOLLVNLLSAA

__ 919'%1 86 ) ooel BILE W 688 z A_ 0£T WS
= 669'v1 86 £ 866 BIL'E v 688 v = 067 01T
s 86 r L'66 8IL'E o 688 o 012~ 061
1Lyt 86" o 966 81L'E v 688 o 061 - 08'1
1zl 86 ) 966 SIL'E %3 688 v o8- oLl
YEL'DL 86" 0¥ 566 601°01 w5t €€ L L1 08
s s6 st 816 s8ETl 0T s s€ o0sT-ovt
I v06'¥1 16 0€ €96 0s6'€l 61 88 s€l = 0¥l - 0gl
[ o <8 0t 608 z90's1 3 0z 608 0£'T W0l 8z Aq w1
__ ££6'v1 €6 £ 0001 8IL'E s 318 It 0£T AUS
= obs'vl £6 s 666 8IL'E s 818 o 0£T- 01T
€45yl £6 s 666 8IL'E s 818 o 01z 061
3 €6 s 666 8IL'E Ls 818 o It ost-o081
Pps'pL £6 s 666 81L'€ Ls 818 o o081 - oLl
Spspl €6 zs 666 $ES01 LST L6z 1z 0LL- 081
0£9's1 68 Ly 816 pIs Tl §§1 oLl 09 051~ 0¥l __
ioL'v1 <8 6t 816 LE1'PI 86 LL s9z oFl- 0£1 __
£10's1 08 €2 ¥'s9 £10's1 o8 €2 v's9 0€'1 %0l e LY
mﬂ qumig % mjjns ML % WV %M qumig % Inyng fno), % WV % M 10 dg Wi, pus uopwIy wi§ 2
FALLVINWND B NOLLOVMd =

(unoad Juojoko Kiemug) (L'1) 2u0PA) WA NIDIHO

8 YAAWNN WVIMISMOTA 4O SISATVNY ALITIEVHSYA QALVINDTVO

D-13



mg voynwfOs sqf g1 = wAwo) Los

qumig 919'¢1

1833u0) mg

anoy 13d sUO) 06 = INEIMOL] KIEWUWAS WWAIISMOL]

_ 91991 I3 8y 48 0£7 US

= or9'vl L6 Ly 866 €LL'E 9’ 8L8 v 0€CT- 01T =

__ 75991 L6 9 L'66 ELLE 7l 818 o 01Z- 061 __

__ $59'1 73 sy 966 696 89 i o 061 - 08'1

_— 199'%1 73 Sy 966 6iv'y o ' T #_ o08L- oL

__ 989'p1 L6 £ €66 &zzol 0T 9IE X __ oLl - 051

_1 88L'v1 "3 L€ 6 £0L2l U1 vol % __ oS- b1 __
18801 06" e 126 01 L 08 €91 or'1- 0E1

650'S1

98'el

0t’1 %01

0ET s

068t

w

0€C- 01T

wauad ¢001

asodwo))

L6B'EL w 16 966 0iZ- 061 ”
gy 668'€1 73 16 966 061 - 081

el W 16 66 08'1-0L1 |
—+ £01'v1 w 6L vi6 08yl oLL- oSt .
__ 86¥'v1 w ss 818 2991 06 901 851 051 - ov' __
__ 18971 0% Vo 0L 1£6'91 08" € v8y _— ovl- 0f __ |
__ L8681 6L Y4 9€L 186’1 6L (Y4 9€T __ 0g'1 39014 wanad L9 04q 8¢
= qumg % 1mjinS [VIoL, % Ysv % M aymg % anng [sioL, % UV % M = 19 dg WM pue uopdesy w2iS x=

—— Z1 weans pur g weans Suiod Xy NOLLVNLISAA (0211 auopdd Aiewug) (L'1) 200D NG NIDINO

JALLVINAND

NOLIOVHd

(1u03) 8 HAGNNN WVAULISMO'1d 4O SISATVNV ALITIEVHSVA ALV INTTIVO

D-14



aig wonpuwlOs sq; (1] = Wawo) TOs  qUmd 9LEVl =

auo) myg 1u0sad 0gp = INNG |wc],

wousd €9 = Yy

1oy 1ad suoy 9 = AWMOL]

:A1eulung WeNSMo|]

oLE'pl o8 €9 0001 116' 861 08 0z octams ||
sLs'vl 8L 0§ 1'86 s99'0l sl 0T X oLL- 0s°1
999'F1 oL vy 656 85€21 o1l sl £ 0sL- svl |
€191 oL 06 0p6Z1 £ 0Tl §s __ swi-ovt
96L'v1 S Le 868 16L'€1 £ L cu oyl - se'l =
1061 9L 0t 308 66Tb1 o € oSt __ sE1-0el __
£50°S1 9L 17 Ts9 €501 9L 9t €19 wasad 0001 ausoduwo))
sLy'el w 6 0’001 8L e o109 0z oLl Aus _
869'v1 6L £ 036 soy'il al I 8% oL't- oSl __
6Lyl 8L Le Ts6 0861 st Lyl vz 0S1- §¥'1
oK8'yl 8 e 876 0£s'el sU Vit 8§ SH1- oF'l _
12671 8L 8T 0L p6I'v1 w €L 81l ov'l- SEl
wo'st oL 1z TsL 3LS'M 8L oS 691 _ SE1- 0E
Lsy'st 6L vl £09 LS1ST 6L A €09 0E'1 1ol w0sd g6 04q8¢
eevl 6L 9 0’001 2007 21 L'69 81 _ RE LTS
€zs'n 8L £ 786 20201 stl Lig 01 oLE- 08T
£19'p1 9 7% $86'11 ov'l 802 Ll oSl - S¥1
099'p1 st P b6 $sT 68 sl se K- ovl
wLvl o oy 016 zes'el £ Vi 8L ov'l- €1
Ss8'81 v £t 7€ (81P1 w VL 6l SE1- 081 __
glo'st SU X4 €L9 £10'S1 YA €T €19 g QLUE | wa3d 7oL 9 Aq /1
qmg % 1njjng [MOL, % ysv % M mg % Imying o], % 4V % W 10 dg WM pue uopuIg IS
FALLVINWAD NOLIOVYA
(Wgg) 123155 Liepuodag 1w poy NIOMO 01 YAEWNN WVAISMO'T 4O SISATVNV ALFTIEVHSVA GLLVINDTVO

D-15



ng oipwfOs 3q €17 = WA Z0§ qUmg (sp'yl = 19u0) mg Juesad g0 = g (MoLwexad g9 = gy ImoyJad suo) jz = Fmmol] Aemmng weanmol

CLsent I8 09 0001 ssL'e "ne 0's8 0z oLl A
Ut 6L VP 086 aen %1 oz L oLL- 08l
Lo'1 w g€ £56 S18Zt 73 ¥si £7 = 051 - S¥'l
vis'vl w S€ 06 8ev'el oL 0zl $s Y- ovl
006'¥1 w 0t 9.8 sZI'vl w L T ori- sl
=v £10°61 :7A | x4 9L 61S'p1 w €S (131 SE'1- 081
SEN'ST 8L 91 £19 SEISI 8L 91 £19 0’1 1013 waa1ad 0001 ausodwop
m 8LY's1 w 6s 0001 ILE we €18 0z oLl s
__ 869'F1 oL £ 086 el wl e 8T = oLt - 081
€6L'vl 8L Le Ts6 0861 sU n vz oS- sl
ov8'v1 8L Ve 976 0gs°el s vii 8s SYL-orl
LT6'v1 8L 8T (174] 11848 ow €L 1 = or'l-s€l
= o' 6L I TSt 8Ls'vl 8L 0§ 691 SET- 0E
LSI'S1 oL ¥i £09 Ls1's1 6L i €09 0€'1 1%01] weso1ad /'3 048z
£ee'pl 6L $9 0001 z00'y ozl L'69 81 REL
__ syl 8L €S 786 wzot st Lig 0t oLL- 08l
= €191 o 8P 79 §86'11 ol 80 Lt __ 0sT- ¥l
= 099'%1 s ¥ S¥6 ST 68 ) SE Y- ovl
= L'yl "w oy 016 Esel £ vt 8L = oy1-sel
= sse'sl W 3 zes L81'v1 w vL 651 __ SE1- 061
€10's1 YA £ €19 €105t (YA £ £L9 o€t 1v04 wasad gyf hqmm
e s
qumg % INIRS w0y, % Y5V % M = qumg % 1njing —So.—.ll_u % W % M WBPA puw uopusy TS
FALLVINWND ) NOLLOVY

wwnjo) uonwolf ‘NOLLVNLLS3Ad (N82) U313 A1wpuodag NIDINO 1T YHEWNN WVIRLISMO'Td 4O SISATVNV ALITIEVHSVAM dALVINOTVO |

D-16




ng vonpukOs sq o1'l = 1eaue) oS

quUmig 9¥€'vl = wauop myg

wauad 60 = INjiag [MOL

waorad y9 = g5y

anoy 13d sucy ¢¢ = wmol] Kiswwng wrANSMO[]

Z1 puv g sweans jo 1usod i NOLLVYNLLSIA

(Nge) B22108 K1epuoods NIOIHO

9pE'YI 6L ¥9 0001 J SL6'E %'l ViL 81 oL'1 yms =

8508 8L zs 736 6+E'01 691 0¢ oL'L- 081

99'vi oL Ly 1% €012t 'l e 81 05 - syl __

$L9'p1 S vy vH6 7991 T3 Lot Lt L opl

5Lyl s 6€ L06 919'¢1 ¢ 601 3 o¥L- SET

oL8'sl s e 578 0zz'yl w 7L 51 SECL- 06T

$70's1 St €1 L9 $T0's1 st €7 L9 0£°1 1ord wassad 0003 aypodwio)

Ly'vl w 6 0001 8ILE e €18 0z oL’ WS

869'¢1 6L € 086 il wt " 87 oL1- 081

6Ly 8L Le Ts6 08671 L Lot %4 0s1- ¥l
ﬂ. or8'pl 8L ve 876 (33 st vii %S SHi-ovl

L26'v1 8L 87 018 6l w L 81t orl- el __

wo'st oL iz TSt LSVl s 0§ 691 s€1- 0t

LSV'SE 6L vl Ls1's1 6L ¥l €'t 18014 04q gz
I £€ent 6L §9 00'y Al 169 oL’ AuS

€S’ 8L t's 786 FAI7AHH sL'1 Lt 0T aLL-0St

€19'v1 9L 8y 7% $86'11 ov'l 80C L 051 - svl

099'v1 st Sy $'¥6 sz 68 e € SYL-ovl

vl v oy 016 zes'el £ Vil 8L __ 1-s€1

ss8'vl v £t ze8 L31'P1 w VL 651 __ SEL-0E1

£10's1 L €7 £L9 €10's1 YA x4 €L9 0€'1 19014 waxad €16 8T A9 p/1

qUmg 9 InjIng Ei0 ], % sV % M Qg % :njjng [9I0L % BV % M WEPAL pus uopdesg IS

FALLVINWND NOLLOVYHI

Z1 MAGWNN WVAILSMO'Td 4O SISATVNY ALITIEVHSVAM QALY INOTVO

IRTETI']

D~-17



osL'v1 16 TS 'y 00’ €89 oLt Aus

98°v1 16 134 £9E°01 06T | 43 81 oLy - oSt

8v6'v1 68 6€ Y744 00T Y14 L 05’1 Sr'1

L66'P8 T3 o€ S¥8Tt 007 891 134 SYI- OVl

150°s1 " €€ £98'cl o5’ Lot 19 o1-SEl

9EISI Ly 87 €EERT 00t L 801 SEL-0E1

6¥2°S1 113 1T (3741 113 1T oL 0E'1 Vv0L] yeanad 168 $2 49 911

TR 6" rs 8IL'e Ls 68L r oL'1 Aus

s1L' 9%’ €5 9EL'0l Ly Lez ST oLL- 051

1Z8'v1 L& Ly S8¥eL Ls o6l 0t (119 R 2

oL8'pl L& 12 LIy 4 15T 091 o sy'1- 0¥l

£56'%1 06’ 6€ 09l 3] 0zl €8 orl-SEl __

80'S1 " Te 119'%8 86 09 o8l SE'T-0C1 __

LIT'st 08 x4 IATAY 0% Y4 1's9 0£1 dvoid waasad €7 v Aq Uy

qumg % InJing 0L % UV amg 9% IS |AIOL % YV % M 15 -dg Vs pus uopeag A
AALLVIOWND NOLIDVYd

{¢'1) auopd WA :NOLLVNLLS3A

1 pus g sweass jo jujod XN NIONMO

€1 YFENNN WVERLISMOTd 4O SISATYNV ALIIEVHSVM QALVINOTVO

D-18



ng woynwCOs 341 €21 = 1921803 708 qUMIF $0L'P1 = 101000 Mg 10203ad |60 = INAG (MOL 1u0sad y'g = Gsy  noy 3od 860 (Gy] = Iemop Aiswmng @EnSmOLY *

S0L'¥1 3 rs 0001 Ly 00l €9 Tl oLt Aus B
og8'vl 16 Ly 286 sLy'ol 91 £lg €7 oLy - 081 =
vE6'p1 8 oy $96 16£21 6Ll 96l 61 oSl - syl __
¥86°r1 L8 Le 96 81'el 89l Lol o€ Sa-av___
H $p0'Si v e 916 $S6'€l 05 ool T ov'l- SE'1 __
m se1'st o8 82 s18 eyl 9% 1L ozl SE1-0£1 __
15261 13 1T (Y73 1ST's1 13 17 sU 0£'1 ywolf 1s01d 0001 aysedwoy
tay w® 18 0001 Le's 00l 83s ot oLl s
0cs'yl I 99 3 Lig'0l 06 Tet L oLt o'
€18'91 o’ 8y 668 190°el 08’ 9¢1 (A3 [ I Y A
8871 'y vy L9 6€0's1 08 6 6 K- or1
58691 08 Lt 69L SIv'vi 08 7L oLl oVl SEl
R 6L LT 66§ 906'v1 T Ty €6 SE1- 0g)
86251 6L 81 L9 8621 6L 81 L9 0t 130 wisd 9g 0fqgg
qi/mg % Injing 910 ], % YV % M qmg % INJING [RIO] % 5V % TM 39 dg WA puv vopdaag g
TFALLVIOWNO NOLIOVYd
(g'1) »uophd WA :NOLLVNLLSAU T1 pus g sweans jo juiod N NIOIHO (1u09) €1 YAAWNN WYIUISMOTA 4O SISATVNV ALITIEVHSVM TLLVINIIVD

D-19



$81's1 98 sT 0001 'y 00l £89 o oL’ Aus

1811 98 (Y4 0°00% £¥E01 00T 1€ 0 = oLl - 051

881°s1 98 $T 0008 fze 002 €0z [3 __ 051 ¥l u

681'S1 98 st 666 Y8l 00T 891 v = Sri-ovi

161's1 173 §T 266 £h8'cl os Lol 3 ov'l - S

£0T's1 9 ¥ 066 £EEPI 001 L 0's #_ SEL- 01

SHT's1 T3 17 06 60Z'S1 73 1z o 0E') 1ol Juansad g'68 sz ha s

L61's1 I8 ¥ 0001 sIL'E Ty 68L o oL’ AuS

L61'st 18 % 0001 ogL'ol Ls L6z o oLl - 0§

L61'sH 18 4 0001 XAl 3 061 o 0s'L- ¥l

Lel'si I8 ve 0001 91671 ST 091 0 SHi-ovl

861'st 18 v 0001 0£9'cl ss'1 0zl o orL - SE __

861'1 18 Ve 666 11991 86 09 o€ __ SET-0E'1

LTSt o8 €7 6% LIZ'S1 o8 €T 69 0C'T oL w warad 6 w1k i

wmg % Injing oL, % g5y % 1M qnig % Ining [nox. % BV % M 19 dg = @M pus uopvag RIS
FALLVIAWAD B NOLIDVHd B

duissa001d MO ‘NOLLVNLISAQ

(£'1) 30D NG :NIONO

¥ YIENNN AVIHLISMOTA 20 SISATVNV ALITIEVHSVA GALVINDTVO

D-20



mg vomufog sqi il = WA LOS qUmd 691°s1 = 1uame) mg 1uv0sad g3

= ajing Mo, waud 97 = gy

oy 124 U0} 0] = IO AleWWNG WeANEMOf]

¥86'v1

08’

Lt

0001

LLE'S

00’1

691's1 S8 9z 0001 ohL'Y 001 €99 o oLt s =

oL1's 8 9 0001 'l oLt 3 o oLl - 05

st 58 9T 0001 971 81 0S1- S¥1 __

LIS S8 9z 666 oLl Tu sv'l- ov'l

6LI'ST 58 $T 566 s61'v1 $8 ov1- SE __

661'1 8 v 16 "ws'vl ve

LA S8 17 €06 1ST'St 17 wiad (01 asodwoy

oL’ qus

3uts393014 AMD ‘NOLLVNLLSHU

(€1) suoplo WA NIDIIO

(409) p1 YHHWNN WVILLISMOTd 4O SISATVNV ALITIHVHSVM THLLVINDTVO

886'¢1 08 Lt 0001 Lig'ot 06’ 6 r oLt -0S1

266’71 08 Le 666 1#0°el 08’ o6 € 0S1-S¥1

866'vi 08’ 9t 966 6£0'F1 08 §6 Ve SYi-ovl

T£0'61 08 ve 1'9%6 SIv'pl 8 L (4 o¥'1- st

8p1°s1 6L LT 608 906'v1 6L (44 (113 SET-0E'1

862'S1 6L 8l 6'6v 862°S1 6L 81 6'6¥ = 0’1 1®ojg ward p'g 04q 8¢
qUmg % InJing w0, % YV % MM qUmg % IS W0 L % ¥V % M = 1p dg —_ W32 pue uopeay 22ig

JALLVINNND

D-21



T secar % Vel 0001 'y 00l £89 £ oLl s

£08'€Y 6t 601 L'S6 £vE'oL 00 17¢ SL oL1- 081

360'01 £ 16 1'88 €121 007 £ I 051 - ¥l

8sTHI 15 8 018 STl 00T 891 €6 SYi-orl

10y'y1 ¥ oL 8L Eve'El 3 Lot sz __ orl-sEl =

£1L'b1 00 vs €68 €€ 00’1 L 89 _f SE1-0f1

6h2's1 00 1z yoT oSt 8 17 voT 0c1 1wold Jusosed 118 % Aa vl L_
[ eat 19 001 0001 8IL'E ts 68L 3 ortwws J |

186°€1 w 86 166 9€'01 Ls L6z €9 oL1- 081

L0291 99 58 v'e6 S8pTl i 061 I's o0SL-S¥l

S0£'v1 9 6L vee 9671 15T 091 1o Sv'l-orl

oLY'Pl 89 89 £8L 0£9'€1 SS'1 (i ¥4 60L = ov'i- st __

s8L'pl 9 6% vis 119'v1 86" 09 600 __ SET1- 061 __ h

LTSt 5o £ ol LIz'st 08 €2 ol 0€'1 Yol woasad 1€ 1 ka1

qumg % 1mjIng ML % WV %M qumg %S moL | % v %M WBaM pus uojseg mi§

H
FALLVINWAD ) NOLLOVYA )

uwnjo) won®iol] NOLLVNLISHA

w0l WA NIDNO

S1 YFENNN AVRLISMOT] 40 SISATVNV ALITIEVHSVM d3LVINITVO

D-22



mg soqpumlOs 591 29'l = WAWo) TS qUmg pIE'El = 1uAwo) mg 1waad gof = Injing Mol wsad gl = Ysy  Inog 13d 500} 9 = IjwImol] AIRWuWNG WrINIMOL]

g'sl v 6l 0'001 sty 00'1 £99 89 __ oLt s “_

srL'cl w €1 Ts6 8Lyl L9 £le 6 _“ oLt1- 08l =

860'v1 s 16 098 9821 081 96l L _ osL-svl __

65T Ls s 98L - el Wl ISt o L svi-ovt ||

eyl o€ oL 919 1881 Ls vol "z o¥l- el

8LV €0 €5 TSy £SE'V1 00t 9L 89 SE1-0g 1

st w 174 vl sl T 17 vsi 01 1e0ig waarad (001 aysodwo)

962°TH "'l oo 0001 LL6'S (170} 8'8S i oLl RuIs

90l 91l €51 688 LIg'o1 06° e % = oL1- 081 =

1€0'v1 91 96 L9 190'el 08 951 i 051 - ST

SHT'vl 107 8 ols 660's1 08’ 56 T Y- ovl

SLY'bl ge'l 89 vz Sip'vl S8 7L 81z orl- S

0L6's1 00 g€ 92 906°p1 6L 12 w SE1- 061

8621 00 2l v 8621 oL 81 v €1 1ol waosad g6 04asz

qmg % Injiag (Mo}, % UV %M qmg % IR [0, % PV % M 1p dg Wiap pus uopde1y SIS
FALLVINAND NOLIOVYA

awnjoy) uon®old ‘NOLLVNLISAA 3u0PK) WA -NIDIHO (09) §1 YAEWNN WVARISMO1d 4O SISATVNV ALITIEVHSVM QALVINOTVO

D-23









