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REVIEW OF MILD GASIFICATION TOPICAL REPORT

The principal finding of this study was the high capital cost and poor financial
performance predicted for the size and configuration of the plant design presented. The
XBi financial assessment gave a disappointingly low base-case discounted cash flow rate
of return (DCFRR) of only 8.1% based on a unit capital cost of $900 per ton year (tpy)
for their 129,000 tpy design. This plant cost is in reasonable agreement with the
preliminary estimates developed by J.E. Sinor Associates for a 117,000 tpy plant based
on the FMC process with similar auxiliaries (Sinor, 1989), for which a unit capital costs
of $938 tpy was predicted for a design that included char beneficiation and coal liquids
upgrading--or about $779 tpy without the l:,quid upgrading facilities. The XBi
assessment points out that a unit plant cost of $900 tpy is about three times the cost
for a conventional coke oven, and therefore, outside the competitive range for
commercialization. Modifications to improve process economics could involve increasing
plant size, expanding the product slate that XBi has restricted to form coke and
electricity, and simplifying the plant flow sheet by eliminating marginally effective
cleaning steps and changing other key design parameters.

Improving the financial performance of the proposed formed coke design to the
level of a 20% DCFRR based on increased plant s_ze alone would require a twenty-fold
increase to a coal input of 20,000 tpd and a coke production of about 2.6 million tpy--a
scaling exponent of 0.70 to correct plant cost in relation to plant size.
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Other avenues for improving profitability besides increasing plant size would
involve changes in the design and product slate, including as the most important
possibilities:

1. Liquid Products--Additional quenching of off-gas from the carbonizer to obtain
salable liquid products, which in Sinor's preliminary assessment more than
doubled the revenue obtained from char and electricity while increasing capital
cost by only about 20%, could substantially improve process economics.
Questions concerning liquid quality and marketability still need to be
answered, particularly the lower level of oxygenates reported by Merichem
compared to the EERC analyses. The EERC analyses showed high levels of
phenolics which, if stabilized and separated, could yield valuable cresyllic
acids. The lower levels reported by Merichem could have resulted from
polymerization that reduced the chromatographable oxygenates due to sample
aging. A mild stabilization step could be important to improving coal liquids
economics. The EERC tests have established that the 720°F (382°C) distillation
residue is an excellent binder for char briquettes. A value for the heavy tar
as a binder could be established by comparison with the cost of asphalt
emulsion. The available test data on other liquids uses should be summarized,
including the use of polymerized heavy tar as a chemical feedstock for
electrode production and the use of the light liquid fraction as diesel fuel
blending stock.

2. Coal and Char Cleaning--Elimination of marginally effective solids cleaning
steps would simplify the process and improve char yield. Unit processes that
could be removed include the gravity separation tables for cleaning feed coal,
the magnetic separation on char between the carbonizer and calciner, and the
gravity separation on calcinate fines. The char cooling step between the
carbonizer and calciner would also be eliminated.



, 3. Carbonizer--Reduction in char residence time in the carbonizer from 3 hours to
the 20 or 30 minutes used in EERC tests would correspondingly reduce the
volume of gas needed to maintain fluidization. Less heat input would be
required in relation to coal flow, and more gas/liquids should therefore be
available for liquid product and electricity revenue streams.

4. Calciner--Changes to be considered in the calcination step should include a
reduction in char residence time from 3 hours to on the order of 1 hour or
less, the substitution of a rotary-hearth or kiln design to greatly reduce the
gas flow rate requirement of the bubbling-bed design, provision for heating the
calciner both by firing quenched carbonizer off-gas and injecting air and
possibly steam for internal oxidation and gasification, and the use of the hot
off-gas from calcining with a suitably augmented heating value as the main
heat source for the carbonzier--without cooling or compression. The only gas
requiring compression would be the cool quench gas from the carbonizer.

Other questions on the design report not related to economic performance are
concerned with:

1. _I,_e feasibility of compressing partially quenched gas realizing that some
condensation may occur during compression;

2. The feasibility of discharging hot briquettes into air;

3. The relatively low 50% efficiency for 10 micron and 4 micron solids in
cyclones;

4. Any comment that can be offered on bed support in a commercial carbonizer
based on scaling up the EERC/Boley design;

5. The need for an explanation of the XBi changes in the EERC material
•"' balancesforthecarbonizerand calciner.

Additionalcomments and correctionshave beenmarked on theattachedcopyof
thesubjectreport.
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EXECUTIVE SUMMARY

Under DOE/METC Contract No. DE-AC21-87MC24267, Amax Research &
Development Center (AMAX) of Golden, Colorado, Xytel-Bechtel, Inc. (XBi) of Houston,
Texas, and J.E. Sinor Consultants, Inc. (Sinor) of Niwot, Colorado, worked with the
University of North Dakota Energy & Environmental Research Center (EERC) of Grand
Forks, North Dakota, to develop an advanced continuous mild coal gasification (MCG)
process for the production of co-products. This topical report presents the technical and
economic evaluation of the process at the 1000-tpd commercial demonstration plant
scale (Task 4.6).

Based on the results obtained during bench-scale studies with a continuous
fluidized-bed reactor (CFBR) and operation of a 100-pound/hour mild gasification process
research unit (PRU) and companion studies on coal and char cleaning, char calcining,
and calcinate briquetting at various scales between bench scale and PRU scale, a
commercial process flowsheet was developed for a 1,000 tpd coal processing plant to
produce a formed coke product and electrical power. The plant will be located at an
Amax coal mine near Terre Haute, Indiana.

Feed coal for the MCG process was a typical high-sulfur midwestern bituminous
coal (Indiana No. 3) (4.2 wt%) that contained a relatively high percentage of organic
sulfur species (1.8%). This coal proved to be difficult to process, and sulfur rejection

:'_' ultimately turned out to be lower in the PRU than projected based on earlier bench-
" _" scale studies. Project timing dictated that the design for the 1000-tpd plant be frozen

before final bench-scale and PRU results were available. Input to the Task 4.6 topical
report was distributed as follows:

1. EERC

Equipment specifications, design criteria, and performance and yield data for mild
gasification, liquid collection, and char calcining, plus updating formed coke technology.

2. AMAX

Commercialization potential, coal supply, coal physical beneficiation, char
beneficiation, operating costs, process review, plant site infrastructure, and selection of
final products.

3. XBi

Process simu:tation for material and energy balance, detailed design, flowsheet
development, equipment list and capital cost estimate, plus a critique on the technical
aspects of the process.

4. Sinor

Marketing assessment, product revenues, and economic analysis.

The process plant will consist of six major unit operations, which include coal
preparation, mild gasification (carbonization), liquid and gas quenching, char



beneficiation and calcining, formed coke briquetting and curing, and electrical power
generation from reject solids and noncondensable volatiles.

l_'eparation consists of storage, crushing, surface moisture drying in a fluidized-
bed reactor, coal sizing, and physical beneficiation to reject ash and sulfur using air
tables. The mild gasification, or carbonization, step is done in spouted fluidized-bed
reactors under nonoxidizing conditions to produce a devolatilized char and off-gas
stream containing the volatiles. High boiling point volatiles are quenched and collected
in a scrubber tower as a pitch product that is used as a binder in the formed coke
process.

Hot char is cooled and then screened into three size fractions prior to physical
beneficiation by high-intensity magnetic separation to remove pyritic sulfur. The
cleaned char is then calcined in a bubbling fluidized-bed reactor to eliminate additional
volatiles. A final physical cleaning step using air tables removes additional ash and
sulfur from the calcinate. This cleaaed calcinate material is briquetted using the pitch
product as a binder. The briquettes are cured at high temperature, which carbonizes
some of the pitch and volatilizes the rest. After cooling, the briquettes are sold as a
formed coke product with a targeted specification of less than 10% ash, 1% sulfur, and
2% volatiles.

When all of the rejected coal, char, and calcinate solids plus noncondensed
volatiles are burned for their fuel value, excess energy over that required for the
process is generated. This thermal energy is converted into steam and used to produce
electric power as a product. The solid materials are burned in an atmospheric
fluidized-bed combustor to produce steam, while the volatiles are burned in direct-fired
burners to produce the hot, low-oxygen-content, fluidizing gases required for drying,
carbonization, calcining, and coke curing.

Capital cost of:the 1000-ton coal/day commercial demonstration plant is estimated
at $116.4 million withan accuracy of minus 5% to plus 20% and includes a contingency
factor of 20%. Using 1992 as the base case, operating costs are estimated at $15
mil)ion. The plant will produce about 129,000 tons/year of formed coke product valued
at $150 per ton. In addition, the plant will produce 19.2 net MW of electricity valued
at $0.0_ per kWh. Using these base-case values, the DCFRR at $0 NPV for the plant
is 8.1%, assuming a 3-year construction period and 20-year operating life. Sensitivity
analysis on capital cost, operating cost, and revenue gave a DCFRR of 0% to 12%.
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DEVELOPMENT OF AN ADVANCED, CONTINUOUS MILD
GASIFICATION PROCESS FOR THE PRODUCTION OF CO-PRODUCTS

1.0 INTRODUCTION

To expand the use of coal, our primary indigenous resource for energy, in an
environmentally acceptable and economically feasible manner, the United States
Department of Energy (DOE) has been sponsoring research and development of new,
promising coal conversion technologies. The conversion of coal to liquid and gaseous
products can expand the markets for coal into transportation and other sectors of the
energy market, as well as in large chemical markets. The enormous costs of
liquefaction and gasification processes requiring hydrogen or oxygen plants and
high-temperature, high-pressure operations have hampered the commercialization of
these processes aimed at producing a single product.

As an alternativeapproach,Morgantown EnergyTechnologyCenter(METC)of
DOE has sponsored,and continuestosponsor,programsforthedevelopmentof
technologyand market strategieswhich willleadtothecommercializationofprocesses
fortheproductionofco-productsfrommild gasificationofcoal.lthas beenrecognized
by DOE and industrythatmildgasificationisa promisingtechnologywithpotentialto
economicallyconvertcoalintomarketableproducts,therebyincreasingdomesticcoal
utilization.

In a typical mild gasification process, coal is devolatilized under nonoxidizing ,.
conditions at mild temperature (900°- ll00°F (482°- 593°C)) and pressure (1-15 psig).
Condensation of the vapor will yield a liquid product that can be upgraded to a
petroleum substitute, and the remaining gas can provide the fuel for the process. The
residual char can be burned in a power plant as a premium fuel. Thus, in a long-term
national scenario, implementation of this process will result in significant decrease of
imported oil and increase in coal utilization.

However, before the technology can be made economic for large-scale utilization, it
has to be developed and demonstrated on a commercial scale. With eventual
commercial demonstration as a goal, DOE/METC awarded several contracts in October
1987 to different project teams (consisting of research organizations, coal companies,
engineering companies, and potential product users) to develop advanced mild
gasification and product upgrading processes for the production of marketable co-
products.

Under one of these contracts, No. DE-AC21-87MC24267, "Development of an
Advanced, Continuous Mild Gasification Process for the Production of Co-products", the
University of North Dakota Energy & Environmental Research Center (EERC) of Grand
Forks, North Dakota, worked with Amax Research & Development Center (AMAX) of
Golden, Colorado, Xytel-Bechtel, Inc. (XBi) of Houston, Texas, and J. E. Sinor
Consultants, Inc. (Sinor) of Niwot, Colorado, to develop a process using a high-sulfur-
content midwestern coal, Indiana No. 3, as the feedstock.



The DOE project consisted of the following four tasks:

Task 1. Literature Survey and Market Assessment
Task 2. Bench-Scale Mild Gasification Study
Task 3. Bench-Scale Char Upgrading Study
Task 4. System Integration Studies

1.1 Project Organization

The EERC was the prime contractor and had the primary responsibility for
development of the spouted fluidized-bed mild gasification process, f'trst at the bench
scale trader Task 2 and later in a 100-pound/hour process research unit (PRU) under
Task 4. AMAX had the primary responsibility for selection of a product slate that
would enhance the commercialization potential of the technology (Task 1) and
development of a char upgrading process at both the bench scale (Task 3) and in a 50-
pound/hour PRU (Task 4).

Task 1 was completed in January 1988 and the Findings were published in topical
and summary reports. B_ It was concluded that economic viability of the mild
gasification technology, at least for a few initial smaller plants, will critically depend
upon upgrading of char to a higher-value product. A number of options were identified
to enhance the value of the char. In order to enhance commercialization potential and
properly focus project activities, AMAX had Sinor perform a preliminary
commercialization and economic analysis in February 1989 that evaluated the different
char upgrading processes. _ A formed coke product for use in the steel industry
produced from Indiana bituminous coal was chosen as the preferred product.

Since then, all of the tasks of the project have been completed. Results from
Task 2 were submitted as a summary report by the EERC in December 1989. 59 Results
from Task 3 by AMAX were' presented in quarterly technical progress reports submitted
by the EERC to METC during the July 1989 to December 1991 time period. 11°
Likewise, the Task 4 results of the 100-pound/hour mild gasification PRU operation
were presented in the same quarterly technical progress reports. 11° Information
contained in these quarterly reports will be summarized in a final project report to be
issued by the EERC.

In late 1990, DOE modified the the EERC contract and added Task 4.7 to perform
a preliminary design and cost estimate for a 24-tpd mild gasification and product-
upgrading process development unit (PDU). the EERC solicited combined proposals for
both Tasks 4.6 and 4.7 and awarded the contract to XBi in early 1991. The bulk of
the XBi contract was to be spent on Task 4.7 with only a minor amount of the effort
devoted to Task 4.6. However, in May 1991, DOE/METC redirected the scope of work
and withdrew the requirement for Task 4.7. The scope of work for tl_e XBi contract
was down-scaled in the overall effort, but the fimal effort for the remaining Task 4.6
was actually increased in scope over the original proposal.
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1.2 Scope of Work

The X.Bi scope of work was broken down into two main tasks. One was to
prepare a conceptual plant design for the 1000-tpd commercial scale mild gasification
and product-upgrading facility, including a technical appraisal of the process flowsheet,
and the second was to provide an estimate of the capital cost of the 1000-tpd plant.
Specific subtasks in the XBi scope of work, plus the AMAX and Sinor tasks, are as
follows:

1.2.1 Evaluation of Existing Pilot Plant Data

XBi assimilated the process information received from the EERC, AMAX, and
others (as far as applicable) into a format suitable for the computer simulation effort.
The mass and energy balance developed by XBi incorporates the physical characteristics
of feeds, intermediates, and products as provided.

1.2.2 Heat and Material Balances

After preliminary data screening and evaluation of several alternate flow schemes,
an optimum configuration was selected. XBi computer-modeled a mass and energy
balance by 1) assimilating data received from the EERC and AMAX, 2) prorating the
pilot-scale material flows and yields up to the 1000-tpd commercial-scale feed rate, and
3) applying other factors needed to complete the simulation. Commercial software
(HYSIM TM,Hyprotech, Ltd.) was used for the simulation.

1.2.3 Conceptual Flow Diagrams

Conceptual process flow diagrams were developed by XBi in conjunction with the
mass and energy balance. These diagrams identify all major processing equipment
within the facility, as well as all major process piping and conveyances. Equipment
sizes, capacities, materials of construction, and major control loops are also indicated.

1.2.4 Mechanical Design

XBi developed a technical (sized) equipment list for all major equipment within
the facility. This list is intended to communicate equipment requirements to
mechanical engineers and will be used for eq(lipment pricing for the basis of the capital
cost estimate. Physical size and configuration of major pieces, as indicated in the
equipment list, was used for layout and planning purposes. A considerable amount of
equipment data was solicited from specific equipment and system designers and
manufacturers.

1.2.5 Plot Plan

A plot plan and conceptual plant arrangement was developed. These drawings
depict all major structures which house process and utility units and auxiliary
buildings, stand-alone equipment, and interconnecting conveyances. Approximate plot
space requirements and dimensions of the overall facility are h)dicated.
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1.2.6 Utili_ Summary

A utility summary (user list) was generated in order to establish total facility
power and steam demand and cooling load. The summary indicates maximum and
normal utility loads. Operating labor requirements are also provided.

1.2.7 Capital and Operating Costs

In addition to providing input data and technical information for the Task 4.6
report, AMAX reviewed the 1000-tpd XBi capital cost estimate, compared the
equipment and installation costs to other recent mild gasification-type and mineral
processing projects, and determined that the capital cost estimate was in-line with the
other studies. AMAX also supplied the unit cost factors and estimated the consumption
rates and yearly operating costs for the plant.

1.2.8 Economic Analysis

All of _he cost information, plus the yearly production rates for the formed coke
and electricity products, was given to Sinor who estimated yearly revenues and
performed the economic assessment and sensitivity analysis.

1.2.9 Topical Report

The topical report for Task 4.6, herein presented, describes the results of work
performed by XBi, AMAX, and Sinor regarding all of the above-named project
"subtasks."



2.0 PROCESS OVERVIEW AND CRITIQUE

2.1 Discussion of the EERC, XBi, AMAX and Sinor Contributions

Basic mild gasification (MG) concepts and design parameters were developed by
the EERC in their pilot facilities at Grand Forks, North Dakota. Similar information
on coal and char beneficiation was developed by AMAX at their facilities in Golden,
Colorado. This information was transmitted to XBi throughout the project in letters,
facsimiles, telephone conversations, and meetings (documentation listed in Appendix A).
In order to integrate these essential concepts and design data into a plan for a grass-
roots 1000-tpd commercial MG facility, XBi and the other project team members
capitalized on a number of other information sources, including:

1. Data provided by AMAX, as required, based on their coal handling/processing
experience and commercial-scale testing of specific operations related to various
unit operations used in the process flowsheet.

2. Extensive coal handling and previous coal mild gasification experience of
Bechtel Power Corporation.

3. The experience of Bechtel Power Corporation in providing the design criteria,
process flowsheet, and equipment specifications for the waste heat atmospheric
fluidized-bed combustor (AFBC) and steam and electric power generating
facilities.

4. The experience of the cost-estimating department of the Bechtel office in
Houston, Texas.

5. A substantial amount of practical data solicited and received from many
equipment and system manufacturers and vendors, as suitable to specific areas
of the facility.

In addition to the unit operations required for the mild gasification and calcining
steps, XBi's scope of work also included the conceptual design of all auxiliary plant
operations. This activity included the development of systems for coal and char
handling, product upgrading (coke agglomeration, briquetting), and coal liquids recovery
and conditioning, as well as the definition of all utilities ,and support systems required
to sustain day-to-day plant operation.

Two key elements of the MG process design are the process flow diagrams and the
mathematical computer model developed by XBi. These define the mass and energy
balance around the MG process. The model provided stream flows and physical
properties which supported the subsequent activity of estimating process and auxiliary
equipment capacities and duties. The resultant equipment and system data were then
developed into a def'mition package upon which the capital and operating cost estimate
is based.

J. E. Sinor Consultants, Inc. has provided consulting services to the coal, oil and
gas, and synfuels industries for about the last 15 years. The company has been
involved with this project since inception and completed the first task in the project,



which was market assessment (Task 1). They were particularly well-suited to estimate
the product revenues and perform the economic and sensitivity analysis for Task 4.6.

2.2 Process Overview

Figure 1 is a block flow diagram of the 1000-tpd coal mild gasification process
evaluated in Task 4.6. The block flow diagram of the process plant consists of 16 unit
operations, which include coal preparation, mild gasification (carbonization), fmes
removal from the carbonizer off-gas, liquid and gas quenching, liquid storage, gas
compression, char cooling, char magnetic separation, calcining, f'mes removal from the
calciner off-gas, a second stage of gas compression, gravity separation of the calcinate,
calcinate storage, formed coke briquetting and curing, and electrical power generation
from reject solids and noncondensable volatiles burned in an AFBC to produce steam.

A brief summary of major unit operations follows with emphasis on process
temperatures and solids composition. The process description section of this report
gives a much more complete explanation of the process flowsheet.

2.2.1 Coal Preparation

Preparation consists of storage, crushing, surface moisture drying in a fluidized-
bed reactor, coal sizing, and physical beneficiation to reject ash and sulfur using air
tables. The coal is crushed from minus 2 inches to minus 6 mesh and then dried from
about 13% moisture down to 8% moisture to eliminate surface moisture. Hot fluidizing
gas to the dryer at 400°F (204°C) heats the dried product to about 200°F (93°C) and
results in an off-gas temperature of about 250°F (121°C).

The dried product is screened into three size fractions (6 to 10 mesh, 10 to 24
mesh, and minus 24 mesh). Each size fraction is processed on a dedicated air table
with the float material passed on as feed to the next step. The gravity or reject
material is burned for its waste heat value in the AFBC. Feed coal at 4.2% moisture
(as-received basis at 8% moisture) and 12% ash is cleaned to 3.9% sulfur and 9.9% ash
with a weight recovery of 77%.

2.2.2 Carbonization

The mild gasification, or carbonization, step is done in a spouted fluidized-bed
reactor under nonoxidizing conditions to produce a devolatilized char and off-gas stream
containing the volatiles and some f'mes carryover. Part of the noncondensable volatiles
from mild gasification (gas) are burned to provide hot fluidizing gas at 2480°F (1360°C)
with minimal oxygen content. The char product is discharged at 1000°F (538°C).

Weight recovery from feed to char is 65% (45% overall). Product char analysis is
2.4% sulfur and 15.3% ash. Obviously no ash is eliminated during mild gasification, so
the concentration increases proportionally to the weight loss during this processing step.





2.2.3 Char Cooling and Screening

The hot char has to be cooled from 1000°F (538°C) down to 200°F (93°C) prior to
magnetic separation. This is done indirectly in a Holo-Flite type unit using cooling
water as the heat transfer media. Enthalpy loss from hot to cooled char is about 15
million Btu/ht (22.9 MM to 7.7 MM). The cooled char is then screened into three size
fractions of plus 20 mesh, 20 by 40 mesh, and minus 40 mesh.

2.2.4 Magnetic Separation

Due to the rare earth permanent magnets used in the high-intensity separation
process, the feed char has to be cooled to 200°F (93°C) to extend magnet life. A
magnetic separator is dedicated to each size fraction to improve the efficiency of sulfur
and ash rejection. Weight recovery in the nonmagnetic product is 87% (44% overall).
The product analysis is 2.1% sulfur and 13.5% ash.

2.2.5 Calcining
,

Calcining at 1800°F (982°C) lowers the volatile content of the char from about the
14%-16% range down to about the 2%-4% range. Weight recovery during calcination is
85% (38% overall). The calcinate analysis is 1.7% sulfur and 15.8% ash. Although the
ash composition increases, the weight of ash in the calcinate actually decreases due to
some ash constituents being volatilized (limestone to lime and carbon dioxide as an
example). As in the mild gasification reactor, part of the gas from mild gasification,
plus the off-gas from the calciner, is burned at stoichiometric conditions to provide hot
fluidizing gas to the conventional fluidized-bed reactor at 2394°F (1312°C). Heat input
to the reactor in fluidizing gas is approximately 81 million Btu/hr, so the heat lost in
cooling the char prior to magnetic separation (15 MM) accounts for about 19% of the
heat input to the calcination step.

2.2.6 Gravity Separation

•At this point in the process, there has been some attrition of calcinate particles as
they have progressed through the various process steps. This has liberated some of the
sulfur mid, more particularly, the ash, so additional cleaning is effective on the finer
fractions. The calcinate is cooled from 1800°F (982°C) down to 200°F (93°C) in another

indirectly water-cooled unit. Fines elutriated out of the calciner are also water cooled .
and go through a final air table cleaning step. Recovery of fmal calcinate is 98% (37%;-I
overall). Cleaned calcinate analysis is 1.5% sulfur and 15% ash. Cooling the calcinate
is required prior to briquetting and is not done solely for the purpose of the cleaning
step.

2.2.7 Fines Removal and Gas Quenching

Off-gas from both the carbonizer and calciner passes through primary and
secondary cyclones to remove particulates down to 4_m in size. Cyclone underflows are
combined with the product discharged from each of the reactors and go through the
respective cooling, sizing, and beneficiation steps associated with the carbonizer and
calciner operations. Ultimately, most of the cyclone underflow materials are burned for
the fuel value in the AFBC.



The off-gas from the calciner is burned for its tirol value, but the gas from the
carbonizer is quenched to recover high boiling point volatiles. Quenching is done in a
disc- and donut-scrubber tower using recirculating condensate as the scrubbing liquor.
Operating temperature of the scrubber liquor is 175°F (79°C) which results in an exit
gas temperature of 190°F (88°C) and a recovered condensate temperature of 370°F
(188°C). At these conditions, about 65% of the total condensable volatiles are collected
as a pitch-type material, which is used as the formed coke binder. The rest remains in
the gas phase as uncondensed volatiles and adds to the fuel value of the gas.

2.2.8 Briquetting and Curing.:

Pitch from oil storage and calcinate material are blended to uniformly mix the
pitch for use as a binder. Briquetting is done in a roll-type press that forms about 2-
inch pillow shapes. The green briquettes are screened to eliminate fines and then
cured at 450°F (232°C), which volatilizes some of the lower boiling point species in the
pitch and initiates polymerization in the binder. The briquettes are then coked at
1600°F (871°C) which carbonizes about 60% of the remaining binder and volatilizes the
rest. Volatiles from the coking step supply enough heat to autogenously fuel this
process step; however, natural gas is required to supply heat on start-up. Hot
briquettes are then cooled and transferred to the product silo prior to rail shipment as
product which is sold as a formed coke product with a targeted specification of less
than 10% ash, 1% sulfur, and 2% volatiles.

2.2.9 Gas Compression

Uncondensed volatiles from both the carbonizer and calciner are cooled and
compressed for distribution back to the burners supplying heat to the fluidizing gas in
the carbonizer and calciner fluidized-bed reactors. There is more fuel value in these
gases than required to supply the heat requirement for the reactors, so the excess gas
is brained in the AFBC to make steam. Since air is used as the oxidizer in the
burners, the recirculating gas streams would become saturated with nitrogen unless
nitrogen was continuously bled out of the system. The excess gas burned in the AFBC
performs this function and holds the nitrogen and other noncondensables and
nonburnables to an acceptable equilibrium value.

2.2.10 AFBC

All of the waste solid streams from the various physical beneficiation cleaning
steps, plus the excess gases from the carbonization, calcining, and briquetting steps, are
burned in an AFBC to generate steam. Limestone is added to the bed of the AFBC fors.

sulfur capture. Excess limestone and sulfur compounds, plus ash from the coal]
char/calcine solids, are hauled back to the mine for disposal. Prior to disposal, bottom
ash is cooled with water, and fly ash is collected in a baghouse. Steam capacity of the
AFBC is 280,000 pounds/hour at 1200 psig and 960°F (516°C).



2.2.11 Power Generation

Steam from the AFBC is converted to electric power in a 24-MW unit. The
turbine generator is an extracting/condensing, nonreheat, 3600-rpm unit rated at 37,000
kVa at 13.8 kV. Approximately 5 MW of the power output is consumed in the mild

gasification and supporting processes, which leaves 19 MW for export.

2.3 Technical Critique and Recommendations

Conceptual design of the gasification (carbonizing and calcining) and briquetting
portions of the MG facility is based largely on experimental and somewhat speculative
data, given the degree of scale-up and extrapolation. The design strategy for all other
operations in the plant, including support facilities, is based on commercial-scale
operating data and experience. The following describes what XBi and AMAX consider
to be areas of moderate-to-high technical risk, which should be further investigated
prior to commencement of detailed design:

• A centrifugal-type dewatering device to remove the bulk of free (surface) water
prior to the fluid-bed coal dryer should be considered. This could significantly
lower the cost of the fluid-bed dryer and the volume of hot air required for
drying.

• Recent beneficiation tests on the subject coal do not support gravity table
separation efficiencies used in this report. An investigation should be carried
out to determine whether or not further testing or a change in design is
justified (Topical Report for Task 4.6, Technical Evaluation).

• The efficiency of the magnetic separation step between mild gasification
(carbonizer) and calcining is questionable. Performance on sulfur removal was
marginal, considering the thermal energy required to cool the char from 1100
to 200°F (93°C) and then to heat it back to 1800°F (982°C). Either the step
should be eliminated or the mild gasification temperature should be lowered so
that less pyritic sulfur is converted to organic forms during gasification.
Recent tests indicated there is more magnetic material produced at 1000°F
(538°C) than 1100°F (593°C) (Topical Report for Task 4.6, Technical Evaluation).

• Midwestern coals with high organic sulfur content such as the Indiana No. 3
tested at the PRU scale may not be the appropriate feedstock for this process
where low sulfur values are required in the formed coke product. Alternative
coals should be evaluated for this process, particularly those coals that are
more amenable to physical beneficiation for removal of sulfur and ash. Even
with aggressive recoveries and efficiencies used in the beneficiation steps, the

final product did not meet the targeted product specifications of less than 1%
sulfur and 10% ash (Topical Report for Task 4.6, Technical Evaluation).

• The pressure profiles of all gas, liquid, and pneumatic conveying systems need
to be confirmed during the detailed design, based on actual plant layout. The
pressure drop for each piece of equipment should be verified. ,
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• Scale-up from gasification pilot test data to the commercial plant is based on
superficial velocity and residence time re:luirements only. Specification of
actual reactor geometry requires more def'mitive verification. Specifically,
carbonizer pilot test results are based on a residence time of about 20 minutes,
whereas residence time in the commercial-scale carbonizer will be about 3
hours. This was done in order to duplicate the test run fluidizing gas-to-solid
weight ratio and the superficial gas velocity and still have a reasonable reactor
L/D ratio. Scale-up of the calciner is a similar situation. The effects of longer
residence time on coal/char in the carbonizer and calciner require further study.

• Several simplifying assumptions (see Section 6.2) were made in order to
complete the process simulation. As these hypotheses effect some uncertainties
in the mass and energy balance, they must be resolved in the final design.

• Carbonizer and calciner bed supports have not been designed and specified.
Operating temperatures preclude the use of metals..The use of ceramic balls
may be a workable solution for both support and gas d.i'stribution, but this
method may not be proven in commercial operation. Further investigation is
required.

• Minimum freeboard space requirement i_1both the carbonizer and calciner
should be verified. This will ensure that there is adequate solids separation
from the gas, thus preventing excessive carryover to the cyclones.

• The potential hazards associated with hot char (ll00°F [593°C]) and calcinate
O ] • • •

(1800°F [982 C]) contacting a_ospherm oxygen at several transfer points m the
process have not been address"ed. These need to be investigated to determine
whether or not nitrogen/inert blanketing is required.

• In the present design, the calciner recycle gas compressor operates at an inlet
temperature of 375°F (191°C) to prevent oil condensation. Depending upon
commercial compressor limitations, the gas may have to be cooled to below the
oil dew point, which would necessitate a change in the design in order to
handle this condensation.

• The present design assumes complete burning of off-gas combustibles, with no
excess oxygen in the burners. If complete combustion is not attainable, off-gas
may not be able to provide sufficient hea t to maintain carbonization at about
ll00°F (593°C) while meeting the total fixed fluidizing gas rate. Fluidizing gas
includes cooler conveying gas used to transport the coal into the carbonizer.

• The formed coke system presented in this report is a preliminary scheme.
Further investigation and testing should be made into the specific requirements
of briquetting and curing the subject material. Disposition of tars driven off in
the curing kiln is another concern.

• The material balance calls for about 14-wt% oil to be used as binder in the
calcinate briquettes. Recent tests indicated the binder level can be as low as
10 wt%. (Topical Report for Task 4.6, Technical Evaluation). Also, depending
on heat losses from the process and exact operating conditions, combustion of
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the noncondensables provides more heat than the process requires. This extra
heat is eventually converted to electrical energy product. The recovery of more
condensables by using a lower quench temperature and the use of less oil as
binder will result in excess oil that can be sold as an additional product. This
will improve the economics to some extent and should be investigated beibre
proceeding to a detailed design for a commercial-size plant.

• Due to a number of uncertainties in the coal-cleaning steps, heat balance, and
condensable yield data, the process will have to be piloted at the 10- to 30-tpd
scale before proceeding to a commercial-size plant.
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3.0 PROJECT DESIGN BASIS

3.1 General

The mildcoalgasificationplantisintendedtoproducemetallurgical-gradeformed
cokebriquettesfrom a feedstockofIndianaNo. 3 coal.Productioncapacityisbasedon
a nominalcoalfeedrateof1000 tpd (drybasis).The conceptualplantdesigncomprises
ofthe followingmajorprocessingstepsand auxiliaries:

• CoalReceiving/Storage
* Coal Preparation
* Coal Beneficiation
- Coal Carbonization
• Char Calcining
• Gas Quench/Liquid Separation
• Waste Treatment
• Calcinate Beneficiation
• Calcinate Agglomeration
• Coke Storage
• Power Generation
• Other Required Utility Systems

The facility will be sited at Amax Coal Company's Chinook mine in Clay County,
Indiana. Overall plant configuration is based upon carbonizer and calciner unit
material balance/yield data provided by the EERC, based on previous pilot plant tests.
Material balance and yield data for the physical beneficiation cleaning steps on coal,
char, and calcine were provided by AMAX.

3.2 Site-Specific Data

3.2.1 Site Conditions

The plant will be located approximately 20 miles east of Terre Haute, Indiana, at
the Chinook mine in Clay County.

The following climatological data apply:

.°

Elevation,feetaboveMean Sea Level 700
Ambient TemperatureOutdoor,°F
Maximum 100
Minimum -20

Annual Snowfall,inches 30
AverageAnnual RelativeHumidity,% 72
AverageTemperature,°F29

January 27
February 32
March 42
April 54
May 64
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June 73
July 76
August 74
September 67
October 56
November 43
December 33

Average Precipitation, inches _
January 2.9
February 2.4
March 3.5
April 3.6
May 5.0
June 5.3
July 3.4
August 3.2
September 3.1
October 3.0
November 3.1
December 2.6

Wind Loading, mph 80
Direction of Prevailing Wind NW
Snow Loading, psf 20
Live Load, Platforms, psf 100
Dead T_ad, Platforms, psf 200
Seismic Zone (uniform building code) No. 2

3.2.2 Utilities Available at Site

3.2.2.1 Fuel Gas

Natural gas is available at the plant battery limits.

A high-pressure natural gas pipeline crosses the plant property. Gas can be taken
out of this line at any pressure desired. At present, the mine does not use any natural
gas.

Natural gas composition: _

Component Volume %
Carbon Dioxide 1.12
Nitrogen 0.44
Methane 95.28
Ethane 2.53
Propane 0.38
i-Butane 0.07
n-Butane 0.09
i-Pentane 0.03
n-Pentane 0.02
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Hexanes 0.04

Specific Gravity, gm/cm _ 0.587
Lower Heating Value, Btu/scf 929

3.2.2.2 Electricity

Power is available at plant battery limits at 13.8 kV. 21

3.2.2.3 Steam

Steam is not available from an outside source.

3.2.2.4 Raw Water

Raw water is available at plant battery limits. 21

Battery Limits Pressure, psig 85
Battery Limits Temperature, °F 50

Raw water analysis (in ppm) is:_

Hardness 400
g/gal 23.6
Ca (as CaCOs) 300
Mg 160
Fe < 0.3
Mn 0.16
C1 0.30
F 1
Si Not Available
Na Not Available
pH 7

3.2.2.5 Potable Water

The existing Chinook mine potable water system will be extended to the MG
facility via one supply line. This line will provide drinking water and water for
domestic use, as well as for safety showers and eyewashes.

3.2.2.6 Instrument/Plant Air

Not available, to be supplied by new system.
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, 3.2.3 Facility Service Requirements
..

The followingserviceswillbe requiredat/intheplantsite:

Railroad: ISBL spurforlimestonereceiving,product
shipping,ash disposal,and largeequipment/parts
delivery

Roadways: Exteriorservice,interiorplantroadstobe
minimum 30 feetwide

Storm Drainage: Surfaceslopeof0.5%,open trenchslopeof1%

FireProtection: Hydrantloopsystem

FreezeProtection: Electricheattracing

Utilities: Site-generated,exceptas statedabove

3.3 Feed and Product Specifications,Process Wastes

3.3.1 Feed Specifications

3.3.1.1Coal

The plantisdesignedtoutilizeIndianaNo. 3 coalfromAmax's Chinookmine.
Feed coalhas thefollowingcharacteristics:s4

Coal Rank Bituminous

Mine Chinook,Brazil,Indiana
ProximateAnalysis,wt% as-received
Moisture 8.20
Ash 12.12
VolatileMatter 34.79
Fixed Carbon(bydifference) 44.89
Total 100.00
Sulfur(total) 4.20
Sulfur(pyritic) 2.25
Sulfur(organic) 1.81
Sulfur(sulfate) 0.14

SpecificGravity 1.32
Apparent Density,-6 mesh, lb/ft 3 ' 47.4
Feed Coal Size 2 inch x 0 mesh
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3.3.1.2 Limestone (for AFBC)

Crushed limestone will be delivered to the plant site via truck/rail. 2_ne following
specifications are required:

Size 1/4 inch x 0 mesh

3.3.2 Product Specifications

3.3.2.1 Formed Coke

Formed coke product (briquettes) is expected to meet quality specifications as
determined by the following standard test procedures:

• Drop Strength Test for Shatter Resistance
• Tumble Test for Abrasion Resistance
• Compressive Strength Test for Crush Resistance
• Immersion Test and Shower Test for Resistance to Water Penetration

• Weight Loss Test under Reducing Conditions
• Ash, _m, S

3.3.3 Process Wastes

The following process wastes are generated at the MG plant and are subject to
disposal in accordance with existing local and federal EPA regulations:

3.3.3.1 AFBC Ash

Fly ash and bottom ash from the AFBC are collected and sent by truck/rail to the
Chinook mine for underground disposal.

3.4 Plant Capacity and Product Slate

The facility is designed to process feed coal at a rate of 1000 standard tons/day
(dry basis) from the mine, received via off-site feed conveyor from the Amax Chinook
mine washing plant.

The primary plant product is formed coke consisting of briquetted and cured
calcinate/binder mix. Recovered coal liquids from the gasification process are used as a
binder material for the formed coke. Only sufficient liquid for binding is recovered; no
excess liquid product will be produced at this facility at the assumed 14% binder level. TM

Electrical power is generated on-site for plant consumption. It is intended that
the quantity of power generated will be commensurate with the utilization of the
combined chemical heat content of all reject solid material and gaseous effluents from
the various coal/char beneficiation steps. Excess power generated from waste materials
only may be sold into the grid. Should the burning of wastes not provide sufficient
power, supplementary fresh coal may be utilized to meet on-site power demand.
However, fresh coal may not be used to generate merchant power.
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3.5 Process Model

Process simulation software, I-IYSIMTM (Hyprotech, Calgary), was used to model
the process in conjunction with the Peng-Robinson equation of state for estimating
physical properties and vapor-liquid equilibria. In the simulation, feed coal is
represented by moisture- and ash-free material (ma/), ash, and water. Ash is treated as
inert. No heat of formation is included for the solids.

Product oils were characterized for input to HYSIM TM using an approximate
ASTM D2887 assay with 10 boiling point fractions. As the nature of the oil
components is hypothetical, heats of formation and heats of combustion for these are
not available from HYSIM TM and had to be estimated by approximating standard
components. The carbonizer and calciner were modeled as stoichometric reactors.

Sulfur was not included in the simulation, as 1) modeling the transformation of
sulfur compounds as they pass through the carbonizer and calciner is not practical and
2) sulfur is relatively insignificant in the energy balances. Instead, the sulfur balance
was performed externally to the model. AS a result, gas streams in the mass balance
(Section 6.0) showed somewhat higher sulfur contents than was found in the simulation
output (Appendix B).

3.6 Design Parameters from the EERC and AMAX

Data in this section constitute the basis for the mass and energy balance and are
used as design criteria for specific plant systems and equipment. General arrangement
of design data herein is presented according to the order of process flow.

3.6.1 Coal Beneficiation

The following separation parameters were provided by AMAX for coal separation
by gravity tables: s4

Component Weight % Rejected
maf 7.75
ASh 25.0
Water 9.99
Sulfur 15.01
Volatile Matter 7.0 \

3.6.2 Carbonization

3.6.2.1 Carbonizer Feed

AMAX provided the following carbonizer feed composition: 3_

lb/hr. % by Weight
Coal (-6 mesh, as-received) 64,505
maf 52,778
Ash 6,438 10.9
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Water 5,290 8.9
Sulfur 2,514 4.2
Volatile Matter 23,191 39.2

3.6.2.2 Carbonizer Conversion

Coal conversion in the carbonizer is based on the EERC's initial material
balance. 34 Fluidizing gas rate to the carbonizer was maintained at 91,833 lb/hr in
accordance with the EERC's balance. However, with regard to char formation, a
change has been made from the EERC's basic balance. The EERC's data show a
significant quantity of oxygen in the fluidizing gas, based on runs performed in their
test facility. In the commercial plant, oxygen will not be present in the carbonizer.
This difference is reflected by the suppression of C02 and a corresponding increase in
char yield. Accordingly, X.Bi established the following changes in coal/char composition
(conversion) in the carbonizer:

Yield, lb/100 Weight % in
Component lb Feed mar Overhead Gas

mar +67.52 10.0
Ash 0.00 10.0
Oxygen 0.00 100.0
Nitrogen 0.00 • 100.0
Carbon Dioxide 0.00 100.0
Methane +2.49 100.0
Hydrogen +0.78 100.0
Carbon Monoxide +2.09 100.0
Hydrogen Sulfide +2.33 100.0
Ethane +0.53 100.0
Ethylene +0.13 100.0
Propane +5.98 100.0
Propylene +0.15 100.0
Water 0.00 100.0
Condensable Hydrocarbon + 18.00 100.0

100.00

3.6.2.3 Carbonizer Effluents

The quantities and compositions of carbonizer char and effluent gas are based on
conversion parameters derived by XBi from the EERC data (see table above). The
following data regarding hydrocarbon and sulfur in the exit gas were also given by the
EERC:

• CARBONIZER GAS

Condensable hydrocarbon: 9500 lb/hr (fiLxed).
Simulated ASTM distillation: _
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ABP. °F Weight %
320 0.0
392 24.0
482 66.0
572 90.0
662 97.5
752 99.0
842 100.0

- Includes 345 lb/hr total sulfur.

• CARBONIZER CHAR

Based on the XBi conversion parameters above, the following total char (bed +
frees) is produced in the carbonizer:

lb/hr
Total Char 42,090
maf 35,652
Ash 6,438
Sulfur I,011
Volatile Matter 5,557

3.6.2.4 Carbonizer- Other Design Parameters

• Superficial Gas Velocity: 4 fps. 4s

• Residence Time: 3 hours, 17minimum is 30 minutes, is

• Carbonizer Geometry: _° Bed L/D = 1, Freeboard (Top) L/D = 1, Overall L/D =
2.

• Heat loss: 7 MM Btu/hr (approximately 10% of heat load). TM

3.6.3 Char Beneficiation

The following separation parameters were given by AMAX for char magnetic
separation: 34

Weight % Rejected
maf 11.11

! Ash 22.76
Sulfur* 23.80
Volatile Matter 13.44

* Adjusted value in order to maintain char
sulfur at 2.1 wt% to calciner.
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3.6.4 Calcination

3.6.4.1 Calciner Feed

Quantity and composition of feed to the calciner are derived from 1) the
carbonizer effluent given above and 2) beneficiation of the carbonizer char by magnetic
separation according to the ab_ve separation factors. The following calciner feed
composition was used:

p,

lb/hr
Total Char 36,363
maf 31,691
Ash 4,972
Sulfur* 770
Volatile Matter 4,810

* Adjusted value in order
to maintain char sulfur
at 2.1 wt%.

3.6.4.2 Calciner Conversion

Char conversion in the calciner is based on the EERC's initial material balance. 3_
Fluidizing gas rate to the calciner was maintained at 100,000 lb/hr in accordance with
the EERC's balance. However, with regard to calcinate formation, an adjustment has
been made from the EERC's basic balance. Accordingly, XBi established the following
changes in coal/char composition (conversion) in the carbonizer:

Yield, lb/100 Weight % in
" Component lb Feed maf Overhead Gas

maf +83.0 20.0
Ash 0.0 20.0
Oxygen 0.0 100.0
Nitrogen 0.0 100.0
Carbon Dioxide +9.05 100.0
Methane + 1.86 100.0
Hydrogen +0.56 100.0
Carbon Monoxide + 1.86 100.0
Hydrogen Sulfide +0.83 100.0
Ethane +0.06 100.0
Ethylene +0.01 100.0
Propane +0.66 100.0
Propylene +0.02 100.0
Water +1.68 100.0
Condensable Hydrocarbon +0.19 100.0

100.00
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3.6.4.3 Calciner Effluents "_

The quantities and compositions of calcinate and effluent gas are based on
conversion parameters derived by XBi from the EERC data (see table above). The
following data regarding hydrocarbon and sulfur in the exit gas were also given by the
EERC: s4

• CALCINER GAS

Condensable hydrocarbon: 59 lb/hr (fixed).
Simulated ASTM distillation: 35

ABP, °F Weight %

176 0.0
392 32.0
572 68.0
752 86.0
932 98.0
950 100.0

- Includes 1-1b/hr sulfur.

• CALCINATE

Based on the XBi conversion parameters above, the following total calcinate (bed
+ times) is produced in the calciner:

.lb/hr
Total Calcinate 31,372
mar 26,400
Ash 4,972
Sulfur 521
Volatile Matter 1,336

3.6.4.3 Calciner. Other Design Parameters

• Superficial Gas Velocity: 2 fps. 1°

• Residence Time: 3 hours, 1_minimum is 30 minutes.

• Calciner Geometry: _7 Bed L/D = 0.5, Freeboard (Top) L/D = 1, Overall L/D =
1.5.

• Heat loss: 7 MM Btu/br (approximately 10% of heat load). 18
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3.6.5 Calcinate Beneficiation

The following separation parameters for calcinate fines (cyclone underflow) by •
gravity table were derived from data given by AMAX for coal gravity table
separation: 34

Component Weight % Rejected
mar ' 7.75
Ash 25.0
Sulfur* 24.4
Volatile Matter 7.0

* Adjusted value in order to
maintain calcinate fines sulfur
at 1.6 wt%.

3.6.6 Briquetting (Formed Coke)

Formed coke contains 6 - 10 wt% recovered liquids for binder.

3.7 Design Factors Applied by XBi ..

3.7.1 On-Stream Factor

• Operation 330 days per year (approximately 90% on stream).

3.7.2 Minimum Storage Capacities

• Coal feed: 48-hour reserve at 1000 tpd (8% moisture by weight).
• Formed coke product: 48-hour capacity.
• Intermediate coal/char surge hoppers: 2-hour capacity.
• Calcinate storage: 48-hour capacity.
• Reject coal/char storage: 24-hour capacity.
• Reject calcinate storage: 24-hour capacity.

3.7.3 Bulk Solids Belt Conveying

• Belt conveyors are generally used for bulk conveyhlg cool solids.
• Conveying design capacity is approximately twice normal (continuous)

requirement for feeding downstream equipment.
• Maximum incline for belt conveyors: 15°.
• Belt conveyors are enclosed.

3.7.4 Pneumatic Conveying

• Maximum 8:1 solids-to-air ratio.
• Piping is sized for 6000 to 7000 fpm.
• All bends are sweeps; no ells are used.
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3.7.5 Cyclon¢s

• Primary cyclones remove particles > 10_m with 50% efficiency.
• Secondary cyclones remove particles > 4_m with 50% efficiency.

3.7.6 Baghouses

• Maximum 3:1 air-to-cloth ratio.
• Maximum solids discharge to atmosphere is 0.002 grain/scf.

3.7.7 Dusty Vent Lines

• Minimum incline/decline: 60°.

3.7.8 Solids coolin_

• Design duty is 115% of the normal rate.

3.7.9 Compressors

• Carbonizer gas: design capacity is 110% of normal flow.
• Calciner makeup gas: design capacity is 120% of normal flow.

3.7.10 Heat Exchangers

• Design duties are 120% of normal rate.

3.7.11 Carbonizer Off-gas In-line Burners

• 10:1 carbon-to-hydrogen weight ratio for condensables in off-gas.
• Air compressors: design capacity is 120% of normal flow.
• Heat loss not included in duty.

3.7.12 Gas Quenching/Oil Recovery

• Oil circulating pump and cooler: design capacity is 130% of normal rate.
• Oil storage tank: 48-hour reserve at 5,278 lb/hr.
• Heat loss is 0.65 MM Btu/hr.
• Oil transfer pump: design capacity is about three times the normal flow.

3.8 Safety and Environmental Constraints and Compliance

3.8.1 General

The MG facility is to be detail designed in accordance with all applicable national
safety codes and standards. These include, but are not limited to:

ASME Sections I, II, V, VIII, and IX RMA
ASTM AWS
ANSI B31.1 OSHA
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HI Standards MSHA
ASHRAE AFBMA ,
SMACNA NFPA
AMCA AGMA
TEMA FM
ASME Perfbrmance Test Codes UL
HEI NFPA
CEMA

Design, construction, and operation of the plant is also governed by applicable
federal, state, and local environmental and health regulations which include CAA,
CWA, HSWA, and SARA.

3.8.2 SafeW Considerations

3.8.2.1 MSHA and OSHA

AMAX's existing Chinook mine is currently regulated by the Mining Safety and
Health Act (MSHA). The new MG facility, considered to be an addition to the mining
operation, will thus be regulated by MSHA as far as applicable. For industrial safety
and health concerns beyond those administered by MSHA, the Occupational Safety and
Health Act (OSHA) will apply.

3.8.2.2 Fire and Explosion Protection

National Fire Protection Administration (NFPA) codes and guidelines as
applicable to coal processing/handling will govern. State-of-the-art fire and explosion
prevention technology will be applied; e.g., all coal, coke, and dust-laden conveyances
and handling equipment are to be protected by venting, explosion-suppression devices,
and/or water sprays, as applicable.

3.8.3 Safety Design Fea.tures ..

3.8.3.1 Fire Water System

A fire water loop is provided to supply water to hydrants, hose stations, and fLxed
automatic water suppression systems. Fire water is supplied by an electric
motor-driven primary pump and backup diesel engine-driven pump. The system is
continuously pressurized by one partial capacity jockey pump. The pumps take suction
from a single, above ground raw water tank. In the event the jockey pump cannot
maintain the system pressure, the main fire pumps will start sequentially.

The following equipment and areas are protected by fixed automatic water
suppression systems:

• Coal/char conveyors, galleries, and solids handling structures.
• Main and auxiliary transformers.
• Turbine lube oil _reservoir.

• Areas under the turbine generator operating floor.
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* Cooling tower.
* Warehouse and other facilities, as required.

3.8.3.2 Fire/Explosion Detection and Prevention

An alarm system utilizing ionization detectors is provided for the electrical cable
spreading room and electronic rooms. Fixed-temperature detectors and rate-of-rise
detectors are provided in the coal and char handling areas, cooling tower, and main and
auxiliary transformer areas. These are protected by deluge water spraying systems.

UV/IR flame detectors are provided for the boiler in the AFBC firing aisles. A
permanent Halon extinguishing system is provided for the electronic/computer room.
Permanently installed Fike or Fenwall flooding systems are provided for the protection
of each dust.collection system.

Permanently installed f'ire protection systems are augmented by the following
portable equipment:

• Manual carbon dioxide and/or Halon extinguishers for electrical equipment and
switchgear in confined areas where this type of extinguisher is effective.

• Multipurpose ABC dry chemical extinguishers throughout the plant.

• A carriage-mounted 150-pound dry chemical unit on each level of the turbine
bay.

\

• A fire truck with 3500-gaUon capacity and 250 gpm pump capable of passing a
3-hour National Board of Fire Underwriters Class A acceptance test.

• Hose stations with 1-1/2-inch fire hose in areas not readily accessible by
hydrants.

3.8.3.3 Fire/Safety Around Specific Areas or Equipment

Coal Storage: A fire water loop is not provided around inactive coal storage
areas. Enclosed storage areas are ventilated to prevent the accumulation, of explosive
or combustible gas and dust mixtures. Continuous venting of the space at the top of
coal storage silos is provided.

Conveyors: Bureau of Mines fire retardant conveyor belt material is standard.
Conveyor galleries are provided with bulkheads or draft curtains to inhibit potential
spread of fire by drafts or natural air convection. Conveyors are further :protected by
fixed water spray systems.

Transformer Areas: A dry-pipe, open-head deluge water spray system is provided
for the main and auxiliary transformers. The deluge system will comprise of an
automatic deluge valve interlocked with the transformer protective relays.
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3.8.4 Enivronmental Regulsti0ns

3.8.4.1 Air Emissions

Atmospheric airborne discharges from the MG facility are regulated by USEPA,
Indiana EPA, and applicable local air quality regulatory agencies under the 1990
Amendments to the Clean Air Act (CAA), the Hazardous and Solid Waste Amendments
(HSWA), and the Superfund Amendments and Reauthorization Act Community Right-to-
Know Act (SARA Title III).

3.8.4.2 Water Discharge Quality

Aqueous discharges from the MG facility must meet all pollution criteria as
prescribed by the Water Quality Act (WQA), National Emissions Standards for
Hazardous Air Pollutants (NESHAP), the Hazardous and Solid Waste Amendments
(HSWA), the Toxic Characteristic Leaching Procedure (TCLP, effective 1994), and the
Superfund Amendments and Reauthorization Act Community Right-to-Know Act (SARA
Title III). These regulations are enforced by USEPA, Indiana EPA, and applicable local
regulatory water quality agencies.

_ 3.8.4.3 Sanitary Discharge.

Sanitary wastes will be sent to the existing Chinook mine waste disposal
facilities. It is assumed that the existing facility is in compliance with current
regulations. .

3.8.4.4 FAA

The height limitation and visibility of facility structures and equipment are
governed by FAA regulations, Obstruction Marking and Lighting, A.C. 70/7460-1C.

3.8.4.5 Noise

Noise levels within the plant boundaries are not to exceed MSHA standards for
Occupational Noise Exposure as stated in the Federal Register, Section 1910.95.

3.8.4.6 HVAC

Design of HVAC and HV systems are based on ASHRAE guides and AMCA
standards. Heat load calculations and equipment selection are based on outdoor
conditions listed in the ASHRAE Handbook of Fundamentals.

3.8.5 Environmental Compliance Design Features

3.8.5.1 Air Emissions

Emission species which are controlled to meet environmental requirements include
sulfur compounds (H2S , 802, COS, and complex organic sulfur compounds), nitrogen
oxides (NO,), particulates, carbon monoxide (CO), hydrocarbons, and others (NHs, HCN,
alkali metals, etc.). In the MG facility, some of these are generated in both the

2'7



gasification process and from the combustion of coal and char in the AFBC. Those
produced during gasification, however, are sent with the process off-gases to the AFBC,
where they are burned. Thus emission of the controlled species, with the exception of
particulate matter (see below), is limited to AFBC flue gas.

AFBC: Design of the AFBC is predicated on compliance with Federal EPA and
local agency air quality requirements. Emissions of SO2, NO,, CO, and particulate
matter (fly ash) from the AFBC will not exceed these standards. The boiler stack is
designed to comply with Good Engineering Stack Height as def'med by Federal Register
40 CFR 51.

Particulates: Ali coal and char in the MG facility is conveyed and processed in
closed systems. Prior to atmospheric discharge, each gas stream which has been used
in the process and/or for solids conveying is passed through a dedicated, suitably
designed baghouse. Baghouses reduce the discharge particulate level of these vents to
0.002 grains/scf in order to meet current federal and local air emissions standards.

3.8.5.2 Wastewater

The process normally uses no water and does not generate aqueous process wastes.
Coal, char, and ash are not stored in open piles on-site. Thus process runoff or leachate
from these need not be considered.

Oil-lubricated equipment or equipment which contains regulated materials (e.g.,
transformer oil) are located in diked areas. Runoff from these is collected and pumped
to the Chinook mine wastewater handling system for further treatment. Cooling tower
blowdown, boiler blowdown, and water treatment backflush are also collected and
pumped to the mine wastewater treatment facility. Domestic wastewater is pumped to
the existing Chinook mine area sanitary waste disposal system.

3.8.5.3 Solid Wastes

Ali reject process solids (coal and char) are burned as fuel in the AFBC. Fine
solids (particulates) which are collected in baghouses throughout the processing facilities
are either returned to the process or burned in the AFBC. Fly ash and bottom ash
from the AFBC are collected in closed hoppers and transported by truck/rail to the
Chinook mine for underground disposal. The need for the routine disposal of other
solid/hazardous wastes is not anticipated.
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4.0 PROCESS DESCRIPTION AND PHILOSOPHY

4.1 General

The mild coal gasification plant flow scheme is divided into five main processing
areas. These are:

• Coal storage and preparation (Appendix B, PFD-001) which comprises:

- Receiving and storage.
Preparation (crushing and drying).

- Coal beneficiation (screening and gravity separation).
.

• Coal carbonization (Appendix B, PFD-002) which comprises:

- Carbonization and char cooling.
- Carbonizer char beneficiation (screening and magnetic separation).

• Carbonizer liquids recovery (Appendix B, PFD-003) which comprises:

Gas quench and liquids storage.
- Carbonizer gas recompression and burning.

• Char calcination (Appendix B, PFD-004) which comprises:

Calcination and calcinate cooling.
- Fines recovery and beneficiation (gravity separation).

Calciner gas recompression.

• Coke briquetting (Appendix B, PFD-005) which, comprises:

Char and binder feed mixing.
Briquetting.
Briquette curing and coking.
Gas handling.

In addition to the coal handling and processing units, facility on-sites also
incorporate all equipment and utility systems required to support and maintain
continuous independent operation. These include:

• AFBC and auxiliaries (Appendix B, UFD-011).
• Steam/power generation (Appendix B, UFD-012).
• Water treatment and storage (Appendix B, UFD-013).
• Plant cooling water, fire water, and brine facilities.

As in the previous section, several references to sources of information are cited.
A list of these references is given in Appendix A.
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4.2 Coal Storage and Preparation Area (Appendix B, PFD-001)

4.2.1 Coal Receiving and Storage

Coal enters the plant battery limits via a belt conveyor from the mine. From the
plant boundary, feed coal is transferred by the Coal Receiving Conveyor F-101, to the
Coal Silo, T-101. A belt scale (an accessory to F-101) records the quantity of coal which
crosses the plant boundary. Air vented from the Silo is passed through Baghouse G-
101 to eliminate fugitive coal dust emissions, then discharged by the Baghouse Blower
K-lO1.

The Coal Silo has twin bottom, discharge cones, each feeding one of two equal and
parallel process trains. All equipment from this point (except as noted otherwise) is
identified by suffLxes "A" and "B" for respective trains on flow diagrams, the equipment
list, etc. For clarity in the process description, however, SUffLxeSare not used, and the
description refers to each train.

Feed coal from T-101 is first carried a short distance by Belt Feeder F-102 to the
main Belt Conveyor F-103, which lifts the coal to Surge Bin T-102. As coal is conveyed
on F-103, _,it encounters a scale, magnetic separator, and metal detector. These
auxiliaries verify the mass of coal to be processed and ensure that no large metallic
debris is passed through to possibly damage downstream equipment.

Bin T-102 provides feed surge and consistent flow for the Coal Crusher J-101.
Both F-103 Conveyors discharge to only one T-102. As with the T-10I bin, air from T-
102 is vented through a baghouse and discharged to the atmosphere via a blower (G-
102 and K-102, respectively, single-train). T-102 also has twin bottom discharge cones;
from here the process again splits to two parallel trains.

4.2.2 Coal Preparation

Feed coal received at the site is approximately 2 inch x 0 mesh and wet. In order
to facilitate downstream processing, the coal is first crushed, TMthen screened and
surface-dried to no more than 8% moisture. 15 Crushing the coal prior to drying permits
fluidization in the dryer, thus enhancing the dryer's effectiveness.

From each discharge cone of T-102, Belt Feeder F-104 carries feed coal into
Crusher J-101. J-101 is a double roll-type crusher which reduces the coal to approxi-
mately 1/4-inch mesh. Crushed coal from J-101 falls onto the belt-type Dryer Feed
Conveyor F-105, which carries the coal up to the feed chute of Coal Dryer H-101 above
the 5rh level (approximately 90 feet above grade). The dryer is a fluid-bed type in
which the coal is dried with hot air from the AFBC air preheater. Air enters the dryer
at 400°F (204°C). Dryer capacity is based on drying 45 tph (dry basis) of coal
containing 13% to 8% moisture maximum.

Exhaust air from the dryer is discharged to the Coal Cyclones C-101 (two cyclones
in parallel). Here the larger coal particles still entrained in the air are removed.
Cyclone overflow is sent to Baghouse C_103, where the remaining free coal particles are
eliminated by the cloth filter bags. Air leaves the dryer at approximately 250°F
(121°C), suitably above the Water dew point to prevent downstream condensation and
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sticking of char fines in the cyclones and baghouse. Coal fines collected in the cyclones
and baghouse are discharged by rotary valves to the Reject Hopper T-103.1_

4.2.3 Coal Beneficiation

Feed coal typically contains three types of sulfur compounds, viz., organic, pyritic,
and sulfates (inorganic). Pyritic sulfur occurs in distinct particles and is approximately
three times the density as the coal itself2 ° This allows some amount of physical
rejection of pyritic sulfur to be achieved. Furthermore, reducing the amount of pyrite
fed to the carbonizer decreases the degree of gravity separation required downstream
and reduces the conversion of pyritic sulfur to organic sulfur during carbonization. 23

Coal from the dryer flows by gravity into the Coal Screener C-102. The Screener
has two vibrating screens in series which separate the coal into three fractions: 10

• mesh and over, 10 to 24 mesh, and <24 mesh (fmes). The purpose of this operation is
to facilitate the next step, beneficiation by gravity separation, by limiting the size
distribution range of coal to each of the gravity tables. _

Crushed, dried, and segregated coal from the screener is fed by gravity to three
gravity tables (C-103, C-104, and C-105), which operate in parallel. In the gravity
tables, air from blowers (K-103, K-104, and K-105, respectively) is blown upward
through a sloped vibrating deck, fluidizing the lighter coal particles. Heavier particles
(containing pyrite and ash) are not fluidized and thus are carried upward by the motion
of the deck toward the high end. The lighter particles, disengaged from the deck,
"float" downslope and are discharged from the low end.

The denser fraction from each gravity table is fed by gravity to the Reject Hopper
, T-103. This fraction contains a higher concentration of pyrites than the coal in the

light fraction. Reject coal from T-103 is pneumatically conveyed to the AFBC reject
coal hopper 14 with air from Blower K-106.

J

The lighter fraction from each gravity table, now somewhat reduced in pyritic
sulfur and ash content, is gravity fed to Surge Hopper T-104 through the Carbonizer
Feed Mixer M-101. M-101 is a vertical static mixer which ensures that the varying
particle sizes from all three gravity tables are well blended before feeding to the
carbonizer.

4.3 Carbonizer Area (Appendix B', PFD-002)

4.3.1 Coal Carbonization

Processed feed coal from Hopper T-104 is carried by belt-type Feed Conveyor F-106
to the Carbonizer Feed Hopper T-301. Coal is pneumatically conveyed 15from T-301 into
the bottom feed section of the Carbonizer R-301. Fresh coal is fed at a constant rate to

the carbonizer. Recycled and reheated gas at 2800°F (1538°C) is simultaneously injected
into the bottom of the carbonizer. A portion of the recycled carbonizer gas stream is
used for conveying feed into the carbonizer. Temperature of the conveying gas is
maintained at approximately 600°F (316°C) by mixing reheated and cold recycle gas. TM

Total gas to the carbonizer (feed gas plus conveying gas) is maintained at a constant
rate.
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The carbonizeroperatesatapproximatelyII00°F(593°C).I A rangeof1050°to
1125°F(566°to607°C)isoptimum.TM High-temperaturecarbonizationisrecognizedas
theprincipalcarbonizationtechniquefortheproductionofmetallurgicalcokeas 1)coke
producedin thismanner islessporousand lessreactive,and 2)recoveredliquids
coproductionisnot as essentialforcommercialviability.5°

Hot gas isfedintothecarbonizercharbed througha distributiondevice.TM Coal
isfedtothecarbonizerthroughmultipleports,creatinga spouted-bedoperation.
During a residencetime of3 hoursinthe carbonizer,char(enrichedcoal)isformedas
volatilecompounds aredrivenoutofthecoal.The spouted-beddesignwas chosen
basedon favorableresultswithcakingcoalsin othergasifiersystems.Inthis
carbonizer configuration, the internal recycle of char back to the bottom of the bed _"_"
reduces agglomeration. _ •

Volatile s from the carbonizer are carried off by the exit gas. Gas exits the top of
the carbonizer at about ll00°F (593°C). Char particulate matter is separated from the
gas by passing it through a two-stage (series) cyclone system. Each of the primary and
secondary carbonizer cyclones, C-301 and C-302, is comprised of two units in parallel •
(four cyclones in all) for capacity consideratior/s. Primary cyclones are designed to
separate 10/_m particles with 50% efficiency; secondaries are designed for 4/_m particle
separation at 50% efficiency. 1 Underflow solids are discharged by rotary air locks from
the bottom of the four cyclones and cooled prior to further processing (see below). Gas
from the cyclones is sent to the quench section for cooling, condensation of volatiles,
and liquids recovery.

Devolatilized char is discharged from the top of the char bed of the carbonizer via
a chute and rotary air lock into the Char Cooler H-301. Separated char fines from the
cyclones (see above) are combined with the carbonizer char into H-301. H-301 is a
screw-type cooler with hollow flights filled with circulated cooling brine. TM Char enters
the cooler at the carbonizer temperature of ll00°F (593°C) and exits at about 200°F
(93°C). Cooling the char prior to calcining is not energy efficient, but the char must be
cooled to less than 250°F (121°C) in order to protect the permanent magnets in the
magnetic separators which are used prior to calcining. _ Cooled char drops by gravity
from the discharge end of the cooler into the Screener Feed Hopper T-302.

4.3.2 Char Beneficiation

Although coal beneficiation reduces the pyritic sulfur content (see above),
carbonizer char still contains significant pyritic sulfur in the form of pyrrhotite.
During carbonization, pyrite (FeS2) is converted to pyrrhotite (FeSx) with the extra

. sulfur either reporting to the off-gas or remaining in the char as elemental sulfur.
Where the sulfur goes is influenced by reducing conditions and other factors that
cannot be fully explained. Pyrrhotite is magnetic, while pyrite is paramagnetic and
elemental sulfur has very little magnetic susceptibility. At temperatures of 800 ° to
ll00°F (427 ° to 593°C), the conversion of pyrite to pyrrhotite is maximized, and there
should be a •good opportunity to use magnetic separation to remove sulfur from the
char, assuming the pyrrhotite mineralization is liberated from the other constituents in
the char. At temperatures below 800°F (427°C), conversion to pyrrhotite is not possible,
and at temperatures above ll00°F (593°C), the pyrite converts completely to iron

32



_.J..

compounds and elemental sulfur. Magnetic separation may remove the iron compounds
and improve the ash content, but it is not effective on elemental sulfur.

Char is transferred by belt-type Conveyor F-301 from grade level (under Hopper T-
302) to the top of the Char Screener C-307 at approximately 90 feet above grade. The
screener has two vibrating screens in series which separate the char into three
fractions: 20 mesh and larger, 20 to 40 mesh, and < 40 mesh (frees). The purpose of
this operation is to limit the particle-size distribution range of char to each magnetic
separator in order to enhance separation efficiency. _

Char is fed by gravity from the screener to three magnetic separators (C-304, C-
305, and C-306), which operate in parallel. High-strength magnetic elements on a
rotating drum in each magnetic separator draw away char particles which have a high
pyrrhotite content. The high-pyrrhotite char is then discharged to one side of the
_parator (reject magnetic discharge), while the nonmagnetic char (product) is
discharged from the other side. Reject char is discharged from the three separators
gravity flows to the Reject Char Hopper T-303. Reject char from T-303 is then
pneumatically conveyed to the AFBC reject char hopper 14with air from Blower K-302.

Nonmagnetic (product) char from each magnetic separator, now somewhat further
reduced in pyritic sulfur content, is gravity fed to Surge Hopper T-304 through the
Calciner Feed Mixer M-301. M-301 is a vertical static mixer 16which ensures that the
varying particle sizes from all three separators are well blended before being fed to the
calciner.

Atmospheric discharge of coal and char dust is prevented by feeding the vent lines
from all carbonizer area equipment (i.e., hoppers, screeners, gravity tables, m_d
conveyors) to Baghouse G-301. The baghouse filter medium ensures that discharge gas
does not exceed the EPA airborne dust criterion of 0.002 grain/scf. 18 Vent draft is
induced through the baghouse by Exhaust Blower K-301.

4.4 Carbonizer Gas Quench System (Appendix B, PFD-003)

4.4.1 Gas Quench and Liquids Recovery

Recovered coal liquids are not intended to be a discrete product of this plant. TM

Thus the liquids recovery system is operated at conditions which limit the amount of
liquid recovered to only that required as binder in the formed coke process (see Section
3.6)..42 Surplus condensable components which evolve during carbonization are allowed
to exit with the make gas to be burned in the AFBC. _

Hot gas at ll00°F (593°C) from the carbonizer cyclones enters the bottom section
of the Quench Tower Q-501 and flows upward through a series of disc-and-donut trays.
Recirculating recovered coal liquids at 175°F (79°C) are introduced onto the top tray in
Q-501 and flow downward, contacting the gas. The gas is thus quenched, and higher
boiling fractions in the gas are condensed into the liquid. Gas leaves the top of the
tower at 190°F (88°C); liquid exits the bottom of the tower at 370°F (188°C). The tower
operates at a top pressure of 1.5 psig. At these operating conditions, water will not
condense from the carbonizer gas stream in the quench tower. _,5
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Liquid from the bottom of Q-501 is pumped by the Circulating Pump P-501
(spared by P-502) to the Oil Cooler H-501 where it is cooled by brine to 175°F (79°C),
then recirculated to the top of the tower. The return rate to the tower is manually set
at about 520 gpm. Level control for the tower bottom determines the portion of the
cooled stream that is removed. Net bottoms liquid is thus equivalent to the amount of
material which condenses from the gas as it passes through the tower.

Net bottoms liquid from the quench operation is stored in Storage Tank T-501.
This tank is split-range pressure controlled; i.e, it is nitrogen-padded to eliminate air
when operating below atmospheric pressure and evacuated by the Off-gas Compressor
K-504 (spared by K-505) to prevent overpressure. TM The Compressor discharges off-gas
to the AFBC where it is burned. Liquid temperature in the tank is maintained at
175°F (79°C) by the self-regulating electric bayonet Tank Heater H-502. This
temperature is warm enough to prevent the liquid from setting up like asphalt, yet not
high enough to significantly weather the liquids by boiling off lighter components? 8
Furthermore, tank contents are stirred by the paddle-type Mixer M-501, which also
reduces the tendency of the oil to set up, stratify, or polymerize. TM The Oil Transfer
Pump P-503 (spared by P-504) delivers liquid from T-501 to T-603 in the briquetting
area as required. All equipment in the liquid storage system (i.e., T-501, H-502, M-501,
K-504/505, and P-503/504) is common to both trains.

4.4.2 Gas Recompression and Reheat

Gas from the top of the quench tower is sent to the Compressor Suction Drum
T-502, where entrained liquid droplets are removed prior to compression of the gas.
Liquid recovered in T-502 is returned to the tower by Pump P-505. Scrubbed gas, at
approximately 0.5 psig, from T-502 is then compressed to 18 psig by the Carbonizer Gas
Compressor K-501. K-501 is a steam turbine-driven centrifugal machine. Quench
tower operating pressure (compressor suction) is maintained by controlling the steam
rate to the K-501 turbine driver.

A sidestream is taken from K-501 at 10 psig and approximately 300°F (149°C).
Part of this stream is returned directly to the carbonizer area where it is used to
convey feed coal from the feed hopper into the carbonizer (see above), the remainder of
the sidestream is flow-controlled to the Carbonizer Recycle Gas Burner B-501. Here
combustibles in the quenched, recompressed gas are burned with air. Combustion air is
supplied to the burner by Compressor K-502. Air rate to the burner is set by ratio
control to the combustibles content of the quench tower overhead stream. Compressor
output is regulated by controlling the steam rate to its steam turbine drive. Reheated
gas from the burner at approximately 2800°F (1538°C) is then recycled to the bottom of
the carbonizer.

The Final stage of K-501 discharges at 18 psig and approximately 400°F (204°C).
Part of this gas is vented off to maintain pressure in the recycle gas system. This vent
gas is sent to the AFBC where it is burned. The remainder of the high-pressure
discharge from K-501 is flow-controlled to the Calciner Makeup Gas Burner B-502,
where combustibles in the gas are burned with air, as in B-501 above. Combustion air
is supplied to the burner by Compressor K-503. Again, air rate to the burner is set by
ratio control to the combustibles content of the gas stream, and air compressor output
is regulated by controlling steam rate to the turbine drive. Reheated gas from B-502 at

34



approximately 2800°F (1538°C) is then sent to the calciner area where it is mixed with
recycle gas before entering the bottom of the calciner.

4.5 Calciner Area (Appendix B, PFD-004)

4.5.1 Calciner Operation

Product char from magnetic separation is transferred by belt-type Conveyor F-302
from grade level (under Hopper T-304) into the top of the Calciner Feed Hopper T-401
at approximately 120 feet above grade. From T-401, char is gravity fed by rotary air
lock into a pneumatic conveying line which transports it into the bottom of the char
bed in Calciner R-401.

Calciner feed rate is dependent upon the char production rate of the carbonizer.
Residence time of the char in the calciner is approximately 3 hours. 17 Calciner bed
temperature is maintained at 1800°F (982°C) by the circulation of reheated gas into the
bottom of the bed which exits the top of the calciner. Total gas to the calciner (feed
gas plus conveying gas) is maintained at a constant rate, sufficient to affect
fluidization. 1 Calcinate (enriched char) is formed under these conditions as the hot
fluidizing gas drives off an additional amount of volatile compounds (compared with the
Carbonizer) from the char.

Calcinate is discharged from the top of the char bed of the calciner via a chute
and rotary air lock into the Bed Calcinate Cooler H-401, a screw-type cooler with
hollow flights' filled with circulated cooling brine. Calcinate enters the cooler at the
calciner temperature of 1800°F (982°C) and exits at about 200°F (93°C). The cooled
calcinate drops by gravity from the discharge end of the cooler into the Calcinate
Product Storage Hopper T-402. From T-402, calcinate is pneumatically conveyed to the
Product Calcinate Formed Coke Feed Hopper T-601 with air from Blower K-402.

4.5.2 Calciner Gas Recycle System

Gas exits the top of the calciner at about 1800°F (982°C) and enters a two-stage
cyclone system to remove entrained calcinate particles. The system comprises the
Primary Cyclone C-401 and Secondary Cyclones C-402 and C-403. Each of the primary
and secondary carbonizer cyclone services require two units in parallel (four cyclones in
all) for capacity considerations. Primary Cyclones are designed to separate 10/_m
particles with 50% efficiency; secondaries are designed for 4frm particle separation at
50% efficiency. 1 Underflow solids are discharged by rotary air locks from the bottom of
the four cyclones and cooled prior to further processing (see below).

Pressure of the deentrained gas from the secondary cyclones is boosted by the
Calciner Recycle Gas Compressor K-406 and recycled to the bottom of the calciner.
Prior to recompression, the gas is cooled first to 1200°F (649°C) by heat exchange with
the compressor discharge stream in Heat Exchanger H-403. The temperature of the gas
is further reduced to 375°F (191°C) in Gas Cooler H-404 with cooling brine. The gas is
then passed through the Suction Drum T-405 in order to deentrain any liquids which
may condense as the gas is cooled. Liqtdds from T-405 are returned to the tower by
Pump P-402. As the compressor suction gas is cooled in H-403, the compressor
discharge stream is preheated from 450 ° to l150°F (232° to 621°C).
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Recycle Compressor K-406 is a steam turbine-driven centrifugal machine.
Calciner operating pressure is maintained by controlling the steam rate to the K-406
turbine driver. Recompressed gas at 21 psig and 500°F (260°C) from K-406 is reheated
in Exchanger H-403 (see paragraph above), then recycled to the calciner. A flow-
controlled portion of this preheated recycle calciner gas stream is used to convey feed
into the calciner. The remainder of the recycled gas is mixed with makeup gas from
Burner B-502 and fed to the bottom of the calciner.

4.5.3 Calcinate Beneficiation

Separated calcinate fmes from the cyclones (see above) are cooled from 1800 to
200°F (982 ° to 93°C) with brine coolant in the Calcinate Fines Cooler H-402. The
design and operation of H-402 is similar to H-401 above. Cooled calcinate from H-402
is discharged by gravity into Gravity Table C-405. C-405 operates in the same manner
as the coal gravity tables (see above). Heavier calcinate particles are discharged to the
Reject Calcinate Hopper T-403, while lighter material is collected in the Calcinate Fines
Product Hopper T-404. It was decided to gravity table only calcinate fmes, as these
particles have been newly generated by attrition, whereas the coarser particles are
probably separated as well as possible. _

4.6 Formed Coke (Appendix B, PFD-005)

4.6.1 Briquetting

Calcinate and calcinate f'mes from Feed Hoppers T-601 and T-602, respectively,
together with recovered coal liquids (oil) via Metering Pump P-601 from Tank T-603,
are fed simultaneously into Feed Mixer M-601. Calcinate and oil are both fed to M-601
at constant rates and in correct proportion. M-601 is a paddle-type blender which
thoroughly commingles the calcinate and oil (binder) prior to briquetting.

The homogeneous mixture from M-601 is gravity-fed to the charge hopper of the
Briquette Press J-601. J-601 is a roll-type briquetter in which matching pockets on the
rolls squeeze and compact the feed mixture into dense, cohesive shapes (briquettes).
Freshly formed, "green", briquettes are discharged by gravity from the briquetter into
Screener C-602, where fines are separated from the soft, green, briquettes. Fines from

, the bottom of C-602 are lifted by the bucket-type Briquette Conveyor F-602 and
recycled back to the briquetter feed hopper.

4.6.2 Briquette Curing and Coking

Green briquettes are relatively soft and crumble easily. Initial briquetting is thus
followed by a two-step curing process which sets the binder and hardens the briquettes
(formed coke).

Briquettes from the screener are transferred by the belt-type Green Briquette Con-
veyor F-601 to the Curing Oven H-601. Hot air from the AFBC air preheater is used
in the oven to heat the briquettes to 450°F (232°C). At this temperature, some of the
lighter volatiles in the binder are driven off and burned in the oven and some
polymerization occurs in the binder. Exhaust gas from the oven is passed through
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Cyclone C-602 to remove entrained coke fines and then sent to the AFBC to ensure
incineration of unburned organics which may be present.

Cured briquettes are gravity-discharged from the oven onto belt-type Conveyor
F-603 which, in turn, drops the briquettes into the feed hopper of Briquette Elevator
F-604. F-604 lifts the briquettes, discharging them into the top of the Coking Kiln B-
602. The kiln is a shaft-type roaster irl which the briquettes are coked at 1500° -
1600°F (816 ° to 871°C). Heat to B-602 is provided by burning volatilized organics from
the binder and natural gas via its own fired heater. During coking some high boiling
volatiles are evolved from the briquette binder. These are burned in the kiln
atmosphere, providing most of the heat for coking.

Hot briquettes are discharged from the bottom of the kiln onto the Cooling
Conveyor F-606. F-606 has an open-mesh belt through which cooling air is blown from
Blower K-604. The cooled briquettes are then transferred from the cooling conveyor by
the Product Conveyor F-605 to the Product Silo T-604. Product formed coke is loaded
into railcars from this silo.

Dusty vents from the briquetting operation are discharged through Cyclone C-601
and Baghouse G-602. Hot vent gas containing tars from the curing oven and kiln are
scrubbed in Cyclone C-602 and then sent to the AFBC. Cool dusty vents from the
cooling conveyor and product silo are cleaned in Baghouse G-601 before discharging to
the atmosphere.

4.7 Site-Generated Utility Support Facilities

The MG plant is a stand-alone facility, and all utilities essential for continuous
operation are generated on-site. The plant is tied into the local power grid for start-up
and for support of basic services while the plant is shut down. The plant receives raw
well water for makeup to all process and utility services; potable water is obtained from
the local domestic water supply. Natural gas is available from a local pipeline.

Site-generated/distributed utilities include:

• AFBC and auxiliaries for steam generation.
• Power generation.
• Water treatment and storage.
• Cooling water facilities.
• Plant and instrument air systems.
• Fuel gas receiver.
• Fire protection system.

4.8 Steam and Power Generation

The generation of steam and power at the mild coal gasification facility is based
on a single unit 24-MW reject coal- and char-fired power plant using one atmospheric
fluidized-bed combustor/boiler (AFBC) and common facilities. The design of associated
equipment and systems is based on utilizing all reject coal and char and other waste
products generated by the two-train mild coal gasification process.._resh feed coal is to
be used in the boiler only during start-up or during an upset condition.
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4.8.1 AFBC, Boiler.and Steam System_(AppendixB, UFD-011 and
UFD-012)

4.8.1.1Fluid-BedCombustor(AFBC) and Accessories

An AFBC isprovidedtogeneratesteam fortheturbine-generator.The boilerisa
drum typewith a balanceddraftfurnaceequippedforfiringrejectcoaland char.
Sulfurdioxideemissionsarecontrolledby limestoneinjectioninthefurnace.The
designincludesnaturalgas asthe start-up/ignitionfuel.The AFBC (AppendixB,PFD-
011)includes:

0

• Atmosphericfluidized-bedcombustor(AFBC).
• AFBC feed(rejectcoal/charand limestone)storageand handling.
• Fly ash and bottomashstorageand handling.
• Flue gas systemwithstack.

Guaranteedmaximum evaporationcapacityfortheboilerisapproximately280,000
Ib/hrat1200 psigand 960°F(5160C).These outputconditionswere chosenassuitable
forsubsequentuse intheturbogenerators.

Provisionismade inthe systemforobtainingtherequiredsoot-blowingsteam at
essentiallyallloads.The boilerisdesignedtoachievea stableoperatingloadrange
withoutauxiliaryfuelf'tringfrom 30% loadtomaximum continuousrating(MCR) when
firingthedesignatedfuel.The main steam temperaturecontrolrange willbe 50% to
MCR. The followingisthepredictedperformanceoftheboiler,usingdesignatedfuel,
and calculatedfor20% excessair:

Evaporation,Ib/hr 280,000
Temperatureatsuperheateroutlet,°F (°C) 960 (516)
Pressureatsuperheateroutlet,psig 1,200
Feed watertemperatureenteringEconomizer,°F(°C) 380 (193)
Ambient airtemperature,°F(°C) 80 (27)
Processairheating,scfm 87,000
Processairtemperature,°F (°C) 450 (232)

The boiler _s furnished as a complete package with the following accessories:

• Induced-draft (ID) and forced-draft (FD) fans.
• Primary air (PA) fan.
• Soot blowing system, including controls.
• T_bular air heater for process air.
• All necessary boiler trims and appurtenances, including safety relief valves.
• Support steel, insulation, and legging.
• Cycloneash reinjectionand sealingsystems.
• Two fuel silos, one for reject char and the other for reject coal.
• One limestone silo.
• System for fuel handling from silo to boiler.
• System for limestone injection.
• Baghouse for emissions control.
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4.8.1.2 Fuel and Limestone Handling

The conve " Lgcapacity of the fuel handling system from the reject coal and char
storage bins to e boiler silos will be 12.5 tph. The conveying capacity of the feed coal
is 4.6 tph for purposes and upset condition. Two fuel silos are provided, one
for reject coal d the other for reject char. The feed coal, when required, will be
conveyed to the reject-coal silo.

The unlo_ capacity of the limestone handling system is 21 tph. Reclaim
conveying cap_ is twice the limestone feed rate required by the/_FBC at full load.
Two 100% ,"limestone pneumatic transport systems are provided to feed
prepared _tone to the AFBC silo. Limestone conveyor capacity is sized on a
limestone sity of 90 pounds/cubic foot.

3.1.3 Boiler Emissions Control and Ash Handling

A rev/erse-air cleaning-type baghouse, equipped with multiple compartments, is
provided f_r controlling particulate emissions from the boiler. Baghouse design is based
on collect_g 85% of the total ash generated in the boiler. The total fly ash generated
is the su_ total of the ash in the waste fuel and unreacted lime and calcium sulfate
from the/limestone reaction. The baghouse will have a minimum collection efficiency of
99.99% find an outlet grain loading not exceeding 0.002 grain/scf. The baghouse is
sized assuming one compartment is out of service for maintenance and one
compar/_ment is out of service for cleaning. Two reverse-air cleaning fans are provided
for the/entire installation, each fan rated at 100% of total required capacity.

/
frhe ash handling system is sized to accommodate fuel ash and the unreacted lime

and _alcium sulfate from the limestone reaction; 35% of this amount will be bed ash,
5% thrill be economizer ash, and 60% .will be fly ash. Two separate ash handling
sys/ems are provided; one system will be for bed ash and the other for fly ash and air
prqheater ash. The conveying and removal rate for the fly ash handling systems is
at]proximately twice the design ash production rate. Both fly ash and bed ash silos are

p_ovided with 24 hours storage capacity.
/

/ The bed ash system consists of two 100% capacity flight chain enclosed
/mechanical conveyors that will collect cooled bed ash from the boiler and convey it to

/ the bed ash silo by means of silo feed conveyors. The fly ash system will consist of a
/ pressure transfer system. Fly ash is transported from the baghouse, economizer, and
/ air preheater hoppers to the fly ash silo Two 100% pressure blowers are provided.

Each ash storage silo is equipped with two truck unloading spouts complete with ash
conditioners.

4.8.1.4 Steam and Condensate Systems

A single line from the AFBC boiler will transport the main steam to the turbine
generator. Medium pressure steam, extracted from the main turbine at 400 psig, is
sent to the distribution system fbr use in several turbine drivers of equipment in
process and utility service. Low pressure steam, extracted from the main turbine at 65
psig, is distributed for used in deaerating boiler feed water and for several
miscellaneous heating services. Exhaust steam which exits the turbine at 3- to 5-in
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HgAbs. is condensed in the surface condenser. Excess low pressure steam at 50 psig is
reinjected into the main turbine to increase power output from the genera_or.

Two, full-capacity, motor-driven, vertical can-type, multistage, condensate pumps
are provided. A full-flow condensate polishing system is provided to maintain
condensate water quality. The system includes two 50% capacity vessels and are of the
precoat type, with dispo.qable ion-exchange media.

4.8.1.5 Boiler Feed Water System

Feed water is pumped from the deaerator by the boiler feed water pumps through
one high-pressure feed water heater to the boiler economizer inlet. The feed water
system will also provide spray water for both superheater attemperator and medium-
pressure steam header temperature control. The major equipment in the feed water
system consists of one deaerator, two boiler feed water pumps, and a high-pressure (HP)
feed water heater.

The deaerator provides the f_rst stage of feed water heating. It is a _:ay-type
deaerating heater consisting of a heater and storage tank. The design will comply with
requirements of the ASME B&PV Code, Section VIII, Division 1, and HEI standards for
deaerators. The deaerator storage tank is sized to supply feed water to the boiler feed
water pumps for approximately 10 minutes at full load. The deaerator is designed to
deliver feed water with a dissolved oxygen content of 0.005 cc/L or less at all loads.
The deaerator will have no free carbon dioxide.

One auxiliary turbine-driven, 100% capacity boiler feed water pump mid one 40%
capacity electric motor-driven start-up boiler feed water pump are provided. The pumps
are multistage horizontal, centrifugal, split-case-type construction. The HP :feed water
heater is horizontal, single-train, shell and tube type with integral drain coolers. The
heater is designed in accordance with HEI standards for closed feed water heaters. The
HP feed water heater shell and ends are constructed of carbon steel. The HP feed
water heater tubes will be seamless. Tube material will be SA-688 Type 304 stainless
steel.

4.8.2 Power Generating Pacilities (Appendix B, UFD-012)

4.8.2.1 Turbine Generator

The turbine generator is an extracting/condensing, nonreheat type, 3600 rpm unit.
The turbine operates at design main steam conditions of 1200 psig, 940°F (504°C) from
the AFBC at the throttle, one controlled extraction at 400 psig and one additional
admission at 50 psig, 3.5-in HgAbs at the exhaust, 1-1/2% makeup, and with one high-
pressure feed water heating while supplying steam for the boiler feed pump turbine and
compressor drive turbines.

The generator is air cooled with water-cooled stator windings. The generator will
be rated at approximately 37,000 kVA, 0.90 power factor when operating at 3600 rpm.
The generator is a 3-phase, 60-cycle, 0.58-scr machine. Ali stop and intercept valves
are hydraulically operated for automatic tripping.
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4.8.2.2 Auxiliary Turbines

An individual auxiliary turbine drive is provided for the main boiler feed water
pump. Driver brake horsepower satisfies the maximum boiler feed pump design rating
power requirements when using the medium-pressure steam, exhausting to the main
condenser at an auxiliary turbine exhaust pressure, which is 0.50-in HgAbs greater
than the condenser pressure. This power requirement determines the auxiliary turbine
rating.

Process gas recompressors are also steam turbine-driven and supplied with
medium-pressure steam.

4.8.2.3 Power Distribution (Figure 2, One-Line Diagram)

Figure 2 is a one-line sketch showing conceptual electrical service distribution
inside the MG facility. A dual-buss concept is shown to provide critical electrical
service redundancy.

4.9 Water Systems (Appendix B, UFD-013)

Raw wellwaterissuppliedtotheplantby theraw waterwellpumps. On-site
raw water isstoredina 5000-barreltank. Thistank supplieswater tothewater
treatingsystemand alsocontainstherequiredRre waterreserve.Water from theraw
water tank isuseddirectlyformakeup tothecoolingtowerand supplytothe
treatment(demineralized)system.

4.9.1 Cooling Water

The circulating water system will dissipate waste heat from the unit thermal
cycle and plant equipment coolers. A cooling tower is used as the heat sink. The
cooling tower is a field-erected, wooden construction designed to cool circulating water
from 105 ° to 88°F (41° to 31°C). The ambient wet bulb temperature is assumed to be
77°F (25°C). The cooling tower is provided with one extra cell. Each cell will require a
200-HP air fan. The cooling tower will be erected on a 162- x 52-foot concrete basin.

Three 50% capacity, vertical, mixed-flow-type, wet pit, pull-out pumps will be
provided. The pumps will be located in the cooling tower basin, discharging into a
common circulating water line to the main condenser and the auxiliary cooling water
heat exchanger, and returning to the distribution header of the cooling tower.

4.9.2 Water Treatment

Raw water must be treated (demineralized) in order to be suitable for makeup to
the boiler. The boiler feed water makeup (water treatment) system consists of:

• Two fuU-capacityactivated-carbonfilters.
• Two full-capacityzeolitesofteners.
• Acid and antiscalingchemicaldosingsystems.
• Two full-capacitycartridgefilters.
• Two 60% capacityreverseosmosissystems.

41



Figure 2. Electric power one-line distribution.
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* Two 60% capacitymixed-bedunits.
* One full-capacitydemineralizedwater storagetank.

The treatmentsystemissizedtoprovide200% ofthefeedwater makeup flow
requiredfortheboiler.

4.9.3 CoolingBrine

A 50/50mixtureofethyleneglycoland waterintheclosed-loopsystemispumped
throughthe shellsideoftheauxiliarycoolingwaterheatexchangersforheatrejection
tothecirculatingwater;the cooledmedia of50/50mixtureofglycoland water is
circulatedtothevariousequipmentand returnedtotheheatexchanger.Two 100%
capacitycoolingmedia pumps areprovided.

4.9.4 FireWater

A Rre loopisprovidedtosupplyf_reprotectionwatertofirehydrants,hose
stations,and fixedautomaticwatersuppressionsystems.

The f£reprotectionwater supplyisprovidedby means ofan electricmotor-driven
firepump and a backup dieselengine-drivenflrepump. The systemwillbe
continuouslypressurizedby one partial-capacityjockeypump. The pumps shalltake
suctionfrom a single,above-ground,5000-barrelraw watertank. In theeventthe
jockeypump cannotmaintainthesystempressure,themain Rre pumps willstart
sequentially.

4.10 Other UtilitySystems

4.10.1Instrument/PlantAir

Instrumentand plantairareprovidedby a singleaircompressor/dryersystem.
Filteredairiscompressedto150 psig,then cooledand dried.Both instrumentand
plantairare driedtoa dew pointof-40°F(40°C)inordertopreventcondensationand
icingduringcoldweather.The dryerisa desiccanttypewithpreftltersand afterf'tlters.
Separatereceiverforinstrumentairand plantairmaintainssystemsupplypressures
duringcompressorcycling.Combined aircapacityis1000scfm;the compressorisfully
spared.

4.10.2FuelGas Supply

The fuelgas systemwillsupplythe main boilergasignitorsand warmup gas
nozzlesduringstart-up.The systemwillbe sizedtocarry25% ofmain boilerload.

4.10.3Backup Power Supply

Backup power issuppliedinthe form ofUninterruptiblePower Supplies(UPS)for
the computercontrol,instruments,safety,and electricalcontrolsystemsintheplant.
Standbygeneratorsareusedtosupplypower tocriticalcircuitssuchas some ofthe
blowers,ventfans,and condensatepumps. A diesel-drivenpump isusedtosupplyfire
water inthe eventofelectricalpower failure.
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4.11 Process Control System

4.11.1 Control Philosophy

A distributive control system (DCS) provides hierarchical control of the MG
complex. Ali major operating unit programmed logic controllers (PLC) are connected to
the DCS by a plant-wide data highway. The DCS is to use Iconics' Genesis TM software,
or equivalent, as its operating system.

Instrument and control systems are designed with safety interlocks to ensure the
safety of plant personnel and provide protection for plant equipment. Redundancy is
provided as necessary for critical process measurements and safety features. Equipment
with local and remote control capability are designed in a manner so that only one has
control over the equipment at any given time. Equipment with local control systems
are interfaced with the central control room for operation and status.

4.11.2 Control Room

The central control room houses the main system which primarily 1) controls
alarm/shutdowns, and 2) monitors and provides supervisory data. lt is also the
engineering interface point. Each operating unit, generally contained within a physical
unit structure, contains its own PLC system and has a local operator interface and
monitoring station.

The control room is situated strategically so operators can keep a vigil on the sur-
rounding equipment in operation and quickly attend to the critical systems in the event
of an emergency. The control room is a controlled environment-type designed for
human comfort and equipment protection. Typical equipment resident in the control
room includes:

• Operator consoles with CRTs and keyboards for the operation of boiler, turbine/
generator, and other auxiliary equipment.

• Printers.

• Auxiliary consoles containing CRTs to monitor support units and provide
historical trending, production scheduling, and plant status updates.

i

p
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5.0 PROCESS FLOW DIAGRAMS

5.1 General

The process flow diagrams (PFDs) illustrate the flow of process materials through
the mild coal gasification facility as described in Section 4.0 Process Description and
Philosophy. The PFDs show all major process equipment, process lines/conveyances,
and key process control functions. Operating conditions are also indicated where
necessary for process understanding. For many process systems, the relative vertical
position of adjacent equipment is represented on the PFDs for increased comprehension
of the operation, especially where flow is by gravity.

The following PFDs are contained in this section of the report:

PFD-001 Coal Receiving and Preparation
PFD-002 Carbonizer
PFD-003 Gas Quench and Recompression
PFD-004 Calciner
PFD-005 Coke Briquetting and Curing .

In addition, the following utility flow diagrams are also contained in this section
of the report:

UFD-011 Atmospheric Fluid-Bed Combustor
UFD-012 Boiler-Feed Water (BFW), Steam, Condensate,

and Turbine Generator
UFD-013 Water Treatment, Cooling Water, and Brine

System
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6.0 MASS AND ENERGY BALANCE

6.1 General

The mass and energy balance contained in this section is a summary of the
process simulation model (see Section 3.5 and Appendix B). The balance indicates total
flow for both process trains, based on 330 operating days per year. Provided are
stream-by-stream flow rates and operating conditions, as well as stream-average
molecular weights, densities, heat contents, and component analyses. Total sulfur is
also shown for each stream; sulfur characterization (e.g., organic, pyritic), however, is
not indicated.

Stream numbers indicated in the mass and energy balance are keyed to stream
numbers on the PFDs (see Section 5.0). For process comprehension, discrete stream
numbers have been used whenever there is a change in stream composition (reaction) or
a significant change in operating conditions or phase change.

6.2 Discussion

The simulation is based on empirical, practical, and experimental data provided
by the EERC and AMAX (see Section 3.6). Much of the experimental data was derived
from the EERC's pilot units and required scaleup to the 1000 tpd production level.
Data received from these sources were supplemented by XBi in order to develop a
complete balance for the MG plant. Among the assumptions and uncertainties
associated with completing the mass and energy balance were:

• Mass and energybalancesaroundthecarbonizerand calcinerare basedon
pilottestyielddata. Elementalbalancesorthermodynamicbalanceshave not
been attemptedwithinthescopeofthisstudy.These shouldbe performedto
provideatleastsome co__firmationoftheexperimentaldata.

• Carbonizer pilot tests were run using direct combustion of natural gas to
provide the heat for the devolatilization process. The commercial plant uses no
auxiliary combustion in the carbonizer or calciner, but instead uses the
combustion of off-gas in the in-line burners external to the carbonizer and
calciner. Therefore, the coal/char will be exposed to a somewhat different
devolatilizing environment. Although several pilot tests have shown that this
change in environment has little effect on carbonizing/calcining, this may not
be true in a large scale unit.

• Although reasonable sulfur contents are represented in the mass balance, sulfur
and the transition of its forms through carbonizing and calcining were not
included in the simulation. As a result, combustion gases and recycle gases
represented in the balance generally have a higher sulfur content than that
shown in the simulation output. The actual effect of this sulfur on
carbonization or calcination is uncertain. This may be demonstrated by pilot
tests using a lower-sulfur coal or coal which has been desulfurized.
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7.0 FACILITY PLAN AND LAYOUT

7.1 General

A preliminaryfacilitylayoutwas developedinordertoestablisha general
physicalperceptionofthe operatingplantand itsauxiliariesand toapproximatethe
sizeofthe overallplotspacerequired.The followingdrawingsareincludedinthis
section:

• Figure3. Plotplan,showingapproximateplotprojectionsofstructureand
stand-aloneequipment,withrelativedistancesand proximities.

• Figure4. Conceptual3-D layout,indicatingfunctional"blocks"and major
interconnectingconveyanceswithinthefacility.

Itshouldbe notedthattheseareconceptualarrangementsonly.These drawings
do notrepresentexactdimensionalrequirements,norhas the arrangementshown been
optimized.The followingareapproximatesizesoffacilitystructuresand buildings
which house specificplantoperations:

CoalCrushers,Feed Bins 50'x 50'x 60'
CoalDryers,Screeners,etc. 100'x 75'x 125'
Carbonizers 100'x 50'x 100'

Char Screeners,Mag Separators,etc. 60'x 60'x 70'
Calciners,Coolers,etc. 100'x 50'x 60'
Formcoke 125' x 75' x 50'
Control Room, Lab 80' x 40' x 20'
Compressor Building 10ft x 50' x 30'
AFBC, Generators 75'x 50'x 110'
Maintenance Shop 60' x 40' x 40'

Principalplantadministration,maintenance,and warehousingfunctionsrequired
forthe MG plantaretobe added to,and integratedwith,correspondingfacilitiesofthe
existingChinookmine operation.18 A smalllocalmaintenanceshopisshown,but no
otherphysicalrepresentationforthe remainderofthesefunctionsisincludedinthe
layout.
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8.0 TECHNICAL EQUIPMENT LIST

8.1 General

The equipment list included in this section of the report provides a description for
each item of process and support equipment required in the operation of the MG
facility. As a minimum, the level of detail of equipment descriptions is adequate as
input to a plant budget estimate. In many cases, especially for relatively expensive
and/or "nontypical" items, manufacturer names and model numbers are included. As
added support for the selections of these types of equipment, confirmations of suitability
to specific service and written price quotations were requested from appropriate
suppliers.

While the equipment list provides data for all process and utility equipment, it
should be noted that the following is not included:

• Buildings and structures.

• Laboratory facilities.

• Stationary maintenance equipment such as hoists and monorails or mobile
equipment such as forklifts, cranes, etc.

• Stationary safety/fire equipment (other than primary fire water supply) and
mobile safety/emergency equipment.

The instrument list is contained in Appendix C.
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9.0 ON-SITE UTILITY CONSUMPTION

9.1 General

This section provides a tabulation of all consumers of electrical power (motor list),
steam, cooling water, brine coolant, and fuel gas. Estimates of individual user
consumption and total consumption of each utility/service is listed.

9.2 Consumption Basis and Use Factors

The following definitions/clarifications are provided to facilitate interpretation of
the tabulated data:

9.2.1 Electrical Power Consumers

Connec_d horsepower = installed motor horsepower.
Operating horsepower is assumed at 65% (average) of motor horsepower.
Operating kW = .75 x operating horsepower.

Spare equipment and equipment not used in normal operation is shown at 0
operating horsepower.

Values in italics are estimates with no support data for confirmation.

9.2.1.1 Cooling Water Users

Design duties/flows are approximately 10% over normal requirement.

Temperature rise is that across user at design conditions; bulk temperature rise is
weighted average for all users.

9.2.1.2 Cooling Brine Users

Design duties/flows are 15% to 30% over normal requirement, depending upon
service.

Brine is 50/50 ethylene glycol/water; average heat capacity is 0.85 Btu/lb-°F.

Temperature rise is that across user at design conditions; bulk temperature rise is
weighted average for all users.

9.2.1.3 Steam Consumers

Pressure shown is required supply pressure at user inlet.

Design duties/flows are approximately 20% over normal requirement.

Total condensate return rate assumes all condensate is collected.
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9.2.1.4 Natural Gas Consumers

Lower heating value of natural gas is 929 Btu]sc£
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UNO/EERC - MILD COAL GASIFICATION FACILITY

UTILITY SUMMARY
oT-_-e-z

ELECTRICAL POWER CONSUMERS F='-4=t 0_7
t

I E_,., POWERR_UIRE_4ENTITEM NO. DESCRIPTION ,, CONN.HP [ OP'GHl= OImGkW
I
t C-102A Coal Screener .... 10 6.5 5.4.
!_C - 1029 Coal Screener 10 6.5 5.4.
I C-.-,103A ,-"ineC,._alGrav_. Taole 2 1.3 1.1
I C-1038 Fine Coal Gravrt'vTable 2 1.3 1.1• ,,,

I C-.104.A Intermeciate Ce.alGrav_, Talkie 2 1.3 1.1
[ C-10443 tntermeciate Coal Grav_'yTaiole . 2 1.3 1.1
I C-105A L.arceCoal Grave/Taole 2 1.3 1.1

C-1056 Large Coal GravCy Taole . 2 1.3 1.1
,

C-30_A ,--inesMac.nero Seoarator 3 2.0 1:6
C-304.8 r"ines Macne0c Secarator 3 2.0 1.6
C-305A Interme<_iateMac.ne_icSeparator 3 2.0 1.6
C-305a fntermeCiate ,'vtac.ne_icSeoarazor 3 2.0 1.6
C-306A Lar.caPznic!e Maqn_ic Separazor , 3 2.0 1.8

- C-3068 Larcjer_anic_e,'vtacne0cSeoarazor 3 2.0 1.6
C-307A Ca_onizer Char Screener 10 6.5 5.-"
C "30T_ Ca_onizer Char Screener 10 6.5 5.4.i

C-405A Celt:net Gray=trTatio 2 1.3 1.I
C-44358 Calciner Gravity Taole 2 1.3 1.1

C-603A Briquette Screener ....... 7.5 4.9 4_.0:
C-6038 8ric=uetteScreener 7.5 4.9 ":" 4.0, ,

I
I F'101 C*,_.alAecaivin¢J Conveyor 75 48.8 4.0.4.
t F-102A Feed Transfer Convever .... 7.5 4..9 4..0
I F- 1029 Feed Transfer Convevor 7.5 4..9 4,.0= , ,

t F-103A CrusnerF=.ecl3in Conveyor 15 9.8 . 8.1
I F- 1038 C,"usnerFee<:3in C,=nvevor 15 9.8 8.1
I F- 10a.._ C,'usner=ee¢tCc, nvevor 7.5 4..9 4..0
I F- 1048 Crusher FeectConveyor 7.5 4..9 4..0

F-105A O_er Fee<':Convevor 20 13.0 10.8
F-i058 Orr.er Fee(: Conve.vor 20 13.0 10.8
F- 106A Car=onizer Fee¢lConveyor . 15 9.8 8.1
F- 1068 Ca_onizer Feea Conveyor 15 9.8 8.1
F-107 AP"=JCFresh Coal Cc,nvevor 15 - -

F- 301A Car_onizer Char Conveyor 15 9.8 8.1= , ,

F-3018 Camonizer Char Cor,vevor 15 9.8 8.11
F-30ZA Calciner Fee_ Conveyor 15 9.8 8.1f' F-302_ Calciner Feecl Convevor 15 9.8 8.1

, j,,

F-601A Green Bricuet Convevor 10' 6.5 5.4_I
F-6018 Green 8ricuet C_nvevor 10 6.S 5.4;
F-602A Green 8ncuet: Recvc!eEIevator 10 6.5 5'.4;:

F'602S Green 8ncuet Recycle Elevator ......... 10 6.5 5.4.
F-603A Curecl 8ncuet Conveyor 10 6.5 5.4
F-6038 Cure(:t_nque t Conveyor 10 .....5.5 5.4
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UNO/E.ERC -MILD COAL GASIRCATION FACILITY

UT11ITY SUMMARY _t-,=,-,=
El I=CTRICAL POW1ERCONSUMERS (Cant'd) _I= z o_7

E_i-u POWERREQUIRE.ME.WrJ

ITEM NO. DESCRIPTION CONN.HP OP'G HP OP'GkW_l
F-604A Kiln -'=_1 -=]evator 10 6.5 E.4

10 6.5 5.4F-60¢8 Kiln Feecl"!evator
--F-605A F_cci<e ProductConveyor 10 6.5 5.._
-F-605a FcrmccKe Produ¢*.Conveyor 10 6.5 5.4

F-606A ,-'¢rmcoke Cooling Conveyor 10 5.5 5.4I
F-6068 Formc:ke CoolincjConveyor 10. 6.S 5.JI

,,

H-101A Coal Drier 25 _ 16.3 13.5
H-IO1B Coal Dr,:/er 25 :. 16.3 13.5

,

H-301,_' CarDonizer Char Cooler " 30 19.5 16.2
-H-3018 Caconizer Char Cooler 30 19.5 16.2

- H-c01A :eel Calcinate Cooler 30 19.5 16.21

__H-,.t_18 =.oa Calcinate Cooler 30 19.5 16.2
H-4_ZA Celt:nato F_nesCooler 3 2.0 1.8
H-,_.02S Caicinate FinesCooler 3 2.0 1,6

___ 'L_ 19111

H-502 Cil S_,o_qe Tank _ea_er .

f_J- 101A Coal Crusner 90 58.5 .¢8.5
-J- 101B CcaI Crusher 90 58.5 4.8.5,,

J-601A =.ricuet_ePress 150 97.5 80.8
J-6018 _douetl:ePress 150 97.5 80.8

K-101 _lower for 3acjnouse (3-101 ' , 3 2.0 1.6
K-102 -3lower;or _agnouse G-102 3 2.0 1.6
K-103A_" -_ir31o-;"¢rfor Grayly. Table C- 1133A 20 13.0 10.8
K- 103B Air alo'.;-crfor Gravit?Ta_bioC- 103B 20 13.0 10.8

_ K-10_A Air 9lower ;or GravityTa_htoC-104A 20 13.0 10.8
K-1048 Air _lower for Gravity,Ta__leC-1048 " 20 13.0 10.8'

I- K- 105A Air 3lower for Gravity,Table C- 105A 20 13.0 10.6
_-K- 1058 Air 3lower for G,_vity Talo,!eC- 1058 20 13.0 10.8 1
[ K-106A qeiec*.Coat Blower 20 !3.0 10.8J

K- 1068 ,qeiectCoal BIo'_r 20 13.0 10.8
K-107A 31o'-_r for 3agnouse G-103A 125 81.3 67.3
K-10_ ._lowerfor 3aghouse G-103B 125 81.3 67.3_

K-301A 3I_'.'_r for 3aghouse G-301A 3 2.0 1.6
K-301B 3lower for 3acjhouseG-3018 3 _0 1.6

_K-302A' Car'oonizerFlejec: Char BIo'z._r ,. 10 6.5 5.J.
-K-302B Car-JonizerReiec: Char Blower 10 6.5 5._

K-401A 31o-;--rfor 9aghouse G-401A 3 .2,.0 1._
K-401 B 3Io'.;_r for _acjhouse G-4_IB 3 2.0 1.6

IK-4_2_ Calcinate Produc',_lo':_r 25 16.3 13.5_
I =._,tno¢_ Calcinate Proauc: _lcr=_r 25 16.3 13.5
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XB i _._,_.. a¢o,_.1..,<.

UND/EERC - MILD COAL GASIFICATION FACILJTY

UTIUTY SUMMARY
07-Am--¢

ELECTRICAL POWER CONSUMERS (Cone',d) t==_=30_
li

"' ES'r'oPOWERREQUIREMENT
,

ITEM NO. DESCRIPTION , CONN.HP OP'GHP OF'G kW
K-CO3A RejectCalc:nate alcwer 1.5 ...... 1.0 0,_
K-4.0.'3B Reject Calcinate 5lower 1.5 1.0 0J=
K-4_ Calcinate Fines P.oduc: 8lower 7.5 , ¢.9 a..C
K,--_ Caicinate Fines Proauct Blower ..... 7.5 4.9 4.C
K-.1435A Air Blower 'ct Gravity Ta01eC-405A ' 15 9.8 8.1
K-4058 A!r Slower ;or GraviW Table C-,¢05B 15 9.8 8.1

K-504-1 (3ii Tank Cff-_as Compressor ...... 0.5 0.3 0.3
K-50,¢-2 Soare Oil Tent<Cff-<;as Comoressor 0.5 0 0,,

' K-601A 3lower for _.ac:,houseG-601A ' 3 2.0 1,5
' K-601B Blower 'or 3ac.house G76018 3 2.0 1.5

K-602A Blower for 3acncusa G-602A , 3 2.0 1.5
K-602B Blower for -3ac=houseG-602S 3 2.0 1.6
K-603A F_r'mcoke Fines 3lower 5 3.3 2.7
K-6038 Fcrmccke Fines 31ower 5 3.3 2.7
K-604A F_r'mc_ke C_clincj Air Blower 7.5 ,:.9 4.0
K-60_ Fcrmc:ke Coo=ingAir 31awer 7.5 4.9 4.0
K-605A Cunnq Oven ._xnaust 3lower
K-6058 C_nnq Oven -_-xnaus=Blower '

i , i

"'M-501 Cii Storage Tank Mixer ' " 7.5 4,19 4.0
i

M-6OIA 8nquertincj FeeclMixer . 15 9.8 8.1
M-601 @ adquertincj FeeclMixer 15 9.8 8.1

i

P-4.OIA K-406A Sue:ion Orum Pumo 0.5 0.3 0.3,

P-,cOIB K-4068 Sue:ion Drum Pumo 0.5 0.3 0.3

,

P-601 -Al Cuencn Tc,wer C;rculating Pumo 25 16.3 13.5
P-501 -_1 Cuencn Tower C;rculating P,Jmo 25 16.3 13.5
P-501 -A2 Soare Quench Tower CircuiatincjPumo 30 0 0
P-501 --_2 Spare Quench Tower c;rculatino_ Pump 30 0 0
P-503-1 cii Transfer Pumo 1.5 1.0 0.8=,

P-503-2 Soare Oil Transf,er Pumo 1.5 0 0
P-505A V-501A Sucdon _rum Pumo 0.5 0.3 0.3
P-505B V-5018 Sue:ion Drum Pumo 0.5 0.3 0.3

P-601A 3incler Feea Pumo 1 0.7 0.5....

P-601B Binder Feea Pumo 1 0.7 0.5

"'P-_2 Statl;uo @Oi_er Feed Pumm 400 0 0• ,

P-903-1 Condensate Recvc!e Pumo 50 32.5 26.9

P-903- 2 Soare ConCensats Aecvote Pump 50 0 0
P-904. _asi_ Tanl<Water Pump 5 0 0
P-905-1 Cociinq Tower Pump 1000 650.0 538.6
P-905-2 Coolinq Tower Pumo 1000 650.0 538.6,, i

P,905-3 Spare Cociing Tower Pump 1000 0 0
•
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XBi
UND/EERC - MILD COAL _uESlFICATION FACIUTY

UTILITY SUMMARY "'
07-._lr-e=

ELECTRICAL POWER CONSUMERS (Cont'd) p_= 4o_7

-- '......... EST_ PcWER REQUIREMENT

ITEM NO. DESCRIPTION CONN. HP OP'G HP OP'G kW
i i i ii i i ,, |

P-g_6-1 Brine Put'no 150 97.5 80.8
P-906- 2 .anne Put'no 150 97.5 80.8. . , ,

P-OJ06-3 Scare 3nne ,=umo 150 0 0
I P- 907-1 _aw Water Put.no 150 97.5 80.8
j- P-gO7-2 Saare Raw Water Pumo 150 0 0, ,

P-g_8-1 Water Treatment Fee¢lPump 5 3.3 2.7
P-g08-2 S_are Water Treattnent Feed Pure= 5 0 0
P-g09-1 _r_ Water Pumo .10 26.0 21.5

I P-910 Ft,re Water Jockey Pump ........ 5 3.3 2.7
t P-911 - 1 Bctler Makeup _.u.mnp . 3 2.0 1.8
I P-911-2 Scare .._.oilerMakeup Pump 3 0 •0
t .. ,

I

I Packaged Ecuiomnent & Systems
I Z-901 ATMCS,=H-__.._ICFLUICIZED BED COMSUST_.R (AF"dC't
1 - F1 _eiec: Coal Feecer . 10 5.5 5.4

j - F2 ._eiec: Char Feeder 10 0".5 5..I.
! - F3 _mnes:oneFeecer 10 6.5 5.4.
j . K1 3lower ;or BacjnouseG1 .... 3 2.0 .1.6
I - K2 :31¢werfor _aa.nouseG2 .... 3 2.0 1.5
j - K3 =lower for -:acjnouse G3 3 2.0 1.8

f - K4 Limestone 31ower 20 13.0 10,.8

- K5 Induce¢l Cra_ Fan 1000 850.0 538.8
- KS Fiy Ash Transfer Slower 10 6.5 5.4.
- K7 Seconaam. Air Blower 1000 850.0 538.6

I - K8 i=,.-imnarv Air Fan 300 195.0 161.6, ,= , ..., ,

I - K.9 Seal P=t 3lower , 150 97..5 80.8
t "-!ectromacnedc Relief Valve 2 0 0

Scot Blower Control Svstem& Motom 20 13.0 10.8

.. ,

Z-903 WATE,_ TRE._TMENTSYSTEM
- PI _C Feec =ut.no 25 16.3 13.5
- P'2. _O Feed _umo 25 16.31 13.5
- P3 RO Feea =umo 25 16.3 13.5, ,

t . - P'¢ CemnineralizerFeed Pump 5 3.3 2.7
- P5 Cemninera=izerFeed Pumo 5 3.3 2.7

,. •

- P5 CemnineraiizerFeed Put.no 5 3.3 2.7", =

- PT Surfuric Ac;ctFeed Pumo 0.5 0.3 0.3, , , . , ., ,,,

- P8 Anti-Scaiinc Feed Put.no 0.5 0.3 0.3

Z-PO4 COOLING TCWER
5 Fsns (5 @ 200 HP ea.. 4.op.ll spare) 10.00 850.0 .538.6

, ,

Z-905 ASH HANOIJNG SYST'_M
mL, .pi

- F1 3ottomnAsh Crag Chain Conveyor = 3.;3 2.1
- K1 Blower for _acnouse (31 ..... 3 2.0 1.3
- K2. Blower for =_,agnouseG2 3 2.0 1.3
- K3 BeSom AShF_uidBed Air 8lower 5 3.3 2.1

L

- K4 Fiv Ast_F!uicl iSedAir Blower 5 3.3 2.1
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- XSi =.mo..,_c._m..._

UNO(E_RC - MILD COAL GASlRCAT1ON FACILITY

UTILITY SUMMARY
='-_-e=

ELECTRICA,L POWER CONSUMERS (Cant'd), _._ =t7

..... EST'_pow_ r_EaU._EuE_rrli

ITEM NO. DESCRIPTION CONN. HP OP'G HP OP'_ kW

Z-906 CHEMICAL INJECTION SYSTEM
...... Chemical Iniec.fionPackaqe (6 pumps @ ,?.HPea.) , 12 7,8 6.5

i

, Z-gO7 PLANT & INS,,TRLJMENTAIR SYS,T_M
- K1 Air Compressor , 350 227.5 188.5L '

- K2. Soare Air Compressor ........ 350 0 0
, , =

Mi_o-ceilaneou s Motors

I , Airlocks - 4,8@ 1HP ea. !average) 48 31.2 25.9
I Screw Feeders - _ 2HP ea. ¢ 2.5 22

Slide Gates - 2 @ 2HP ea. _, 0 .0
I ???? 2 Overhead E]ec_omagnetJcSeparators , 10.0

I w_ 8e_= 2 13 i11
i
I , , , ,_

I Other Users ,

I _.!ec'.."lCTracing ' 70
'_eadna & Ventillaaan , lO-
Instruments & C_ntrot Systems , I0

i l i i ,,

I ' ,

t ' ,

li i , i ,

I I I I I

, , ,

i

F '
t ,
I

ii

r....... i
Summary:

Total Combined Connected Motor HP 10,623
Total Operating Motor HP 5,47"7
Total Operating kW Demand 4,791
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)(Bi
UND/E_RC - MILD COAL C-_SIFlCATION FACIUTY

UTILITY SUMMARY

COOLJN.G WATER (TOWER} USERS Pw=s0_7
,, I

lP.MP. ESIU CO('_UNG WATER USE, ....

RISE 0ES. DUTY FLOWFL_TE. GPM ,,

ITEM NO. DESCRIPTION , -1= MMBllJ/h NORMAL 0'E$1GN ,,

, ,,,

H-905 Main Surface Conclenser 17.0 250.0 25.¢60 29.400
H-906 3nne Cooler 17.0 137.4. 14.535 16,150

,,

I ' , ,,

Summary:
Total Combined Cooling Load, MMBtu/h 387.4 BulkAT.
Total Normal Ftowrate, gpm 40,995 17.0
Total Design Flowrate, gpm 45,550

COOLING SYS'r'EM {BRINE} USERS
,,,

- [P._P. ES i_ C_LJNG MEDIUM USE

RISE 0UTY FLOWRATE. GPM

ITEM NO. DESCRIPTION *F MMBtu/h NORMAL MAX

H- 301A Carl:onizer Char Cooler 50 7.6 .342 394_
H- 301 B Cart: onizer Char Cooler 50 7.6 3,$2 394.

H-4.01A Bed Cak::inateCooler 50 9.3 4,16 4.78
H-401B ' Bed Calcin_J_eCooler 50 9.3 4.16 4.-_
H-402A CJ_lcinateFines Cooler , 50 2.3 .104. 119
H-40PF; Cak:inate Fines Cooler 50 2.3 104, 119
H--4L'_.A. Calciner Gas C_oler 80 _.4, 123 148

80 ¢..1. 123 148H-404_ Calciner Gas Cooler

H-SOIA Cii Cooler . 40 19.5 1,096 1,_,25
H-501B Oil Cooler 40 19.5 1,096 1A.25

Z-905-F1 3otl:om ASh DragChain C_nvev,or ? . o ? "_

Z-9_7-H1 Air Compressor !ntercooler 20 0.36 40 52
Z- 907- H2 Air ComPressor Afl:em=oter 20 0.27 30 39
Z-907-H3 Air com.Dressor Lube OilCooler 10 0.! 1 25 32

Summary:
Total Combined Cooling Load, MMBtu/h 86.9 SuJk&T,
Total Normal Rowr=te, gpm @ 120"F 4,258 4.7.2
Total Maximum Rowrate, gpm @ 120"1= 5,252
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UND/EERC - MILD COAL GASIFICATION FACILITY

UTILITY SUMMARY
07-,_1='- e'Z

STEAM CONSUMERS i=_= ?o_7

ESTIMATED STEAM USE

PRESS FLOWRATE. Ibnt

....ITEM NO. DESCRIPTION PS=G NORMAL MAX
i

H-903 HP _o_lerFeed Water Heater 400 38.508 4.6.330

K-,._06A--T Calciner Recycle Gas Comoress,_r{Tumine 0rivet 400 7.504. 9.004
K-,C068-T Calciner .=lecvc_eGas Ctmomssor (Tumine 0rive) 400 7.504, 9.004.

K-501A-T Car'ocnizer Gas Comoresscr (Turoine Drivel ,tOO 34.980 4,3.564.
K-501E}-T Camonizer Gas Comomss_r (Tumine Drive) 400 34..980
K-502A-T Ca_onizer Burner Air Comoressor _umine Drivel 400 7.333
K-502EE-T Carocnizer Sumer Air Comoressor ITumine Drive) 400 7.333 &BOO
K-503A-T Calciner _umer Air Comoress_r (Turoine 0rwe_ 400 12.769 15.322
K-5038-T Calciner mumer Air Comoress_f"(Tumine Orive_ 400 12.769 15.322

P-901 ,Mainmoiler Feec_WaEerPumo 400 27.000 32.4.00

Z-901 ATMOSPHERIC FL'JIDI____D_E_ COMBLISTER fAP"=JC}
-H2 Steam Co_i Pnmarv Air Heater 50 9.200 11.0,_
-H3 Steam Cod Sec=ncarv Air Heater 50 3.900 4..680
- H4, Transfer Air Heater 50 2,000 2.4,00

Z-905 ASH HANDLING SYSTEM
-Hl gottom Ash Fiui¢l8ecl Air Heater 50 800 960

, -H2 FtvAst_ Fluid Bed Air Heater 50 800 960

Summary:
Total Normal Steam Flow, lb/h 207,4.80
Total Maximum Steam Row, Ib/h 252,150
Design Condensate Return Rate, gpm @ 60"1= 504

NATURAL GAS CONSUMERS

EST_ NATURAL GAS USE

DeS. ou"_ FLOWRA,"E._th

ITEM NO. DESCRIPTION MMStu/h NORMAL I MAX

B-602A aric_uetKiln _ _I8-602B 9ricuet Kiln "_ ? ?

I
Summary:

Total Normal Natural Gas Row, ti:=/11 0
Total Maximum Natural Gasm Flow, ft=/h 0
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10.0 CAPITAL COST ESTIMATE AND SCHEDULE

10.1 General

This capital cost estimate was done by the Estimating Department of the Bechtel
Houston office for XBi. It is based on the technical equipment list provided in Section
8.0 and the instrument list provided in Appendix C. Factors were then applied to
arrive at the final cost. The 1000-tpd mild coal gasification facility is estimated to cost
$116.4 million dollars, including the cost of the 24-MW power generation facility. The
engineering and construction schedule calls for 44 months from start of preliminary
engineering to final commissioning.

10.2 Capital Cost Estimate

10.2.1 Assumptions

The following assumptions were used:

* Overall project schedule is 42 to 48 months.

* The project consists of:

- 1000 tpd mild coal gasification.
- Formed coke production.
- Electric power generation at 24 MW.

• The plant battery limits start with a 500-foot-long conveyor from the mine.
Coal feeding to the conveyor is by the mine operations. The battery limits stop
at the 13.8-kV switchgear and the storage silos/hoppers for the formed coke
product and solid waste products. Wiring from the 13.8-kV switchgear to the
utility's service line is not included along with disconnect switches and any
required voltage step-up or step-down transformers.

• Base date of the estimate is second quarter 1992. Escalation factors are not
included in the estimate.

• Items specifically included in the estimate are:

Buildings and structures.
Lab facilities.

Stationary maintenance equipment (hoists, monorails, etc.).
Stationary f'lre/safety equipment.
Civil/structural/architectural (concrete), piping, electrical wiring and
raceways, communications, cathodic protection, freeze protection, grounding,
etc.

• Items specifically excluded from the estimate are:

All facilities outside the battery limits.
Laboratory equipment.

86



- Mobile equipment such as bulldozers, forklifts; cranes, trucks, etc.
- Electric power transmission lines.
- Taxes such as sales, local, and use.
- Land and land rights.
- Allowance for funds during construction (cost of money).
- Operation and maintenance costs during start-up and commissioning.
- The owners' organization costs.

10.2.2 Elements of the Cost Estimate

The cost estimate of $116.4 million is presented in the tables at the end of this
section, which comprise 21 sheets. The f'_rst sheet summarizes all of the inputs into the
cost estimate including mechanical equipment, packaged systems, major electrical and
instrumentation items, bulk materials, labor, subcontracts, freight, construction
contractor's fee, engineering and home office fees, and contingency.

10.2.2.1 Mechanical Equipment

Equipment specifications and quantity are based on the equipment list presented
in Section 8.0. Budget quotations from equipment vendors were used for most of the
equipment and packaged systems except for the briquetting system. Bechtel in-house
data was used for the remaining equipment. The vendor that supplied the quotation is
listed on the estimating cost sheets. If no vendor is listed, then the information came
from the in-house rifles. An allowance was made for miscellaneous equipment items
such hoists, monorails, strainers, etc., that are not on the equipment list.

10.2.2.2 Electrical Equipment

The quantity of major electrical equipment is based on the single line electrical
drawing and the equipment list. The smaller electrical items were factored from the
major equipment list based on Bechtel experience with similar projects.

10.2.2.3 Instrumentation and Control

Instrumentation and control items were taken from the instrument list and from
the process and utility flow diagrams.

10.2.2.4 Bulk Materials

Bulk material costs were factored from either the equipment or instrument lists.

10.2.2.5 Constru,_tion Manpower

Construction is based ,gn a 40-hour work week at 8 hours per day, 5 days per
week. Man-hours required :Forinstallation of all equipment, electrical, instruments, and
bulk materials was estimated from Bechtels' in-house fries. The average composite
wage rate was estimated to be $45 per hour. Calculations showing how the composite
wage rate was estimated are shown on page 89.
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10.2.2.6 Indirect Field Costs

Indirect field costs such as temporary facilities, temporary construction services,
construction equipment, tools, welders' certification, security, field supervision, project
engineering, administration, safety, warehouse, and project insurance are included in
the composite man-hour rate ($45/hr) at 120% ($24.22) of the direct field labor cost
($20.18).

10.2.2.7 Construction Management Fee

The construction management fee for overhead and profit is calculated at 2% of
the total field cost excluding the cost of equipment materials and subcontracts.

10.2.2.8 Engineering and Home Office Fee

Architect, engineering and home office fees, including overhead and profit are
estimated at 10% of the total installed cost, which includes the contingency allowance.

10.2.2.9 Contingency

The contingency factor consists of two values, which are 15% of equipment
materials and subcontracts and 30% of installation man-hours.

10.2.2.10 Accuracy of the Estimate

The accuracy of the estimate as defined herein by the equipment list and the
scaling factors discussed above is -5% and +20%.

10.3 Engineering and Construction Schedule

The engineering and construction schedule, shown on page 90, is based on
Bechtel's (XBi) experience on similar gasification]fluid-bed boiler projects. The schedule
is dictated, in large part, by lead time for environmental permitting and the long
delivery time for the AFBC. The overall project activities ,and durations are:

Months
Engineering, Licensing, Permitting 15- 18
Procurement and Deliver 30
Construction (6-Month Overlap with Above) 14
Start-up, Commissioning 3 - 6
Overall Schedule, Planning to Full

l_oduction with Overlaps 42-48

88



20708-308 / UND/EERC AND AMA FILE:\XYTEL\MCB-WR1
MILD COAL GASIFICATION PROJECT - I000 T/D
CLAY COUNTY, INDIANA

OPEN SHOP OPEN SHOP
CRAFT DISTR.IB- W RATE + WEIGHTED

UTION PER DIEM

% S/MH Slm

,_EC_ICAL 65.0% IS.12 ll.VS

CIVIL 35.0% 17.62 6.17

SUBTOTAL 17.95

ALLOW J 'MAN :APP
45/55 %

APP @ 70%
JM_AN RATE
ADJUST -16.5% -2.96

SUBTOTAL 14 .98

ALLOW :--M..ANDIFF !0 .0% 3 .97 0 .40
ALLOW GFMA_ DIF 3 .0% 4 .82 0 .14
ALLOW P/R T+I 30.0% 4.66

INCLUDS WC
gaD .m ID.,_,._ i"

SUBTOTAL 20 .18

ALLOW DISTRIBS @ 120 .0% 24 .22

TOTAL 44.40
USE $45 .00 I'NCLUDING ALLOW-

ANCE FOR TURNOVER
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11.0 PROJECT FINANCIAL ANALYSIS

11.1 General

A preliminary financial analysis was carried out using the capital cost estimate
prepared by XBi and an operating cost estimate prepared by AMAX. J. E. Sinor
supplied the product revenue data.

11.2 Formed Coke Value

A wide range of opinions exists as to the potential market value of formed coke.
Because it is not a currently purchased commodity in the steel industry, there is no
precise measure of its value. It is generally expected that formed coke would be
somewhat less valuable than conventional metallurgical coke, because the formed coke
properties will be less desirable or may require changes in blast furnace operating
procedures. A fully optimized formed coke process could theoretically produce a more
uniform product and might eventually command a higher market price. Prices of as
much as $200 per ton have been suggested for such a premium, low-sulfur product. At
the moment, that possibility is purely speculative.

Because only a small fraction of the total amount of coke produced is actually sold
in a market transaction, reported prices fluctuate a great deal in response to changing
demand. Prices in the past have generally ranged from about $80 to $150 per ton.
Current values appear to lie in the range $100 to $120. Prices required for investment
replacement are expected to be $150 to $160 per ton. A value analysis, in which the
value of coke was computed as the product of the additional output of steel generated
by a marginal increase in coke times the price of steel), led to a price of $157 per ton.

The biggest hurdle for a formed coke produced from Indiana coal is to make a
product that will be marketable from the standpoint of sulfur content. Standard
practice is to set an absolute limit of 1.0% sulfur in coke. In actuality, there is nothing
magic about this value. Higher sulfur levels simply mean more expense in removing
sulfur during the steelmaking process. In the United Kingdom, because of the scarcity
of low-sulfur coking coals, a sulfur level of up to 1.5% in metallurgical coke is
tolerated. However, there seems to be a general consensus that sulfur should be no
higher than 1.0% for the U.S. market.

In spite of the key importance of sulfur in coke, there is no widely accepted scale
for coke value as a function of sulfur content. Depending on the individual coke
producer, sulfur penalties or premiums may be assessed on coking coal, ranging from
$1.00 to $2.50 per ton per 0.1% sulfur above or below a desired level such as 0.7%. If
it is assumed that these values flow through to the coke and that they can be extended
to higher sulfur levels, a 3% sulfur coke might have to carry a discotmt of $30 to $70
per ton. The lower figure might be acceptable, but there is no indication that a 3%
sulfur coke could be sold even at a much higher discount.

For the purposes of this analysis, it was assumed that a formed coke with no
more than 1.0% sulfur could be produced and that the market value would be between
$100 and $200 per ton.
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11.3 Electricity Value

The project case analyzed has only two products--formed coke and electricity. If
the project could be structured as a cogeneration facility, it could obtain "qualifying
facility" status from the Federal Energy Regulatory Commission. This results in
certain f'mancial benefits for the plant owner. The electrical utility in whose service
area the plant is built would be required to purchase the electricity produced by such a
facility.

Without designation as a cogeneration facility, the formed coke plant would be
classified as an independent power producer (IPP). As an IPP, electricity sales would
have to be negotiated with a utility. It would not necessarily have to be the utility in
whose service area the plant is located. Electricity could be "wheeled" over the
transmission lines of the local utility to the final purchaser.

Current electricity purchase prices offered by Indiana utilities are on the order of
$0.03 per kWh (combined energy rate and demand rate). However, the current price
being paid for electricity by the Chinook mine is on the order of $0.04 to $0.05 per
kWh. Therefore, power could be supplied to the mine by the mild gasification plant to
realize an internal income of up to $0.05 per kWh. In the future, when the utilities
again begin building new generation facilities, it is expected that their avoided cost
could go as high as $0.07 per kWh. Therefore, the electricity prices used for a
sensitivity analysis were $0.03, $0.05 and $0.07 per kWh.

11.4 Product Rates

11.4.1 Formed Coke

To obtain a product flow rate for use in the financial analysis, the following
streams from the XBi report were used:

• Stream 13: calcinate, 25,100 lb/hr.
• Stream 15: calcinate frees, 5,614 lb/hr.
• Stream 20: tar oil, 5,278 lb/hr.

Streams 13a and 15 are at 7% volatiles content, while the final formed coke
product is assumed to be at 4.5% volatiles. Furthermore, it was assumed that 40% of
the tar oil used as binder is volatilized during briquette curing. Therefore, total
product yield was computed by:

• Stream 13a= 25,100 x 0.955 = 23,970 lb/hr.
• Stream 15:5,614 x 0.955 = 5,361 lb/hr.
• Stream 20: 5,278 x 0.60 = 3,167 lb/hr.
• Total = 32,498 lb/hr.

On the basis of 330 days per year, total formed coke product for revenue is then
128,700 tpy.
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11.4.2 Electrici_

The gross plant electrical capacity in the XBi design is 24 MW, with a net output
for sale of 19.2 MW. On the same basis of 330 days per year, the total production for
revenue is 152 million kWh per year. It appears that this figure may be low because
it is not clear that the fuel value of that fraction of the binder volatilized during curing
has been added to the fuel stream. If that is the case, electrical output should be
increased by over 10%.

11.5 Capital Costs

The total capital cost determined by XBi is $116.4 million in 1992 dollars. A
3-year construction schedule was assumed, with expenditure profile as follows:

* 40% in 1995.
• 30% in 1996.
• 30% in 1997.

The f_rst year of production is 1998, and production starts at full capacity.
Operating life is 20 years, and a salvage value of 20% of capital cost was assumed.

11.6 Operating Costs

11.6.1 Coal

The major operating cost is the cost of coal. Plant input is 1,000 tons per day,
dry basis, at 8.2% moisture. This translates to 1,089 tpd wet basis, or 359,477 tpy. It
takes 2.79 tons of coal to produce a ton of formed coke.

The nominal price of coal is $20 per ton, and sensitivity cases were run at $15
and $25 per ton.

11.6.2 Limestone

To calculate limestone required for sulfur removal, the following data were used:

• 90% sulfur removal efficiency.
• 2,047 lb/hr sulfur removed (streams 2, 8, 16, 20, and 26).
• 1 mole of CaO per mole of sulfur = 1.75 lb CaO per lb of S.
• Limestone = 56% CaO.
• 1.8 stoichiometric ratio limestone/sulfur.
• 45,600 tpy limestone.
• Cost of crushed limestone, $7/ton.
• Total cost: $319,000.

11.6.3 Disposal Costs

Fly ash and spent limestone/gypsum are disposed of in the coal mine. Disposal
costs were calculated as follows:
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* 5,375 lb/hr fly ash (streams 2, 8, and 16).
• 5,117 lb/hr excess limestone.
• 11,000 lb/hr gypsum (CaSO4e2H20).
• Disposal cost, $2/ton.
• Total cost: $170,200/yr.

11.6.4 Water

Water requirements were calculated as follows:

• Cooling tower heat load 350 million Btu/hr.
• Assume 75% latent heat transfer.

• 270,600 Ib/hr evaporated = 32,000 gal/hr.
• Adding blowdown and drift, need at 40,000 gal/hr.
* 317 million gal/yr.
• Cost $0.50 per 1,000 gal.
• Total cost: $158,400/yr.

11.6.5 Chemicals

Water treatment chemicals include:

• Biocide for cooling tower, $32,000/yr.
• Boiler feed water treatment, $24,U00/yr.
• Makeup brine and glycol, $8,000/yr.
• Total cost: $64,000/yr.

11.6.6 Supplies and Maintenance

Calculated as 2.5% of capital cost, or $2,910,000/yr, including labor for
maintenance.

11.6.7 Other Costs

There is no cost for electricity, since the 5 MW required to operate the plant is
deducted from the gross output of the power plant and is not sold as product.
Compressed air is included in the electric power consumption. Some natural gas is
used in the plant for starting up the briquette curing oven, but the amount is small
and is less than $5,000 per year so it was not included in the operating costs.
Wast•water disposal costs were also so small that they were not included.

11.6.8 Manpower

Operating labor costs were estimated as follows:

• Operations, 40 persons, $2,617,000/yr.
• Support, 10 persons, $482,000/yr.
• Engineering, 7 persons, $534,000/yr.
• Supervision, 7 persons, $591,000/yr.
• Total cost: $4,224,000/yr.
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11.6.9 Operating Cost Summary

Total operating costs amount to $15,041,000 per year, as summarized in Table 1.

11.7 Financial Evaluation

11.7.1 Evaluation Parameters

Financial analyses were carried out using the following parameters:

• 4% general inflation rate.
• All costs and revenues inflated at 4% per year.
• 100% equity basis.
• Taxes calculated on stand-alone project basis.
• Project subject to Indiana income taxes.

TABLE 1

Operating Cost Summary (dollars per year)

Totals

Feedstocks
Coal ($20/ton) $7,190,000
Limestone $319,000

$7,509,000

Chemicals $64,000

Disposal $170,000

Supplies and Maintenance $2,910,000

Utilities
Gas $5,000
Water $158,000
Wastewater $1,000

$164,000

Labor
Operations $2,617,000
Support $482,000
Engineering $534,000
Supervision $591,000

$4,224,000

Grand Total $15,041,000
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11.7.2Base-CaseResults

Base-caseresultsare combinedwith a capitalcostsensitiviJ_yanalysisinFigure5
and Table 2. For thebest-guesscapitalcostestimateof$116.4million,the discounted

cashflowrateofreturn(DCFRR) is8.1% ata formedcokepric_c_f$150 per ton.
Increasingthe capitalcostby 20% dropstherateofreturnto6.9%,and decreasingthe
capitalcostby 20% increasestherateofreturnto 9.6%.

Indicatedinthefigureforreferencearethe estimatedformedcokevaluefor
currentcokepricesand alsothe valuerequiredtojustifyreplacingconventionalcoke
ovens.Ifformedcokevaluesreachthelatterlevel,thebase-caseDCFRR becomes

8.9%. .:

The calculated rate of return is not sufficiently attractive to draw outside
investors into such a project. The major reason for the poor economics as compared to
conventional coke ovens is the small plant size and consequent high cost per unit of
capacity. In terms of unit cost, the mild gasification formed coke plant costs $900 per
yearly ton of capacity, about 3 times the estimated cost for conventional coke ovens.
This overwhelms the fact that cheaper coals can be used as feedstock. The small size
does not appear to be an attractive commercial venture. Thus a plant of this size
should more properly be considered a demonstration project and not expected to earn
full commercial rates of return on investment.

11.7.3 Sensitivity to Electricity Prices

The effect of t:tree different levels for the price of electricity is shown in Figure 6
and Table 3. The nominal level of $0.05/kWh corresponds to electricity replacement
cost at the Chinook mine. As before, the indicated rate of return is 8.1% at a coke
price of $150/ton. Decreasing the price of electricity to $0.03/kWh, the current avoided
cost offered by Indiana utilities, drops the rate of return to 5.8%. Increasing the price
of electricity to $0.07/kWh, the expected future value, increases the rate of return to
10.1%. Electricity prices thus have a major effect on the project's financial
performance.

11.7.4 Sensitivity. to Coal Cost

The effect of three different levels for coal cost is shown in Figure 7 and Table 4.
The nominal level of $20/ton corresponds to the expected cost of coal from the Chinook
mine. As before, the indicated rate of return is 8.1% at a coke price of $150/ton.
Increasing th_: cost of coal to $25/ton decreases the rate of return to 6.8%. Decreasing
the cost of coal to $15/ton raises the rate of return to 9.4%. Although the effect is
significant, coal cost swings of this magnitude cannot push the project into an attractive
financial regime.

11.7.5 Probability Distribution on Cost Sensitivity

A final economic run investigated the result of a probability distribution on
capital costs. The results shown earlier in Figure 5 simply give the values (DCFRR)
which would result from specific changes in capital cost. In reality, capital cost may be
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TABLE 2

Capital Cost Sensitivity
(discounted cash flow rate of return)

DCFRR, percent

Nominal Capital Cost
Coke Price $100/ton 2.7
Coke Price $150/ton 8.1
Coke Price $200/ton 12.0

Capital Cost Reduced 20%
Coke Price $100/ton 3.8
Coke Price $150/ton 9.6
Coke Price $200/ton 13.7

Capital Cost Increased 20%
Coke Price $100/ton 1.8
Coke Price $150/ton 6.9
Coke Price $200/ton 10.7

thought of as a random variable whose most likely value is the estimato of a $116.4
million. If the plant is actually built, it could end up costing less than the estimate,
but it is far more likely to end up costing more than the estimate. This effect can be
analyzed using the technique of Monte Carlo analysis.

A triangular probability distribution for capital costs was assumed, with $116.4
million as the most likely value, $92.8 million as the lower limit, and $151.3 million as
the upper limit. Using a random number generator to choose capital values from the
triangular probability distribution, several hundred computer runs were then made to
generate probability distributions for the DCFRR as a function of formed coke prices.
Results are presented in Figure 8 and Table 5.

Shown are the DCFRR values for 10%, 25%, 50%, 75% and 90% probabilities.
These may be interpreted as follows. For any given coke price, there is a 90%
probability that the DCFRR will exceed the values on the lower line in Figure 8, a
75% probability that the DCFRR will exceed the values on the second lowest line, a
50% probability that the DCFRR will exceed the values on the middle (heaviest) line,
etc. Thus the thickness of the lines in Figure 8 indicates, in a qualitative way, the
likelihood of the actual project rate of return falling in the vicinity of the line. It is
most likely to fall near the middle line and increasingly less likely to fall on the lines
farther away from the middle.

Because cost overruns are more likely than cost underruns, the probable DCFRR
is shifted toward the lower lines. Thus as seen in Table 5, the base-case rate of return
(50% probability) at $150 coke price is 7.9%, compared to 8.1% for the nominal case in
Table 2.
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TABLE 3

ElectricityPriceSensitivity
(discountedcashflowrateofreturn)

DCFRR, percent

Nominal ElectricityPrice($0.05/kWh)
Coke Price$100/ton 2.7
Coke Price$150/ton 8.1
Coke Price$200/ton 12.0

IncreasedElectricityPrice($0.07/kWh)
Coke Price $100/ton 5.5
Coke Price $150/ton 10.1
Coke Price $200/ton 13.6

Decreased Electricity Price ($0.03/kWh)
Coke Price $100/ton -1.0
Coke Price $150/ton 5.8
Coke Price $200/ton 10.3
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TABLE 4

Coal Cost Sensitivity
(discounted cash flow rate of return)

DCFRR, percent

Nominal Coal Cost ($20/ton)
Coke Price $100/ton 2.7
Coke Price $150/ton 8.1
Coke Price $200/ton 12.0

Decreased Coal Cost ($15/ton)
Coke Price $100/ton 4.4
Coke Price $150/ton 9.4
Coke Price $200/ton 13.0

Increased Coal Cost ($25/ton)
Coke Price $100/ton 0.8
Coke Price $150/ton 6.8
Coke Price $200/ton 11.0
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TABLE 5

Probability Distribution on DCFRR as a Function of Capital Cost and Coke Prices
(probability of reaching or exceeding the specified discounted cash flow rate of return)

Probability, percent DCFRR, percent

Formed coke Price $100/ton 90 1.69
75 2.09
50 2.50
25 2.96
10 3.41

Formed coke Price $150/ton 90 6.76
75 7.33
50 7.89
25 8.51
10 9.12

Formed coke Price $200/ton 90 10.55
75 11.19
50 11.83
25 12.53
10 13.22
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stream 3 ° 1.0000 - 0.0000 Psi
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SeC S3: Prmure of scream 5 •
scream 3 " Io0000 - 0.0000 Psi

Set _4: (ignored) Tmmerscure of stress 6 -
stream & " 1.0000 _ 0.000O F

Sec ....5S' Tmrlt'.u'e of stress 7 •
scream :, " 1.0000 * 0.0000 F

Sec $6: Pressure of scream 6 •
sl:ream t. - 1.00GO * 0.S000 Psi

$ec 57: Pressure of s_ream 7' =
scream t, - 1.0000 - 0.5000 Psi

Sec 58: Pressure of scream 11 =
scream 7 " 1.0000 - S.OOOOPSi

Se_ 60: Tenne.rscure of scream _, :
screm 33 " 1.0000 • 0.000O F

Sec 61 : Ten_erat,,u'e of stream 35 •
s_ream 33 " I.C}00Q * 0.0O00 F

SeC 62: Pressure of scream 34 =
scream _ ° 1.0000 - 0.0000 Psi

Se¢ (G: Pressure of scream 3$ :
sCrem 33 " 1.0000 * O.O000 PSi

Set 6/.: Tem=e_sture of stream 39 =
stream 38 " 1.0000 * 0.0000 F

Se: 65: Terroeracure of scream _) =
. scream 38 • 1.0000 - 0.0000 F

Sec _: ;=r_ssc.'e of scream 39 •
scream 38 " 1.0000 * 0.0000 Psi

SeC 67: Pressure of sl:rees /.0 :,
scream 38 * 1.0000 • 0.0000 Psr

SeC (_: Ten_era_Jre o_ s=ream/,1 =
scream 39 " 1.0000 * 0.0000 F

Set 69: Temers_re of stress _7. z
scream _9 " 1.0000 * 0.0000 F

Set 70: Pressure of stream 41 =
scream 39 f 1.0000 • O.$OOOPsi

Set 71: Pressure of stream /.2 •
scream 39 • 1.0000 * 0.$000 Psi

Set 72: Pressure of stre,_ /.7 •
s=ream 31 ° 1.0000 - 2.0000 Psi

Set 7"3: Tem:era_Jre of s=rela _3 •
stream 52 w 1.0000 * 0.0O00 F

Set 7:,: Tmmeracure of sl:ream 5/, •
screa_ 52 " 1.0000 - 0.0000 F

Set 7_: ;)r--ssure of stream 53 •
stream 52 " 1.0001) - 0.000O Psi
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Set 76: Pressure of stream $4 m
scream $2 ° 1.0OOO- O.OQOQPsi

_lju 7?'= (ignore) AclJ Var: Mm Ftou ot sc_ 43
gel= Var: Meu Ftow of str_m 71
Target: 94762. O0 Lh/ht
Tot: 1.22t_S LJ:_hr Stm: lOO.OOOOLb_r
Type: SimuLtaneous

Tee 81 : 16A -73 -17

VeLv 82:62 -62A

Set 83: Pressure of stream 6_
scre_ 1 " 1.0000 ° O.OOOOPsi

Tee 8:.= 75 -63 -64

Mlx 85 :-65 6ZA 63

_(x 86:-66 65 64

Tee _8:/.8 -49 -70

Mfx 89:-72 71

.k:lju 90: (fgnared) Adj Var: Mass Ftc.a of screm 62
Oep Var: Temperature of stream 65
Target: 600. O0 F
ToL: 1.0000 F Step: SOO.O000Lb/hr
Type: SimuLtane_us

Adju 91- (ignorecl) Adj Var-. Mass Ftow of stream 7_
Oeg Var: Ten_eracure of s=remu 3
Target: 1100. O0 F
Tot : 1.0000 F Sl:ep: 100.0000 I.b/hr
TYI_: Simut :anemm

C_mp 100:21 -21A 179
Type: Ad(ai:ac_c
k:l*ial:4tic Efr: 7S.00= Pot_(¢ Efr: 76.77_

r._xm 101: 29 -29A 178
Type: Ad(al:_mc_c
Ad|aJ:atic Efr: 75.00¢ Poty_repic Efr: 78.02¢

Sel: 102: Pressure of s=rem 21A •
sl:resin 17 " 1.0000 ". O.OOOOPsi

Set 103= Pressure of s_rem _)A s
s:rem 26 " 1.0000 _ O.OOO0Psi

104:18 -I_ 177
Type= A_ta_mti¢
Acliaoa¢{c Efr: 75.0i_ PoW_repi¢ Efr: 77./_,

Tem 105:73 -62 -Tr.

Vetv 106: 7& -Tt_A

Nix 107: -7_ 7t.A 23

Set 108: Pr'essure Of Sl:reMI 7t.A • '
scream I " 1.0000 '," O.OOOO;_si

Coot 500:500 -501 -550
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OP: Z.$OOOPsi

Se_. SOl: Ener_ Ftou of stiqmm S_JQ•
sl:ream 18_ " 1.0000 4. O.OOO0|t_drhr
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Hyl_'atecn'$ _rocess SimuLator H¥$%>l - Licensed to Secntet [Pc
Date 92/0/`101 Version ]861C1.51 Case Mame q2 090.S|M
Tlnm It0:33:37 Prop Pkg PR

Stream 1 Z _ 4 5 6 7

Oescr_ption
Vaaour frac. 0.0000 0.9/,81 0.93_ 0.9935 0.0000 O.OOOO 1.0000 O. OOCC
Teml=eratura F 60.0000" 102t,.8637 1100.6667 1100.6667 1100.6667 1100.6052 1100.6667 1100.b6C6
P_sure Psia 21. _;16,_- 21.8_0 16.89_ 16._ 16._ 16.5960 16._ 16._60

Notar F tow LI=thOre/ht &91.17110 380:3.2617 &]77.5601 _.1_.65/,1 Z03.2057 Z7.0260 /`107'.6_1 271].Z_ 17
_ass Ftou L_/hr 64506.0018" 156319.17t-6 15&,_1.17"_5 118/.60_3057 37P__0.8538 '-209.200t0 11t,P._1.10&3 t02090._55=3
LiqVol Flou 8arretlc_ay 3398.0364 11105.5295 13&82.I,132 I0597.$3_ 2584.8769 320.5529 I0276.9819 3205.'298
EJ_tHall=y Btu/ht 6.'._791E_-36 8.33271E-07 3.200092-07 6.136262_7 2.0638_E-07 Z.293182_06 5.9069/`E-07 Z.2931/`F.-_7
Oet_i _'y Lb_o (e/f tj3 0,6189 O.001/` 0.0011 0.0010 0.,_, 0.560/. 0.0010 0 .._60"
,_oLe ut. 131.3313 _,1.1066 35.7118 28.6506 155.756/- 155.7_>6 27.,_l/`J, 155. 755;
Spe¢. Heat 8tu/tt=mole-F 61.0919 18.5895 15.2639 11.7999 7/-.15_.9 7t,.1500 11.]895 7&. 15_-_
Therm Conct 8iu/ht- f:- F 0.0/,26 ............... 0.0/,22 ---
Viscosi _y Cp 3. $68_ ............... O.03&5 ---
Z Fat:or 0.0063 ......... 0.0028 0.0027 1.0002 0.0027

Tens _on Oyne/,-':n 73.7'276 .....................
Slat Oensicy Cblf_.t 81.287"Z ......... 56.1294 56.1303 --- 56.17.95
[NO_COAL Lh/ht 52778.0011" 527"/7._8 0.0000 0.0000 0.0000 0.0000 0.0000 O.OGCO
Nitrogen Lb/hr 0.0000 ° 60912.5829 60912.5813 60912.5819 0.0000 0.0000 60912.5805 O. OOOO
Oxygen Lh/ht 0.0000" 0.0131 0.0131 0.01:31 0.0000 0.0000 0.0131 " O.OOCO
CO Lh/ht 0.0000" 25/,._619 1355.8966 1355.8966 0.0000 0.0000 1355.8966 0.000_
CO2 Lh/ht 0.0000" 1/`95/-. _282 1/`954. _,277 14954._279 0.0000 0.0000 1/`95/-./`276 0.0000
Hethane Lh/ht 0.0000" 301.6070 160_.598_ 1604.5989 0.0000 0.0000 1604.5989 0.0003
Et,_ane Lb/hr 0.0000" 6_.3_,7t, 3/-2.3473 3/,2.3473 0.0000 0.0000 342.3/-73 O.OOCO
E:_ytene Lh/ht 0.0000" 15.5082 82.5076 82.5076 0.0000 0.0000 82.5076 O.OOO¢
Pro;_ane L_/hr 0.0000" 730.9320 3888.9337 3888.9336 0.0000 0.0000 3888.9336 0. OGCO
;_ro De_e Lh/ht 0.0000" 17.,_219 9/,.8211 94 ._.11 0.0000 O.0000 9/,.8211 O. 30C3
H2S Lh/ht 0.0000" 2_4.9298 1515.9297 1515.9_98 0,0000 0.0000 1515.9298 0.0000
HZO Lh/ht 5290.0006" 17362.7(.98 17362.7/`98 17362.7/`95 0.0000 0.0000 17"J62.7/`9& O.OGCO

CARS_CHAR Lh/ht 0.0000" 0.0000 _5652.0570 3565.2057 32086._515 .1565.2056 0.0000 35652.05=,9
ASH Lh/ht 6/-_.0009" 6/.38.0010 _,38.0006 _V,.O001 579&.0006 _.0001 0.0000 o438.00C;
Hydrogen Lh/ht 0.0000" 95._995 508.5995 508.5995 0.0000 0.0000 508._x_5 O.O00O
CALC_CHAR Lblhr 0.0000" 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
IqlP C1]_33/- Lh/ht 0.001113" 22.9.8591 12715._,829 12715./,_)9 0.0000 0.0000 1278. _29 0.0000
NBPC13_369 Lh/ht 0.0000 _ Z_,O.712_ 1_5.76_9 1/,85.7649 0.0000 0.0000 14_5.7649 O.OOCO
NBP(1] j,03 Lh/ht 0.0000" _22.S.2995 1698.8390 1698.8390 0.0000 0.0000 1698.8390 0.0000
NBPC1]_/`37 Lb/hr O. 0000" 158.598_ 1607.637t, 1607.6375 0.0000 0.0000 1607.5375 0.0000
NSP(1] j,71 Lblhr 0,0000" 72.,_89 1185.543/. 118.5.$43_ 0.0000 0.0000 1185.543/- O. 0000
NBP(1] 506 Lh/ht 0.0000" Z8.89/`7 _,2022 933.2022. O. 0000 0.0000 933.2022 O.OOCO
MBP[1__5/`2 Lh/br 0.0001]" 13. ;,795 1005.2705 1005.2706 0.0000 0.0000 1005.2705 0.0000
NBP[:l]_57/- Lh/ht 0.0000 _ t,.t,089 753._9_ 753./,999 0.0000 0.0000 753.'_J_ 0.00C0
NBP(1 ] _605 Lb/hr 0.0000" O.877_ 359.0956 :359.0956 O.0000 O. 0000 359.0956 0.0000
MBP(1]_6_ Lh/ht 0.0000" 0.1163 170.69&1 170.6941 0.0000 0.0000 170.69&1 0.0000
N8P l'/j _225 Lh/ht 0.0000" 0.0000 0.0000 0.0000 O.0000 0.0000 0.0000 0.0000
_lBP_] __01 L=II_ r 0.0000" O.0000 0.0000 0.0000 O.0000 O. 0000 0.0000 0.0000
_IBP_] 363 Lh/ht 0.0000" 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NBP_] _27 Lblhr 0.0000" 0.0000 0.0000 0.0000 O.O00O 0.0000 0.0000 0.0000
NSP _]__9_. Lbthr 0.0000" 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000
MBP_: 559 Lh/ht 0.0000" 0.0000 0.0000 0.0000 0,0000 0.0000 0._000 0.0000
N8PL_] _630 Lh/ht 0.0000 _ 0.0000 0.0000 O. 0000 0.0000 O. 0000 0.0000 0.0000
NBP_]_597 Lh/ht 0.0000" 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NSPP] 767 Lh/ht 0.00013" 0.0000 0.0000 O. 0000 O.0000 0.0000 0.0000 0.0000
_i8_L'L1 901 Lb/hr 0.0000 _ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
S_. Lh/ht 0.0000" 11/`9.677.3 11_,9.67_ 11/,9.67"_. 0.0000 0.0000 11&Q.67"_Z 0.0000

Total: Lh/ht 6&506.0018" 156139.17_ 156_&1.1_5 11_.5057 _.8538 _209.200/. 11_251.10/.] /`2090.055_
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I_rprocecn's Process Simulator )_YSIN - Licensed to @ecncel lhc
Oate 9210/*/01 Version 3861CI.51 Case Maine _12 (3qO.SIN
Time 1/-:33:37 Prop P_g PR

SCream 9 9A 10 11 1Z 13 l& 15

0escril=tion
Vaoour f ra¢. I. 0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Tem=era cure F 191.1279 191.0173 357.0599 357.0839 170.0000" 170.0000 170.0000 170.0000"
Pressure Psia 16. 1960 1/-.6960" 16.3960 21_3960 16.1960 16.1960 16. 1960 16. 196C"
MoLar Flow Ll=motelhr /,079.8513 4079.8513 1933.2271 1933.2271 1933.2271 27.7924 1905.&_.8 1905.,50a
Mass Flow Lh/ht 108975.3587 108975.3587 367135.7583 367135.7583 367135.758_ 5278.0002" 361857. 77_6 361860.0127"
LiqVot _Lou aarrel/day 98_9.37"_8 9839.572@ 30/*$3.$347 30/*53.$3/.7 30453.5347 _37.8047 30015.7310 30015.92,5
Enchal,--y BCulhr 2.0251&F.-07 !.J251_F..-07 3.27"f39E-J7 3.27_ZE-07 -5. 136502_36 -_8216.40/.3 -o.0_082-06 -6.0t-@12.¢-,_5
Oen_i _f LI:=noLel f :3 0.0023 0.0021 0.2315 0.2315 0.257& 0.257& 0.257/. 0.257_
Mole Y:. 26.7106 26.7106 189.9082 189.9082 189.9082 189.9082 189.9082 189.907_
St>ac.._eat SCu/tl:mole-_ 8.3823 8.5796 117.7_25 117.7885 97.5303 97.3303 97.3303 97.330Z
The_ Co_ @:ujhr-f_-F 0.0185 0.0182, 0.0552 0.0552 0.0663 0.0663 0.0663 0.06_3
Vi scosi _f C_ 0.0169 0.0169 O.Z_9q 0.3/,9q 1.1037 1.1037 1.1037 1. 1037
Z Fsc:or 0.9q77 0.9979 0.0081 0.0105 0.0093 0.00V3 0.0093 O. 0093
Sur Tension Oyne/=n ...... 15.5282 15.5272 23.7130 23.7130 23.7130 23.7_30
St¢l Oe_si_y Lblfc3 ...... 51.57";'0 51.5770 51.5770 51.5770 51.573'0 51.57T3

IMO_COAL Lh/ht 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.00CC"
iii trogen Lbthr 60911.96_ 50911.96_. {*2.9056 {,2.9056 {,2.9056 0.61_ {,2.2888 {,2.2=.94 ,
Oxygen Lh/h r 0.0131 0.0131 0.0000 0.0000 0.0000 O. 0000 0. 0000 O. C00C"
CO Lh/ht 1355.8823 1355.8823 0.9978 0.9978 0.9978 0.01_3 0.983/* 0.983 =.•
C02 Lblhr I{.953.9989 1"953.9989 29.9143 29.91/.3 29.91/.3 0.{.301 29.{,8/-3 29.48_;"
Methane Lh/ht 160&.$693 160&.5693 2.0655 2.0655 2.0655 0.0297 Z.0358 2.0359"
Ethane Lh/ht 3/.2.332_ 3/.2.332¢ 1.0615 1.0615 1.0/-15 0.0150 1.02_x_ 1.025o"
Ethylene Lh/ht 82.50/.7 82.50/.7 0.2033 0.2033 0.2033 0.0029 0.200/. 0.20(3""
Prot=ane l.b/hr 3888.5065 3888.6065 22.809q ?.?.._ 22.8099 0.3279 22. _,819 22.'82. _-
Prol_ne Lblhr" 9_.3139 94.3139 0.5058 0.5058 0.5058 0.0073 O. _,985 0. '-985 •
H2S Lh/ht 1515 ._Z,56 1515._V,56 5. =,671 5.3671 5.8671 O.08/.3 5. _827 5.732 _."
HZ0 L:/hr 17_6_. 1727 i_62.1727 _.20/.3 _0.20/.3 /,0.20/.3 0.5780 39.626/* 39.627"Z."
CARa_CHAR Lblhr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000"
ASN Lh/h r 0.0000 0.0000 0.0000 0.0000 O. 0000 O.0000 0.0000 0. J 00 C"
Hyaro¢3en Lb/h_ 508.5958 _08.5958 0.2591 0.2591 0.2591 0.0037 0.255/* 0.25.=_."
CALC_CH_R LD/ht 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000"
liSP C1]_]3/- I.b/hr 1223.9620 1223.9620 38_.2173 38&2.2173 38/,2.2173 55.2363 3786.9811 3787.6965"
NSPC12_369 Lh/ht 1281./-601 1281.{,601 1/.292.7216 1/.292.7216 1/.292.7216 205./.7/-," 14087.2677 1/-088. :, 17_"
g8P [1]_'03 Lblhr 121/-. 1678 121/.. 1678 ]3688.8168 33688.8168 ]3688.8168 /,84.3156 3320&.502_, 3"320/,. I/.53"
N8P [I]__37 Lblhr 843.3906 8_3.5906 53183.9796 53183.9796 53183.9796 764.5811 52{.19./.00/* 52c,19. 7323"
NEP[1]__71 Lh/ht 387./-800 387.6_00 55532.320/. 55532.320/, 55532.320/. 798.3/-12 5/-733.9811 54734.2583"
_8P_I] 506 Lblhr 153.64,86 153.64_6 54232.3920 5/.232.3q20 5/.232.3920 7?9.6532 53/*52.7/-07 53/.52._/-_5"
MBP[1]_542 Lh/ht" 71.6767 71.6767 6/-9/.2._009 _>/-9_2.8009 6/.9_2.8009 93"3.627"7 64009. 175/- 64009.Z0_I"
NaP [I] _574 Lb/hr 23._J,39 23.{J,39 50781.9395 50781.9395 50781.9395 730.0/-90 50051 ._922 50051 .=..829"
_SP [1] _605 Lbthr /..667"t &.6677 2_653.162.3 2_653.1623 2_653.167.3 35/..{.177 2{,298. 7455 24Z98. _/. i"
MBPCl] _6_8 Lh/ha 0.618/, 0.&18_ 11829._7T16 11829.8706 11829.8T_6 170.0680 11659.8029 11659.79/.6"
MBP_] 225 Lb/h r O. 0000 O. 0000 O.0000 0.0000 O.0000 O.0000 O. 0000 O. 0000"
_8P_23_301 _.:/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000C"
NSP_23_363 Lb/h r 0.0000 O. 0000 0.0000 O. 0000 O.0000 O.0000 0.0000 O. 0000"
liBP .r'z__;_7 Lh/ht 0.0000 0.0000 0.0000 0.0000 0.0000 0.00013 0.0000 0._000"
_8P L',_J '-;/* L_/hr O.0000 0.0000 0.@000 O. 0000 0.0000 0.0000 0.0000 0.0000"
NgP [2]__59 L:/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001_"
MBP_3_530 Lbthr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000"
liSP [2] 697 Lb/h r O. 0000 O.0000 0.0000 0. (3000 O. 0000 O.0000 0.0000 O. O00G"
MBPL'L1_767 Lblhr 0.0000 0.0000 0.0000 O.0000 0.0000 0.0000 0.0000 0.0000"
MBP_]..901 Lh/ht O. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 °
SO2 Lb/h_ 11/.9.5/-65 11/.9.5_5 8.7610 8.7610 8.7610 0.1259 8.5350 8.5353"

To:al: Lh/ht 108975.3587 IC3975.5587 367135.7583 367135.7583 367135.7583 _Z78.0002" 361857.7"/36 361860.01_7"
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_proc_.n's _rocess S(mu{aCoP HYSZM - Licmsed co _ecnce( [rc

Oace 92/0:.101 Version 386{CI.$I Case .ame .2_090.S%_
Tlm 1/-:33:37 Pr_ Pkg PR

S_remcm 16 I_ 17' 18 I_ 19 ZO 21
Oe_cril3cion

V_r frac. I.0000 I.0000 I.0000 I.0000 I.0000 I._00 I.0000 I.0000
T_racure F 191.017"3 :30/-.9376 30/,.9376 191.01_ _2._Z 60.0000" 60.0000" 60.0025
Pr_sure Psia I&.6_0 Z/*.J_1960" 24.8_ I&.6960 :_7.6960" I&.6_" 14.6960" I/*._96(3

NoLar Flow L_:moLe/hr 1719,2598 1719._98 952._5 _.5916 _.5916 _._513 I_8.1276 1591.'_9
N_s Flow Lblhr G597.2,._,9_" c592._../.9_ 25/,37./.9_/,6]0_2._90 _O_Z._90 !0_7.2_Z 352_,3._ _,5911.16_6

LfqVol Flou ]arrel/_y /.I_._70 _,I_._ 2296.7_ 5693.0358 569_.0358 _.0_¢, Z_Z.7198 3_/*.7"_.
¢.nrJ_al_y 3¢u/hr _.5]_01E_Q6 1.01937E-07 5.6_655E_J6 1.|717¢_07 1.._9_T3E-07 1._OOOOE<6 c.53/,7/,E-06 $.7"3/,7"_-_16
Oensi cy L]_ot el f ¢3 0.0021 0.0030 0.0030 0.0021 0.00/,1 0.0026 0.0026 (].3025
Note Yc. 26.7106 ?.6.7106 26.71C6 26.7106 26.7106 32.0000 ZS.01]O _. :J._ 1
$¢_.c. Heac 3_u/lbmole-F _..17_6 _.6525 _.6525 _.3}"96 _._76 6.9981- 5.9509 6.;609
Them C.nn_ _u/hr-f_-F 0.018Z, 0.0215 0.0215 0.0184 0.02/.1 0.01{8 0.01/,5 0.01_6
Viscosi :y C_ 0.0169 0.0198 0.0198 0.0169 0.0220 0.020/, 0.0179 O. 0lEA
Z Fac: or 0.9979 0 o9_8Z O. 9_82 0.9979 O. 9985 O.9989 0.999:. 0.9_:]g
Sur Tens ion O_e/cnm ........................
S_d Oensicy Lb/f_3 ........................

[NO_COAL Lh/br 0.0000 0.0000 0.0000 0.0000 0.(3000 O.O00O" O.O00O" O.OOCO
Mitrogen L_/hr Z5668._58_ 256o8.{,583 1_218.._333 352/*3.5080 352_3.5080 O.(300O" 552_3.9283" 352/,3.9Z_
Oxygen Lb/hr 0.0055 0.0055 0.0031 0.0076 0.0076 "0667.2/*02" O.O00O ° I06d7.2'-:,5
CO Lh/ht 571 .]72.3 571 .,t7_ 316./.959 7_.$I01 784.5101 0.0000" O.0000" 0.30C0
C:_2 Lblhr 6301.65]6 6301.6556 3{,90.6269 8652.._&5_ _65 Z.._/,58 O.0000" O. 0000" O.3CO0
Hethane Lb/hr 676.1696 676.1696 37_.5/,55 928.3997 928.3997 O.0000" 0.0000" O. COO0
Er_ane Lh/ht 1U,.2597 1/-f,.2597 79.9087 198.0726 198.0726 0.0000" 0.0000" O.OOCO
E_hylene Lb/hr :3/*.7677 3/,.7677 19.2586 /.7.7370 /.7.7370 0.0000" 0.0000" O.OOOO
PPo_ne Lb/h_ 16_8. {x_B 1638.6688 907.6953 22/.9.9378 22/.9.9378 O.OOOO" 0.0800" O.OOCO
Pro_ene Lbll_r 39.95_1 39.9548 22.1319 5/.._S91 5/..5591 0.0000" O.OOO0" 0.30C0
H2S Lh/ht 638._12 638.7812 35:3.8352 877.06z-_ 877,06M. 0.0000" 0.0000" (].COCO
H20 Lbthr 7316._z,2 ,_16. _42 _052.7532 100/,5.7091 100/,5.7091 0.0000" 0.0000 _ 0.3_C0
CARS_CHAR Lb/h r O. 0000 0.0000 O. 000(3 O. 000(3 (]. 0000 O.000(3" O. 0000" (3.30C(3
ASX L_/h r O. 0000 O.(3000 O. 0000 O. 0000 O.0000 O.(3000" (3. (3000" (3._OCO
Hydrogen Lh/ht 21/*.3236 Zl/..3236 118.7186 Z9/,.277.2 Z9_.2722 (3.0000" (3.(3000" O._OOO
CALC CHAR Lh/ht 0.0000 0.(3000 0.0000 0.00(30 0.0000 (3.0000" 0.(3000" 0.0000
MB__:1"]_33/, f.b/hP 515.7807 515.7807 Z_. 7025 708.1813 708.1813 0.(3000" 0.(3000" 0.0000
MB_(:I] :369 Lh/ht 5/,0.(3106 5/,0.0106 299.1239 7&1./,_95 7&1. M,95 0.(3000" 0.(3000" 0._00
XgP(:l]__03 Lb/hr 511.6534 511.553/. 283./.163 702.$1U, 702.$1U, 0.(3000" 0.0000" O.OOCO
MBP(:1]__37 Lh/ht 355._070 355./,070 196.B679 /,87.9837 _87.9837 0.0000" O. 0000" O. ;OOO
NBP (:1]__71 Lh/ht 163.ZB5(3 163.2850 90._J,72 22/*. 1969 22/.. 19_9 0.(3000" 0.(3000" O. 0000
MBP(:11_506 Lbthr 64.7/.79 64. ZL79 35._653 8_.9007 _8.90(37 0.0000" 0.(3000" 0.3000
XE4_(:1__5/.2 Lh/ht 30.2067 30.20{,7 16.7"311 /.1./.719 /.1./,719 0.(3000" 0.(3000" (3.0000
HBPC1__57/, Lb/hr 9._793 9.3793 5./.72/. 13.564_ 13.56_6 0.(3000" (3.0000" O. C(300
MBP(:1].605 Lh/ht 1.9670 1.9670 1.0896 Z. 7007 2.7007 0.(3000* 0.(3000* O.OOOO
NI_ I:1] _6_ I.bthr 0.2606 0.2606 O. 1_-; 0.,_$78 0.3578 0.0000" (]. (3000" (3.OOCO
MBP_ _225 Lb/h r 0.0000 O.0000 0.0000 O. 0000 O.00300 O.00030" (3.0000" O. _CO
NBP r2] _(31 Lh/hP 0.00300 O,0030303 O. 0030(3 0.003003 0. (30300 0.0000" O.[:)0030" (3.OCCO
XgP _] ._63 Lbl hr 0.000(3 0.0000 0.000(3 0.0000 O.0000 0.0000" O.0000" O.OCO0
X8P L_ _'_27 Lb/h r 0.0030(3 O.0000 O.0000 0.00(30 0.00003 0.0000" O. 0000" O. 3CC0
MBP(:2___& Lb/h r O. (300(3 O.0000 O.0000 O.0000 O. (303003 O.000(3" O. (30003" 0.00_0
NBP _Z]_559 Lh/ht 0.00300 0.(3000 0.0000 0.0000 0.(3000 0.(30030" 0.(3000" (3.0000
MBP[2] _630 Lb/h r O. 0000 O. 0000 O. 0000 O. (3000 O.{303030 O.0000" (]. (30030" O. _000
XgP l'Z] _597 Lblh n O. 0000 O.00003 O. 00300 O. 0000 O.0000 O.003003" 0. (3000" 0.30 CO
MBP[2] _767 Lb/h r 0.0000 0.00300 0.000(3 O.0000 O. 0000 0.0000" O. 0000" 0.000(3
Nap _]_901 LbthP 0.000(3 0.0000 0.0000 0.000(3 0.0000 0.0030(3" 0.(300(3" O.OOOO
S_. LD/ht _P._*./.218 _._213 268._321 665.1267 665.12/.7 0.00003" 0.0000" O. _003

To_al : Lblhr /.5922./.983" _59E2./.983 Z5/,37./.99/, _3(352._690 63052._690 10667.2_02 352_3.9283 _5911. 169_
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Hy_'otech's _rocess Simulator HYS[N - _ite.sed to ge_nte( ]no

Oate 9210&101 Versiors 386]CI.$I Case M_uBe_2090.5l_
Tlnm I&:33:37 pr_ pkg p_

Stream 21A 22 23 2C 25 26 ZT 2S
0escr_ption
Vztx_r frac. 1.O0O0 1.2000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
TemDcrature F 17"Z._:_8_ Z2a..XS&l 2886.6732 2236.917.3" _02.0992 /,02.0992 60.0000" 6O.OO0C-
Pressure Psia 2&._60 2_._ 21.8960 Z1._" 37.6960 37.6960 14.6960" I_.6960"
Molar FLow lbmole/hr 1591.&7139 2543.a153 _&5.1625 3312._18" I_7.9050 8_._ 305.07_I0 1152.9025
Mmss Flow Lbthr 45911.1696 713_8.6668 713Z_8.2147 91833.17"_8 39742.5667 23110.0001" 9775.0715 32296.2576
LJclVaL FLow hrrel/cmy 363&.T&24 5931._912 5857.77.56 T707.2936 3588.3788 2104.657_ 588.3261 27_2._I;8
Enthalpy S_J/hr 6.97*;_2E-06 1.2526&JE-07 7.Z33M_07 7.Sa79ZF._07 1.00833E-07 5.91t_6_6 1.39_63E-06 _.1554_--06
Oer_ity L..._noLe/ft3 0.0037 0.203_ 0.0006 0.0008 0.00/,I 0.00_1 0.0026 0.0025
Mote _C. 2a._.al p._._;'9 2B.0329 27._6<_ 26.7106 26.7106 32.0000 28.01_0
S¢_c. _emc 8t_li_oLe-F 7.0008 7.$KS 9._02 9.9730 _._76 8._76 6._8& 6.9509
Ther_n Corscl gt_J/hr-f¢-F 0.0170 0.0186 0.0481 0.05&I 0.02CI 0.0241 0.01&8 0.01c5
Viscosity C_ 0.0213 0.0209 0.0686 0.0558 0.0220 0.0220 0.020_ 0.017"_
Z Fac:or 0.9998 0.9990 1.0002 1.0003 0.9985 0.9985 0.9989 0.999c
Sur T_nsion Oyne/cm ........................
Std Oensi_y _b/f:_ ........................
IMO C_AL Lh/ht 0.0000 0.0000 0.2000 0.0000" 0.0000 0.0000 0.0000" O.OOCC"
Nitrogen Lb/hr 352_3.9"2_3 494_2.262_ _9_62.2639 50912.5811" 22214..%39 13029.1642 0.0000" 32296.25_ o
Ox_en Lh/br 10667.2¢_35 106_7.2435 0.0107 0.0131" O.OOt._ 0.002_ 9775.0715" O.COOC"
C_ Lh/ht 0.0000 316.&959 0.0016 _4.a619" _g&.t, J3t,7 290.0253 0.0000" 0.0000"
(::02 Lh/ht 0.0000 3_90.6270 12143.5030 1_954.4286 o 5_53.6621 3198.6837 0.0000" O.OOCO"
Methane Lb'hn 0.0000 37_.5455 0.0019 301.6070" 585.1798 343.2199 0.0000" O.OOCO-
E_hame Lh/bn O.OOO0 79.9087 0.0004 6_.347_" 12_.8_72 73.2254 0.0000" O.O00C"
Ethylene Lbth_ 0.0000 19.2586 0.0001 15.5082" 30.0891 17.6479 0.0000" O.O00C"
Pro_ane Lb/hn 0.0000 907.6952 0.001,6 730.9320" 1418.1588 831.7790 0.0000" O.O00C"
Prop¢_e _b/hr 0.0000 22.1319 0.0001 1T._219" 3_.5782 20.2808 0.0000" 0.0000"
H2S Lb_hn 0.0000 353.3552 0.0018 2_.9298" 552._227 32_.2_17 0.0000 ° O._OOC-
H20 Lb_hr 0.0000 _052.7532 8_08.3813 !207"_. 7497" 6331.9133 3713.7956 0.0000" O.O00C"
CARB CHAR Lb_hr 0.0000 0.0000 0.0000 0.0000" 0.0000 0.0000 0.0000" O.OOOO"
ASH _ _hr 0.0000 0.0000 0.2000 0.2000" 0.0000 0.0000 0.0000" 0.000 ¢"
H_rog_ lh/ht 0.0000 11_.71_ 0.0006 95._995" 185._8 I08._9& 0.0000_ O.OOCC"
CALC CHAR Lb/hr 0.0000 0.0000 0.0000 0.2000" 0.0000 0.0000 0.0000" O.O00O"

N8PC_]33_ Lh/ht 0.0000 285.7025 0.0015 P.29.a591" t-_6.37"39 261._074 0.0000" 0.0000"
MBP{1]_369 Lh/ht 0.0000 299.1239 0.0015 2_0.7124" _67.3_32 274.1063 0.0000 o O. O00C"
MBPC1]J-03 Lh/ht 0.0000 2_Lt.416.3 0.001_ P.2_.2993" t._2._020 259.7124 0.0000" 0.0000 _
MBP[13__37 _b/h_ 0.0000 196._679 0.0010 158.5984" 307.5811 180. G026 0.0000" 0.0000"
MBPC1]__71 Lb/h_ 0.0000 90._,7"_ 0.0005 72._6_9" 1_1.3124 82._1526 0.0000" O.O00O"
NSPC1].S06 Lh/bn 0.0000 35.8653 0.0002 28.89_P 56._0 32.3657 0.0000" O.O00G"
NBP[11542 Lb/_r 0.0[300 16.7311 0.0001 13._795" 26.1_2 15.Z318 0.0000" 0.0000"
NBPC11574 Lh/ht 0.0000 S._ 0.0000 _.&089" 8.5499 5.0147 0.0000" 0.0000"
MBP[1]_605 Lb/h_ 0.0000 1.0896 0.0000 0.877l_" 1.70_._ 0._984 0.0000" 0.0000"
MBPC1] _6_8 Lh/ht 0.0000 O. 1/#,J, 0.0000 O. 1163" 0.22.55 O. 1323 0.0000" O. 0000"
MBPC2_225 Lb/h_ 0.0000 0.2000 0.0000 0.0000" 0.2000 0.0000 0.0000" 0.0000"
NBPl'Z_301 _Q/hn 0.0000 0.2000 0.0000 0.0000" 0.0000 0.0000 0.0000" 0.000_"
MBPL'2_.363 L_/hr 0.0000 0.0000 0.0000 0.2000" 0.0000 0.0000 0.0000" 0._000"
NSP{_27 Lh/ht 0.0000 0.2000 0.0000 0.0000" 0.0000 0.0000 0.0000" 0.0000"
_P_]C_4 _b/hr 0.0000 0.0000 0.0000 0.0000" O.OOOO 0.0000 0.0000" O.O00O"
_8PI'_559 Lb/h_ 0.0000 0.2000 0.0000 0.0000" 0.0000 0.0000 0.0000" 0.000G"
MBP_]630 Lb/h_ 0.0000 0.0000 0.0000 0.0000" 0.0000 0.0000 0.0000" 0.000G"
NSPP] 697 Lh/ht 0.0000 0.2000 0.0000 0.0000" 0.2000 0.2000 0.0000 _ 0.0000"
MgP_]_767 Lh/ht 0.0000 0.0000 0.0000 0.2000" 0.0000 0.0000 0.0000 ° 0.0000"
MBPl-Z]901 _b/hr 0.0000 0.2000 0.0000 0.0000" 0.0000 0.0000 0.2000" 0.0000"
SI:J2 _b/hr 0.0000 . 268.3"321 933.5&02 11_9.67"_" _19._49 245._898 0.0000" O.0OOC"

Total: L_/hr 45911.1696 T134_.6668 713/,8.21&7 91833.17"28 39742._6T 23310.0001" 9775.0715 32296.2575
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HYl=rotecn's Process SimuLator HlrSZM - Licensed _o 3ecnteL lhc
Oate 92/0/./01 Version 3s_lcl.sl c==,M=,__2_wo.s=M
TimQ 1/.:33:37 Pro1= Pkg PR

Strelu 29 29A 30 31 33 34 35 36
Oescr i =ti on
Vaoour f rat. 1. OOQO 1.0000 1.0000 1,0000 0.0000 0. OGO0 0.0000 0,0000
Tent)era ture F 6_]. 0025 27"Z.9(]10 328._7 2967. $681, ZOO.0000" 200.0000 ZOO.0000 200.2.339
Pressure Psia 14.6960 37.6960 37.6960 l'J. 6960 16.._960 16..3960 16._960 3mj.596G•
Motar Flow IJ:mo(e/hr 1458.373/, 1458.373& Z.t31.059c; Z332.2946 270.2317 Z_.(`845 &O.767"Z Z29./,_3_.5
Mess FLow Lblhr /,;_071 .]_1 _2071 .,_Z91 653<31.,_227 65380.909_ _2090.0553 36663.1912 5426.8ZL30 36663. 1912
L{qVot Flow 9arrel/day _'_]0.7&S9 3330.7t.59 %.35._02_, 5367.8065 ]205.t,298 2S10.8.1_6 39/,.5955 Z810.P_3J.O
Ent_a(_y Btu/ht S.25511E-06 7._.3Z2_-06 1.3337"/.E-07 6.30514E-07 7.SeOSTE-06 6._271SIE-06 1.03275E--06 5.._3062.¢-¢6
0er_ i :Y L_motet f t3 0.00_6 0.001.¢3 0.00/,5 0.00_ 0 .,T_5_]t. 0.,_&90 0. _J,I t, 0.,_;0
Mote _t. 28. :1_,51 Z8._1 ZS. 0/.7_ Z8.0329 155,755(` 159.7&32 133.1838 159.7632
$i_. Hea¢ |tu/tl:mole-F 6.9609 7.0527 7.69_._ 9.3/.10 51_3311 52.2785 _,5.9953 52.2=__,5
There Cor<l Btt¢/hr-fT-F 0.01/-6 0,0191 0.0209 0._7 ............
Viscosi _y C,_ 0.018Z, 0.07..36 0.02,_1 0.0700 ............
Z Factor 0.99cP3 1.000Z 0.9995 1.0003 0.0064 0.0066 0,005Z 0.0136
Sur Tens i on Oynel¢_ ........................
Stcl Oensi _y t.bl_',J ............ 56.1295 55.7561 S_.78_5 S5._ol
[NO C3,_L Lh/ht 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000
Wit rogen Lh/ht 32296.2562. 3;_._96.2562 45325./,189 '-,5325.4186 0.0000 0.0000 0.0000 0.0000
Oxygen Lh/ht 9775.071Z 9775.0712 9775.07/.0 0.0098 0.0000 0.0000 0.0000 0.0000
CO Lh/br 0.0000 0.0000 290.0253 0.0015 0.0000 0.0000 0.0000 0.0000
C32 Lb/hr 0.0000 0.0000 3198.6_36 11127._643 0.0000 0.0000 0.0000 0.0000
Methane Lh/br 0.0000 0.0000 343.2199 0.0018 0.0000 0.0000 0.0000 0.0000
E :bane Lb/hr 0.011110 O. 0000 _. _.54 O.000/. O.0000 0.0000 O. 0000 0.00G0
Etby(ene Lh/ht 0.0000 0.0000 17.S&TZ_ 0.0001 0.0000 0.0000 0.0000 0.0000
Propane Lh/ht 0.0000 0.0000 _31.7790 0.0043 0.0000 0.0000 0.0000 0.0000
Prooene L=/hr 0.0000 0.0000 _0.2_08 0.0001 0.0000 0.0000 0.0000 O.OOCO
H2S Lh/br 0.0000 0.0000 _(`.2(`17 0.0017 0.0000 0.0000 0.0000 0._,000
HZO Lh/br O.0000 0.0000 3713. 7959 3072.13_3 0.0000 0.0000 0.0000 O.OOCO

CARS,:HAR L,h/Rr 0.0000 0.0000 0.0000 0.0000 35652.0559 31691.1926 _960 ._3"_ _1691.19_5
ASN Lblh r 0.0000 0.0000 0.0000 0.0000 5&38.0009 _97"Z.0006 I_. 000:3 :.97"Z.00C5

Hydrogen Lb/hr 0.0000 0.0000 108.789/. 0.0006 0.0000 0.0000 0.0000 0.00_0
r,.ALC _,_R l_blh r 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0,0000

MBP_'] 3"_& Lh/ht 0.0000 0.0000 261 .B07& 0.001/. 0.0000 0.0000 0.0000 0.0000
NSP(:l]_369 Lh/ht 0.0000 0.0000 ZT_,.10&3 0.001_ 0.0000 0.0000 0.0000 0.0000
XSP[1]__03 Lh/ht O.OOO0 0.0000 7,59.712(, 0.0013 0.0000 0.0000 0.0000 0.000_
XBP(:1]__]7 LJ=/hr O.OOOO 0.0000 180. '+026 0.0009 0.0000 0,0000 tj. OOO0 0.0000
M8P_1] "71 Lb/h r O. 0000 O. 0000 82. _ O.O00& 0.0000 0.0000 0.0000 0. O000
MBP[1] 506 Lh/ht 0.0(]110 0.0000 _._S7 0.000Z 0.0000 0.0000 0.0000 0.0000
XBP(:I3_S42 Lb/hr 0.0000 0.0000 15.,_318 0.0001 0.0000 0.0000 0.0000 0.0000
XSP (:I] 57/. Lh/ht 0,01_00 0.0000 S.01/.7 0.0000 0.0000 0.0000 0.0000 0.0000
XBPCl]_505 L,b/hr" 0.0000 0.0000 0,998_, 0.0000 0.0000 0.0000 0.0000 0.0000
NBI:)(:1] 548 Lt=/h_ 0.0000 030000 0.13_ 0.0000 0.0000 0.0000 0.0000 0.0000
XBP_ Z2_ Lb/h r 0.0000 0.0000 0.0000 O. 0000 O. 0000 0.0000 0.0000 O. 0000
XBP[Z_,_301 LbthP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MBP[_] _6_ Lb/h r 0,0000 0.0000 O. 0000 O.0000 O.0000 0.0000 0.0000 0,00 C0
M8P _ ,'27 L=th r 0.0000 0.0000 0.0000 0.0000 O.0000 O.0000 0.0000 O. O000
MBP_] ._g& Lb/h r" O. 0000 0.0000 O. 0000 0.0000 O.0000 O.0000 O. 0000 O. 0000
MBP_:_559 L_/hr 0.0_0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
XBP_] _530 L_/h r 0.0000 O.0000 0.0000 O.0000 O.0000 O,0000 0.0000 O. 0000
NBP_ _597 Lb/h r 0.0000 O. 0000 0.0000 O.0000 O.0000 O,0000 0.0000 0.0000
MBP[_] 767 Lh/ht 0.01](](] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
MBP[2] 901 Lh/ht 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
S02 Lb/h r 0.0000 0.0000 2(,5. _98 _55./,6?.2 O. 0000 O.0000 0.0000 0.0000

Tota( : Lh/br 42071.3"_91 _,2071.3291 65531.3227 65380.909_, '.,2090.0553 36663.1912 5426.8630 3666.3.19_
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Hyprotec_'s Process $intJtaCor 14Y$I1<- Licensed _o 3center [n_
Oate 9Z/O&/01 Versio_ 3&S!Cl.51 C.ase Mame _Z 090.$1N
time 1/-:J3:57 PPop Pkg P_

Stream 37 38 39 1.0 /-1 _ 43

O¢_cri Dci on
Valour frac. 0.9¢01 O.St, O$ 0.9_L3/- 0.0000 1.0000 0.0000 1.0000 1.0000
Tee©era cure F 1639.047/- 17_q. 9/,66 1T_q. 9&_x_ 1799.9466 1799.94Z>d 17_x_.9¢X>d 17_P_.9/,Z_= 17_FP.9/.6<_
Press_are PSi a ]3.6960 ZB.6960 ?.8.6960 Z8./_60 ZR. 1960 ZS. 1960 28.1960 28.1960
lqoLar Ftou Lbmote/hr 38_.8.038& "582.1190 3997.2358 584.&lL37 3851.0901 lr,6.1&57 1266.2568 2584._332
_lass FLow Lh/hf" 13_xS63.1971 13_59.7351 111559.5:37t. 25100.2106 105287.70_ 6271.B2/-3 3t.619.1008" 70_x_8.._(380
Li¢IVOt FLow Barrel/day 111/-6.'9_ 11/-10.Z389 9502.7"/qjl 1907._/,7 9026.15/-0 _.76.6209 2967.8425 6058.311"
=.nrJ_atoy Btu/ht 9.0637_E-07 1.30307E*08 7._qO�E...07 Z.30Z65E-OT 7. 15272[-07 5._363E-0_ Z.35185E_07 /-._0087"E-_7
Oer_i _-_f L_:moLe/ft_ 0.0016 O.O01r. 0.0012 1.3107 0.0012 1.]107 0.0012 0.301_
_ote _t. 35. _06 29. _2t.o Z7.909Z /.2.91/.9 27.3397 r,2.91_.8 27.3397 Z7.3397
$0e¢. Heat Stultl_te-F 13.98Z_, 12.0725 10.0967 25.$7_.3 9.5091 25.57"82. 9.5091 9.5091
Them Cor<l 8tu/hr-.t-F ............ 0.0520 --- 0.0520 0.05Z0
V_scosi _f C_ ............ 0.0&73 --- 0.0/-78 0.0t.73
Z Foe'.or ......... 0.0009 1.000_. 0.0009 1.000_ 1.000"
Sur Te_sio_ Oyne/¢-a ............... 0.0000 ......
Std Densi _ Lblft3 ......... 56.2f,95 --- _6.2&95 ......

[)_0 r.._L Lb/hr" 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ni trogen Lb/hr 67529.17_-_ 67529. 1796 6_29. 1799 0.0000 67529.17"T2 0.00130 22203.9150 (,5]25.2S�q
O:_y_je_ Lb_hr 0.01/-_ O. 01/._ 0.01/.6 0.0000 0.01/-_ 0.0000 0. OO&8 . 0.0098
C:3 Lb_hr 258.0033 875.82_7 875.8287 0.0000 875._287 0.0000 287.9767 587._520

Lb_hr 17976.0566 20827.2_56 20827.285/- 0.0000 20827.285/- 0.0000 _.8.1106 13979.17_.I
Methane Lbthr _.0776 876.0536 876.0537 0.0000 676.0536 0.0000 258.0506 5P.,8.0030
Ethane Lb _hr 8.9392 27.1835 27.1835 0.0000 27.1835 O. 0000 8.9381 18.2_,5_
Ethylene Lb_hr 2.1781 6.623/, 6.623/- 0.0000 6.623/- 0.0000 2.1778 _,._,Sd
P_opane Lb_hr 101 .'29_- 308. (,391 308.4391 0.0000 308. ',391 0.0000 101./-163 207.022_
_ro_,_'_e L=_h_ 2. _.608 7. _,E31 7.4,_31 0.0000 7._8_ 1 0.0000 2./-605 5.0225
._2S L_ _hr" 12_.67_2 391.3122 391 ..3122 0.0000 391.3122 0.0000 12_._x_53 252. _J.C_3
H20 Lb_hr 122_5._132 12_1/-.537/- 1281/-. 53;'9 0.0000 12_1/-.5381 0.0000 _213./-_11 _01.05o5

C_RB CHAR Lb_hr 31691.1930 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0._000
ASH Lb_hr /-972. 000/- "97Z.0008 993.989% 3978.0111 0.0000 9_.989q 0.0000 0.0003

HycLr'ocje_ Lh/ht _. _7_6 251 ._89 _61.75_9 O.0000 261.75_9 0.0000 _6.0676 17_ ._913
C.ALC CHAR Lh/ht 0.0000 25Z,00.0343 52TT.._B_ 21122.205/- 0.0000 5277'.._2B_ 0.0000 0.0000
NBP£1"]__"3/, Lh/ht" 0.0020 0.0020 0.0020 0.0000 0.0020 0.0000 0.0007 0.001/-
MSPCll _369 Lh/ht 0.0021 0.0021 0.0021 0.0000 0.0021 0.0000 0.0007 0.001/-
_IBP[1] _/-03 Lh/ht 0.0020 0.0020 0.0020 0.01300 0.0020 0.0000 0.0007 0.0013
MBPr.1]__37 L_=/hr 0.001/. 0,001/- 0,001/. 0.0000 0.001/. 0.0000 0.0005 0.0009
_SPC1]__71 Lbthr 0.0006 0.0006 0.0006 0.0000 0.0006 0.0000 0.0002 0.000/-
qBP_1]_506 Lh/ht 0.0003 O. 0003 0.0003 0,0000 0.0003 0.0000 0.0001 0.0002
MBP_1]_5&2 Lh/ht 0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0000 0.0001
_IEPC1]_57& Lb/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 _].0000 0.0000
MBPC1]505 Lb/h r O. 0000 O.0000 O. 0000 0.0000 O.0000 O.0000 O. 0000 0.0000
MBP[13__,,_ Lh/ht 0.0000 0.0000 0.0000 0.13000 0.00130 0.0000 0.0000 0.0000
MSPL_.] .225 Lh/ht 2.6129 7.9/,61 7.9/,61 0.0000 7.9&_=1 0.0000 2.6127 5..333;
_8P _] ._01 L=/hr 1.9387 5 ._956 5.8956 0.0000 5 ._56 O.0000 1.9385 3.957_
._8PC2]_363 Lblhr /-.SL.S] 13.c1226 13.,_226 0.0000 13.¢1226 0.0000 /..,5/._9 9.Z _73"7
_8P C23__27 Lh/ht /-.7/-52 1/-.'30_ 1&. _,30/- 0.0000 1/-. _30r, 0.0000 /-. 7t,,_8 9.5_56
_8PCZ]_'-_c. Lh/ht 3._S2 10.9635 '10.9635 0.0000 10._635 0.0000 3._/-8 7.3586
_lBP_] S59 Lb/hr Z.'_..50 7._7_.5 7.._7/-$ 0.0000 7..T7/-5 0.0000 Z./-2_,_ /-.9/.97
MBP_] 530 Lh/ht 1.5722 /-.7812 /-.7_12 0.0000 _.7812 0.0000 1.5721 3.2091
_IBP_3 __97 Lh/ht 1.3719 _. 1721 /*. 17"Z1 0.0000 _,. 1721 0.0000 1.3718 2.S003
MAPS]_767 Lh/ht 1.2:326 3.Tr, S& 3.7/-8_. 0.0000 3.7t,,_. 0.0000 1.Z325 2.51._9
MSPCZ] 901 Lh/ht _.7106 1_.3252 1_,.3252 0.0(300 1/-.3252 0.0000 /,.7102 9.6150
SOZ Lh/ht 127/..5311 127/..5312 127/..53 12 O.0000 127/..53 12 O. 0000 /.19. 0719 _55 .:,593

Total: Lh/br 136_x_3.1971 136659.7"351 111559.537/. 25100.2106 1052S7.;'088 6271.82/.3 3/.619.1008" 70_x_a.5080
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Hy_rote¢_'s Process SimuLator HYSZ_I- LiCer_sed to gec._ce( Jnc
Oate 92/04/01 Version :_6J¢1.51 Cas, ,ame .Z _O.$]Jq
Tln_ 1&:33:37 Pr'oO P_g Pe

StroN /.S 47 _ _g 50 51 SZ 53
Oes¢r_pt _on
VaDob,,u"frac. 1.0000 1.0000 1.0000 I .OOOO 1.0000 0.0000 @.OOO0 0.0000
Tem_racure F 37qj.O00O" 502.&8/,8 1150.0000" 1150.0000 2329.1307_ ZOO.O000" ZOO.@OOO" ZO0.OOCO
pressure Psia Z:3.19_] ]5,6960 Tx._p_d] ]3.6960 :];3.6960" 14.6960 1&.6_0 1&._960
NoLar FLow Li=moLe/hP 12_.2._ 12_.2._6/] 12_k_.25_ I07t,._7"_ ]598.5539" 5B4._L_7 1/.6.1&57 132.37;_
Hess Ftou Lh/ht _/,X_19.1008 3&_519.1008 3/,519.1008 Z9381.1003 1Q0000.0@15 25100.2106 6Z71.52./*3 561_,.3_>6:
LJciVoL Ftou hrPet/day ?.967.5t,_6 Z967._26 Z967._V,Z6 2518.7_6_ ,_35.659_ 1907.&6&7 "76.6209 t,30.9004
_j_tnaL_y _tu/hr 7.7_391E-06 9.06_L_E-06 1.59556E-07 1.35&;SE-07 _._007"_7 /*.;,9_27E-06 1.1ZZ99E-06 99u.7"?. 15c_2
Oe_i c,f Lbmote/f_3 0.00"26 0.0035 0.0019 0.0019 0.0011 1.3107 1..3107 1.312Z
HoLe wt. 27.3397 27..3397 Z7.3397 Z7.,_97 Z7.7889 r.Z.91r,? _2..91_-@ &2._3_
Soe¢. _leat @tu/tbmote-F 7.J201 7.9819 8.82.31 8.&Z31 9.5787 I/*.0291 :&.0291 13.7139
Them C:n¢l @tu/hr-f't.-F 0._18 0.1:)2_ 0.0396 0.0396 0.0_'38 .........
V(scosi cy C_ 0. OZ2_, 0.02¢9 0.0361 0.0361 @.@SBZ .........
Z Fmctor 0.99q3 0.9997 1.0t]05 1.0005 1.000/, 0.0016 0.0016 0.0016
Sur Tension Oyne/c= .................. 0.0000 ---
SLot(]ansi _ t.b/ft3 ............... 56.2_95 ._6.2_,95 55.=957
[ND_C_.,&L Lblhr @.0000 0.0000 0.0000 0.0000 0.0000" 0.0000 O.O000 O.OOCO
_li_rogen Lblhr Z2203.9150 27.203.9150 22203.9150 18844.-3790 6_29.17"35" 0.0000 0.0000 O.OOO0
Oxygen Lh/ht 0.00/-8 0.004.8 O.OOt_ 0.00/,1 0.0146 ° 0.0000 0.0000 - O.OOOO
C:_ Lh/ht Z@7.9767 2@7.9767 2@7.9767 2_,z,.'047 Z_.0033" 0.0000 0.0000 0.0000
(:::2 Lh/ht _.1106 (>SZ,_.1106 68_. 1106 5811.9657 17976.0581" 0.0000 0.0000 0.0000
Hetl_ane Lbthr 2B_.0506 2_.0506 2_.0506 Z_J.._75 Z_.0776" 0.0000 0.0000 0.0000
E_,_ane Lh/ht 8.9381 8.9381 8.9381 7.j857 8.939Z" 0.0000 O.O000 0.0000
EthyLene Lh/ht 2.17"/'8 2.17"78 2.17"/8 1.8/-83 2.1781" 0.0000 0.0000 0.0000
i=rol=ane L_lhr 101./* 1&3 101.&163 101,_163 _. 0716 101."_/," O.0000 0.0000 0.3000
Pro_e Lh/ht 2./.605 Z._5 Z./*60S Z._2 2. t,608° 0.0000 _].0000 O.OOCO
HZS Lh/ht 12_. 6653 12@._53 IZ@._53 109.1978 1ZS.57_." O.OOO0 O.0000 0. OCO0
_20 Lh/ht _ _213.4<111 '-,213._,_11 /*Z13._811 35_.9656 122_5.5132" O.O000 3.0000 0.3000
C,XR8CHAR Lblhr O.OOO0 O.0000 0. OOO0 O.OOO0 0. @0OO" O.O00O 3.0000 O.3OC.O
ASH Lh/ht @.@_O O.OOO0 @.@OO@ @.O000 0.0000" 397_.0111 9<)3.989<;) 7t.5 .';_
H_rogen L=lhr _.0676 _.0676 _.0676 73.0_,5Z _.07_6" 0.0000 3.0000 O._O00
C,_LC_CHAR Lblhr @.OOOO @.OOO0 @.OOOO O.@OO@ @.OOOO"Zl 1_2.Z05_, 52.'7._28& _.37_._
MBPC1] _33z, Lb/h r 0.0(]117 0.0007 0.01107 O._ 0.01120" O.0000 3. OOOO O.0000
MBPC1] 369 Lh/ht" 0.0007 0.0007 0.0007 O.0006 0.0021" O.O000 0.0000 0.0000
MBP[ 1] j.03 Lb/h r 0.011117 0.0007' @.0007' @.01106 O.OOZO" O.OOO0 @.0000 0.0000
MBP[1] _'-37 Lh/ht O.0005 O.0005 O.0005 0.000_, 0. O01&° O.0000 3.0000 0.0000
MBP[1]_z,71 Lblhr 0.00_ @.@OOZ 0.0002 0.0002 0.0006" 0.0000 .3.0000 O.O000
MBP1:1]_506 Lblhr 0.0001 0.0001 0.0001 0.0@01 0.0003" @.@OOO 0.0000 O.O000
MBPCI_ 542 Lh/ht 0. O@O0 O.@OOO O.OOOO 0. @O@O 0.0001" O.OOO0 @.OOO0 O. 3000
MBP(:1]57& Lbthr @.O00O 0.0000 @.OOO0 0.0000 0.@1300" @.OOO0 @.O000 O.O00O
1,18P(:I'I._505 Lh/ht @.@OOO 0.0000 @.@OOO @.OOOO 0.0000" @.@O00 O.@O00 O.OP.,O0
MBP(:I]_6/,_3 Lh/ht 0.0000 O.O000 0.0000 O.O00O O.OOOO" 0.0000 @.OOO0 0.0000
MBPL'2_.2__.5 Lh/ht 2.5127 2.b127 2.5127 2.217& Z.51Z9o O.OOO0 0.0000 0.0000
NBP(:22._01 L=lhr 1._5 1.9385 1.9385 1.6z,52 1.9387" 0.0000 0.0000 O. OOCO
_8PC2].363 tj=lhr 4.5&_,? /*.54,;,9 /*.54,_9 3.a573 /*.5453" 0.0000 O.O000 0.00(]0
_IBPL_]_(.27 Lh/ht &. 7f,_,<1 /*. 7t,_,_ &.7&_.<3 (,.02._9 &. 7452" O.0000 O.OOO0 O.0000
_8PC23__- L=tl_r 3.60t.4 3.50t.a 3._ 3.059t- 3.._05_." O.O000 O.O000 0.0000
_lSp_] 559 LJ_thr 2.&_*<_ 2./.2f_8 2.(,2&8 2.057_J; Z._.50" O.@O00 O.O000 0._000
NBP_] 630 U=/hr 1.5_I 1.57"Z1 1.5721 1.-3_#,Z 1.$77.2" O.O000 0.0000 0.0000
NEP(:2]:597 Lh/ht 1.3;718 1.3718 1.371_ 1.16d,,2 1.3719" O.O000 0.0000 0.3000
MBP_ .767 Lbthr 1.2325 1.Z325 1.2325 1. Oz_50 1.23"26" O.O000 O.0000 0.0000
MBPL'Z] 901 Lbthr /,. 7102 _. 7102 /*.7102 3.9975 /,.7'106- O.OOO0 0.0000 0.0000

Lbthr /.19.0719 &19.0719 /.19.0719 355._ 127&.5"_11" O.OOO0 0.0000 0.0000
Total : Lhht 3,:,619.10(38 3/._19.1008 3_.o19.1008 29381.1003 100000.0015 25100.2.106 6;.71.a2/.3 561&.36_I
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_y1=4"_te¢_'5 Process Simulator HVSIN - Licensed _o 8e_cet lr<
Oece 92/0&/01 Version 3J_6lC1.$1 Case Maine _Z.OgO.Sl_
Time 1/0:]3:37 ProO Pkg PI_

SCream 5& 55 6_ _ 63 6_, 65 6o
Oescr_l=c i on
vamour f fsc. O. 0000 O.0000 1.0000 I. 0000 I. 00_0 1.0000 1.0000 1.00C3
Tesmers cure F 200.0000 200.0000 30/,. 7376 30&. 7820 2¢,S0.2.51_ 2_0.2.51/0 600.3212 Z2=36. ;_ _
Pt-essur e Ps i a 1&. 6960 1&._;160 Zr,. _;_0 Zl ._ 21 ._=960 Zl ._960 21.8960 Zl. _96C
14otar Flo_ L._rnote/hr 13.7"-r_8 717.Z555 3/_6.7_14_P 3&6.7_J_9 53./.376 Z911..5573 _00.2285 _1Z.0859
Ness Flow L_/hr 657.t,501 3071&.$7_8 9Z_L3.000/. ° 97j_3.000/, 1_,t37.999_J 81L18Z.2083 10750.5_;_;x_ 91833.20_
LiqVo[ Flou 8arreL/day _,$.7"Z00 Z._38.36S1 _1_6..3552 836.3S51 lZ3._17 67t.7.1361 960.17_ 771_7.31._2
EntnsLc_f =cu/hr 12_1:3.22.20 5._7_E_6 Z.O5617E_6 2.=$617E-,_)6 !._/,_03E=_]6 7.3/,770E_7 3._OE-_I& 7._16E0_7
Oertsi ty L==_o_el fc_ 1._73 1.._112 0.0030 0.0027 0.0007 0.0007 0.0019 O.OOC.=
_oLe Wt. _7.7320 _,2._22_ 26.7106 _.7106 Z7._/.55 27.:1_,55 Z6.B622 27. _7
$_. Heac 8cu/l_m_ote-F 17.05T9 13.9709 8.65Z._ _.._,.89 9.8089 9.._089 9.17_8 9.9731
Ther_ Cor_cl 81:u/hr-fC-F ...... 0.0215 0.0215 0.0535 0.0535 O.OZ_ O.OS_:
Vis¢osi vy Cp ...... 0.0198 0.0198 0.060? O.0_07 0.0259 0.05_. =

Fsc:or 0.0016 0.0016 0._82 O.998/- 1.0002 1.0002 0._ 1.0003
Su=- Tens i on Oyr'_e/c:. ........................
$c=10ens_ty Ll=/f_.3 61._6_3_ _6.1&Tt, ..................
|NO C_J_L L=/hr O. 0000 O.0000 0.0000 O.0(_00 0.0000 O. 3000 0.0000 O. OOCO
Mi C_ogen L=/hr 0.0000 0.0000 5177._696 5171.$6_ 100&.._983 5_,730._157 _181.967_ _0912.3837
Oxy_jen Lh/h r 0.0000 O.0000 O.0011 O. 0011 0.0002 0.0118 O.O013 O. 0 _3

Lh/ht 0.0000 0.0000 11_.2._12 115.2._12 2._162 137.1106 117.767_. 25/,.37_
C_2 Lh/ht 0.0000 0.0000 1271.1025 1271.102_ 2_.J893 13&36._.367 1517.6921 l&95&._._9
Netl_ane Lh/ht 0.0000 0.0000 136.3898 136.3898 2.9777 162.2585 139.3675 301.62=0
E_._ane Lblhr 0.0000 0.0000 29.0985 Zg. 0985 (]. &353 34.517_ Zg. 753_ _4.._5 I"
E_hylene LI=lhr O.OOnO 0.0000 7.0130 7.01:30 0.1511 8.3_,31 7.1_1 15.SG_Z
Pro_e Lh/ht 0.0000 0.0000 330.53/.9 _x0.53/,9 7.216_ 393.2268 337.7513 _0.97_:
Propene L:/hr O. 0000 O. 0000 $. 0S93 _.0593 O. 17'60 9.j87_3 _.2_52 17.3Z_ I
Pi2S Lh/ht 0.0000 0.0000 125._ I_J5.¢1/=52 Z._131 153. ZS_x_ 131 ._13 ZE_.. 9_.7_
H20 Ll_/hr 0.0000 0.0000 1_,_. 7_97 _&_._7 190.9650 10'-05._59 I_.7_7 1207"_.59 t .-"

C,l_q8 CHAR Lh/ht 0.0000 0.0000 0.00130 0.0000 0.0000 0.0000 O.O00O 0.00_
ASH Lh/ht 2_. '-,9_ _.;"_. jO.3& 0.0000 0.0000 0.0000 0.0000 0.0000 0.;000
_=rocje_ Lh/ht 0.0000 0.0000 ',3.Z_11 _,3._11 O.9/.3_3 51. :,_06 U,. 17/.9 95.50c.5

r.._L_; C:'IAR Lh/ht _. 9527 ?.__x_1.0816 0.0000 O. 0000 0.0000 0.0000 0.0000 O.O00C
MBP_1] 33/, Lh/ht 0.0000 0.0000 I0/..0378 I0&.0378 Z.271_ 17.3.7705 I06..3092 230.07_;"
MBP(:1] 369 Ll=/hr 0.0000 0.0000 108.77.52 108.97.52 2.3781 129.5_-<3 111.3033 2_O.,_P.,_Z
MBPt:11 _03 Lh/ht 0.0000 0.0000 103.2053 103.2053 2.2532 122.7801 105 J,585 228.23_,_
MBPC1]__37 Lh/ht 13.0000 0.0000 71 .&_89 71._9 1.5651 85.2860 _.25_1 158.5_0_
MBP(:1___71 Lb/h_ 0.0000 0.0000 32.9361 32._1 0.7197 39.1831 33.5552 7"_.._3_3
M8P(:I] 50_ Lh/ht O. 0000 0.0000 13oO_K)3 13. O_d]3 0.2B51 1S.557_* 13.345/. 28.?,8_._]
MSP(:I] 5_,2 Lh/ht 0.0000 0.0000 _.09_5 6.0_T_6 0.1330 7.2_al _.2256 13.-737
WBP(:11_S7/- Lh/ht O. 0000 0.0000 1.9927 1.5_727 0.0/.35 2.;3707 Z._&5 _,. _073
MBP_1] _605 Lb/h r 0.0000 0.0000 0.._ 0._39_S 0.0(_$7 0. "7"20 0. &05/. 0. _73""
XSP(:1] _>_3 Lb/h_ 0.0000 0.0000 0.0526 0.052_= 0.0011 (].0625 0.0537 O. 1163
MBP[_'J_225 Lh/ht O.OOO0 O.OOOO O.OOOO 0.0000 0.0000 0.0000 0.0000 O.OGCO
NBP_] _01 Lt=/hr O. 0000 O.0000 0.0000 0.0000 0.0000 O.O000 O.O00O 0.0000
_SP_ 363 L_/l_r O. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00_0
HBPr_ _Z7 Lblhr O.O00O 0.0000 0.0000 O.OOO0 0.0000 0.0000 0.0000 0.000_
MBP_] .'_, Lh/h r 0.0000 O. 0000 O. 0000 O.0000 O. 0000 O. '3000 O.0000 O. 00 C3
NBPL_.__559 L_/hr O. OOO0 0.0000 0.0800 0.0000 0.0000 0.0000 O.OOOO O. O00O
M8P_3 530 Lbl h r O. 0000 O. 0000 O. 0000 O.01300 O.0000 O.0000 O. 0000 0.0000
MBP_'Z] 697 Lh/ht 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00_0
WSPLT.]767 Lh/ht 0.0000 0.0000 0.01300 0.0000 0.0000 O.O000 0.0000 O.OOCO
_lBP_2] 901 L=/hr O. 0000 0.0000 O.0000 0.0000 0.0000 0.0000 0.0000 O.OOCO
SO2 Lh/ht 0.0000 0.0000 97.712t, 97.712_ 18.95_ 1037..9609 11_._91 11_,9.62_q

Total : Lh/ht 657._,501 3071/..57_8 9_53.000_" 9253.000/, _._7.99_5 8108_.208._ _0750.9_99 _ 91835.207_
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I_:rote¢,_'s Process SimuLator HYSZN - Lice_secl ¢o _ecnteL [no

Oamce 9Z/Or./01 Version 3_1cI.51 c_, M,_ _2o_o.szM
Time I_.:33:37 ProS_Pkg

Strea_m 70 71 72 73 7/* 7t.,_ 75 I

Oescr'igci on
Vigour fr'ac. 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 2.000C"
Tmr=Cure F 1150.0000 _g&._C._ _29.132C 3Or..9376 30/..9376 30/*.7_[20 ZC,_O.25 I/. O.OOOC"
Pressure rs iam _ .6960 _. 6960 3:3.6960 2_.8960 2_..8960 21._;;60 21._;_0 O. _OOC"

_Ootar Flow [._motelhr 191..5_9/* 3/*06.9620 3590.$51S 766.9"233 C20.1325 /.20.13"L5 _)65.2952 O.O00C"
_lass Flow L_hr 5_._" 9/*762.0097 100000.0101 2_._0" 11_I._85 11221._5 5_70.2100 O.O00C"

Li_oL Flow hrrel/day _/.9.0/.57 _._0 _35.6490 18/.9.5_2 I013._0 I013._0 _70._ 0.0000"
F.n_al_ Btu/ht 2._,1t.15[_16 _. 15930E-07 8._071E-OT _..S&7?.OE-06 _.;910._E-06 2.'910_E-06 7._1125/*E-07 C.ZT_x_2E*,36
Oens i_"_ [._,_ Le/f _3 0.0019 0.0011 0.0011 0.0030 0.0030 0.0027 0.0007 O._OCO
>taLe '_t. 27.3"397 27.81/.2 27.7_90 26.7106 _.7106 26.71G6 27._/.55 0.3000
Soec. _leaC _¢u/tb_ote-F 5._I 9.$T81 9.5787 8.6525 8.6525 8.br_9 9.8089 0.0000
The_ Concl _tu/hr- f_:-F 0.{L_96 0.05]7 0.05"_8 0.0215 0.0215 0.0215 0.05]$ ---
Viscosi ",y C_ 0.0361 O.05_', 0.0582 0.0198 0.0198 0.0198 0.0607 ---
Z F_c_or 1.0005 1.000_ 1.000/* 0.9982 0.9982 0.99_ 1.000;[ ---
Sur Tension Oyr_l_-n ........................

$t¢_ Oensi_ Lb/f',_ ........................

[NO C_L Lb/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.O00G"
)_(_rogen L_/hr ]359.5356 _, 169.7981 6_'_29.._Z_ 11/.50.1250 6272.555/* 6272.555/* 557"3/*.8182 O.O00C"
O,_tgen Lb/h r" O. 0007 0.01_ 0.01/*_ O.0025 0. O01t, 0. O01& O. 0120 O. O00C"
CO Lh/ht :,3.5719 2_,./,_162 287.9781 25/* .,_76/* 139.6252 139.6252 139.6268 O.O00O"
C_. Lh/ht 1036.1_[_ 16939.8303 17975.9752 2811.0267 1539.9238 1539.9238 136_3. t,270 O.O00C °
Ne_ane Lbthr" _,._.5_._1 2U,./.692 2_8.052_, 301.6_t, 1 165 . 23/*.', 165.2_--:. 165.2363 0.0000"
E_t_a_e Lh/br 1.352_, 7.5861 8.9nJS_ 64.3510 35.2525 35.2525 35.2529 0.0000"
Ec_Le_e Lh/ht O. _[295 1._,_/* 2.1779 15.5091 8./.961 8._,961 8./.962 0.0000"
Propane Lh/ht 15 ._#-7 _6.0759 101 ./,205 730.9735 /,00. '_3_6 _,00. t,_ /,00. t,_2 0.0000"
Pro_e [._,/hr 0..37"/.3 2.0883 Z._,606 17._.29 9.7637 9.7637 ?.7638 O.O00G"
H2S [.b/hr 19. '.,675 109. 199t, 12_._70 2_t,. _1/.60 156.0978 156.0973 156.0996 O. COOC"
HZO Lb/l_r _7.5155 11_. I037 12285.519/* 3263.7110 1787.9113 17_7.9113 10596.7927 0.0000"

C,tRS_CHAR Lh/ht 0.0000 0.0000 0.0000 0.0000 0.3000 0.0000 0.0000 0._000"
ASH L_/h r 0.0000 0.0000 0.0000 0.0{300 0.0000 0.0000 0.0000 0.0000"
_l_rocjen [.b/hP I_. 022_ 73._5¢_ 86.06<31 _.6050 _2..3739 52..3739 52..37/.5 0.0000"
C._LC_CHA_ Lh/ht 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.O00O"
MBPC1] _3_/* Lh/ht 0.0001 0.0019 0.0020 _50.07_2 126. O_Ot_ 126.0/*_ 126.0/.19 0.0000"
NBPrl] 369 I.b/hr 0.0001 0.0020 0.0021 2_0._56_ 131.961_, 131.961t, 131._629 0.0000"
MSPC1] /-03 [.b/hr O. 0001 0.0019 0.0020 22_. 2372 17.5.0318 125.0_18 125.03"3"J 0.0000 °
NBPC1] _'-,37 Lb/hr 0.0001 0.001_ 0.001/* 158.S'_91 _6._502 86. _.502 86._S 12 0.0000"
_IBP[:I] _:,71 L_/hr 0.0000 0.0006 0.0006 7"2.B,_78 39.9017 39.9017 39.9021 0.000C"
NSP_I__506 [.b/hr O. 0000 0.0002 0.0003 2B._826 15._22_ 15. G_._ 15 ._?.25 0.0000"
NSP[1] 5/.2 Lb/hr 0.0000 0.0001 0.0001 13./,737 ?'.3811 7.3811 7.._12 0.0000"
NSJ__1]_57/* Lh/ht 0.0000 0.0000 0.0000 4./,069 2.:,1/-2 2.&1/,_ 2./,1/.2 O. 0000"
MBP[I_ 505 Lb/hr 0.0000 0.0000 O. 0000 0.877/* 0._07 O./*_07 O. _07 0.0000"
148P(1] _6/,_ Lh/ht 0.0000 O. 0000 O. 0000 0.1163 0.0637 0.0637 0.06]7 0.000¢"
NBP_ 225 Lblhr 0.3955 2.217/* 2.6127 0.0000 0.0000 0.0000 0.0000 O.O00O °
MBP.r'Z_, .301 Lh/ht 0.29_ 1._$2 1.93_5 0.0000 0.0000 0.0000 0.0000 0.0000"
NSP_, ._63 [.,_/hr 0.6_T7 3. _7"_ ". 5_,_ O.0000 0.0000 0.0000 0.{3000 0.3000"
NSP_.J _'_7 Lbth r O. 7179 /,. 0269 /*. 7_._ O.0000 O. 0000 O. 0000 O. 0000 0.0000 o
MBP_] __,9/* L_/hr 0.5/*5/. _.059& _._ 0.0000 0.0000 0.0000 0.0000 0.0000"
_8P _, 559 [._/hr 0_3669 2.0579 2.:,2_ 0.0000 0.0000 0.0000 0.0000 0.0000"
NS,oC2_630 Lh/br 0o237_ 1._. 1.57"21 0.0000 0.0000 0.0000 0.0000 0.0000"
MS__ 597 l.b/hr 0.2076 1.1642 1.3718 0.0000 0.0000 0.0000 0.0000 0.0000"
NsP.r__767 Lblhr 0.1865 1.0J_O 1 .Z_25 0.0000 0.0000 0.0000 0.0000 0.0000"
MEP_Z] 901 Lh/ht 0.7127' 3.9975 /*. 7102 0.0000 0.0000 0.0000 0.0000 O.O00O"

Lblhr 6_. _07"_ 1211.1270 127/*._I 216.0897 118.37"_ 118.377"3 1051.9176 0.0000"
To¢al : [.:_/hr 52_7.S_x_9" 9_,762.0097 100000.0101 20_/,.9990" 11221._985 11221.9985 _2570.2100 0.0000"

A-23



Nypr'ocech's Process SimuLator _YSZ_ - Licensed _o gec._cet _nc
Oa_e 97.J0/./01 Verlion .186_C1.$1 Case Maine _2. 090.SXN
Time lz.:_3:37 Pro_ ;Dkg PR

Stream I_ 179 181 182. I_ 18/. 185 I_
Oemcni pt ion

Valour frac. Z._O0" Z.0000" Z.O000" Z,O000o Z,O000o Z.O000" Z.O000" 2.0000"
T_ra_ure F 0.0000° 0.0000 ° 0.0000° 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 o

Pressure Psia 0.0000" 0.0000" 0.0000- 0.0000- 0.0000" 0.0000" 0.0000" 0.0000"
14afar Flow Li=mate/ht 0.0000 ° 0.0000" 0,0000" 0.0000" 0.0000" 0.0000o O.O00O" 0.0000 o
NmSS Flow L_/hr 0,0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000"
LiqVoL Flow 8arret/C_ly 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 ° 0.0000 o 0.0000" O.OOOC"
Enc_atDy 8_u/hr Z. 15_10E-_5 1.2_518E_6 O.O000° _.530M,_E-36 1._537,.2_-.07 5.,_75_.E_06 1.37_1ZE-06 1.5/"_5E--07
Oens i_y Ll:_ote/fT_ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Male U_. 0.0000 0.0000 0.0000 0o0000 0.0000 0.0000 0.0000 O.O000
Spec. Mea_ 3_ullbmole-F 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0._000
Them C,._ncl ttu/hr-f_-F ........................

Vis=osit'y r,_ ........................
Z Fao:or ........................

Tension Oyne/_ .........................
$td Oensit'y L_/f_3 ........................
%NOCOAL LUlhr 0.0000 w 0.0000 w 0.0000" 0.0000" 0.0000 _ 0.0000" 0.0000" 0.000_"
_i_ogen Lh/ht 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 o 0.0000" 0.3000 o
Oxygen Lblhn 0.0000_ 0.0000" 0.0000" O,OOOO" 0.0000_ 0.0000" 0.0000" - 0,0000"
CO Lblh_ 0.0000_ 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000"
C_2 Lh/br 0.0000" 0.0000" 0.0000° 0.0000" 0.0000° 0.0000" 0.0000_ 0.3000"

Methane L_/hr 0.0000" O.OOOO" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 o
E_hane Lblhr 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 _ 0.0000"
Ethylene Lblh_ 0.0000 _ 0.0000 _ 0.0000" 0.0000" 0.0000" 0.0000 ° 0.0000" 0.0000"
Pro_ane LD/h_ 0.0000" 0.0000 _ 0.0000" 0.0000" 0.0000" 0.0000 _ 0.0000" 0.0000"
_rooene L=lh_ 0.0000_ 0.0000 _ 0.0000" 0.0000" 0,0000" 0,0000" 0.0000" 0._000"
N_$ Lh/ht 0.0000_ 0.0000 _ O.O000" 0.0000" 0.0000" 0.0000" 0.0000" O.OOOO"
_0 Lbl_r 0,0000" 0.0000" 0.0000" 0.0000_ 0.0000" 0,0000_ 0.0000" 0.300C _

C_RB__HAR L_/h_ 0.0000 _ 0.0000" 0.0000 _ 0.0000" 0.0000 ° 0.0000" 0.0000" 0.3000"
ASH L=lhr 0.0000_ 0.0000_ 0.0000" 0.0000" 0.0000_ 0.0000" 0.0000_ 0.0000"
_y_rogen L_/hr 0.0000" 0.0000" 0.0000" 0.0000- 0.0000" 0.0000" 0.0000- O.OO00-
C_LC CHAR Lb/h_ 0.0000 _ 0.0000" 0.01_30" 0.0000" 0.0000 _ 0.0000" 0.0000 _ 0._000"
_B,P{_]_TO_ L_lhr 0.0000 o 0.0000- 0.0000- 0.0000 o 0.0000 o 0.0000- 0.0000- 0.3000-
Mi_11369 L=lh_ 0.0000_ 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000"
NBP[1] __0_ Lblh_ 0.0000 _ 0.0000 _ 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000"
NB1=[1___37 Lh/ht 0.0000 _ 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000"
_BP£1]_71 L=/hr 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000"
NBP{1]506 Lblhn 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.3000"
_C1] _5_ Lblh_ 0.0000 _ 0.0000" 0.0000 _ O.OOOO_ 0.0000 _ 0.0000" 0.0000 _ 0.0000 °
HBPC1157_ Lblhr 0.0000 _ 0.0000 _ 0.0000" 0.0000" 0.0000 _ 0.0000" 0.0000 _ O.O000"
NBPC1]50S Lblhr 0.0000" 0.0000 _ 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 _ 0.0000"
X8_C1]_5_,8 I._/hr 0.0000" 0.0000" 0.0000" 0.0000 _ 0.0000" 0.0000" 0.0000" 0.0000"
NBP_] _Z2S Lh/ht 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000"
_PL_] _301 L_/hr 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 _ 0.0000 o
N_] ._6_ Lblhr 0.0000_ 0.0000_ 0,0000t 0.0000" 0.0000" 0.0000_ 0.0000_ 0.0000"

_8P_2] __7 L_lhr 0.0000" 0.0000" 0,0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.3000"
_SPL_]._O& L=lhn 0.3000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" O.O000"
Hi_] _559 LOht 0.0000 _ 0.0000 _ 0.0000" 0.0000" 0.0000" O.O000" 0.0000 _ 0.0000 °
_8PL_] 630 Lhht O.O00O_ O.OOOO_ 0.0000 _ 0.0000" O.OOO0" O.OOO0_ 0.0000 _ 0.0000"
NBP_:_]597 Lblh_ O.OOO0_ 0.0000* O.OOOl_ O.OOOO_ 0.0000" O.OOO0" 0.0000" 0.0000 °
NBP_'_J767 Lh/ht 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 _ 0.0000"
_BPL_]901 Lh/ht 0.0000 _ 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 ° 0.0000" 0.0000 °
S047. Lb/_r 0.0000" 0.0000" 0.0000" 0.0000 o 0.0000" 0.0000 o 0.0000" 0.0000 o

To_al: LO/ht 0.0000_ 0.0000" 0,0000" 0.0000" O.OOO0" 0.0000" 0.0000" 0.0000 °
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Hyprotecn's _,ocess SfmuCator _YS[H - Lice_secl to gecntet Ire
:3aCe 9210{,/01 Version ]861CI.$I Case Ma,me_Z 090.$114
Tlm lt.:33:37 _rop _kg PR

Stream 187 IM 189 190 191 192 193 19_

Va_Jr _rac. 2.0000- Z. 0000" Z.O000" Z. 0000- Z.O000" Z.O000 o 2.0000 ° Z.OOCC-
Ttara _Jr• F {3.0000" O.0000" O.0000" O.0000" 0.O000" O.0000" 0.000{3" 0.OOCC •
_ r_ssur e Ps i a 0.01300" 0.0000" O.0000" 0.00130" 0.0000" O. {3000° 0.0000" 0. O00C"
_otar Ft_ Ll:mote/hr 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" O._O" 0.0000" O.O00C"
Nmss Ft_ LD/hP 0.0[300" O. 0000" O. 0000" 0.0000" 0.01300" 0.0000" 0.0000" O.OOCC"
LiqVoL FlOw _arreL/_y 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000° 0.0000" O._,OOC"
Encnal_ B_lhr 0.0000" 0.0000" 6.__6" 2_.;597 0.0000" 1.5Z_7 O.OO00- O.O00_-
O_s i ty L_mol at f*J 0.0000 0.00130 O. 3000 0.00130 0.0000 0.0000 O.0000 0.3000
xo (• _t. O._:000 O.0000 O.0000 O.0_0 O,0000 O.00130 O.0000 0.OOC

$oec. Heme S_u/l_:=mole*F 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.OOOO
Them C=nd atu/hr-fl:-F ........................
V isc=s i_y C_ ........................
Z Fmc',=r ........................

Sur Tension O_nne/c_n ........................

$_:[Oensi ,'yLb/f*,3 ........................
INO COAL Lblhr 0.0000" O.0000" 0.0000" 0.0000" 0.0000" 0.0000" O.0000" O.O00G"

it_ogen Lblhr 0.0000" O.0000" 0.0000" 0.0000" 0.0000" 0.0000 ° 0.0000" O.000O"

Oxygen Lb/hr 0.0000" 0.0000" 0.0000" 0,0000" O.0000" 0.0000" 0.0000" O,O00C"
CO Lb/hr 0,0000" 0.0000" O.0000" 0.0000" 0.0000" 0.00OO" 0.0OO0" O.00OC"
CO2 Lh/ht O.0OO0" 0.0000" 0.0000" 0.0000" 0.0000° 0.0OO0" 0.0000" 0.O00G"
Methane Lb/h r 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" O.0000" O.0000" O.O00C"

E:_lane Lb/h r 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 ° O.0000" O. 0000" 0.000 O"
Et,_yLene Lb/hr 0.0OO0" 0.0000" 0.0000" 0.0000" 0.0000" 0.0OO0" 0.0000" O.000C"
_rooane Lb/l_r 0.0000" 0.0000" 0.0OO0° 0.0000" 0,0000" 0,0OO0" 0,0OOO° 0.0000"

Prooene Lb/hr O.0000" 0.0000" 0.0000" 0.0000" 0.0000° 0.0000" 0.0000" 0.0000"
_2S Lbl hr 0.0OO0" 0.000O" 0.0000" O.OO00" O.O00O" O.0OOO" 0.00OO" O.000 O"
_20 L=/hr 0.0000" 0.0000" 0.0000" O.0000" 0.0000" 0.OO00" 0.0000" 0.00Ct"

r,_RB.CHAR Lb/l_r O,0OO0" O.0OO0" 0.OOO0" 0.0000" 0.OOOO" 0.0OOO_ 0.0OOO" 0.0000"
ASH Lb/h r 0.0000" O. 0000" O. 0000" 0.0000" O.0000" O.0000" O.0000" O. aOOO"
Hy_rog en Lbl h r O. O00O" nj.0000" O. OOO0" 0. _000" 0.0000" O.OOOO" 0.0000- 0.0000"
CALC CHAR Lb/h n 0. O00O" 0.0000" 0.0000" 0.0000" 0.0000" O.O00O" 0.0000" 0. :OOOO"
_Bi=1:1] __z. L=/hr O. 0000" O.0000" O. 0000" O. 0000° O.0000" O.0000" O.0000" O. 0000"
NS_(1 ] _._69 Lb/h r 0.0000" 0.0000" 0.0000" 0. {3000" 0.0000" O.0000" O. 0000" 0. O000"
NSP[I_ __03 Lblhr 0.0000" O,O00O" 0.0000" 0.0000" O.O000" O,OOOO" 0.0000" 0.0000 °
MBP[1]_'3T Lh/ht 0.0000" 0.0000" 0.00OO" 0.0000" 0.OO00" 0.0OOO" 0.0OOO" 0.O00C"
_IBP[I ] _:71 L=/h r O. 0000" O.0000" 0.0000" O. 0000" O. 0000" O.0000" O.0000" O. O00C•
MBPC1]_506 Lblhr O. 0000" 0.0000 _ O. 0000" O.O000" O. 0000" 0.0000" O. 0000" O. 000_"
NBP{1 ] _Sr._ Lblh r O. 0000" O.0000" O. 0000" O. 0000" 0.0000" O.{3000" O.0000 _ 0. O00O"
MB.o[1]_STt- Lbll_r 0.OO00" 0.0000" 0.OOOO" 0.000O" 0.00O0" 0.0OOO" O.OOOO" O.O00C"
148P[1]_505 Lh/ht 0.0000" O.O00O" 0.0000" O. 0000" O.O000 ° 0.0000" 0.0000 t O. OOCO"
NBP{1]_5_ Lblhr 0.OOOO" 0,OOOO" 0,OOOO" 0.0OO0" 0.OOOO" 0.0OOO" O.00OO" O.OOOO"
NBP _ _Z2_ Lblhr 0.0OO0" 0.OOOO" 0.{3000" 0.0000" 0.000O" 0.0OOO" 0,0000" 0.000C"
.qSP{Z:I _301 L_/_ r O. 0000" O.O000" O. 0000" .0.:3000" 0.0000" O.0000" O. 0000" 0.000:"
_18P_.]_363 Lh/ht 0.0000 o 0.0000" 0.0000 ° 0.2000" 0.0000" 0.0000" 0.0000" 0.0000"
qSPETJ "7,T L=lhr 0.2000" O.0OO0" 0.0OOO" 0.0000" O.00OO" 0,0OOO" 0.0000" 0.0000"

_48Pr.Z_,,,_z, L]_lhr 0.2000" 0.0000" 0.0OO0" 0.00{30" 0.0000" 0.0OO0" 0.0000" 0.000O"
qSP _] _559 Lb/h r 0.0OO0" 0,0000" 0.0000" 0.OO00" 0.0000" O.00OO" O.0000" 0.OOOC"
wBP_Z__530 L=/h r 0.0000" 0. ;300" 0. DO00" 0.0000 _ 0.0000" O.0000" 0.0000" O. O00C"
qSP [2] __97 L=/n r 0.0000" O.0000" O. 0000" O. 0000" O. 0000" O.0000" 0.0000" 0.000 G"
MBP [2]_767 L_/hn 0.0OO0" 0.0000" 0.0OOO" 0.0OOO" 0.0000" 0.2000" 0.0000" 0.000¢"
_SP _ 901 L_/_ r 0.0OO0" 0.0000" 0.0000" 0.0000o 0.0000" 0.0000" 0.0000" 0.000C"

L=/l_r 0.2000" 0.0000" 0.0000" 0.2000" 0.0000" 0.0000" 0.0000" 0.000G"
To_aL: Lh/h r 0.0000" 0.0{300" 0,0000° 0.0000" 0.0000" 0.0000" 0.0000" 0.000C"
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NYl:rocec_'s ?rocess $imuLa[or ItYSXN - Licemed t:o 3ecnceL In¢

Omce 9Z/04/01 version 3_1Cl.51 Ca=e _=me _Z__O.SXx
T[_ lr-:_]:37 Prop Pkg PR

Stream 195 196 197 198 199 ZOO SO0 501
Oescril=c_ on

Val=_u" _rac. Z.O000" 2.0000 + 2.0000" 2.0000" Z.O000 o 2.0000" 1.0000 1.0000
Temperature F 0.0000" O.O00O" O.O00O+ 0.0000" 0.0000" 0.0(_30" 1799.9/.66 o 1210.1_x5_
PPessure Psia 0.0000 ° 0.0000 ° 0.0000" O.OOO0" 0.00130" 0.0000" ZS. 1960 o _.6960
No{at Ftou L_ot.e/hr 0.0000" 0,0000" O.O00O+ 0.0000 ° 0.0000" 0.0000" 12_.25_ W 12_.;__63
Naa= FLow Lh/ht 0.0000 _ 0.0000" 0.0000" 0.0000 + 0.0000 _ 0.0000 ° ]_19.1008 ]_19. 1008
Licp/oL "Low BarreL/day O.OOCO* C).O000" 0.0000" 0.0000 + 0.0000" O.O000° 2967.3/,26 2967._z._
Ent_=L=y Stu/hr 1._597&E*436 ].._05E-_)7 I0301.._701 0.0000 ° 0.0000" _.9<;x;x;x_C--=06oZ.._5185E*07 1.-_<_._08Eo07
Oer_i _y LJ:moLel f_,_ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0012 0.001_
_ote Wt. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Z7.3397 27.'_]97
S;=_:. HeaC 3L_J/L_moLe-F 0.0000 0.0000 0.0000 0.0000 0.0000 0._000 9.5091 _.3967
T31em Co_<,t _t;_/hr-f¢-F .................. 0.0520 0.0&_39
Viscosi _f CP .......... " " "'" --- 0.0/,_ 0.0371
Z Fa¢-.or .................. 1.000/. 1.000_
_u" Tension Dyne/= ........................
$_d Oensi _y Lb/f_,_ ........................

_NO _L Lh/ht O.0000" O.0000" 0.0000 o 0.0000" O. 0000" 0.0000" 0.0000" 0.0000
M_o_en Lh/ht 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" Z220_._171" ?.._20_.9171
Oxygen Lbth r O.0000" O.0000" 0.0000" 0.0000 + 0.0000" 0.0000" 0.00_ _ O. OOL_
¢0 Li=lhr 0.0000 + O.01_00" 0.0000 o 0.0000 o 0.0000" 0.0000" Z_7._767 • 2_7.9767
CJ=Z Lh/hP O. 0000" O. 0000" O. 0000" O.0000" O.O00C° O.0000" &5/=_. 1110" o_#_!].1110
Nechame Lblhr" 0.0000" 0.0000" 0.0000" 0.0000 + 0.0000 o 0.0000" ZS_S.O$06" Z_.0506
E_ane Lh/ht 0.0000" 0.0000" 0.0000" 0.0000" 0.0000 o 0.0000 o _.9181 o _.9181
E_hyt e_e Lblhr O.0000" O.O(X_O" 0.0000" 0.0000" O. 0000" 0.0000" Z. 173'8" Z. 173"8
PPOl_me Lb/h_ 0.0000 ° O.0000" O. 0000 ° O.0000" O. nO00" O. 0000" 101. _163" 101 .'165
P_o=¢me Lh/ht 0.0000 ° 0.0000" 0.0000 + 0.0000" 0.0000 ° 0.0000" Z.'*_d:)5" Z._05
_12S Lh/ht 0.0000" 0.0000" 0.0000" 0.0000" 3.0000" 0.0000" 12S._553" 12S._5]
H20 Lb/h_ 0.0000 + 0.0000 ° 0.0000" 0.0000" 0.0000 + 0.0000" '-213._15" "Z13._15
C=_RBCHAR Lb/h _ O.0000" 0.0000" O. 0000" O.OOOO" O.0000" 0.0000" O. 0000" O. 0000
ASH Lb/h r O.0000" O. _" 0.0000" 0.0000" 0. O00O" O.O000" 0.0000 _ O. OOO0
Hy_roge_ Lblhr 0.0000" 0.0000" 0.0000" 0.0000" 3.0000" 0.0000" _.0676" _.067_
C,tL¢ CHAR Lb/h r O.0000" 0.00010" O. 0000" O.01300" 0.0000" O.01_0" O.0000" O. 0000
MBPC1"]_]3_, LI=lh r O.0000" O.0000" 0.0000 _ 0.0000" 0.0000" 0.0000" 0.000; P_ 0.0007
MBP£1]_._69 Lh/hP 0.0000" O.0000" 0.0000" 0.0000" 0.0000" O. 0000" 0.0007 _ 0.0007
MBP[li _33 Lh/ht 0.0000" O.0000 _ O. 0000" 0.0000" O. 0000" O. 0000" 0.0007 _ 0.0007
MBP[1]_&_7 Lh/ht 0.0000" 0._" 0.0000" 0.0000 _ 0.0000 _ 0.01_00_ 0.0005" 0.0005
MBP[1] _,.71 Lblh P O. 0000" 0. _ 0.0000" 0.0000" 0.0000" 0.0000" O. 0002" 0.0002
_lgP[1]_506 Lh/ht 0.00130" 0.0000" O. 0000_ 0.0000" 0.0000" 0.0000" 0.0001" 0.0001
MBP[1].St, Z Lb/h_ 0.0000" 0.0000 _ O. 0000" 0.0000" O. 13000_ O.00@0" O.0000" O. 0000
MBP[1]_57& Lblhr O.OOO0" O.0000" O. 0000" 0.0000" O.0000" O. 00@0_ 0.0000" 0.0000
MBP[13_505 LJ=/hr 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" 0.0000
MBJ=[1] d_',<3 Lh/ht 0.0000" 0.000(3 _ 0.0000" 0.0000" O. 0000" O.00@0" 0.0000" 0.0000
MBPC'Z_._225 Lh/ht 0.0000" 0.0000 _ O. 0000" 0.0000" O. 0000 _ 0.0000" 2.6127 _ Z._127
MBPCZ]]01 L:lh r 0.0000 • O. 0000 • 0.0000 • O.0000" 0.0000 • O.0000 • 1. _85" 1. _] _5
MBP_] ]63 I.b/hP 0.0000" 0.0000 • 0.0000" 0.0000" 0.0000" 0.00@0" '*._/.Z,9- ".j'*;,_
MBP_ '-27 Lh/hP 0.0000" O.O00_ 0.0000 • 0.0000" 0.0000 • 0.0000" '*.TU._l- '..7_-L_
_IBP_ _'. _/. Lb/h _ O.0000" O.01300" 0.0000 _ O.0000 • O.0000" O. 0000" _. _d_._" ]. _'*J]
WgP_3_55_ Lh/ht O.0000" O.0000 • O. 0000• 0.0000 • O. 0000" O. 0000" 2. '-2_" Z. _2_-3
MgP_]__.3O Lh/ht 0.0000" 0._000 _ 0.0000 • 0.0000 • 0.00013" 0.0000" 1.57"_1 • 1.5721
MBP_]_597 L=/h_ 0.0000" 0.0000 _ O.O000 • 0.0000 • O.O000 • 0.0000+ 1..1718" 1.371_
MBP_] 767 Lblh_ 0.0000 + 0.0000 • 0.0000" 0.0000 • 0.0000 • 0.0000" 1.2._'25" 1.2.325
MBP_ _901 Lblh r O. 0000 • O. 0000_ O. 0000 • O. 0000" O. 0000" O.0000" '*. 7102" _,. 7102

Lh/hp 0.0000 _ O. 0000" O. 0000" 0.0000 • 0.0000 • O. 0000 • '.19.07"Z0" '.19.07"20
Total : Lh/ht O.OOOO• 0.0000 • O.O000 • 0.0000 • 0.0000" 0.0000" ]/-619.1008 ]/.619. 1008
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Ml_rotecl_'s Process SimuLator hiYS[N - Licensed to _ecnte( Jnc
Oece 9Z/04,/01 Versio_ 386J¢1.$I ¢_e Mw.e _Z 090.$%_I
Tim 1/.:33:37 Prop ?_¢g PR

Stream 550 C_LE.=O[L CAR80[L
Oescr_ ption
Velour fva¢. Z.O000" O.0000 O.0000
Tesoera ture F 0.0000" 60.0000" 60.0000"
Pressure Psia 0.0000" 1/..6960" lt..5960"
IqQLar Flow L_l.ote/hr O.O00O" 0.32t.3 5S._'
NaSs Flo. Lb/hr (3.0000" $9. OOOO" 9500.0003"

LJqVat FLow Sorrel/day 0.0000" t..9072 _00._;2._
[nc_aL _y Stu/l_r 6.587_ - 3969.7752 -,_6_; a3.'285
Oensi ty LbmoLe/ft3 O. oooa 0.2.825 o. Z9_J4,
Note _t. 0.0000 181.9169 171.7736
SDe¢. Heat Bcu/l_Le-F 0.0000 81.7146 76.,_.d_
Ther'm Cor¢l Htua'l_r-f_:-F --- 0.073& 0._]7"_
V_scosi ty C;_ --- /..3557 2.2559
Z Fm:tor --- 0.0093 0.0089
Sur Tension Oyne/c._ --- 27.3939 2S.0277
Std Oensi ty Lh/ft3 *-- 51.3941 50.7t,00
t NO__,AL Lh/ht 0.0000" 0.0000" O.O00O"
Mi trogen Lh/hP O. 0000" 0.0000 ° O.0000"
Oxygen Lb/h r" O. 0000" O.0000" 0.0000"
CO Lb/h r 0.0000" O.0000" 0.0000"
(::02 Lh/h r O. 0000" O.0000" 0. O00O"
Ne thane Lb/h r 0.0000" O.0000" 0.0000"
E til ane Lb/h r 0.0000" O,0000" 0.04]00"
S_:hy(e_e Lh/hf- 0.0000" 0.0000" 0.0000"
Pr-opine Lb/h r O. 0000" O.0000" O. 0000"
?r'oDene Lb/h r O. 0000" O. 0000" O. 00001'
_12S Lblh r" 0.0000" O. 0000" O. 0000"
N20 Lbth r" 0.0000" O. 0000" 0.0000"

CARE CHAR Lblhr (]._000" 0.3000" 0.0000"
ASH L.b/h r O. 00001' O. 0000" O. 00001'

I_:rogen L:/t_ r O. 0000" O. 0000" 0.0000"
CALC CHAR Lb/h r O. l_O00" O.O00O" 0. =0001"
MBP[1]_33& Lh/br O. 0000" 0,0000" 104<3.5413"
XBP[1] 369 Lhht" O. 000(_ 0.0000" 12_,5.0707"
MBP[li _t.03 Lh/hP O.OOO0t 0.0000" 1&;'0,_7 _
MBP{1]_t,37 Lblhr O. 0000" 0.1:000" 14,_9. OT10"
MEiP[1]j,71 Lh/ht 0.0000" 0.0000" 1112.6965"
MBP{1] _SO6 Lh/ht O, 00(30" O.00_3" 90&.3082"
MBP[1] _SK,2 Lblhr 0.0000" (].0000" 991.73SP
NBPIll_ST& l.b/hf" O. 0000" 0.0000" 7"9.0958"
14BP[11_605 Lh/ht O. 0000" O. 0000" 358.2151"
MBP[1] 5_,_ Lh/ht O. OOO0" O. 0000" 170.5801"
NEP [2] ?.2_ Lb/h r O. 0000" 5.3581" O. 0000"
MBP[2] 301 Lh/ht O. 0000" &._" O. {]000"
MBPeZ] __63 Lb/h r O. 0000" 9.2669" O. 0000"
NEP[2] '-_7 Lblhr 0._]000" 9.7097" 0.0000"
MBP[2] ._.9_. Lh/h r 0.0000" 7.3558" 0.0000"
MSP[2] j59 Lh/ht O. 0000" :,.957_" O. 0000"
MBP[2]_=30 Lh/hP O. 0000" 3.2970" 0.0000"
MBP[2] =97 Lh/ht 0.0000" Z._175" 0.0000"
MBP[23_767 Lb/h r 0.0000" 2.5369" 0.00001'
MBP[2]_901 Lblhr (].0000" 9.66_6" 0.3000"
SO2 Lb/h r 0.0000" O.0000" 0.0000 _

Total : Lh/ht 0.0000" 59.0000" 9500.0003 _
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_.,,__. INSTRUMENT COST o--. ol-_r-g2
She_No. I 0¢5

UNDIEERC Unc 1.000 TlD MILD COAL GASIFICATION

CLAY COUNTY, IN

o*_.No. PFD-001 _m,.-4 No.
P&IONo. Unit No.

] QUAN--t HAROWARE LABOR TOTAL
I INSTRUMENTS TIWI UNITCOST COST COST COST

t t Transmlt_er

2 { _P Transm_er
3 I Orrtice i=late & Flange
4 l Var_aole Area Meter (RotamemR

5 t InascatJnq Meter
S I Sight Flow Ino_cator
7! Swoon , 5 S500 $2.500
e I Thermal Flow Swltctl
9 J Thermal _ow Sensor 5 $400 S2.000

101

11 I _ Transmitter
121 Disolacer & Float
13l Gauce Glass

14 ( Magnet=c Level Inaicator
1,5I Swctcn 9 $800 $7.200
16 I Ulttasomc Level Sensor
17 I Ultrason¢ Level Swoon

191
_ 6 Transmrrter 5 $1.200 S6.000,

211 Gauce 7 $150 $1.050,
t ._ecu_ator

_1 Swrtcm
241
,_= i i.,,t

i

2S I Transmitter 7 $1.200 S8.400,
27 t Gauge 7 $300 $2.1001
28 Sw_tcrt 7 $500 ,_3.500_
29
30

31 Thermocouom 5 $100 ' _hSO0.
32 RTD
3,3 Temoerature Trzu'=mcter 5 $500 $2.500
34 aimetal Thermometer 8 $150 $1.200
_5 _eoulator

== , ,

36 Thermewefl I 3 $150 $1.950
37 Safety Swncn

Thermostat
3g
4O

=1 Densrt'v Transmmer
42 Viscosity Transmuter
4.3 I/P or =_.,P
44 We_cnt Scale 6 $10.0{:X:)' $80.0(X)
4_ Analvzer

Dia_hracm Seal
47 Con_rm Valve 3 $4,000 $12.0_

Air- _c:uat _I @n/C'ff Valve 4 $4.000 $ I 6.003
,L9 Sotenolo VaJve 30 $250 $7.500
5o _arew ,=.e.er Valve
51 F_umture_isc
52 Controder PLC 1 $25.0(;0 $26.0CO

53 We_cjn ael¢ Feeoer Control 7 $4.000 S20.000
S4 Meta_C)emc:or I $I.000 $I .000

_FM Sensor SwOon 5 $800 $4.000

56 Vibratton Swrccn 3 $500 $1.500,
5"7: TOTAL COST $1g4,g0O,
SO; ....... ,
59 1
60i
61'
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,)(Bi _ INSTRUMENT COST o,=: ol-Apr-92
St_l_No. 2 Of 5

i i

Clime UND/EERC UnC 1,0OO TlD MILD COAL GASIFICATION

Lcma_t: CLAY COUNTY. IN

0-_. No. PFD-002 Eq_pm,nt No.
P&IONO. UrutNo.

QUAN-I HARDWARE LABOR TOTAL
TYPE INSTRUMENTS Tn'Y I UNIT COS/' COST COST COSTi

FLOW 1 Transm_er
2 _P Transmltler 1 Sl .200 $1.200
3 Ornice _a(e & F!anae I $.350 $.350

Vartaote Area Meter (Flotameter)

5 Ir_icatmcj Meter
8 Signt _ow InO_cacor
7 Swr¢cn
8 Thermal Row Swctcn 3 ._500 $1,500
9 Thermal Flow Sensor 3 $400 S1.200

10
LEVEL 11 _:= Tcansm=rter 2 $1.200 S2,400 '

12 O_olacer & Fioat
12 Gauae Glass
14 Maanetl¢ Level Incllcator
15 Sw=rcn 11 $800 $8.800,
18 Ultrason=c Level Sensor I
17 Ultrason=¢ Level Svvrtcrt
18 I
:9

PRESSURE _ Transm,rter I Sl.200 $1,200 :
Zl C_uae 3 S150 S450

23 Swftcn 2 $500 Sl .000,
24..
_.¢' ,, ,

DIFFER- Z5 Transm_er 6 S 1.200 S7.200
ENTIAL 27 Gauce 6 $300 SI .800
PRESSURE ?.8 Swrtc,n 6 $500 _3.000

Z9
3o

• ill'm ii i i i

TEMPER- 31 Thermocoume 5 Sl00 ,_500
ATURE 32 .::lTD

Temoerature Transm_er 5 $600 _3.000
34 aimetaJ Thermomemr 8 S150 Sl.200

_eauiator
36 Therrnoweil 13 S150 $I .g50
37 Setetv Sw_tcn

Tnerrnostat

J.o , , ,i
OTHER 41 , (_ensrrv Transmrrter

42 ' Viscosr[v Transmoter
4.3: I/P or =_.._P

44 We,gnt Scale 4 $10.000 $40.0CX_
4.5 ; Analvzer
•_8, _nraom Seat
47 C_ntroi vaJve 5 $4,000 $20.000
4_j A,r-Ac:uate_J Cn/Cff Valve 8 S4.000 ._32.003
49 S_lenoK: Valve I 0 $250 $2.500
50 Safety _el_et Va=ve
51 _u_ture (3iso
52 Controder PLC 2 $28.000 S52.000

53 We,an 5e,t Feeoer Control , 6 =4.0(30 S24.000
54 Oia_alConnec:_ons

_I=M Sensor Sw_tcn 8 S800 $4.800

56 ' Vibratlon Swrtcn
i i

57 TOTAL COST , , $212.050
NOTES =,5_ i

60'
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INSTRUMENT COST o== 01-Ap,-92
Sh.aNo. 3 _ 5

UND/EEFIC Unc 1.000 TlD MILD COAL GASIFICATION

CLAY COUNTY. IN

0_,,_. No. PFO-003 Equ_pm_ No.
P&iD No. UnitNo.

I Q_-t HARDWARE LABOR TOTAL ,INSTRUMENTS uNrr COST COST COST COST ;

1 I Transm_er 1 $1,200 $1.200,
21 'DJ:=Transm=rter 7 $1.200 $8.400,
3 Orrfice Plate & Fian(le 7 $350 $2.450
4 Variance Area Meter {Rotamemr)
5 Incsc3tlnq Meter
6 Sicjn¢ Flow Ino,cator
7 Sw_tcln
8 Thermal Flow Swrtct_
9 Thermal Ftow Sensor

lo Maamet_c Flow Meter 1 , S4.000 , $4,000
11 __PTransmrtter :3 $1,200 _x3.500:
12 O_lacer & _oat
13 Gauoe Glass I $I.000 $I,000 ":

14 Magnetic Level Incicator
15 S_N=tCn 3 $800 $2.400 '
16 Ultrasonic Level Sensor z
17 Ultrasonic Level 8wrtcl_
18
19
="'J TranSm=_er ' 3 $1,200 $3.560

21 Gauce I $150 $_50
_eculator

23 Switch
Z4
?.5
2S Transmrrter 1 $1.200 $1.200
Z7 _-Cr.aua e
28 Swr_cn
29
30
31" Tlnermocouole 'g $100 $_00.
32 F_'T_

Temoerature Transmrtter 9 $600 $5.400 '
34 5imetal Tl_ermometer 9 $150 $1,350,

Reau_ator

36 Thermowell 18 $150 $2.700,
37 Safety,Sw!_cn

Thermostat
39

i iii i i i

41 Oensrw Transm_er
42 ViSCCSRVTransm_er
4.3 I/P or =_.,.'P

Welant Scale

¢5 Analyzer 2, $20.000 $40.000
Ciaonraqm Seal

47 Cc,ntrc, Va=ve @ $4.000 $32.000
4.8 AJr-Act,Jatea On/Off Valve 2 $4,000 $8.000
=9 _leno=a Valve

50 Sate.,? F_ehetValve
51 .Ructure Disc
52 C_ntro=ler PLC I $25,000 $26.000
53 Wetgn 5eit Feeaer Control
54 DiarIal Connections
5.5 RPM Sensor Swrtcn

56 Vibratzcn Swr[c,_ 1 $500 $500
J

57 TOTAL COST $144.850
58
59
60
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XBi _.,_.¢ INSTRUMENT COST o,=. ol-Ap,-g2
S,_ee_No. 4 or 5 i

Cl_,_= UNO/EERC UnC 1,0OO TID MILD COAL GASIFICATION :

=: CLAY COUNTY. IN

0,,,_.No. PFD-004 E_u_m,,,',tNo.

P&I0 No. UnitNo.

I 01_- I COST PE]:IUNfT I TOTALTYP_ INSTRUMENTS INSTRUMENT I HARDWARE LABOR COST
FLOW 11 Transrmrter I I

21 _P Transmrrter 1 I $1,2001 $1,200
3 I Orifice Plate & Ftanqe 1 I $350 I $.350
4 I VarLaDle Area Meter IRommemq I I
S J InoicatmqMet_ I I
S I SlantFlow Inch'=ator I

7 ( Swoon I I
8 1 Tnermal F!ow 5'wltcn 4 1 $500 i $2.000
9 J Thermal Flow Sensor 2 ! $4001 SSO0

101 I I
i

LEVEL 11 I _!P Transmtrter 11 $1.20OI $1.200,
121 C_solacer& .=;oat I
13 1 G.auce Glass I ;
14 t Maqne¢)c Lever Inoicator I
15 I Swftcn 12 1 $800 $9,600,
16 I Ultrason=¢ Level Sensor 3 I $1,000 $3.000 :
17 I Ultt-asomc Level Swrtc_ 1 I $600 $6001
let l
191 i

u_ .........PRESS R L',Ot 7ransm=rter 9 $1.200 $10.800
21i Gauce 7 S150 $1.._,,0
Z21 ,=.ec;u_ator
=1 S'w_tcn 3 $500 ,$1.500
24 i
25 !

DIFFER- 2S i 'T'ransm_er 5 $1,200 .... $8,000 1
ENTIAL 27'1 -G.auce 4 $300 $1.200,
PRESSURE ?.8 J Sw#ten

291
30 I

[P..MPER- 31 Tnermocouole 7 $100 .... S700 :
ATURE 32 ;,,TD

33 _Temoerature Transm_er 7 $600 $4.200
34 "'aimetal Thermometer 4 $150 $600,

_equlator

38 T'nermowell 10 $150 $1.500,
:37 Sarew Sw,ten,,,

38 T'nermostat
39
AO

OTHER ,_1 Oenscy Transm_er
42 Viscos_'v Transm_er

lmor=_.,_
A4 We,c;ntScale 3 $I0,000 $30,000_
4.5 At_lvzer

.,.6 OLaonracjm Seal

.=7 C,_ntrct VaJve _i S4.000 S24.000
Air-Ac:uatea Cn/OffValve 10 54,000 $40.0C_

._cj Scleno=aValve 10 $250 $2.5C0 =
5o 5arerv _el,et VaJve I
5_ ,quorure 0iso I ,
.=2 Controller ;=LC 1 S26.000 I $26.0CX3;
53 We,cn _mt FeeaerContr= . I :
54 Oicrtal Connec'Jons I !
=..5 _F M Sensor Swrtcn 4 $800 I $3.200 '

56 Vibration Swr_cn 1 $500 j $5001
57 TOTAL COST ; $172.500

NOTP.S 58 ......
59 "
60
61
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x_.,,_,_,_ INSTRUMENT COST oa. OI-Apt-92
5_No. 5 Or 5

UND/E-_-RC . UnC 1,000 TID MILD COAL GASIFICATION
CLAY COUNTY. IN

o_j. No. PF'D-005 _m_ No. I
P&ID No. UnitNo.

Q'_I_'- COb'T" PER UNIT I TOTAL iINSTRUMENTS INSTRUMENT i HARDWARE ..... LABOR COb-"1" w
1 Transmrrter 3 51.200 1 $3.800
2 _,_ Transmmer I
3 Crrfice Plate & Rance 3 $350 I $1,050
4 Vartaole Area Meter IRotamemq t
5 lnaicatznq Meter i
6 Sight F;ow Inclicator I ..
7 SwrtC_ I
8 i'nermal _ow b_ftctl I
9 Thermal Flow Sensor I

10 i
11 _ Transm_er I
12 _isolacer & Float I

13 Gauge Glass I
14 Maanet_c Level Ir_Cator I
15 Sw_tcrt 9 5800 t $7,200

16 Ultr'a.som¢ Level Sensor I
17 Ultrasomc Level Swftc,_ I
18 I
19 I
20 Tra_nsm_er 2 $1.2001 52.400
Zl ,3auce 4 $150 l 5600

_., _ec_utacor
23 Switch I
24 i
25 I

m , i

;tS Transm_er 2 $1,200 1 52.400

27 Gauge 2 $300 S600
2B =-'wrtcn 2 $500 51,000
29
3O

i i

31 T'netmocouale 2 5100 5200
32 _TO

;'emoera_re Transmrrter 2 $600 51,200
34 3imetaJ T'nermometar 2 $150 $300

35 _egulator
36 ,"hermowell 4 S150 5600
37 ._aterv Swftcn

Thermos_t
39
40

i

4,1 3e'ns_'y Transmrrter
42 Viscosm/Transmrrter
4,3 I/P or =_.,'P

'NeJgnt Scale - Tram 2 / 1 i 510M I 580M 5100,000
a,_ Anal vzer I
46 9ia_nraam Seal I
47 3,_ntroI Valve 3 I $4.000 512.000
4.8 J_t- -_c.'uateo Crt/C'ff, Valve 6. I $4,000 $24,(3C0
._9 S_Leno_aVatve 20 I 5250 55.000
50 Samrv F,e,ef Valve I
51 _uo_ure _isc I

52 Controller PLC 11 526,000 526,000
53 'Ne_on =_ellFeeOer C¢ntrot 1 J S4.000 ¢4,000

54 ._i_ttal Connec:iora; [
55 ,=,PM Sensor Swnct_ 4 I 5800 ._3,200 '
56 Vibration $w_tcn l

i

57 ; TOTAL COST t 5195,350
58;
59 +
50:
61'
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APPENDIX B

COMMERCIAL MILD GASIFICATION PLANT PROCESS-FLOW DIAGRAMS
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