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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 i: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 size 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.

Other avenues for improving prqﬁtability 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.

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.

The feasibility of compressing partially quenched gas realizing that some
condensation may occur during compression;

The feasibility of discharging hot briquettes into air;

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

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

The need for an explanation of the XBi changes in the EERC material
balances for the carbonizer and calciner.

Additional comments and correctionis have been marked on the attached copy of
the subject report.



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, Ine. (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 simulation 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.

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 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 cleaned 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 velatilizes 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 with an 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
million. 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 $0.05 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%.

ii



ACKNOWLEDGMENTS

The authors would like to acknowledge and show our appreciation and thanks to
a number of organizations and people for their support and effort, which was a
prerequisite for the successful completion of this task and topical report.

Project funding was provided by the Department of Energy’s Morgantown Energy
Technical Center under Contract Number DE-AC21-87MC24267 to the EERC as prime
contractor and then to AMAX, XBi, and Sinor under various subcontracts. Project
managers at METC were Sophie Lai and Jagdish Malhotra during the initial phases of
the project and James Westhoff during the final phase.

The project manager at the EERC was initially Robert O. Ness, Jr. and was
completed under the direction of Brian Runge. During the Task 4.6 study, Mr. Runge
also provided the principal interface and liaison with the three subcontractors and
worked closely with XBi on mild gasification and calcining technology and general
day-to-day activities. Additional assistance was provided by Laura Sharp for material
balance input data and Brian Young on formed coke briquetting and curing technology.
A special thanks to Julie Entzminger, Don Cox, Ann Olson, the graphics and office
services for the support and involvement in the project.

In addition to being the principal author of the XBi sections of this report, Les R.
Cohen also served as project manager during the last half of the XBi subcontract.
Project management during the first half of the project was provided by Scott McFeely.
Process and/or discipline engineers working on the project were Jeanette Fong, Sam
Cheng, Mahendra Dave, and Gobind Gidvani.

At Sinor, associates Robert E. Pressey and Trevor Ellis provided input and
analysis in support of Jerry E. Sinor on the marketing and economic analysis tasks.

Within the internal AMAX organization, Mahesh C. Jha served as the project
manager at Amax R&D. R. Frank Hogsett authored sections of the report, oversaw
preparation of all input data for the economic evaluation, and provided general liaison
among the task participants, in addition to process and project engineering functions.
Mark H. Berggren and Robert L. McCormick supervised the coal and char physical
beneficiation activities.

Special thanks go to Ms. Wendy Kennedy of Amax R&D who over the past few

years has provided virtually all of the secretarial skills and word processing duties
required for the AMAX involvement in the project.

iii



TABLE OF CONTENTS

Page

LIST OF FIGURES . . ittt ittt e et et e e e e s e e e e e e e ix
LIST OF TABLES . . i ittt it et e e e ettt e e e e e e e e e e e e e X
1.0 INTRODUCTION . .. it ittt e e e e e et e e e e 1
1.1 Project Organization . ... ... ... ... 2

1.2 Scope of Work ... . ... it e 3
1.2.1 Evaluation of Existing Pilot Plant Data .................. 3

1.2.2 Heat and Material Balances .......................... 3

1.2.3 Conceptual Flow Diagrams . ... ......... .. ... ... .. 3

1.2.4 Mechanical Design . ... ... ... ..., 3

1.25 Plot Plan ... ... e e 3

1.26 Utility Summary . ... .. ittt ittt e e 4

1.2.7 Capital and Operating Costs . ... .......... ... .. 4

1.2.8 Economic Analysis .. ... ... ...ttt 4

1.29 Topical Report . . ... ... . . e 4

2.0 PROCESS OVERVIEW AND CRITIQUE . . ..... ... ... .. ... 5
2.1 Discussion of the EERC, XBi, AMAX and Sinor Contributions ....... 5

2.2 Process OVerview . . ... .. i ittt e e e e 6
2.2.1 Coal Preparation . .. .. ... .. ... ..t 6

2.2.2 Carbonization ............... ... . ..., e e e e e 6

2.2.3 Char Cooling and Screening . ........ ..., 8

2.2.4 Magnetic Separation . ...... ... ... ... e 8

225 Caleining ... .. i i e e e e e 8

2.2.6 Gravity Separation . . .. ... .. ...ttt 8

2.2.7 Fines Removal and Gas Quenching ..................... 8

2.2.8 Briquetting and Curing .. ... ... ... . .. ... 9

2.2.9 Gas Compression . ... ... ..ttt e 9

2.2.10 AFBC . ... e e e 9

2.2.11 Power Generation . . ... ... ... ..ttt 10

2.3 Technical Critique and Recommendations ...................... 10

3.0 PROJECT DESIGN BASIS . . . .. i ittt i s e e e e e i 13
3.1 General . ... e e e e e e e e e 13

3.2 Site-Specific Data . . ... ... ... e 13
3.2.1 Site Conditions . . .. .. ..ttt e e e e 13

3.2.2 Utilities Available at Site . . .. ... .... ... ... .. 14

3221 Fuel Gas ... ... i it e e e e e 14

3.2.22 Electricity . ... .. it e e 15

3.2.2.3 Steam . ... ... e e e 15

3.22.4 Raw Water ... ... .ttt e et e e 15

3.2.25 Potable Water . ........ ..ttt e 15

3.2.26 Instrument/Plant Air . .............. ... ... 15

3.2.3 Facility Service Requirements ......................... 16

iv



3.3

3.4
3.5
3.6

3.7

3.8

TABLE OF CONTENTS (continued)

Page
Feed and Product Specifications, Process Wastes . ................ 16
3.3.1 Feed Specifications . ... ... ... i 16
3.3.1.1 Coal .. e 16
3.3.1.2 Limestone . . . ... e e e e e e e 17
3.3.2 Product Specifications . .. ... ... .. ... .. e e 17
3.3.21 Formed Coke . ... .. i i it it e 17
3.3.3 Process Wastes . .. . v i v vt ittt e e e e e e e 17
3.3.3.1 AFBC Ash ... .. it e e e e 17
Plant Capacity and Product Slate . .......................... 17
Process Model . . . . .. o i e e e 18
Design Parameters from the EERC and AMAX .................. 18
3.6.1 Coal Beneficiation . ...... ... ...t 18
3.6.2 Carbonization .. ........ ... 18
3.6.2.1 Carbonizer Feed ... ... .. ... . . i 18
3.6.2.2 Carbonizer Conversion ... . ... ... ...ttt eeen..n 19
3.6.2.3 Carbonizer Effluents . ... ...... ... ... . ..., 19
3.6.2.4 Carbonizer - Other Design Parameters . ................. 20
3.6.3 Char Beneficiation .. ... ... ... ... 20
3.6.4 Calcination . ... .. ...t it ittt e e e e e 21
3.6.4.1 Calciner Feed . .. ... ... . ittt 21
3.6.4.2 Calciner Conversion . ... ...... ..ottt nvennnas 21
3.6.4.3 Calciner Effluents . ... .. ... .0ttt enen..n 22
3.6.4.3 Calciner - Other Design Parameters ................... 22
3.6.5 Calcinate Beneficiation .. ... ... ... ... ... . ... ..., 23
3.6.6 Briquetting ............ .. . ... e 23
Design Factors Applied by XBi . ... ...... ... .. .. . . ... 23
3.7.1 On-Stream Factor . ....... ... ...t 23
3.7.2 Minimum Storage Capacities ... ... .. ... ... ... ... ..., 23
3.7.3 Bulk Solids Belt Conveying . . ... ... ...« ... 23
3.7.4 Pneumatic Conveying . . ... ... ...ttt 23
37,5 Cyclones . .. .. i ittt e e e e e e e e e 24
37.6 Baghouses . ........... ..t 24
377 Dusty Vent Lines . ........... ... ... 24
3.7.8 Solids cooling . ... ... .. it i e 24
3.7.9 COmMPreSSOrS . . v v v vt et it e et e et e e e 24
3.7.10 Heat Exchangers . .......... . ... 24
3.7.11 Carbonizer Off-gas In-line Burners ..................... 24
3.7.12 Gas Quenching/Oil Recovery . ...... ... . ...t 24
Safety and Environmental Constraints and Compliance ............ 24
3.8.1 General ... ... e e e e e e e 24
3.8.2 Safety Considerations . ......... ...t 25
3.82.1 MSHA and OSHA . . ... .. . ittt ittt i 25
3.8.2.2 Fire and Explosion Protection . ... .................... 25
3.8.3 Safety Design Features . . ... .... ... ... ...t . 25
3.8.3.1 Fire Water System . .. ... ... .. ... inen. 25



Page
3.8.3.2 Fire/Explosion Detection and Prevention ................ 26
3.8.3.3 Fire/Safety Around Specific Areas or Equipment ........... 26
3.8.4 Enivronmental Regulations ....... e 27
3.8.41 AirEmissions . ... ... ... . ... e 27
3.8.4.2 Water Discharge Quality .................. ... ....... 27
3.8.4.3 Sanitary Discharge ............. ... ... ... .. ... ..... 27
3.8.4.4 FAA . e e 27
3.845 Noise . ..... .. e e 27
3.84.6 HVAC .. ... e e e e e 27
3.8.5 Environmental Compliance Design Features ............... 27
3.8.51 Air Emissions . . .. ... .. .. e 27
3.8.52 Wastewater .. ....... ...ttt 28
3.8.6.3 Solid Wastes . ... ..... ...ttt 28
4.0 PROCESS DESCRIPTION AND PHILOSOPHY ..................... 29
4.1 General ... ... e e e e e e e 29
4.2 Coal Storage and Preparation Area .......................... 30
42.1 Coal Receiving and Storage . . ... ... .. ... ... .......... 30
422 Coal Preparation .............. 000t iunnrinnnn.. 30
423 Coal Beneficiation ............. ... . .. . . i, 31
4.3 Carbonizer Area . . ... i it i e e e e e 31
4.3.1 Coal Carbonization ........ e e e e e e e 31
4.3.2 Char Beneficiation ... ........ ... . ... 32
4.4 Carbonizer Gas Quench System . . ............. ... ... 33
4.4.1 Gas Quench and Liquids Recovery ...................... 33
/ 4.4.2 Gas Recompression and Reheat . ....................... 34
4.5 Caleiner Area ... ... .. i i ittt e e e e e 35
4.5.1 Calciner Operation . .. ... ...... ... . i, 35
4.5.2 Calciner Gas Recycle System ... ....................... 35
4.5.3 Calcinate Beneficiation ... ........................... 36
4.6 Formed Coke .. ... ... .ttt e e 36
4.6.1 Briquetting . ... ... .. e 36
4.6.2 Briquette Curing and Coking ............ ... .. ... 0. .... 36
4.7 Site-Generated Utility Support Facilities ...................... 37
4.8 Steam and Power Generation ................. . 0., 37
4.8.1 AFBC, Boiler, and Steam Systems .. ... ... .. ... ..., 38
4.8.1.1 Fluid-Bed Combustor (AFBC) and Accessories ............. 38
4.8.1.2 Fuel and Limestone Handling . . ...................... 39
4.8.1.3 Boiler Emissions Control and Ash Handling .............. 39
4.8.1.4 Steam and Condensate Systems ...................... 39
4.8.1.5 DBoiler Feed Water System ............... ... . ...... 40
4.8.2 Power Generating Facilities .......................... 40
4821 Turbine Generator ..................0 i iiirneneenn 40
4.8.2.2 Auxiliary Turbines ............... ... .. ... ... ..... 41
4.8.2.3 Power Distribution .......... ... ... . . ... . . ... .. ... 41

TABLE OF CONTENTS (continued)

vi



5.0

6.0

7.0

8.0

9.0

10.0

TABLE OF CONTENTS (continued)

4.9 Water SystemsS . . . . .t it e e e 41
4.9.1 Cooling Water . ... ... .. ittty 41
4.9.2 Water Treatment . . . .. ... ittt it 41
493 Cooling Brine . ... ... .. it e 43
4.94 Fire Water ... ... i ittt ittt e e e e e 43

4.10 Other Utility Systems . .. ... .. .. ... ..., e 43
4.10.1 Instrument/Plant Air . ... .. .. ... . .. ... 43
4.10.2 Fuel Gas Supply . . . . ot it i e 43
4.10.3 Backup Power Supply . . .. .. ... .. .. i 43

4.11 Process Control System . ... ... .. ...ttt 44
4.11.1 Control Philosophy . . . ... ... i i i e e 44
4.11.2 Control RoOm . . .. . v i it it e e e 44

PROCESS FLOW DIAGRAMS . . ... i ittt e et e e e e e e 45 =

B.1 General ... ... e e e e e e e 45

MASS AND ENERGY BALANCE . . .. .. i e e 46

B.1 General . ... ... e e e e e e 46

6.2 DiSCUSSION . . . i it i e e e e e e e e e e e 46

FACILITY PLAN AND LAYOUT . ... . ittt e e et e 51

71 General ................ e e e e e e e e e e e 51

TECHNICAL EQUIPMENT LIST . ... ... it 54

8.1 General ... ... e e e e e e e e e 54

ON-SITE UTILITY CONSUMPTION . ... ... it ettt 77

9.1 General . ... ... e e e e e e e e e e e 77

9.2 Consumption Basis and Use Factors ......................... 77
9.2.1 Electrical Power Consumers . ...........cououviurnenn. 77
9.2.1.1 Cooling Water USers . ... ... ....uuteemnenmneee tunnn 77
9.2.1.2 Cooling Brine Users ............... e e e e 77
9.2.1.3 Steam CONSUIMEIS . . . . . ottt vttt ettt ettt e e 77
9.2.1.4 Natural Gas Consumers . . .. ... ... ..ttt nnen.. 78

CAPITAL COST ESTIMATE AND SCHEDULE ........ ... ... 86

10.1 General .. ... e e e e e e 86

10.2 Capital Cost Estimate . ... .... .. ... .. .. .. ... 86
10.2.1 Assumptions . ... . v i ittt e e e 86
10.2.2 Elements of the Cost Estimate . ....................... 87
10.2.2.1 Mechanical Equipment ... ......... ... ... . ... ..., 87
10.2.2.2 Electrical Equipment .. .. ... ...... ... . ... . . . 0., 87
10.2.2.3 Instrumentation and Control . ....................... 87
10.2.2.4 Bulk Materials .. .... .. ... ... ... 87
10.2.2.5 Construction Manpower . ... ....... ... .0t 87
10.2.2.6 Indirect Field Costs ... .. .. .. ... . ..., 88

vii



TABLE OF CONTENTS (continued)

Page
10.2.2.7 Construction Management Fee . . . .. ... ............... 88
10.2.2.8 Engineering and Home Office Fee .................... 88
10.2.2.9 Contingency . .... ...ttt i e 88
10.2.2.10 Accuracy of the Estimate ......................... 88
10.3 Engineering and Construction Schedule ....................... 88
11.0 PROJECT FINANCIAL ANALYSIS .................. e 112
11.1 General . ... ... e e e e e 112
11.2 Formed Coke Value . . ............ ... ... ..., e 112
11.3 Electricity Value . ... .. ... i it ittt ittt e 113
114 Product Rates . .. ... ... . it e e e 113
11.4.1 Formed Coke .. ... ... .. ittt ittt 113
114.2 Electricity ... .. v it it i i e e 114
115 Capital Costs . .. oo vttt e e e e e e 114
11.6 Operating Costs . ... . ... ... @ittt 114
1161 Coal ...t e e e e e 114
11.6.2 Limestone . .. .. ... ittt ittt et 114
11.6.3 Disposal CostsS . . .o v i it ittt et e e e 114
11.6.4 Water . .. .. i e e e e e e e 115
11.6.5 Chemicals ... ....... ... ittt e 115
11.6.6 Supplies and Maintenance ............ ...t n.... 115
11.6.7 Other Costs ... ....... .o, R 115
11.6.8 Manpower . .. .. v i ittt ittt i e e e 115
11.6.9 Operating Cost Summary . ........ ... ..t ... 116
11.7 Financial Evaluation ... ... ... ... ... ... .. . .. 116
11.7.1 Evaluation Parameters .. ... .. ... ... ... i, 116
11.72 Base-Case Results . ... ...... ... i nnn.. 117
11.7.3 Sensitivity to Electricity Prices . . . . . .. ................. 117
11.7.4 Sensitivity to Coal Cost . . ... ... ... ... ... ... e 117
11.7.5 Probability Distribution on Cost Sensitivity .......... e e 117
APPENDIX A: REFERENCES ... ... . . . . ittt e A-l
APPENDIX B: COMMERCIAL MILD GASIFICATION PLANT PROCESS-FLOW

DIAGRAMS . . .. e e B-1

viii



LIST OF FIGURES

Page

Mild coal gasification 1000-tpd plant block flow diagram ............. 7
Electric power one-line distribution ................... ... ... ... 42
Plot plan, showing approximate plot projections or structure and

stand-alone equipment, with relative distances and proximities ......... 52
Conceptual 3-D layout, indicating functional "blocks" and major

interconnecting conveyances within the facility .................... 53
DCFRR as a function of capital cost and formed coke prices ........... 118
DCFRR as a function of formed coke and electricity prices . ........... 120
DCFRR as a function of coal costs and formed coke prices .......... .. 122
DCFRR as a function of capital cost and formed coke prices ........... 124



Table

LIST OF TABLES

Page
Operating Cost Summary . ... .. ... ... .t nnnen.. 116
Capital Cost Sensitivity .. ... ... ... . i, 119
Electricity Price Sensitivity .............. e 121
Coal Cost Sensitivity . .. .. .o v i it ittt it it i et e e 123
Probability Distribution on DCFRR as a Function of Capital Cost
and Coke Prices ... ....... ..t 125



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 alternative approach, Morgantown Energy Technology Center (METC) of
DOE has sponsored, and continues to sponsor, programs for the development of
technology and market strategies which will lead to the commercialization of processes
for the production of co-products from mild gasification of coal. It has been recognized
by DOE and industry that mild gasification is a promising technology with potential to
economically convert coal into marketable products, thereby increasing domestic coal
utilization.

In a typical mild gasification process, coal is devolatilized under nonoxidizing
conditions at mild temperature (900° - 1100°F (482° - 593°C)) and pressure (1-15 psig).
Condensation of the vapor will yield a liquid product that can be upgraded to a
petrcleum 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, first at the bench
scale under 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.***" 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.% 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.**°
Likewise, the Task 4 results of the 100-pound/hour mild gasification PRU operation
were presented in the same quarterly technical progress reports.''® 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 the XBi contract
was down-scaled in the overall effort, but the final effort for the remaining Task 4.6
was actually increased in scope over the original proposal.



1.2 Scope of Work

The XBi 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™, 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 equipment 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 indicated.



1.2.6 Utility 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 the 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 definition 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), fines
removal from the carbonizer off-gas, liquid and gas quenching, liquid storage, gas
compression, char cooling, char magnetic separation, calcining, fines 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 fines 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.
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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/hr (22.2 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 Btwhr, 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 and, 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 final calcinate is 98% (37%: '

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 4um 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 fuel 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 burned 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 for
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:

e 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
(638°C) than 1100°F (593°C) (Topical Report for Task 4.6, Technical Evaluation).

e 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 rejuirements only. Specification of
actual reactor geometry requires more definitive 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 distribution, but this
method may not be proven in commercial operation. Further investigation is
required.

Minimum freeboard space requirement in both 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 (1100°F [593°C]) and calcinate
(1800°F [982°C]) contacting a}«ﬁospheric oxygen at several transfer points in the
process have not been addressed. 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 heat to maintain carbonization at about
1100°F (593°C) while meeting the total fized 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 o0il that can be sold as an additional product. This
will improve the economics to some extent and should be investigated before
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 mild coal gasification plant is intended to produce metallurgical-grade formed
coke briquettes from a feedstock of Indiana No. 3 coal. Production capacity is based on
a nominal coal feed rate of 1000 tpd (dry basis). The conceptual plant design comprises
of the following major processing steps and auxiliaries:

Coal Receiving/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, feet above Mean Sea Level 700

Ambient Temperature QOutdoor, °F
Maximum 100
Minimum -20
Annual Snowfall, inches 30
Average Annual Relative Humidity, % 72
Average Temperature, °F?
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 29
February 24
March 3.5
April 3.6
May 5.0
June 5.3
July 34
August 3.2
September 3.1
October 3.0
November 3.1
December 2.6
Wind Loading, mph 80
Direction of Prevailing Wind NwW
Snow Loading, psf 20
Live Load, Platforms, psf 100
Dead T.0ad, 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.
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.?

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

Raw water analysis (in ppm) is:®

Hardness 400
g/gal 23.6

Ca (as CaCO,) 300

Mg 160

Fe <0.3

Mn 0.16

Cl 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 following services will be required at/in the plant site:

Railroad: ISBL spur for limestone receiving, product
shipping, ash disposal, and large equipment/parts
delivery

Roadways: Exterior service, interior plant roads to be

minimum 30 feet wide
Storm Drainage: Surface slope of 0.5%, open trench slope of 1%
Fire Protection: Hydrant loop system
Freeze Protection: Electric heat tracing
Utilities: Site-generated, except as stated above
3.3 Feed and Product Specifications, Process Wastes
3.3.1 Feed Specifications
3.3.1.1 Coal

The plant is designed to utilize Indiana No. 3 coal from Amax’s Chinook mine.
Feed coal has the following characteristics:%

Coal Rank ‘ Bituminous

Mine Chinook, Brazil, Indiana
Proximate Analysis, wt% as-received
Moisture 8.20
Ash 12.12
Volatile Matter 34.79
Fized Carbon (by difference) 44.89
Total 100.00
Sulfur (total)  4.20
Sulfur (pyritic) 2.256
Sulfur (organic) 1.81
Sulfur (sulfate) 0.14
Specific Gravity 1.32
Apparent Density, -6 mesh, 1b/ft® " 474
Feed Coal Size 2 inch x 0 mesh

16



3.3.1.2 Limestone (for AFBC)

Crushed limestone will be delivered to the plant site via truck/rail. The 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, uym, 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.'®

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, HYSIM™ (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 (maf), 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™ 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™ 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:*

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:*
o

~ 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.* Fluidizing gas rate to the carbonizer was maintained at 91,833 Ib/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 CO, and a corresponding increase in
char yield. Accordingly, XBi established the following changes in coal/char composxtlon
(conversion) in the carbonizer:

Yield, 1b/100 Weight % in

Component ‘ lb Feed maf Overhead Gas
maf +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 (fixed).
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.
e CARBONIZER CHAR

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

lb/hr
Total Char 42,090
maf 35,652
Ash 6,438
Sulfur 1,011
Volatile Matter 5,687

3.6.24 Carbonizer - Other Design Parameters

e Superficial Gas Velocity: 4 fps.*

Residence Time: 3 hours,!” minimum is 30 minutes.!®

® Carbonizer Geometry:’® Bed L/D = 1, Freeboard (Top) L/D = 1, Overall L/D =
2,

Heat loss: 7 MM Btwhr (approximately 10% of heat load).!®
3.6.3 Char Beneficiation

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

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 above separation factors. The following calciner feed
composition was used:

Ib/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.*
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, 1b/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 Monozide +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 4
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:*
¢ CALCINER GAS

Condensable hydrocarbon: 59 Ib/hr (fixed).
Simulated ASTM distillation:®®

ABP, °F Weight %

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

Includes 1-lb/hr sulfur.
¢ CALCINATE

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

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

3.6.4.3 Calciner - Other Design Parameters
e Superficial Gas Velocity: 2 fps.'°
* Residence Time: 3 hours,'” minimum is 30 minutes.

¢ Calciner Geometry:'” Bed L/D = 0.5, Freeboard (Top) L/D = 1, Overall L/D =
1.5.

¢ Heat loss: 7 MM Btwhr (approximately 10% of heat load).!®
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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:3

Component Weight % Rejected
maf - 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

e Belt conveyors are generally used for bulk conveying 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
e Maximum 8:1 solids-to-air ratio.

¢ Piping is sized for 6000 to 7000 fpm.
e All bends are sweeps; no ells are used.
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3.7.56 Cyclones

e Primary cyclones remove particles >10um with 50% efficiency.
¢ Secondary cyclones remove particles >4um with 50% efficiency.

3.7.6 Baghouses

e 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 cooling
¢ Design duty is 115% of the normal rate.

3.7.9 Compressors

o Carbonizer gas: design capacity is 110% of normal flow.
¢ (Calciner makeup gas: design capacity is 120% of normal flow.

3.7.10 Heat Exchangers

"o 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.
e 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

24



HI Standards MSHA

ASHRAE AFBMA
SMACNA NFPA
AMCA _ AGMA
TEMA FM
ASME Performance 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 Safety Considerations

3.8.21 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 Qegign Features

3.8.3.1 Fire Water System

A fire water loop is provided to supply water to hydrants, hose stations, and fixed
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.
e 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 fire 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.

e 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-gallon 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 Regulations
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.

4

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 (H,S, SO,, COS, and complex organic sulfur compounds), nitrogen
oxides (NO,), particulates, carbon monoxide (CO), hydrocarbons, and others (NH,, HCN,
alkali metals, etc.). In the MG facility, some of these are generated in both the
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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 SO,, 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 defined by Federal Register
40 CFR 51.

Particulates: All 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.

3.8.56.2 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

All 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-101. i

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 suffixes "A" and "B" for respective trains on flow diagrams, the equipment
list, etc. For clarity in the process description, however, suffixes are 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-101 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,'® then screened and
surface-dried to no more than 8% moisture.!® Crushing the coal prior to drymg 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 5th 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 4C0°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 G-103, where the remaining fine 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.'

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 itself.”® 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.?

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 (fines). 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' with air from Blower K-106.

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.

43 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' from 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.'®
Total gas to the carbonizer (feed gas plus conveying gas) is maintained at a constant
rate. .
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The carbonizer operates at approximately 1100°F (593°C).! A range of 1050° to
1125°F (566° to 607°C) is optimum.'®* High-temperature carbonization is recognized as
the principal carbonization technique for the production of metallurgical coke as 1) coke
produced in this manner is less porous and less reactive, and 2) recovered liquids
coproduction is not as essential for commercial viability.*

Hot gas is fed into the carbonizer char bed through a distribution device.!®* Coal
is fed to the carbonizer through multiple ports, creating a spouted-bed operation.
During a residence time of 3 hours in the carbonizer, char (enriched coal) is formed as
volatile compounds are driven out of the coal. The spouted-bed design was chosen
based on favorable results with caking.coals in other gasifier systems. In this
carbonizer configuration, the internal recycle of char back to the bottom of the bed
reduces agglomeration.! '

Volatiles from the carbonizer are carried off by the exit gas. Gas exits the top of
the carbonizer at about 1100°F (693°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 considerations. Primary cyclones are designed to
separate 10um particles with 50% efficiency; secondaries are designed for 4um particle
separation at 50% efficiency.! 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.!®* Char enters
the cooler at the carbonizer temperature of 1100°F (§93°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 (FeS,) is converted to pyrrhotite (FeS,) 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
1100°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 1100°F (5693°C), the pyrite converts completely to iron
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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 (fines). 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
sgparator (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'* with 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'® which 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, and
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.'® 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.®
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). Surplus condensable components which evolve during carbonization are allowed
to exit with the make gas to be burned in the AFBC.M

Hot gas at 1100°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.!®
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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.’®* 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.'®
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.'®* 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. Secrubbed 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
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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.!” 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.! 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 10um
particles with 50% efficiency; secondaries are designed for 4um particle separation at
50% efficiency.! 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. Liquids 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 1150°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 fines 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 fines, 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 fines 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 in 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. Tresh 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 BC, Boi d Steam Syst Appendix B, UFD-011 and
UFD-012) ’

4.8.1.1 Fluid-Bed Combustor (AFBC) and Accéssories

An AFBC is provided to generate steam for the turbine-generator. The boiler is a
drum type with a balanced draft furnace equipped for firing reject coal and char.
Sulfur dioxide emissions are controlled by limestone injection in the furnace. The
design includes natural gas as the start-up/ignition fuel. The AFBC (Appendix B, PFD-
011) includes: ’

Atmospheric fluidized-bed combustor (AFBC).

AFBC feed (reject coal/char and limestone) storage and handling.
Fly ash and bottom ash storage and handling.

Flue gas system with stack.

Guaranteed maximum evaporation capacity for the boiler is approximately 280,000
Ib/hr at 1200 psig and 960°F (516°C). These output conditions were chosen as suitable
for subsequent use in the turbogenerators.

Provision is made in the system for obtaining the required soot-blowing steam at
essentially all loads. The boiler is designed to achieve a stable operating load range
without auxiliary fuel firing from 30% load to maximum continuous rating (MCR) when
firing the designated fuel. The main steam temperature control range will be 50% to
MCR. The following is the predicted performance of the boiler, using designated fuel,
and calculated for 20% excess air:

Evaporation, lb/hr 280,000
Temperature at superheater outlet, °F (°C) 960 (516)
Pressure at superheater outlet, psig 1,200
Feed water temperature entering Economizer, °F (°C) 380 (193)
Ambient air temperature, °F (°C) 80 (27)
Process air heating, sefm 87,000
Process air temperature, °F (°C) 450 (232)

The boiler is 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.

Tubular air heater for process air.

All necessary boiler trims and appurtenances, including safety relief valves.
Support steel, insulation, and legging.

Cyclone' ash reinjection and sealing systerns.

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 conveyijfig capacity of the fuel handling system from the reject coal and char
storage bins to the boiler silos will be 12.5 tph. The conveying capacity of the feed coal

A reverse-air cleaning-type baghouse, equipped with multiple compartments, is
provided fyr controlling particulate emissions from the boiler. Baghouse design is based
on collecting 85% of the total ash generated in the boiler. The total fly ash generated
is the sujn 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% And 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
comparfiment 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.

e ash handling system is sized.to accommodate fuel ash and the unreacted lime
and falcium sulfate from the limestone reaction; 35% of this amount will be bed ash,
5% pill be economizer ash, and 60% will be fly ash. Two separate ash handling
sysfems are provided; one system will be for bed ash and the other for fly ash and air
préheater ash. The conveying and removal rate for the fly ash handling systems is
approximately twice the design ash production rate. Both fly ash and bed ash silos are
pfovided 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.

4.8.14 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 for 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 generator.

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 disposable 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 first stage of feed water heating. It is a tray-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 and 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 Facilities (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. All 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 well water is supplied to the plant by the raw water well pumps. Cn-site
raw water is stored in a 5000-barrel tank. This tank supplies water to the water
treating system and also contains the required fire water reserve. Water from the raw
water tank is used directly for makeup to the cooling tower and supply to the
treatment (demineralized) system.

49.1 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
T7°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 full-capacity activated-carbon filters.

Two full-capacity zeolite softeners.

Acid and antiscaling chemical dosing systems.
Two full-capacity cartridge filters.

Two 60% capacity reverse osmosis systems.
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e Two 60% capacity mixed-bed units.
¢ One full-capacity demineralized water storage tank.

The treatment system is sized to provide 200% of the feed water makeup flow
required for the boiler.

4.9.3 Cooling Brine

A 50/50 mixture of ethylene glycol and water in the closed-loop system is pumped
through the shell side of the auxiliary cooling water heat exchangers for heat rejection
to the circulating water; the cooled media of 50/50 mixture of glycol and water is
circulated to the various equipment and returned to the heat exchanger. Two 100%
capacity cooling media pumps are provided.

4.9.4 Fire Water

A fire loop is provided to supply fire protection water to fire hydrants, hose
stations, and fixed automatic water suppression systems.

The fire protection water supply is provided by means of an electric motor-driven
fire pump and a backup diesel engine-driven fire pump. The system will be
continuously pressurized by one partial-capacity jockey pump. The pumps shall take
suction from a single, above-ground, 5000-barrel raw water tank. In the event the
jockey pump cannot maintain the system pressure, the main fire pumps will start
sequentially.

4.10 Other Utility Systems
4.10.1 Instrument/Plant Air

Instrument and plant air are provided by a single air compressor/dryer system.
Filtered air is compressed to 150 psig, then cooled and dried. Both instrument and
plant air are dried to a dew point of -40°F (40°C) in order to prevent condensation and
icing during cold weather. The dryer is a desiccant type with prefilters and afterfilters.
Separate receiver for instrument air and plant air maintains system supply pressures
during compressor cycling. Combined air capacity is 1000 secfm; the compressor is fully
spared.

4.10.2 Fuel Gas Supply

The fuel gas system will supply the main boiler gas ignitors and warmup gas
nozzles during start-up. The system will be sized to carry 25% of main boiler load.

4.10.3 Backup Power Supply

Backup power is supplied in the form of Uninterruptible Power Supplies (UPS) for
the computer control, instruments, safety, and electrical control systems in the plant.
Standby generators are used to supply power to critical circuits such as some of the
blowers, vent fans, and condensate pumps. A diesel-driven pump is used to supply fire
water in the event of electrical power failure.

43 .



4.11 Process Control System

4.11.1 Control Philosophy

A distributive control system (DCS) provides hierarchical control of the MG
complex. All 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™ 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. Tt 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.



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 energy balances around the carbonizer and calciner are based on
pilot test yield data. Elemental balances or thermodynamic balances have not
been attempted within the scope of this study. These should be performed to
provide at least some confirmation of the experimental data.

¢ 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 preliminary facility layout was developed in order to establish a general
physical perception of the operating plant and its auxiliaries and to approximate the
size of the overall plot space required. The following drawings are included in this
section:

¢ Figure 3. Plot plan, showing approximate plot projections of structure and
stand-alone equipment, with relative distances and proximities.

e Figure 4. Conceptual 3-D layout, indicating functional "blocks" and major
interconnecting conveyances within the facility.

It should be noted that these are conceptual arrangements only. These drawings
do not represent exact dimensional requirements, nor has the arrangement shown been
optimized. The following are approximate sizes of facility structures and buildings
which house specific plant operations:

Coal Crushers, Feed Bins 50’ x 50’ x 60’
Coal Dryers, Screeners, etc. 100’ x 75’ x 12§’
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 100’ x 50’ x 30’
AFBC, Generators 75’ x 50’ x 110’
Maintenance Shop 60’ x 40’ x 40’

Principal plant administration, maintenance, and warehousing functions required
for the MG plant are to be added to, and integrated with, corresponding facilities of the
existing Chinook mine operation.’”® A small local maintenance shop is shown, but no
other physical representation for the remainder of these functions is included in the
layout.
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Figure 4. Conceptual 3-D layout, indicating functional "blocks" and major interconnecting conveyances within the

facility.



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.
e Laboratory facilities.

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

e 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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XBi rre.-sscre e EQUIPMENT UST Page 1 of 2
Client UND/EERC Unit 1,000 T/D MILD COAL GASIFICATION
Location: CLAY COUNTY, INDIANA
TABLE OF CONTENTS
- ITEM

EQUIPMENT TYPE CODE PAGE
Fired Equipment B 2
Classifiers, Screeners Cc 3
Belt Conveyors F 4
Bucket Elevators F 5
Dust Caollectors, Baghouses G 6
Heat Exchangers H 7
Compressors, Blowers, Fans K 8
Centrifugal Pumps P 10
Positive Displacement Pumps P 12
Storage Tanks, Bins, Siles T 13
Pressure Vessels v 15
Packaged Equipment Z 16
Major Electricai Components

& Control Systam Components 18
Misceallaneous Equipment C.H, J M, 19

N.Q,R
A__|07-Aor-92 CUENT APPROVAL/BUDGET ESTIMATE
REV DATE | ISSUED FOR: BY APPROVED CUENT

55




A
~
al

)

2 ooy

‘S310N
PO XiN3vqey | $00-Gdd
feeis  loog't 20 ey N 13nOMe | aNz09-g
PoUY Kopovxey | t00-add (X3 H3INUNG 8YD
VB rew uBjsep %02 ‘jouy sa1g  loog2 €2 svd-jo0 dNOBIVNUINOWVO | aive0s-8
peuyj Axo1o9 ey | T00-Qdd e'se Y3NUNG SVO
uBrew uBisep %0z 'jou) 1eeig  looa'z (1} s8-y0 31OA03Y W3ZINOTUYD | aNVI0G-g
wirwey | ‘oN|vd ‘ON jopoiy qi siuswe)j Bujsnop] 4. Bjed suosuewng | wmignw swiuN "ON ey
‘o 68y 1] " sivponyy ‘dwej ‘seq)|-ssesq ‘seg vO Ang
de] Ao | §56igTdn SAR] jorij
ININJIND3A a3y
z8-dv=-10 VNVIUNI "ALNNOD AVID  ‘Uopesoy
Y ‘Aey

NOILYJHISYD Y00 TN 0/1 000t “iun

OY33/aNN  aweyn

1SIT IN3INHIND3

"ONE “13IHO 38 - 1I1AX \ mk

56



[Z2 10 ¢ e8vq

‘8310N

$00-03d
ot 88 80 joo2 YIN33YOS 13noa | aveoe-o
W2ep 8jqnoQ | 200-04d +0F % 02 H3IN3IIHOS
‘we "Apudeo ya gi ol §8 80  jos2 HYHO H3ZINOGHYD | 8Nioe-9
s§oep s|qnoQg , | 100-A3d +¥Z 901
"ve ‘Ayoeded yp ot o1 ss | so |ose H3INI3YOS VOO | 8/veot -0
syowey | "oNi9d | ONispon al wds | ueepng wupl | Bupsnoy | 4, uH ysepy swoN "ON wey
"oN 58y ™ wm | dn EEET] dweyl U= AN ) BN
olopy 8.do Bugenoyy ueepg

SNIIHOS DNILVHEIA 'SHAHISSY1D

Z268~xdv-10
Y ‘rey

NOLLYDIJISYD VOO Q1IN G/L 0006°1 Hun

VNVIONI "ALNNOD AV3ID  ‘uopiesoy
oUII/ANN ueD

1817 ININJIND3

ON? 1HD3E-130AX \m x

o7



Py

aBvg

'8310N
€00-03d HOAIANOD
/a1 §g :Aysuep ing ot 124 (14 DNI00D INOOWHO4 | 8/VP09~-4
$00-0dd UOAIANOD
si/dl g9 :Aysuep yng 01 00} [-7] vz 02 1onaoud anoowyod | a/vsos-4
€00-Q3d HOAIANOD
di/ql 6§ :Aysuep ying ol 2 o2 13noMe 03uns | g/vVeo9-4
$00-034 HOAIANOD
d1/ql ¢g :Ayjsuep sing o1 ¥ 02 13nomaNaIIUe | GVI09-4
200-03d 002 HOAJANOD
oai eg :Aysuep wng Sl 002 09 +2 09 033JUINDOWI | aNeoe-d
200-04d 008 HOAIANOD
di/a1 €9 :Aysuep ying Sl 002 (7] (2 09 UVHO Y3zNoBUYD | alvioc-4
100-03d YOASANOD
dya) ¥'eL Aysuep ying St st OO HSIHLI 084V | BN208 -4
100-04d4 002 HOAIANOD
Si/a1 ¥e9 :Asuep wing sl 002 09 vz 0g 0334 ¥3ZNOBYYD | /OOt -4
100~ 034 jocs YOAIANOD
Ji/at v'ee ‘Asuvep xing 02 002 s2) »2 09 03344¥3A40 | G/VSol -4
100- 04 [\]] HOAIANOD
a¥/al ¥ '¢e :Ayevep ying (-] 001 0 oe (] 033juamsnuo | anvrol-4
100-Q3d 00€ HOA3ANOD
sifal ¥'eo :Ajsuep yng 1] 002 7] vz 09 N9 033443HENYD |  B/VEOL -4
100-03d ol HOA3ANOD
/a1 ¥'ee ‘Aysuep ying se 00} lo oe 0g Y3IISNVHL 0334 g/vZot -4
100-G44 . 009 YOA3ANOD
a1/ & £9 :Aysuep ying 7] 008 c21 v 052 BMAIZOIY YOI 1014
oimwey | "oNIvd W qi [UT P ATH ieg Bursiioq |3, "dwey | wid) KR ¥ vo W swoN "ON weyy
*oN *bey) soheruo) ™M o101 sjoiepy -dQ oy | ‘oA v W HIPIM | Ayouden
SUHOAIANOD 1134 .
z8-dy-70 YNYIGOM "ALNNOD AVID  Uopeso)
¥ 'Aey NOILYOUISYD VOO Q1IN G/4 000°1 un OHII/ONN Auey)

1811 IN3NdIND3

ON 131HO 38 - 131AX N mx

58



[2zi0 ¢ oBvg

‘S310N
$00-04d
WAL “ §0 Ansuep sing| HOAYAIII GIFINMN aNvo9 -4
£00-0dd HOIVAI3
WAL "o 99 Aysuep ying 310A938 13nbaNIw | aiveo9-4
syrowey | oN19d ‘ON 1ePon ql sieong | Bujsnopj 4. sdy Wy WH [TAT) siivN "o wey|
oN 5o W M S{S0IOW ‘dureg 'do | Aoojep | TR | GARET | Aowdeg
rour) | texong | mopuaely
SHOLVAII3 13MoNnd
28-xdy-20 VYNVION 'ALNNOD AV1D :uopusoy
Y ‘Aey NOLLYODLASYD VGO G1IN O/L 000°) un oHII/ANN  cueD

1SIT IN3NJIND3T

"ON 13O 3G - 130AX \mx

59



2z o 9 8bing

‘woysis vojssexddns uojsojdxe flumuey 1o e tppm dinby -2

| *)eMO|q JsnEYxe *B|OAUOI/eY PUT Jepoey 49 i erejduwiod ‘edA) e -esind | :BILON

8/v209-) #89 Jemolg 03 | $00-03d | 091-0-21 XewoN 051t OM ULLF |04 Aoi 3SNOHDYE
z°1 so10N mdomgy  {0se pejey SO [oot uy  Joe el 033413n0NMG | 8AV209-D
8/V109-) 989 Jemolg 104 | S00-03d 091 -9-21 x8\uoN 0s1 OM 'WILIT 9L Woi aIsnotove
Z'1 so1oN ndoryy  |0GE peiisy so |oos uwy  |oe et £3M4 MOOWHOS | aNvIoe-©
a/v1oy-)i ees "emolg 04 | ¥00-04d | 091-8-2) xeuioN ooe DM ULIF]o 1} ol ]
2°1 se10N mdoniy | 0Go pellsy 80 |oo2 uny  joe el 3SNOHOYA YINDTVO | 8VIor-9
B/VI0E ) #e8 'molg 0] | 200-03d | 099 -0-21 %eiiion 00¢ OM GILIF|9'11 ‘o1 3snotiova
Z°1 010N mdomy  |0S9 peije4 s0 |ooz wy  oe cil vaznoauvo | av10e-9
g/vio1 - eev 'mmoig 04 | 160-04d | 01 -HO0K9 xeuioN 00€ BM WIF|c2 ol
2'1 sejoN mdoniy  |000'SE pelje4 s fose uny MsoiLgoe ovs'2 ISNOIOVA UIALA vOI | a/iveos -
Z01-) se3 moig 04 | 100-a3d | 09i-8-2} ®isekiod 0si GYYRUTTES C AT doi 35no1ova
2°1 se10N mdormy  |oca peley s |oot wy  Joe 4} NIG 033U ISNYD 201 -9
101 —) ®e% “;emojg 10§ | 100-03d | 091-8-21 “1i59kiog 0Si OM WMIiT|9 11 ot
T°1 vo10N mndonmiy  oce pelod4 sD  |oot uy  joe en 35NOHOVE OWS VOO 101-9
ey | ONIVd | ONMpoW | i | swewsr | Bisnoii| 4. | DBisd WO | W Va | oN |eng e | suiN "oN Wil
N ‘bey ;] M s{oplelol ‘dwe] ‘seq|-sseiy ‘seq| G " eisllivig sjuowe)3 di ey
dits|dp | 58I A0 | Bupsnoyy uopuaimy

S3sSNOoHOVYE 'SHOLD3T10D 1SNad

26—y -10
v "Aey

NOILYDIJISYD TYOD O 0/1 000°1

AN

VYNVIANI "TALNNOD AV1D [Uopuso]
OU3I/ONN uey)

1S ININdIND3

"ONE 131HO38 - TIAX .\ mk

60



22 jo L eBoy

8310N
syun jejjured om) seanbey | cio-ain 94-0eN euou sojnd 052 [1,]] |14}
uiBrow uBisep %01 [eAV]—-g)Y  1000°0€ | suou 8SY0e 008'¢c) sjud - Y31009 3NY 208-H
210-a3in suou [SI5 7] ozt 1] oge YISNIONOD
e/c o] (1741 -] 000°0¢ 2OVHINS NIvIY S08—-H
Z10-04n 00S 0054 oe rubkmr
0s2 008 HILYMOIISIUI N0 JH €08 —-H
€00-04d suou 062 03 eSS
uiBrows ubjzep y0¢ 88+0¢C 006'S yNOOO MO | GNVID9-H
%00-04d o/ 052 ool (pouuy} icg
uBrour ubysep 902 suou 80 oott |se o059 431000 SVO UINOWVO | gNVYOP-H
Y00-03d euou 0002 +1 Tpeuw) 1% Y3IDNVIHOX3I
u)Brous uBjsep 902 euou 0ot st 019 1V3H YD UINIO VO | a/veoy-H
syrewey | ‘ONIvd ‘ON |1spopy al v jepoop 4. 1sd U ‘Youd ) Ywignn o715 SwuN ON wej|
ON 68y W WM | VD 1a da U'G0 | eomng Ang LR E]
) o episaqnj jopisjietjg saqn) Jojsuvsy uBjseq
SUIDNVYHOX3I 1VIH :
ze-dy—70 VHYIUNI "ALNAOD AV1D topusoy
Y "Asy NOLLYDIJISYD TVOD aliy 0/1 000°8 Wun OHII/GNN ued

1511 ANaNdIND3 oM Tao3e- 13U [2)%

61




‘8ILON
uBraw uBjsep %0z [ voo-aid 0L8'y HOSSIHJINOD
USA|Ip sujq I wiveig dyq ooc [-xd] SVYD ITOADIUHUINIOWWD | GAVEOY -
. Y00-03d 000G a/vsor-o 3yl
SO¥~O UM eBajoed ropusp st ALIAVYD YOJuamMOWB UV | aivsoy-X
uBrail UBjep %0C | ¥00-03d s |ozt H3IMO™M 1ONGOUd
di/al 2°68 & Wai v19'9 :pilog L SANIILVMO VO | a/VYOrP-N
UGBl UB[sep %0¢ | ¥00-G3d z of U3MO G
/a1 619 & Wa) 269 “pilog -} LVNOWO 1033 |  AiVEOr-MN
0Bl UBjsep 9%50¢ | ¥00- Gad il 029 [ET3]
di/al 2'98 & Waj 001°SZ :plios 14 150044 VYNDO VO | anveor-N
$00- Q44 48.01]009 aioy-o
10¥ -9 m eBoxoed sopuep uosuiqoy ] 8D 3snoHOYE HOoSHIMO W | BNVIor-)
UjBrous ubjsep %0¢ | 200-03d gg Sl HIMO W UVHID
/a1 8'99 & Wal 22v°'Q :pIOS ot 193738 YIZINOBUVD |  B/V20e-N
200-A3d d8.01 008 a/vYioe-0
10€ - D Yim edmyoed Jopusp uvosujqoy [ 80 ISNOIDVE HOJUIMOM™ | aNVIoE-N
100-Q3d d48.01 |000°TY a/vioi-o
£01 - i eBmyoud sopuep vosujqoy szt 80 asnolova yoduamow | avzol-y
UiBow uBjiep %0c | 100-03d 98 [0l
<1/q1 8 & Wal see’el pilog 0z Y3IMOW VOO 10rI¥ | G/VI0I1 -
100-Gdd 00024 aisol-o3m@vL |
S01 -0 tppm eBuxoud sopusp o . AAVYD HOJuamoTa v | aAvsot-N
100-0id 00021 aivyol-2 3Vl
Y01 -0 @M eBmyoed sopusp 02 ALIAYYD HOJAHIMOWHIV | B/VYO) -)
100-Q3d 000'2 g/ vVtol -2 3avl
€01 -0 i eBuyoed xcpusp 02 AIAVHD HO4HIMO B HIY | a/VEol -
100-03d HWZ1 ds.91 joos 201- :
201 - 1 eBwyoud Jopusp uosuqoy © 80 38N0HDVE HOIUIMO B 201 -
100-03d 1Nz ds.ui jooo 101-D
101~ Y eBwydoud sopuep vosujqoy [ 8D ISNOIDYY YCJ YIMO W 108 -X
siruwey | oNigd | ONIPPON | ONPOW | molely | ai | wdi edhj | ooy | wdi [Tjsd | TWaOl HHETH "ON e
oN 'bay 17} N 8dAf M dH 3895 G"eid | Jdv | wios
Buydnoy | ~mig/ dwon | jeeg moy BAIg ooy | ooy Adep

SNV4 ‘SHIMO18 ‘'SHOSSIUIWOD

286-xdv-10
¥ "Aey

NOILYOLIISYD YOO AN 0/L 000°8 Wun

VNVION! 'ALNNOD AV1D :Uonwoo)
oUIAI/ANN 8D

1S IN3INdIND3

‘ON1 13111030 - 13X n\mk

62



v “Aoy

NOILVOIHISYD YOO G 1IN a/1 000°1

aen

‘S31ON
€00~ Q4d Hamow
oL 16nvIIX3INIAOONMND | afvgoo -y
€00-Qdd HaImoma uiv
gL DNIT00D IN0OWYOS | a/vrog-X
$00-0d 5 oe uIMo|
g1 SINII DIOOWHOL | aNveo9-N
€00-Gd dS.81|009 avzo0-o
209-9 oo eBuxoud wpuep [ Isnoiova HoduaMoW | gNeo9-N
€00-03d dS.81009 avioo-o
109D ees ‘eBmydud sopusp e asnoloYa YOI UIM0MW® | GNVI09-N
UjBr UBjesp %0 | €00-a4d ¥ye 3UVdS ¥ HOSSIUWANOD -
90 ) : SYD - 440 )NVL WO »0S -3
UBrew ubeep %02 | t00-C3d GITX] HYOB8IUINOD UIV
USApIp euiq Iy Wweeg dyqotg €2 YINUNG UINIDOTVO | 8/VE0S-N
uBrai UBjep 9,02 | T00-G3d ozi'e HOSE3UINOD UiV
UeAIIp suiqIM woelg dyq g8z z0) YINUNG WIZNOBHYD | aNvVZog-N
U)Bre UBEep %01 | t00-04d 018°2) YOSE3HINOD
USAID suigmy wive|g dyq goai €2 SYD U3ZINOBYVYD | g@/VIOS-M
syrowey] [ “ONi¥d | ONISPON | ON PO | mmwW | i | wdi | eaAL Joioy wdi | ed | WD) swoN "ON W]
"GN "6y i W 8dAj M di 8595 WTed | dv | wios
Bupdnog | ‘migidwon | peg | moy BAIg Impeley | so0y Adep
SNV 'SHIMO18 'SHOSSIHIWOD
28-xdv-10 VNVIONI "ALNNOD AV1D ‘Uopes0)

OHII/ANN we)D

1S ININdIND3

"ONI IUHOID- 1LAX \ mk

63



22100t oBeg

‘8310N
€19-an 009¢ [ 08 0% 3UVdS ¥ anind 0334 -
] 10 ANINAYIYL HILVM 208 -d
t10-0an 0091 5 ce 009°¢C 3Uvds ¥ -
dumd pem feopsep ost 10 diiNd YILYM MvY 208-d
sdund 9¢0g ®8Ali | cio-ain 0081 [3e) -3 005'¢ 3UVdE ¥ €eI—
os! (o) SJNNd SNIUa 008 -d
sdwnd 9,0G eenj] | cio-gan 009 8D 0 000°SE BUVdS ¥ cei-
reonsep 0001 12 S4MNd Y3LVM DNINOOD S06-d
210-02N 0081 €0 0c ol danind
S 10 YILVM YNVL HSY S y08—d
erod® %001 | Zio-0an 009t §591¢€ 05 099 3UVdE ¥ JWNd zi-
dund peuuey 0g 10 310493Y 31VSNIANOS €068-d
Zi0-0an 009¢ §59i¢ oosi  |oeZ diNd U31vA
sBuspinpy 006 10 033443IN08 dNUUVLS 208—-d
oAlp suiqm woeig | 210-0n 8691¢ 00G1 09S dnnd
eBuispnpy VvIN 19 YILVM C33IHINOB NIvIH 108-d
to0-0 0091 [ 22 ol annd
S0 10 HNUO NOUONS aVI109-A | a/NVS0S-d
uB R UBEep %0t | t00-04d 0081 [ %) e or 3uvds ¥ Ti-
19390 rounsewy “ed/Ay Bupnp )] [fe] ditNd UIISNVYL Ho €0S—-d
5&-’: CE-QO %08 £00-Q4d 00914 80 62 099 AHUVLS ¥ dHNd LY NDHID 2t-
10%o%] euseg ‘edfy Buppa [+ 10 H3IMOLHONSND | d/vios-d
¥00-03d 0081 5] 2z o1 annd
S0 10 NNYA NOUoNS BVIoY-A | BiVIOr—d
®powey [ ONIYd | ONISPOW | ONPPOW | i uj wds | paperey | sefeding | T uidi [Sow/ 1oy | 18d gy | widB ouioN "ON wie))
N "84 W ] W M dit adi[ 8583 | dwng [ v wg | §'Fial | Adeo
Bupdnog | dwng | mo) | eigdesvg | oo | wes | epeinpy | perey | sepeduy pewy

SdANd TVYONJIHINTID

z6-dy-10
Y "Asy

NOILYDIJISYD VOO Q1IN a/1 000} N

YNYION "ALNNOD AV1D Uopws0]
OUII/ANN ey

1S ININdIND3

ONY “1HHO3E- 130X -\mk

64



[2270 11 eBog

‘83L0N
tie-aan 009¢ 869i¢ 0% 09 E2 T -
s 10 dVind INDIYW ¥3 NoR f18-d
€10-0an 009¢ %) 03 00! dnind
S 19 ANDOr UILVM YIS 016-4
€10-04n - ) 0g 000'1 , dWnd
oApp euBus (ase)g VIN 12 HILVM JHIINNOVE | 2~-606-d
€10-aan 009¢ [3e) 08 000'}
or 10 dNINd Y3tvm 3ut:| 1 -g08-4
Symwetj | "ON(¥d | ONISPOW | ‘ON Ppom | ai v} wdi | erepy | ieedun | wdi | xepiov | 5d gy | wae suivy "oN wejj
'oN"bey (7] TN M [\l ] &AL 8305 | dung | wrwg | §°TIGL | Adeo
Buidnog | duing | oy | emdeseg | wiop | wes 1ople1opy | pejoy | seyjeduy poiay
SdANd TVHN4IHINID
z8-dy—10

Y ‘Aey

NOWLYIHISYD VOO Q1IN O/L 000'1 v

VNVIOM "ALNROD AVID uonesoq
OU3I/ONN ueyd

1811 ANINJIND3

"ONE TILHO 3G - 131AX \mk

65



2zZ0 21 oBvg

:8310N
€00-03d 80
o) Buypejepy dNNd 033443aoNe | aVi09-d
syowey | ‘ONi9d | ONI°poW | 'ONepo | ai U wds | jepeiopy | seuwseu) |‘vjwised | sd | wdB odf) ewuN "ON wey)
'oN by TN N ™M M dii §dAL 805 |seosg| 4y |Adep
Bundnog | dung | jmoy | eyodesey | soiop | veg perop petey

SdWNJ INIWADV1dSIA JAILISOd

26-xdy-J0
v "Asy

NOILVIIJISYD YOO AN G/L 000°F Wun

YNVIUNI "ALNNOD AV1D UojieaG
JU3II/ANN ey

1S1T ININJIND3

"ONE 130039 - 13X me

66



[ZZ o €1 eBvg

8310N
¥00-03d R L0-.22 {ooy'Z [EXEL]
Agpaede ygy 8y - 0-20 19N00Hd S3NIJIIVMO VO | B/VYOP—1
%00-03d 0-.01 092 ¥3ddOH
Apovdw ypz 80 -1 £-9 193raW31VNO WO | Biveor-1
$00-03d L0-.52 {000'11 Y3440H 3DVHOLS
Apowdes ygy [l ] 0-.02 10NaoUd ILVNIDOWVO | B/veor -1
#00- 03d O-.01 1999 CEFFLY]
Ayoedes yz 89 £0-.6 a33duanowvo | divior-1
200-Gid . D-.11 099 U3ddOH IDUNS
Ayoede 2 o) 0-.8 UVHO ¥3ZINOGUVD | B8/AVKYOE-L
200-03d 0-,51 [00i" U3ddOH uviiD
Aypoedw yyz 80 0-.0t 1933y vaznoauvo | anveoe-1
200-03d HO-.2! |08L H3dd4O0H O34
Kpoedes yz 3] 0-.8 U3N33USS U3ZINOBYYD | a/ivzoe-1
D0~ G4d H—-.C8 |08L H34dOH
- Ayoedeoyg 10 0-.8 Q334 u3zINOBUYD | aNv106-i
100- 034 0-.¢1 jose
Ayoedua y2 150) 0-.8 U3ddOH FIOUNS V0D | aVKOI -1
100-03d = 0-.62 joor2
m._u&-o urz 892 HD-01 H3I44OH VOO 103734 | aiveol -1
100-03d HYO 62 |S29'Y
$0 bg .02 NIg G334 HIHSNUD 201-1
100-03d jHvo 008 000°08
Ayredeo ygy 80 ob . o8 W02 101-1
weweyd | ONIVd | ipiejdous | ai | Bujrt | U | 1essep 4. umndop | Wileiy | o | edAl elioN "ON wery
COR oyesige] LI Yo ‘dwe) 'seqg| &Alisod |BBUBd| oA
jnoy syojojopy diiie ] "dQ | "ssesd ‘seQ By

SOIS ¥ SNIE ‘{IdV ‘DIU3HJISOWLY) SHNVL IOVHOLS

z6-xdy—40
Y ‘Asy

NOILYONISYD TVOD a1iN O/1 000°1  HUN

VNVIONI "TALNNOD AV1D Uopwdoq
OHII/ANN WeyD

1S1T INTN4IND3

ONL 1ALHO3G - TILAX ‘ mx

67



2210 ¥y eBry

‘8310N
tio-amn peivod w208, " 0-p2 | 199 azi
~Axod3y 0 {-To) W0y | 6-62 | 000C v WNVL HILYM NWIQ 06~ 1
€10-an Wy | o= ¥z 199 azt
-—- o/ 1) 20¢ | 0-65 | 000S | IV MNVL UILVYM MvY »08-1
€i0-aan W20 | 0-61 1aq azt
") ‘dnpjoy unwg - e/t e} Wwzog | .9-.12 | 000'1 v NNVL ING €068-1
$00-03d
[ Ye) OWS LONA0Ud INCONHOS | aNv09—-1
00— Gid O-~.2 199
Ayyoedes yz2 1o} 9-y oz WNvig3azjduaone | giveos-1
$00-03d 9-2 |08 u3ddon
Ryovdues yz ’ 80 O-F 0334 SINIJONILLINDINE | g/Nvzo9- 1
£00-03d 011 joiy
Ayoedes g 10 9-.2 43440H 033JDNWLINDNE | BiVIDg-1
t00-03d 2oy | 0-01 | iaq azi
Aipoudeo ygy —-——- o/ S0 w208 | 9-.12 | 000t 1dv NMVL 39VYOLE MO 106-1
spvwey | ‘oNigd | ¢pjetdidoys a | Buun u fessap 4 wnnoup ™ | 1Bie o sdk} olioN "ON wey
“oN b8l Iivsjigqe] ™ vO ‘dws) ‘seq| SAAEG |RieUIGIG| joA
o0} sfepejepy AUB "0 | ssesyd ‘seg By
b P i — it A .
SO1S B SNig ‘{1dv OIUIHJISOWLY) SINVYL I3DvU0ISs
z8-xdy—Jg VNVIONI 'ALNNOD AVID UoRvs0q

Y "Asy

NOILYDIJISYD YOI 1IN G/1 000"  yun

OUII/ANN weyD

A1SIT ININJIND3

DN TUHO 38 - 131AX \ mk

68



t4

=
&
ol
i

i eBog

‘S310N
0 A NNYa svo 1and C08-A
210-04n 0L-918 (73 H-.21 [ool't MNVL
000°2} - t4)} 80 oe 0-.0 H IDVHOLS HOLYHIVIA Y08-A
210-aan °1} 0-.9 00! ANVL HSEVY 4
005’1 —_—— v (Yo usy o-.p A 31IVENIONOD £06-A
210-0In SL OH-~.8 1082 nNnua
000°'¢ —— 17/ 80 09 0-.9 A MMoaMo s U3 noa c08-A
zio-on 0l~-9i9 72 9-.7 loii
000’8 —-—- e/c 80 ot I-p A yelivy3avaa 106-A
€00-Q03d (004} A1) 0-.21 (oic nNNEa NOILONS
80 084 9 0-.9 A]| 'dNOD SYD WIZNOBUYD | BNVI0S-A
Y00-Q4d 0% :14 LO-.01 szt WNHO NOILONS "dNO0D
pod respuep pouy (o] 71 se L-.r Al SYDIWVAIIMYINDOIVO | aNVIOb-A
rowey ‘ONI%d ‘SN jentOA q Bupmy uy {osseA EN Bisd uu) -uej & A oswuN ‘ON wey|
oNbey ™M v "dwe) ‘seqy|-esesy sag| Bidtivd | joA Bum |4
sjoeIvpy dusfdp | Es8ido jnoy

S13SS3A JHNSSAHI

z6-dvy-710
¥ "Asy

NOILVOLISYD YOO UHN O/1 000°) un

VNYIUNI "ALNNOD AV1D :uopuooy

oH3A3/ANA wejD

1S ININJIND3

“ONE 13HO 38 - 13LAX \ mk

69



210-a:n

39

(111) sasuapUos tine)s puwps -
o419 ‘1908 Bupiry usAp - sojow gy
Buidid jjo-3vey pus jwos weeys Y0 108103 Yo sgny
(210j002 A 0y sejem) HUIS Jvey so1850UeB 10) $29)002 g oy ms oqn}-wy) moy
$104U03 PUT SUSUNIRIU] pedejes puN JouIeADE 38 05 Prwwpoopy
wejsis qwes weeg -
“aye
®19411) "3191003 110 8 oay "dwnd o AsieB mwe 24 *vo ‘sdwnd usap - sojous gy
Apoedwo ynj oy “noareses M wejsAs 4o eqn) pue Anepiy petpuos sjeidwon y
Bupnon weysis vopey A442n 1 puv 10j ouks pesopdue . Aoy way
0zo'st “wds poge 1w ejepd: 11} Wees Bigsuspuosjiopawaxe spwuoine ejnog

DLE X T X

NILSAS
UOLYH3INIDOEYNL

‘S310N

c08-2

110-a4n

° JBMO,
Oedurey

(8>) s010u 411 0G1 ymMm remoyey jod lees o1t
{r11) o10eyxnw o3 wesys puv (y) semorqg yse LY 1]
(€t v 201) siopweiyne Lrwp Puw Arevsiad 10y 3e1weyy nw goo weeig 24
1010 di1 € nm {£31) Mmoln Jusa pue (ep) vanoyBeq reddoy suojreuny 91
JOIOMI 1§ € 1A Yove ‘(23 ¥ 1)) Ssamolq JueA ¥ (2 ¥ 1) sosnovBeq seddoy jeny gy
soumg dnjrme sell junjey 9y
we)sds vopdefupe s ysw pue (19) soreredes suopsdn g3
Alquiessy Avxds 10 3u03 einjesed: 1 werpedng
sojepy enjvedwe) myveyredns PUsWnp weeig y
. WIUL {9AS] 6101101 puw 0eBne8 jeae) wnyp wWeeig B
SOAIPA WU P PUB RIIA Y )
| PMOIq HepTey semo) pue tnp pnyy e
pun v 2) b s i | nuoy p
JOJ0W g1y 2 I SARA jafier oewo oy 9
SoAJuA jajie1 £33)u0 seqeetredne puw wnp wiveg 'q
(pe1wsedo soj0w) onjua umei-uou sejiog ‘v
o $T313U00 U A seiog 28
wephs jreweBauvwy mwumg ‘i1t
. 1910} peg; dH 02 ‘wepsis joxyuos 1q toog 08
; {89} yi0ddns mpog -
eBupgoee g pus xonp gy -
23 10102 1 0001 Uy semolq Av Arpucoeg -
(2 101012 39 0001 tIr ey yup peonpuy -
(93) 110w 19 GoE I semorq Areunrg
1epno sBwydp yew 1yBie 1 (o) sanoylieg -
{v)1) remoq suopseup pus “(c. wewdinbe peey suoy M ‘(c2) os suoizeuny
{247 10 wewdinhe pesy pus Bupyem jon g -
{20) rega osfor w (11) 1203 198001 10} sgys pory Iang -
1sepniou) eBwowd eryy
$12/M04) 003 PUY ‘s JpOq ‘SwWN P prw ‘semsersm “(7)0) sopesedweye
(D) wnp wens (s11'g e 2L 1) Seivey 5o "(SH) somy “(e1£°0H) s101veyrad
A ° 1,068 ¥ ¥isd0o21 © weeis wial 600'09Z #19seueB of (1) weysds ojoq sjedwon

"N O~NEG0

(e varsnewoo aaa
QIZI0MN 1 DIUIHISONLY

106-2

) rRwey

"oN 'BeY

‘ONI?d

"ON jopopy
" 863

a

L))

SW3

uopdipseq

owpN

ON we))

1SAS B INIWJINDI UIODVYIIVI

28-dy-40
Y "Aey

VNVIONI "ALNNOD AV1D ‘UoRe07

NOILYOIISYD YOO U /1 000'1 OU3I/ANN ey

181 INIndInb3

DN 131D 38 - 13AX \mx

70



2Zio i ebvg

‘8310N

1BA}O30 NE VY] )
WAME01 0 USRS €
tijod mep 1,00~ epjroxd o) gun wAp spwiowne sjerdwon 2
By3d og1 eonpond
) 1Y puw ey 1 “sou tepin thn peddinbe ereds pue 1wee dduroy g
seprydug weysAg
wed enjue et of @ Jususiry pue prwd Aildne of weyds g% WIS 0001

nI16AD
WV RHINNYLENI ¢ NV S

108-2

t0-an

so10w gt 2 ua Yawe sdumd xjs pue yuw vondefu pespuieyn

TEITIN]
HOILOIFNI TVOW3HD

006-7

110- 0N

(2)) remopq ea pue (29) emoyBeq yew Ayy 9
(13) semop oA puve (11p) esnoifien you wonon -9
(21)) 1orveyg Av ¥ (531) semorq qe peqpIny ysw A1y p
(119 mivey 5w ¥ (C)) semolq AW Heq Py yyevw wopog ¢
(1. ysw wonoq s0} Vywys By peood wIM 2
(23) reddoy yiv Ay 9 (1) seddor yew wopng 4
reepnjdug Welsidg ‘1oysnqod
peq penpiny s ¢ pejeseusB setisw spuwt] of wWeishs jerowes yse Al pue yae wonog

NILSAS DNIIONVIT HBY

s08-2

t10-ain

urejsie uopoetoxd enj edit ofinpeg -y
1931103 1eeB puv s010u1 A 00F JH 002 I ciawe “suwy (S) a1y ¢
189 010131103 JCX 0P T PN HroMmewe Y AL 99 X 102 2
AU 122 1M 1,08 ©) L.501 Wwoy Ayowded swjem Bunoods wdB poo'se 1
180150930339 puv 30 njee) Bupnono)
oy 1 1emoy Buy Moy - 1y ‘uep ‘Pordee picy (ereds Buprmsuy) nes—eny

YIMOL1 D000

c10-a-n

‘0D "‘proH
myops B0y

10110 NUO3 pesvq - D14 ‘seAjeA puw Buydid Bupssunossenny ‘ot
(22) wuw ofiwiops y3npod OY

(93 9 €L ‘24 ¥ 22) Bupwos—pue Puv pjv 10) sweyshe :oau._... feopveyy *
(0d ¥ 9d ‘vd) tdumd pee) sen) dws %og senyy -

{td ¢ 24 ‘1d) sdiund -c-. O: »....!.lu ®0geongy -

{o1X ¥ 8)X) srexwseupuep peq peviue Aysedes gnjom) -

{ox ¥ 2 vun (OY) wsowes evseas) Aydedesynpomy -

{ox v 5)) vty aBpyares Aovdesgnpomy

(¢X ¥ £X) sreueyos emoee Aysedes gnjomy -,

(2C 7 1)) o)y voryres Ayswdes gnjomy -

ISSPRPUUINIAG ‘OO S O] 1M Upitep enjaosd of viske fueunveq widl og

- COONIOD

NILGAS
ANINLY UL YILYM

€08-2

sy rowey

‘ON1%d
SN 5l

"ON 19POW
"I b3

a
™

uopdyosey

swioN

"ON way

el ad

SWILSAS 9 INIWJINDI AFDVIOVI

ze-Wv 70
vV “Any

NOLLYDLISYD IVOD Q1IN U/1. 000°1  un

-y

VHVION "ALNNOD AVID
oH3II/ONN

ofvI0 §
TN

1S ININGIND3A

018 1311039 - 13AX oﬂmkl

71



ZZ1o 61 »Bog

‘8310N

odAy sepreavos opng A0S

W318AS 84N | penbeys |

1N3INOJIWOD 031VID0OBEY

¥ N3LBAB ©3Q | paanbey y

Arepuoseg Aozt Arewyig AORY ‘SANOC

YINYOSSNVUL pemnbsy o2

Arepuoseg poss Arevgig AOSI S “SAVS

YINUOSBNYYL | pesnboyg ¢

AOOLY

193NNODSIG | pesnbey g

SAND

HOLME U3 SNVML | pesnbey 2

Arepuoseg A0D1Y ‘Arewntd AYE1 CANS

A9 1 CvAne

YINUOISNYUL | penbey 2

UYID 1HOIMS | Peanbey 2

AN TI IANNZ

HYID HOLIWE | peanbey |

Ae cY

H3Lan | peanbey 2

) eluey

"oNivd
BN 55y

"ON 19poR
WA "OF63

o
M

uopdipsegy

swIop ‘ON wWwey|

SININOdJWOOD WILSAS TOHLINOD '8 TVIIHLOI 1 HOrvW

z6-dv-10
V "Aey)

NOLLYOHISYD VOO U 1IN 0/L 000°1 NN

VNVIUN "ALNNOD AV 1D Uopwsoy

2UIA/ONN wej)

1SIT ININGIND3

“ONR “13MHO38 - 1ILAX Nmk

72



2210 81 oBug

‘83ILON
£00-Odd
INOTOAD 8INIILINONNAE | aVI0D-D
SOF-MIAA | *00-02d | Jetioi§ GZ-6 . 3Vl
YNz "uAQ g/eidiry |000'9 HIOU! OF — *JOIOW JSMOK JI1 O) 'I0I0W AR ISP i) 2 ‘were yoep o 52 AlAvUY wamowa | eivsor-o
¥00-0dd | wde-pj | By ¥ aNovAs | Ti-eN
ues yowe ‘ejjered vy seuopahs g inoxdg  loor'e 80 peui-Aolawyer °3,0001 & Bivd o 19 ‘ve 4y .0¢ X W .11 YINID YO AUWVONOD3I8 20v-D
¥00-0dd udv—iiy | Bup ¥ 3INODAD Ti-aN
Ue R ove ‘jejjerod vy seuo|La 2 moxig  looy'e 8O powy-Awpdeyer 410001 @ Bisd ot 1eq ‘ve 1) 0C X G .11 YINIO YD AUV 10v-o>
200-Q3d y-4a HO1VEVJIE BYN
ve o 2013 002'2 Ysew o2 ¢ ‘iopows gig ¢ ‘peede ump wd) 0oc Wnig M.Z1 X WMa.0C 3Nvd Iovvi|i aveoc-o
200- G54 H-3Ja Hoivuvdis
vo (A ot 20113 002'2 Yrow 02 % OF “totout J1i ¢ Peeds umip unlp poE WY M.20 X MO.0C DIINOVIY 0INUIINI ] alvsoe-D
200-03d H-30 ; Holvuvdis
L XTI Y1) 013 0022 Ysews gy — ‘010t Ji4 € ‘Poede winm wid) 00T WNIQ M.2Z1 X MA.0C oiLaNDY 83N14 | a/vvoe-D
T00-03d uds—ii | Bui v 3NGAS | 2'i-aN
uyen yove ‘jejerud 1 seuoidha 2 inoxdg 00y'C 8D Pewi-Awopdegesr 4001t & Bi3d 02 90 "o N1 0CX MO .CH1 | UIZINONUYD AUVANODIS 20e-2
200-04d ujde -4 Buy + INOTORD Zi-aN
v g Yove ‘spesod 1) seuo)dis g thoxdg  |ood'e SO pow-Awopowner °4,00vL ® Bisd 02 se ‘ve uy.0C X WO .CIY HY3ZINOTGUYD AUVINIIL 10e-0
S01-X 1M | To0-0d | BUoIg 52-§ 3mvi
ve gy uAq s/erdpy {000’ YI0W G1 X ,Y; *IO10W BAMOIG I 02 ‘10101 SAI YIep i B "V e N30 4N G2 ALAVYD VOO 30MVI| aivsSOI-D
YOI =M P | 100-03d | euoig 62-9 F90VL ATiAVUD
we UA G ‘ukq g/eidyrg Jooo'e Hsettl 2 X 08 “I010Us IBMOIT i) 02 "IOIONS AL HIMP J1| 2 ‘were yIep L) C2 O IMVIOINUIIING | avvol-D
€0l —% nj» | TToo-0dd | BUoIS 62§ 3wvi
ve WA Gy ukg g/o1dpy fooo'e Heour §Z— “JOIW J0MOIT] I D2 *JOICW SAID HOED 1] 2 wEI® NIOP LY &2 ALIAYUD VOO 3NId | g/vE0) -D
100-04d | wdsi) Zi-aN
v yooe ‘jepjored ug seuv|dhd 2 moxds  looy'e $O "4.00C & DM 21T teQ ‘wo §§ 0T X MO .CHY INOTIIAD WOO 101-0
srewey | 'oNI9d { ©ON (apon a uopdipseq Y "ON Uiey]
‘oN 6oy | '¥A “InRb3 ™™
INIWNJINDIA SNOIANYTIIDSIN
z8-{dv—io ] VNYIGNI “ALNMOD AV 1D Uopes0]
vV "AsYy NOILYOIHISYD YOO aUN /L 000’3 ‘iun OU33/aNN uejy

1S ININJIND3

"ON 121039 - 13RAX \mx

73



2Z 10 02 e0ug

‘8310N
£00- Q4
683Ud 13NOME | BAVI09-r
100- 034 Hod Aot O 2 st B T ve siojow §
vumAsuusy 1000 § 0=.% 0} 0%.Z § Uoponpe) ene “Aowdes YAop “edA) yoi- siqnop 1.9 X Y X 19 U3MBNUS WOD | aNviol -
€00-03d
N3AO DNIUND 13n0ONME | G/ VINg-H
£00- 034 CEITZET)
Asueisyie 9508 & M1 161 'wmB 000’0se euokeq ojasery NNVL 3OVHOLS %O 209-H
¥00-0aid | 9-02v2-0 wotow il ¢
u|Brau ubjsep %51 ot ool 1069'81 80 B13d or 10uder Bjad ggt meng:uBjseg ‘we Wit £'2 ‘sdAy Menepsioon | UI 000D SINIYFLVNID WD anvzor-n
v00-03d | 9-¥2¥2-D 010U i { OF
uBrow ubjeep %g4 ejil4—-ojoH {090'vy S B13d ot 199y Bisd pgi Mo :wBjreq ‘ve WMGWI 201 “edAt mes pejoos Y1002 ILVMIDOTVO a3d | aviIor-11
200-03d | 9-¥2¥2-0 folow Jij ot #3009
uBnny uBgsep g1 o4 -ooH [099°'ry 89 B13d o 19wder Bjad 054 merng :UBjseQ ‘v 1WMONI 8 "sdA merde pejoos uvio wzMoaYvd | aivioc-H
‘4 100-04d ,
v dyy %P 01 X T} Woy uoKINPes emysious “ve YA ) ‘edfy peg Py U3AHA VO3 | g/VIOl-H
$00-03d INOOAD
53INI4 INOOWYO4 | @/v¥209-D
syrowey | "oNjvd | ONIepon al uopdinseq ewoN "ON weyj
'SN'60Y | 'R 'TiRBY | M
ININJINDI SNO3INVTIIFOSIN
z86 V=10 VNVIOM "ALNNOD AV1D iopesoq
W Aoy NOILYOHISYY V0D OIIN 0/1 0001 10 .O:w.u.\czz e

ON 13038 - 131AX %mk

74



[2Zio iz eBug

‘8310N
: ®Uin #5USPeeI SAIC| $00-Odd Uinip i o A8 ofueIsS)M "B peut- Aliseinel "Jonai & Bisd oc Wjisg
9 1=/ 1A 308 (vdymdne cespy 2 0 (1) 000D '#9,02 X W€~ L1 ‘odA) peq Buyqang Y3NOWO | a/ivior-y
swn sousp S8 SR{¢| 200-0Jd umpent vopna R opieIesim ‘g3 peun- Aoovnes '300v1 O Bjad oz Wbjisg
2= /1 187 298 [oon mdnse seep) ) ¥ (Y 0OSH 99.9 - 02 X MWN.C-.0) Vofiaehn jeno eximnu “edA) peq pejnodg vIZNOAMVO | aivioc-u
too-03dd £501% BUPd 5Z B Fintiop ajeoom § Aeii
1342 01 ¥D.9/1/M §3 *3.0001 & ALBied 02 €90 L -1 .LC ¥ () .0~,8 :19S10A [WINA YIMOLHONIND | GVIe-D
110-0n
wonoq & ‘w21 puv doy & v, e Yim 1 ,00¢ ‘190S MNovisu3iInsoa 108-N
$00-03d
H3IXM 0333 ONULINONY | aNVI09-W
€00-03d WINpei 1eeB Uwa J1i 9 2
sopuq §501C ‘YeUS £ “oMB peunow - joot ‘edi-eppuy | UIXIM NNVL IOVHOLS NO 105-N
200-04d
ooy we 14 0t “od/y opwie [eopirep HININ 0IFIUINO VO | BVIOC-W
100-03d
oyoy ve U 02 ‘edlyopwis teomer | WINWY 0333 UIZINOBYYD | BVIOE-W
Himwey | "oNj9d | ONIPPon ] wopdipeeqQ swoN "ON wej
'SNCB8Y | YNCHREI | M
INIWJINDA SNOANVTIIOSIN
z8-Hv-z0 VNVION “"ALNNOD AV 1D tiopa30}
¥ “Asy NOILYOIAISYD VOO O UIN G/1 0001 yvn OU3I/ANN weD

1S1T ANINDINDA

DN 13038~ 130X o\mx

75



NOILLYOIAISYD TVOD O IIN (/L 000'8 aun

‘8310N
00y Z-02z~0} (spow Aeswey Aysedes WA 09 "A5¥nase X¢; ¥ yipm eino esyj
Keswvey |oog #1-0t |spow Aeveurey “Ayseded yp ocz °A RY: ¥ ymeup 83WoBL138 2
92eL-38 SHOLYUVJIIS SILIOVIN
20113 ‘we sorous i g § “Apdeded ua o -OH12313avIIMIAO 2
0921 - W
20|13 Ay>edes yp 09 §YO193130 W1an
o9/ev -0a
osqe 831vo 30118 2
mndongy "o sotow i 2°8D SU303321MIBO8 2
mdonppy
o mnoxig ‘ve Jojow &35 § ‘80 SOOIV oy ‘OSIN
sjrewey | "ON|vd "ON {opo al uopdjnseQ suivN "oN wey
'SNUBRY | 'FWIR6 | M
ININWJINDI SNO3INVTIAOSIN
z6-¥v-10 : VNYIUNI "ALNNOD AV 1D o950
Y Aoy

oUIA/aNNn wejo

1S17 LINaINdIND3

oM T13NHD IO~ TAX ‘QX

76



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
Connected 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 Btwl1b-°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/scf.
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XBI XYTEL ~3 EO<TEL, NC.
‘ UND/EERC - MILD COAL GASIFICATION FACIUTY
UTILITY SUMMARY
a7 -Apr-02
ELECTRICAL POWER CONSUMERS Page ! of 7
ESTD POWER REQUIREMENT
ITEM NO. DESCRIPTION CONN. HP | OP'G HP | oP'G kw
|
| C=102A Coal S¢reener 10 6.5 5.4
| C-1028 Ccal Scraener 10 6.5 5.4
| C—~103A Fine Coal Gravny Taole 2 1.3 1.1
| C~1038 Fine Coal Gravity Tacle 2 1.3 1.1
C—-104A Intermeciate Ccal Gravity Table 2 1.3 1.1
C-1048 Intermeciate Coal Gravity Table 2 1.2 1.1
C—=105A Larce Ccal Gravrty Taple 2 1.3 1.1
C—1088 Large Czat Gravity Taple 2 1.3 1.1
C—-304A Fines Macnetc Seoarator 3 2.0 1.6
C-3048 ~ines Macnetc Secarator 3 2.0 1.6
C~-305A Intarmeaiate Magnetic Separator 3 2.0 1.6
C-3053 Intermediate Macnetic Separater 3 2.0 1.6
C-306A Larga Paricle Macnetic Separator 3 2.0 1.6
C-3068 Large Paricle Magnetic Senarator 3 2.0 1.8
| C=307A Carsonizaer Char Screener 10 8.5 5.4
| C=3078 Carconizer Char Screener 10 8.5 5.4
{
C=d405A Caleiner Gravity Tatie 2 1.3 1.1
C-4058 Caleiner Gravity Tabnle 2 1.3 1.1
I
C~603A Briquette Screener 7.5 4.9 4.0
C-5038 Sriquetta Screener 7.5 4.9 4.0
F-101 Ceal Recaiving Convever 75 48.8 40.4
F=102A Feed Transfer Convever 7.5 4.9 4.0
F-1028 Feed Transfer Convevor 7.5 4.9 4.0
F-103A Crusner “eea 3in Cenvevor 18 9.8 8.1
| #F=1038 Crusner ~eed 3in Convevor 15 9.8 8.1
~=104aA Crusher ~eed Cenvever 7.5 4.9 4.0
F=1048 Crusner ~eed Convevor 7.5 4.9 4.0
F—10SA Dryer Feed Convevor 20 13.0 10.8
F-1058 Drver Feed Convever 20 13.0 10.8
F—=108A Carponizer Feed Convaver 18 9.8 8.1
F-1068 Carbonizer Feed Convever 15 8.8 8.1
| F=107 AF3C Fresn Ccal Convever 15 - -
i
F-301A Carbonizer Char Convever 15 9.8 8.1
F=3018 Carvonizer Char Caorvevor 15 9.8 8.1
| F=302A Calciner ~eed Convever 15 9.8 8.1
F-30228 Caleiner Feed Convever 15 9.8 8.1
F-601A Green 8nicuet Canvevor 10 6.5 5.4
F-8018 Green Bricuet Convever 10 6.5 5.4
F-802A Green Bncuet Recvcle Elavator 10 6.5 5.4
F-3028 Green 8rcuet Recycle Slevator 10 6.5 5.4
F-803A Cured 8ncuet Convevor 10 6.5 3.4
| F-8038 Cured 3ncuet Conveyor 10 6.5 5.4
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XBi XYTEL -JECHTEL MG

UND/EERC - MILD COAL GASIFICATION FACIUTY

UTILITY SUMMARY
ELECTRICAL POWER CONSUMERS (Cont'd)

07 -Apr—02
Pege20at?

ESTD POWER REQUIREMENT
ITEM NO. DESCRIPTION CONN. HP| OpP'G HP | OP'G kW
F-804A Kiln eed Elevator 10 6.5 5.4
F-58048 Kjin feeyg Eievator 10 8.5 5.4
F—-80SA Farmeczike Product Convever 10 8.5 5.4
F-5058 Farmccke Product Conveyer 10 6.5 3.4
F-806A Ecrmcoke Cooling Convever 10 6.5 5.4
F-8068 Farmecke Cooling Conveyer 10 6.5 5.4
H-=101A Cezal Drver 25 16.3 13.5
H—1018 Cczal Drver 25 : 16.3 13.5
H—-301A Carponizer Char Cooler 30 19.5 16.2 |
H-3018 Carsonizer Char Cocler 30 19.5 16.2
H-401A Sag Calcinate Caaler 30 19.5 16.2
H-4018 2eq Calcinate Coocler 30 19.5 16.2
H=402A Caicinate Fines Cooler 3 2.0 1.6
H—-4028 Caicinate ~ines Cceler 3 2.0 1.6
M -302 Cii Sterage Tank Heater - - 191
J—101A Coal Crusner 90 58.5 48.3
J—-1018 Ccal Crusher 30 38.5 48.5
J=801A Sricuette Press 150 97.5 80.8
J=-86018 3ricuette Press 150 97.5 80.8
K-—-101 Slower ‘or 3agncuse G~ 101 3 _20 1.8
K=102 3lower ‘or Saghouse G-102 3 2.0 1.5
K-103A Air Slower ‘or Gravity Table C-103A 20 13.0 10.8
K=1038 Air Slower for Gravity Table C-1038 20 13.0 10.8
K-104A Air Slower ‘or Gravity Table C—104A 20 13.0 10.8
K-1048 Air Slower ‘or Gravity Tabie C—1048 20 13.0 10.8
K—=105A Air Slower for Gravity Table C~108A 20 13.0 10.8
K-1053 Air Slowar for Gravity Table C-1058 20 13.0 10.8
K=106A Seiect Ccal Blower 20 13.0 10.8
K-1068 Seiect Coal Blower 20 13.0 10.8
K-107A Slower for Saghouse G—103A 125 81.3 67.3
K-1078 Slcwer ‘or Saghouse G—1038 125 81.3 67.3
K-301A Slower ‘or Saghcuse G-301A 3 2.0 1.6
K-3018 3lcwer ‘or Baghouse G-3018 3 2.0 1.6
K—=302A Caroonizer Reject Char Blower 10 6.5 3.4
K-3028 Carsonizer Reject Char Blower 10 6.5 54
K-401A 3lewer ‘or Saghouse G-401A 3 2.0 1.8
K-4018 Slower for Saghousa G—-4018 3 2.0 1.6
K-402A Calcinate Product Slower 25 16.3 13.5
K-4028 Calcinate Product 3lower 25 16.3 13.5
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XBi oaseomnne
UND/EERC - MILD COAL GASIFICATION FACILITY
UTILITY SUMMARY
, o7 -Apr—a2
ELECTRICAL POWER CONSUMERS (Cont'd) Pagedot?
’ ESTD POWER REQUIREMENT
ITEM NO. DESCAIPTION CONN. HP | OP'G HP | or'G kW
K-403A Reiect Caicinate Slower 1.5 1.0 0.8
K-4038 Reiect Calcinate Slower 1.5 1.0 0.8
K—-404A Calcinate Fines 2rcduct Slower 7.5 4.9 4.0
K-4048 Calcinate Fines 2roauct Blower 7.5 49 4.0
K-40SA Air Slower ‘cr Gravity Table C-40SA 18 98 8.1
K-40s53 Air Slower ‘or Gravity Table C-40S8 15 9.8 8.1
K—-504~1 Qil Tank Ctt—gqas Compresser Q.5 0.3 0.3
K-504-2 Scare Qil Tank Cf—gas Compressor 0.5 0 Q
K-801A Slower for Saghouse G—-601A 3 2.0 1.8
K-3018 Slower for Saghouse G-6018 3 20 1.6
K-802A Slower for Sachcuse G—-3502A 3 2.0 1.5
K-5028 Slower fer Sachcuse G-6028 3 20 1.6
K-303A Farmeoke Sines 3lower 5 3.3 2.7
K-3038 Formeske Fines 3lower 3 3.3 2.7
K-=504A ~srmeoke Cocling Air Slower 7.5 49 4.0
K~5048 ~ermeske Cecling Air 3lower 7.5 49 4.0
X -505A Cunng Qven Sxhaust Slower
K-5058 Cunng Oven Sxhaus: Slower
M~-301 Cil Storage Tank Mixer 7.5 4.9 4.0
M-801A 2riquetting ~eed Mixer 15 9.8 8.1
M—-8018 3rfaquetting Feed Mixer 15 9.9 8.1
P-401A K—=408A Suction Orum Pumo 0.5 0.3 0.3
P=3018 K ~1068 Suction Srum Pump 0.5 0.3 0.3
2=501-A1 Cuench Tewer Circulating Pumo _25 18.3 13.5
P=301-31 Cuencn Tewer Circuiating Pump 25 16.3 13.5
P=501-A2 Scare Quench Tower Circulating Pump 30 0 0
P-=501-32 Soare Quench Tower Circulating Pump 30 0 Q
P-3503-1 Cil Transfer Pumo 1.5 1.0 0.8
P=3503-2 Soare Qil Transfer Pumo 1.5 0 0
P -305A V-=3501A Suction Crum Pumo 0.5 0.3 0.3
P-35058 V-=35018 Suction Drum Pump 0.5 0.3 0.3
P-301A ginder Feeg Pumo 7 0.7 0.5
P-6018 Sinder Feeq Pumo 1 0.7 0.5
P-902 Startuo Baoiler Feed Pump 400 0 o]
P-903-1 Condensate Recvcle Pump 50 32.5 269
P-903-2 | Soare Concensate Recvcle Pump S0 0 0
P-904 Flasn Tank Water Pump 3 0 Q
P-305~1 Cooling Tower Pump 1000 630.0 338.6
P-905-2 Coocling Tower Pumpo 1000 850.0 -538.6
P-905-3 Scare Cociing Tewer Pump 1000 0 0
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XBi omuseorn e

UND/EERC -~ MILD COAL GASIFICATION FACIUTY

UTILUTY SUMMARY
ELECTRICAL POWER CONSUMERS (Cont’d)

07~ Agw~902
Page 4 ot 7

ESTD PCWER REQUIREMENT

ITEM NO. DESCRIPTION CONN. HP | OP'G HP | QP"G kW
P-S06-—1 Srine Pumo 150 97.5 80.8
P-506=2 3nne Pump 180 97.5 80.8
P-906-3 Scare 3rine 2umo 150 0 Q
P-39Q07-1 Raw Water Pumo 150 975 80.8
P-=307-2 Soare Raw Water Pumo 150 0 0
P-908-1 Water Treaiment Feed Pump 5 3.3 2.7
P—=908~2 Soara Water Treamment Feed Pumo 5 0 0]
P-~909-1 Fire Water 2ump 40 26.0 21.5]
P-910 ~ire 'Water Jockev Pump 5 3.3 2.7
P=911-1 Sciler Makeup Pumo 3 2.0 1.5
P=911=-2 Scare 2ciler Makeun Pump 3 o) .0
Packaged Equioment & Systems
Z-2301 ATMCSZH=E3IC FLUICIZED BED COMBUSTER (AF3Q)
- 1 Jeiject Coai ~eecer 10 6.5 5.4
- 72 | Reiec: Char “zseder 10 6.5 5.4
- =3 imestone Feecer 10 6.5 5.4
- K1 Slewer ‘ar Sagnouse G1 3 2.0 1.5
— K2 | Slcwer for Sagnouse G2 3 2.0 1.5
- K3 | Slower fer Sagnouse G3 3 2.0 1.6
- K4 | Limestone Slower 20 13.0 10.8
- K5 | Induced Draft Fan 1000 850.0 538.6
-~ KB | Fiv Ash Transfer Slower 10 6.5 5.4
- K7 | Seczncary Air Slower 1000 650.0 338.6
- K8 | Primarv Air Fan 300 195.0 161.6
-~ K8 | Seal Pzt Slower 150 97.3 80.8
Sieciromacnretic Jelief Valve 2 0 0]
Scet 3lower Control System & Mctors 20 13.0 10.8
| 2-903 WATER TREATMENT SYSTEM
- 71 RC Feeg sump 25 16.3 13.5
- P2 | RQ Feea sump 25 16.3 13.5
- P3 | RO Feed cumo 25 16.3 13.5
- P4 | Demineralizer feed Pump 3 3.3 2.7
-~ PS5 | Demineraiizer Feed Pumo 57 3.3 2.7
- P§ | Demineraiizer feed Pumo 5 3.3 2.7
~ P7 | Surfuric Acig feed Pumo 0.5 0.3 0.3
| - P8 | Anti=Scaiing Feed Pump 0.5 0.3 0.3
| 2-904 CCUNG TCWER
3 Fans (S @ 200 HP ea.. 4 op./1 spare) 1000 §30.0 538.6
Z-90s ASH HANCUNG SYSTEM
- F1 Settemn Ash Crag Chain Convever 5 3.3 2.1
- K1 | 3lewer for Sagnouse G1 3 2.0 1.3
- K2 | Slewer for Saghouse G2 3 2.0 1.3
- K3 | Bcttem Asa Fiuid Bed Air Blower 5 3.3 2.1
- K4 | Fiv Ash Fiuid 3ed Air Blower 5 3.3 2.1

82



XBi CYTEL ~3ECHTEL WC,

UND/EERC - MILD COAL GASIFICATION FACILITY

UTILITY SUMMARY

ELECTRICAL POWER CONSUMERS (Cont’'d)

T-Aw=92
PageSot7

ESTD POWER REQUIREMENT

ITEM NO. DESCRIPTION CONN. HP| oP'G HP | oPG kw
| Z~-906 CHEMICAL INJECTION SYSTEM
Chemical Injection Package (6 oumps @ 2HP ea.) 12 7.8 6.5
| Z=-807 PLANT & INSTRUMENT AIR SYSTEM
- K1 | Air Compressor 350 227.5 188.5
= K2 | Soare Air Comoressor 350 0 0
Miscailaneous Maotors
Airlocks ~ 48 @ 1HP ea. (average) 48 31.2 25.9
Screw Feedars - 2 2HP ea, 4 2.5 2.2
Slide Gates — 2 @ 2HP ea. 4 0 Q
7777 2 Qverhead Electromagnetic Separators 10.0
with Seits 2 1.3 1.1
QOther Usars
..gnting 25
Siectnc Tracing 10
~eating & Ventillaticn 10
Instruments & Control Systems 10

Summary:
Total Combined Connected Motor HP
Total Operating Motor HP
Total Operating kW Demand

10,623
5,477
4,791
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XBi XYTEL -3ECHTEL. NC,

UND/EERC - MILD COAL GASIFICATION FACILITY

UTILITY SUMMARY

AT -Agw =02
COOLING WATER WER) USERS Pagesct”
TEMP, ESTD COCUNG WATER USE
RISE [|DES.DUTY] FLOWRATE. GPM
ITEM NO. DESCRIPTION °F MMBtuh | NORMAL | DESIGN
= —=90S Main Surface Condenser 17.0 250.0 26.480 29.400
H—906 3rine Cooler 17.0 137.4 14,535 16.150
Summary:
Total Combined Cooiing Load, MMBtu/h 387.4 Bulk AT, °F
Total Normal Fiowrate, gpm 40,995 17.0
Total Design Flowrate, gpm 45,550
COOLING SYSTEM (BRINE) USERS
TEMP. EST'D COOLING MEDIUM USE
RISE ouTY FLOWRATE, GPM
ITEM NO. DESCRIPTION °F MMBtu/h | NORMAL MAX
H-301A Carbonizer Char Cooler 50 7.6 342 394
H—-3018 Cartonizer Char Cooler 30 7.6 342 394
H-—-401A Sed Calcinate Cooler 50 8.3 416 478
H-=-4018 Bed Caicinate Cooler 30 9.3 416 478
H—-402A Calcinate Fings Cooler 30 2.3 104 119
H—-4028 Caicinate Fines Cooler S0 2.3 104 119
—d04A Calciner Gas Cocler 80 4.4 123 148
H—-4048 Caleiner Gas Cacler 80 4.4 123 148
H-301A Qil Coaler 40 19.5 1.086 1,425
H-5018 Qil Coocler 40 19.5 1,096 1,425
2-305-F1 3ottom Ash Orag Chain Cenvevor ? ? ? ?
Z2-907-H1 Air Compressor intercaoler 20 0.36 40 52
2-907-H2 Air Compressor Aftercgoler 20 0.27 30 39
Z—-507-H3 Air Compraesscr Lube Qil Cooler 10 0.11 25 32
Summary:
Total Combined Cooling Load, MMBtu/h 86.9 Buik AT, °F
Total Normal Fiowrate, gpm @ 120°F 4,258 47.2

Total Maximum Flowrate, gpm @ 120°F 5,252
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XBi omeseamane

UND/EERC - MILD COAL GASIFICATION FACILITY
UTILITY SUMMARY

o7-Apr—92
STEAM CONSUMERS Page7ct7
ESTIMATED STEAM USE
PRESS FLOWRATE, |b/h
ITEM NO. DESCRIPTION PSIG NORMAL MAX
H-303 SP Seiler Feed Water Heater 200 38.608 486,330
K-406A-T Calciner Secycie Gas Comorassar (Turbina Orive) 400 7.304 9.004
K=-406B-T Calciner Secycie Gas Compressor (Turbine Orive) 400 7.504 9.004
K=501A-T Camonizer Gas Comprasser (Turbine Dnve) 400 34.980 43.384
K-3018-T Carbonizer Gas Compresser (Turpine Drive) 400 34.980 43.584
K=35024~T Carbenizer Bumer Air Comoressor (Turbine Drive) 400 7.333 8.800
K—-3028 -7 | Carponizer Surmer Air Comoressor (Turbine Drive) 400 7.333 8.800
K-303A-T Calciner Sumer Air Compressir (Turbine Drive) 400 12.769 15.322
K-35038-T Caleiner Sumer Air Compresscr (Turbine Drive) 400 12.768 15,322
P-201 Main 2ciler Feed Water Pumo 400 27.000 32.400
| Z-901 ATMOSPHERIC FLUIDIZED 3ES COMBUSTER (AF3C)
—-r42 Steam Cail Primary Air Haater 30 9.200 11.040
-3 Steam Cail Secancary Air Heater 30 3.900 4,680
-4 Transfer Air Heater 30 2.000 2,400
Z-3905 ASH HANDLING SYSTEM
-1 Sottem Ash Fiuid Bed Air Heater 30 300 860
=H2 Flv Ash Fiuid Bed Air Heater S0 800 960
Summary:
Total Normal Steam Flow, Ib/h 207,480
Total Maximum Steam Flow, |Ib/h 252,150
Design Condensate Return Rate, gpm @ 60°F 504

NATURAL GAS CONSUMERS

ESTD NATURAL GAS USE
DES. DUTY] FLOWRATE, #t%/h
ITEM NO. DESCRIPTION MMBtuh | NORMAL MAX
8-302A Briguet Kiln ? ? ?
B-6028 Sriguet Kiln ? ? ?
Summary:
Total Normal Natural Gas Flow, ft3/h 0
Total Maximum Natural Gasm Flow, ft3/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 fire/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.
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- 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 first 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 files. 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 Construction Manpower
Construction is based on a 40-hour work week at 8 hours per day, 5 days per
week. Man-hours required for installation of all equipment, electrical, instruments, and
bulk materials was estimated from Bechtels’ in-house files. 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
Production with Overlaps 42 - 48
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20708-308 / UND/EERC AND AMAX
MILD COAL GASIFICATION PROJECT - 1000 T/D
CLAY COUNTY, INDIANA

ALLOW

ALLOW
ALLOW

ALLOW

OPEN SHOP
CRAFT DISTRIB- W RATE +
UTION PER DIEM
3 S/MH
MECHANICAL 65.0% 18.12
CIVIL 35.0% 17.62
SUBTOTAL
J '"MAN:APP
45/55 %
APP @ 70%
JMAN RATE
ADJUST -16.5%
SUBTOTAL
FMAN DIFF 10.0% 3.97
GFTMAN DIF 3.0% 4.82
P/R T+1 30.0%
INCLUDS WC
SUBTOTAL
DISTRIBS @ 120.0%
TOTAL

89

USE

FILE:

\XYTEL\MCB-WR1

OPEN SHOP

WEIGHTED

- - s - -

$45.00

INCLUDING 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 discount 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 financial 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:

e Stream 13:. calcinate, 25,100 Ib/hr.
¢ Stream 15: calcinate fines, 5,614 1b/hr.
e 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.

113



11.4.2 Electricity

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 first 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 Ib CaO per 1b 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 Ib/hr fly ash (streams 2, 8, and 16).
5,117 lb/hr excess limestone.

11,000 lb/hr gypsum (CaSO,*2H,0).
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, $24,000/yr.
e Makeup brine and glycol, $8,000/yr.

e 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.
Wastewater 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 Summ
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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11.7.2 Base-Case Results

Base-case results are combined with a capital cost sensitivity analysis in Figure 5
and Table 2. For the best-guess capital cost estimate of $116.4 million, the discounted
cash flow rate of return (DCFRR) is 8.1% at a formed coke price of $150 per ton.
Increasing the capital cost by 20% drops the rate of return to 6.9%, and decreasing the
capital cost by 20% increases the rate of return to 9.6%.

Indicated in the figure for reference are the estimated formed coke value for
current coke prices and alse the value required to justify replacing conventional coke
ovens. If formed coke values reach the latter level, the base-case DCFRR 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 $300 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 taree 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 the 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 estimatc 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
(60% 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

Electricity Price Sensitivity
(discounted cash flow rate of return)

DCFRR, percent

Nominal Electricity Price ($0.05/kWh)

Coke Price $100/ton 2.7

Coke Price $150/ton 8.1

Coke Price $200/ton 12.0
Increased Electricity Price ($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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Fax: R. Ness to S. McFeely, Subject: Coal analysis, 12 April 1991.
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33.

34.

35.

36.

317.

38.

39.

40.

Fax: L. Sharp to S. McFeely, Subject: Revised balance around carbonizer,
05 August 1991, :

Fax: L. Sharp to S. McFeely, Subject: Revised balances around coal dryer,
gravity tables, carbonizer, magnetic separators, calciner, 07 August 1991.

Fax: L. Sharp to S. McFeely, Subject: Simulated ASTM distillation on
calciner liquids, 07 August 1991.

Fax: B. Runge to S. McFeely, Subject: Request for calculation of piping
heat loss, 17 October 1991.

Fax: B. Runge to S. McFeely, Subject: Carbonizer and Calciner residence
time and particle size distribution, 28 October 1991.

Fax: B. Runge to S. McFeely, Subject: Revised balance around Calciner, 17
December 1991.

Letter: R. Ness to L. Cohen, Subject: Response to draft flowsheets, 03
January 1992.

letter: B. Young to L. Cohen, Subject: Briquetting plant flowsheet, 07
January 1992.

TELEPHONE CONFERENCES--UND/EERC ET AL. AND XBi:

4]1.
42,
43.

44,

L. Sharp and S. McFeely, Subject: Material Balance, 05 August 1991.
L. Sharp and J. Fong, Subject: Oil for Formcoke Binder, 19 September 1991.
B. Runge and J. Fong, Subject: Carbonizer Sizing Criteria, 15 October 1991.

B. Runge and S. McFeely, Subject: Calciner Gas Rate, 17 December 1991.

OTHER REFERENCES:

50.

51.

52.

53.

Edgar, T.F., Coal Processing and Pollution Control, Gulf Publishing Co.,
Houston, 1983.

Cheremisinoff, N.P. and Cheremisinoff, P.N., Hydrodynamics of Gas-Solids
Fluidization, Gulf Publishing Co., Houston, 1984.

Kunii, D. and Levenspiel, O., Fluidization Engineering, Krieger Publishing
Co., Huntington, New York, 1977.

Mathur, K.B. and Epstein, N., Spouted Beds, Academic Press, New York,
1974.
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54.

55.

56.

57.

58.

569.

Yaverbaum, L., Fluidized Bed Combustion of Coal and Waste Materials,
Noyes Data Corp., New Jersey, 1977.

Komanoff, C., Power Plant Cost Escalation: Nuclear and Coal Capital Costs,
Regulation, and Economics, Van Nostrand Reinhold, New York, 1981.

Willson, W.G., Ness, R.O., Hendrickson, J.G., Entzminger, J.A., Jha, M., and

Sinor, J.E., Development of an Advanced, Continuous Mild Gasification

Process for the Production of Co-Products: Literature Survey Results,
January 1988.

Sinor, J.E., Development of an Advanced, Continuous Mild Gasification
Process for the Production of Co-Products: Industrial Market Assessment of

the Products of Mild Gasification, January 1988.

Sinor, J.E., Commercial Process Configurations for EMRC Mild Gasification
Process, February 1989.

Ness, R.O., Development of an Advanced, Continuous Mild Gasification
Process for the Production of Co-Products, Final Technical Progress Report

for the Period February 1988 - March 1989, December 1989.
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#yprotech’s Process Simulator WYSIM - Licensed to Bechtel [nc

Cate

Time

Unit Operations
Mix 1:
stoc rH
Frac 3:
Frac 42
Mix LH
Calu 'R
Pump 7:
Cool 8:
Tee 9:
Recy 10:
Comn 11:
Tee 12:
Calc 13:
Set 1é:
Mix 1S:
Mix 14:
Stoe 17:

Version 384|C1.51

Prop Pkg PR
-2 26 1
2 -3 =200
oP: $.0000 Psi
Reaction 1 BaseComp: [NO_CCAL Conversion: 100.00%
Reaczants:  -1.000 [NG_CTAL
Producss: 0.J72 &3 - 0.749 Methane
0.088 Ethane - 0.023 Zmylene
0.473 Propane - 0.017 ?ropene
3 199 % -5
& 193 -7 -4
-3 ) S
7 15 -9 -10
10 -1 197
Efficiency: 75.00%
11 -12 -196
pP: $.2000 Psi
12 -14 -13
14 -15
Hax Numo [ters L] Type: Nested
Wegstain Cnac: 3
Vapfr Sens: 10.0000 Temo Sens: 10.0060
Press Sens: 10.2000 Enth Sens: 10.0000
Rel Flow Sens: 0.3000 el Comp Sens: 8.0500
16 «16A 19S
Type: Adiabatic
Adiabatic Eff: T75.00% Polytropic Eff: 78.46%
9A -18 -16
17 -19
OXYGEN S
Flow of stream 20 =
stream 19 * 3.77.2 - 0.0000 Lbmolesh
-21 29 19
-2 21A 17
22 -3 194
pP: 3.0000 Psi
Reaczion 1 SaseCoam: Methane Conversion: 100.00%
Reac:ants: -2.000 Oxygen « <1.000 Metnene
Procucts: 1.000 co2 - 2.000 420
Reaction 2 BaseComp: Ethane Conversion: 100.00%
Reaczants: -3.500 Oxygen + +1.000 Ethane
Procucts: - 2.000 ¢ - 3.000 429
Reaction 3 3aseCxo: Eylene Canversion: 100.00X%
Reaczants: -3.000 Oxygen - +1.000 Zcaylene
Products: 2.000 c32 - 2.000 %20

Case Name NZ_090.SiM

A8
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Recy

Tee

Cale

Set

Mix
Mix

Stoc

18:

192
20:

21:

Reaction &

BaseCorp: Propane

Resctants: -5.000 Oxygen
Products: 3.000 co2
Reeaction § BaseComp: Propene
Resctancs: «4.500 Oxygen
Products: 3.000 coe
Resction & BaseComo: HZS
Resctants: -1.500 Oxygen
Products: 1.000 W20
Reaction 7 SaseComn: Hydrogen
Reactants: -J3.500 Qxygen
Producsts: 1.000 x20
Resczion 8 SaseCamo: O3
Reactancs: -1.C00 Cxygen
Procucss: 2.300 co2
Reaction 9 3aseComo: N8P(1]_334
Reaczants: -13.223 Cxygen
Progucss: 10.192 ¢22
Reaction 10 3aseComo: NBP(1]1_349
Reaczants: -14.324 Oxygen
Producss: 11.237 cQ2
Reaction 11 3aseComo: NBP(1] 403
Reaczants: -15.429 Gxygen
Products: 11.387 02
Reaction 12 SaseCanp: NBP(1] 437
Reactants: -+16.593 Oxygen
Products: 12.736 C02
Reaction 13 BaseCamo: NBP(1] 471
Reactants: -17.306 Oxygen
Produces: 13.719 co2
Reaction 14 BaseComp: NBP(1]_506
Reactants: -19.141 Oxygen
Producss: 16,7483 C02
Reaction 15 8aseComo: NEP(1]_542
Reaczancs: -20.592 Oxygen
Producsts: 15.346 ¢
Reaction 16 3aseComo: N8P (1] _374
Reaczants: -21.925 Oxygen
Progucts: 16.393 02
Reaction 17 BaseComo: NBP(1]_&Q5
Reactants: -23.300 Oxygen
Produces: 17.952 o2
Reaction 18 3aseComo: NB8P(1]_643
Recczants: -25.279 Oxygen
Products: 19.477 02
46 -26
Max Numb [ter: 15
Wegstein Cnt: 3

Vaofr Sens: 10.0000

Press Sens:
Rel Flow Sens:

18A

26
CXYGEN

Flow
stream 27 *

22:-29

23:-

26

3Q
30

10.0000

-25 25
.27

of stream 28 =

3.7762 -
28 7
29a - 25
- 193

L J

-

»

-

-
>

Temo Sens:
Enth Sens:
0.5000 Rel Comp Sens:

Conversion: 100.00%
=1.000 Propane
4.000 H20
Canvarsion: 100.00%
+1.000 Propene
3.000 H20
Conversion: 100.00%
=1.000 H2S
1.000 s02
Canversion: 100.00%
«1.300 Hydrogen
Conversion: 100,002
-2.300 c3

Conversion: 100.002
-1.900 N8P (1] _33%
6.373 K20
Caonversion: 100.00%
-1.300 N8P (1]1_349
4.576 120
Corversion: 100.00%
-1.000 N8P (1] _&03
7.083 H20
Conversion: 100.00%
-1.300 N8P(1]_&37
7.517 H2O
Cenversion: 100.00%
<1.000 N8P (11 _471
8.174 H20
Conversion: 100.00%
-1.000 N8P (1] 506
8.796 H20
Conversion: 100.00%
-1.000 NBP(1]_342
9.453 #20
Canversion: 100.00%
-1.300 N8P (11_57%
10.265 H20
Conversion: 100.00%
+1.000 N8P (1] _40S
10.496 H20
Conversion: 100.00%
-1.000 NBP(1]_é48
11.504 420

Type: Nested
10.0000
10.0000

0.0500

0.0000 Lbmolesh

A9



Frac

Mix

0P 4.0000 Psi

Resction 1
Reactants:
Products:
Reaction 2
Reactants:
Producss:
Resction 3
Reactants:
Products:
Resction &
Resclants:
Producss:
Reaction §
Resctants:
Procucss:
Reaction 5%
Reactants:
Procucts:
Reaction 7
Reactants:
Products:
Reaction 8
Reactants:
Products:
Reaction 9
Reactants:
Products:
Reaction 10
Reactants:
Procucss:
Reaction 11
ReacTants:
Procucss:
Reaczion 12
Reaczants:
Procucss:
Reaction 13
Resctants:
Procucsts:
Reaction 14
Resactants:
Procucts:
Reaczion 15
Reactants:
Procucss:
Reaction 146
Reactants:
Procucts:
Reaction 17
Reaczants:
Progucts:
Reaczion 13
Resctants:
Procucss:

256: 8
0P

27: 33

28: 34
E¢ficiency:

29:-37

jaseComn: Methane
-2.000 Oxygen

1.000 co2
3aseComp: Ethane
-3.500 Oxygen

2.000 Co2
3aseComp: Ethylene
«3.000 Oxygen

2.000 co2
3aseComp: Propane
-5.000 Oxygen

3.000 co2
3aseComo: Prope »
<4.500 Oxygen

3.000 ca2
3aseComo: H2S
-1.500 Oxygen

1.000 #20
JaseComo: Hydrogen
-0.500 Oxygen

1.000 §20
3aseComo:

-1.000 Oxygen

2.000 co2
3aseComp: NBP({1]1_334
+13.228 Oxygen
10.192 o2
3aseComp: N8P (1]1_369
-14.325 Oxygen
11.037 c02
3aseComp: NBP(11_403
+15.429 Oxygen
11.387 c02
3aseComo: NBP(1]_437
-16.593 Oxygen
12.784 c22
3aseComo: NBP(1]_471
-17.806 Oxygen
13.719 co2
3aseComo: NBP(11_S0&
<19.161 Oxygen
14,763 02
3aseComp: N8P(1]1_542
-20.592 Oxygen
15.866 C02
3aseComp: NBP(1]_574
-21.925 Oxygen
16.893 c02
SaseComa: NBP(1]_40S
-23.300 Oxygen
17.952 €02
3aseComo: NBP([1]_5643
«25.279 Oxygen
19.477 €02

-33 -192

0.0000 Psi

191 -3

-36 190
75.00%

50 36

-

-

-

+

Conversion: 100.00%
+1.000 Mechane
2.000 W20
Conversion: 100.00%
+1.000 Ethane
3.000 W20
Conversion: 100.00%
-1.000 Ethylene
2.000 %20
Conversion: 100.00%
-1.000 Procane
4.000 #20
Conversion: 100.00%
«1.000 Propene
3.000 K20
Conversion:
+1.000 H2S
1.000 so2
Conversion: 100.00%
=1.000 Hydrogen

100.00%

Conversion: 100.00%

-2.000 C3

Conversion: 100.00%
<1.000 NBP(1]_334
6.073 H20
Conversion: 100.00%
=1.000 N8P (1]1_349
6.576 H20
Conversion: 100.00%
=1.000 N8P([1]_%03
7.083 #20
Conversion: 100.30%
+1.000 NBP(1]_437
7.517 420
Conversion: 100.00%
=1.000 NBP(1]_671
8.1746 H20
Conversion: 100.00%
<1.000 NBP(1]1_506
8.7946 H20
Conversion: 100.00%
+1.000 NBP(1]_342
9.453 H20
Conversion: 100.00%
-1.000 N8P (1)_S574
10.085 H20
Conversion: 100.00%
+1.000 NBP(1]_305
10.596 H20
Conversion: 100.00%
+1.000 N8P (1) 648
11.804 H20
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Stoe

Frac
Frac

Tee

Recy

Mix

Set

Set

Set

30:

448

&7:

49:

S0:

St:

37 -313 -189
oP: §.0000 Psi
Resction 1 BaseComo: CARS_CMHAR Conversion: 100.00%
Reactants:  -1.000 CARS_ONAR
Products: .12 . 0.409 co2 .
0.Z31 Methane . 0.004 Ethane -
0.001 Ethylene - 0.030 Propane .ee
38 188 -39 =40
39 187 %1 62
61 %l %3
43 -45 -185
oP: 5.0000 Psi
&S -47 185
Type: Adiabatic
Adiabatic Eff: 75.00% Polytropic Eff: 76.29%
47 -43 184
oP: 2.0000 Psi
4 -50
Max Numb [ter: 10 . Type: Nested
Wegstein Cnt: 3
Vapfr Sens: 10.0000 Temp Sens: 10.0000
Press Sens: 10.0000 Enth Sens: 10.0000
Rel Flow Sens: 0.5000 Rel Comp Sens: 0.0500
-71 49 3
40 -51 -183
oP: 14,0000 Psi.
4, 52 -182
bP: 13.5000 Psi
52 181 -53 =54
9 “9A
(ignored) Adj Var: Mass_Flow of stream 1§
Dep var: Mass_Flow  of stream 64
Target: 81082.00 tb/hr
Tol: 1.0000 Lb/hr Step: 500.0000 Lb/he
Type: Simultaneous
(ignored) Adj Var: Mess_Flow  of stream 26
Deo Var: Temoerature of stream 38
Target: 1800.00 f
Tot: 1.0000 f Step: 100.0000 Lo/hre
Type: Simultaneous
-55 53 51
Temperature of stream & =
stream 3 * 1.0000 « 0.0000 F
Temperature of stream 5 =

stream 3

Pressure

. 1.3000 - 0.0000 *

of stream 4 s

stream 3 * 1.0000 - 0.0000 Psi

A-11



Set $3: Pressure of stream 5 =
stresm 3 ° 1.0000 - 0.0000 Psi
Set S4: (ignored) Terperature of stream § =
- stresm & 7 1.0000 » 0.0000 f
Set MS'S: Temperature of stream 7 =
stream & * 1.0000 » 0.0000 F
Set Sé: Pressure of gtream 6 =
stream 4 ¥ ~1.0000 - 0.5000 Psi
Set S7: Pressure of stream 7 =
stresm & * 1.0000 - 0.5000 Psi
Set 58: Pressure of stream 11 3
Stream 7 * 1.0000 « $.0000 Psi
Set 40: Temperature of stream 34 =
stream 33 * 1.0000 + 0.0000 ¢
Set 61: Temperature of stream 35 =
stream 33 * 1.0000 - 0.0000 ¢
Set 42: Pressure of stream 36 =
stream 33 * 1.0000 » 0.0000 Psi
Set 43: Pressure of stream 35 2
stream 33 * 1.0000 + 0.0000 Psi
Set b64: Temperature of stream 39 =
N stream 38 * 1.0000 « 0.0000 F
Set 45: Temperature of stream 40 =
. stream 38 * 1.0000 « 0.0000 ¢
Set 66: Pressure of stream 19 =
stream 38 * 1.0000 » 0.0000 Psi
Set 47: Pressure of stream 40 =
stresm 38 * 1.000C « 0.0000 Psi
Set 68: Temperature of stream 41 =
stream 39 * 1.0000 » 0.0000 F
Set 69: Temperature of stream 42 =
stream 317 * 1.0000 » 0.0000 F
Set 70: Pressure of stresm 41 =
stream 39 * 1.0000 - 0.5000 Psi
Set 71: Pressure of stream 42 3
stream 39 * 1.0000 - 0.5000 Psi
Set 72: Pressure of stream 47 s
stream 31 * 1.0000 » 2.0000 Psi
Set 73: Temperature of stream S3 3
stream S2 1.0000 - 0.0000 F
Set ’ 74: Temperasture of stresm 54 =
stream 52 * 1.0600 » 0.0000 ¢
Set 75: Pressure of stream 53 =
stream 52 * -1.000Q - 0.0000 Psi



Tew
Valv

Set

Tee
Mix
Mix
Tee

Mix

Adju

Set

Set

Tes
Valv
Mix

Set

76: Pressure of stream 56 =
streem 52 * 1.0000 - 0.0000 Psi
77: (ignorey) Adj Var: Hass_Flow  of stresm &3
Oep Var: Mass Flow  of stresm 71
Target: 94762.00 Lb/hr
Tol: 1.2248 Lo/he Step: 100.0000 Lb/hr
Type: Simul taneocus
31: 16A -73 -17
82: &2 -42A
&3: Pressure of stream 42A =
stream 1 * 1.0000 - 0.0000 Psi
8: 75 % -6k
85:-45 62A &3
856:-66 65 6o
88: 48 -49 -70
89:-72 71 70
90: (ignored) Adj Var: Mass_Flow  of stream 62
Dep Var: Temperature of stream 45
Target: 400.00 F
Tol: 1.0000 F Step: 500.0000 Lb/hr
Type: Simultaneous
91: (ignored) Adj Var: Mass_flow of stream 74
Dep Var: Temoerature of stream 3
Target: 1100.00 f
Tol: 1.0000 ¢ Step: 100.0000 Lb/he
Type: Simul tanecus
100: 21 -21A 179
Type: Adiabatic
Adiabatic Eff: 75.00% Polytropic Eff: 76.77%
101: 29 -29A 178
Type: Adiabatic
Adisbatic £ff: 75.00% Polytropic Eff: 738.02%
102: Pressure of stream 21A =
stream 17 * 1.0000 « 0.0000 Psi
103: Pressure of stresm 29A =
stream 26 * 1.0000 - 0.0000 Psi
104: 18 -18A 77
Type: Adiabatic
Adiapatic Eff: 75.00% Polytropic Eff: 77.46%
105: 73 -62 -76
106: 74 o 74A
107:-75 76A -
108: Pressure of stream 744 = !
stream 1 ¥ 1.0000 - 0.0000 Psi
500: S00 <501 -550

A-13



oF: 2.5000 Psi

501: Energy_Flow of streem 530 =
stream 184 * 1.0003 ~

0.0000 stwhr

A-14



Hyprotech‘s Process Simulator HYSIM - Licensed to 3echtel [nc
Date  92/04/0Q1 Version 386{C1.51 Case Name 42_090.SIM
Time 14:33:37 Prop Pkg PR

Stream 1 2 3 4 S ) 7 3
Description
Vapour frac. g.000ca 0.9431 0.9383 0.9935 0.0000 0.0000 1.0000 g.caocc
Tenperature F 40.0000" 1026.8437 1100.56667 1100.8647 1100.4667 1100.4052 1100.4667 1100.5%6Cs
Pressure Psia 21.8960" 21.89460 16.89460 16.8960 16.8960 16.3960 16.3960 16.3960
Molar Flow Lbmole/hre 491.1700 3803.2617 L377.8601 £134.485641 263.2057 27.0260 4107.4281 270.2317
Mass Flow tb/he 66506.0018™ 156339.1764 154341.1725 118440.3057 37280.8538 4209,2006 174251.1063  42090.3553
Ligvol Flow Barrel/day 3398.0364  11105.3295  13&82.4132  10597.5348 2884.8749 320.5529  10276.9819 3205.4293
Enthalpy  Btu/hr 6.44T91E+16 B.33271E-07 3.20009€+07 6.136256+07 2.04383E~07 2.293186+06 5.906948-07 2.29314&-I7
Densicy Lomole/fe3 0.46189 0.0014 0.0011 0.0010 0.3504 0.3604 0.0010 Q.34C%
Hole Wt, 131.3313 41,1066 35.7118 28.4506 185.7564 185.7666 27.3144 155.755<
Spec. Heat 3tu/lbmole-F 61.0919 18.3895 15.2639 11.7999 74.1549 74.1500 11.3895 74,1554
Therm Cond 3tu/hr-f-f 0.04625 ..~ .= cen cae ca 0.0622 cee
Viscasity Cp 3.8684 -.- ee= --- .e- cee 0.0345 .-
2 Faezor 0.0063 ee- .-- e=e 0.0028 0.0027 1.0002 0.cg027
Sur Tension Oyne/cm 73.7276 .- ... .-- o .-- “e- .-e
Std Density Lb/fe3 81.2872 --- SR e 56.1294 56.1303 .-- $56.1255
INO_CCAL Lb/hre 52778.0011* S2777.9998 0.0000 0.0000 0.0000 0.0000 0.0000 0.0cca
Nitrogen Lb/he 0.0000" 640912.5829 $0912.5813  40912.5819 8.0000 0.0000 50912.5805 8.00c0
Oxygen Lb/hr Q0.0000" 6.0131 0.0131 0.0131 6.0000 0.0000 0.0131 - g.00ce
(e Lb/hr g8.0000" 254.8619 1355.8966 1355.8966 - 0.0000 0.0000 1355.3966 0.006C3
ca2 Lb/he 0.0000™ 14954.6282  14954.4277  14954.4279 0.0000 0.0000  14954.4276 0.000c0
Methane Lb/he g.00o0* 301.4070 1604 .5988 1604 .5989 ¢.0000 0.0000 1604.5989 0.0003
Ethane Lb/hr g.oooQ* 64,3476 342.3473 362.3673 0.0000 0.0000 342.3473 g.2%0ca
Ethylene Lb/kr 0.0000" 15.5082 82.507% 82.5075 0.0000 0.0000 82.5074 0.00cc
Propane Ls/hr 0.0000" 730.9320 3388.9337 3888.9336 6.0000 9.0000 3888.9336 0.9cco
Propene Lb/hr 0.0000" 17.8219 94,8211 94,3211 0.0000 0.0000 96.3211 g.cocc
HZS Lb/he 0.0000~ 236,9298 1515.,9297 1515.9298 0.0000 0.0000 1515.9298 0.300C¢
H20 Ls/he 5290.0006" 17362.7698  17362.74%8 17362.7L95 0.0000 0.0000 17382.7694 0.0cC2
CARS_CHAR  Lb/hr 0.000C~ 0.0000 35652.0570 3565.2057 32084.3515 3565.2056 0.0000 35652.35%9
ASH Lb/he 6433.0009~  4438.0010 5638.0006 6ad.0001 5794,0006 $44,0001 0.9000 8438.00CS
Hydrogen Lo/hr 0.0coc~ 95.5995 508.5995 508.5995 0.0000 0.0000 508.5995 0.30032
CALC_CHAR  Lb/hr 0.0000* 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.c0co
NBP (1] _334 Lb/hr 0.0000" 229.8591 1278.4829 1278.4829 0.0000 §.0000 1278.482% 0.0000
N8P (11 _369 Lb/hr 0.0000~ 260.7126 1485,7649 1685.75649 §.0000 0.0000 1485.7649 0.00C9
NBP(1]_4Q3 Lb/hr 0.0000* 228.2993 1698.8390 1698.83%0 0.0000 0.0000 1698.3390 g.ooce
NBP (1] _437 Lb/hr 0.000C~ 158.5984 1607.46374 1607.48375 0.0000 0.0000 1607.4375 0.0000
NBP (11 _471 Lb/he 0.0000" 72.86489 1185.5434 1185.5434 6.0000 0.0000 1185.5434 0.0000
NBP(1]1_506 Lb/hr 0.0c00" 28.8947 933.2022 933.2022 0.0000 0.0000 933.2022 0.0cco
NBP(1]1_S542 Lb/hr 0.ac00~ 13.4795 1005.2705 1005.2706 0.0000 0.0000 1005.270S 0.00c0o
N8P (1]_57& Lb/hr 0.000C* 4.6089 753.4999 753.4999 0.0000 0.0000 753.4999 0.00CC
NBP (1] _405 Lb/shr 0.0000" 0.8778 359.0956 359.0956 0.0000 0.0000 359.0956 0.0000
NBP (1] _%43 Lb/hr 0.0000" 0.1163 170.4941 170.46941 0.0000 0.0000 170.4961 0.00ce
NBP (2] _225 Lb/hr . 0.0000" 0.0000 0.0000 0.0000 6.0000 0.0000 0.9000 0.00cg
N8P (2] _301 Lb/hr 0.0000" 0.0000 0.000C 0.0000 0.0000 0.0000 0.2000 0.00eC0
NBP (2] 363 Lb/hr 0.0000" 0.0000 0.0000 0.0060 0.0000 0.2000 0.0000 0.8000
NBP (2] 427 Lb/hre 0.0000" 0.0000 6.0000 0.0000 0.0000 0.0000 0.9000 g.00co
NBP 2] 494 Lb/hr 0.000C" 0.0000 0.0000 0.0000 0.0000 0.0000 0.3000 0.0000
NBP (2] _S59 Lb/hr 0.000C" 0.0000 0.0000 0.0000 0.0000 0.0000 0.2000 0.000C
N8P (2] _430 Lb/hr 0.000C* 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NBP (21 _497 Lb/hr 0.0000" 0.0000 0.0000 0.0000 0.0000 0.0000 0.9000 0.2000
NBP (21 747 Lb/hr 0.0000* 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00c0
NBP (2] 901 Lb/hr 0.0000* 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
so2 Lb/he 0.0000" 1149.4723 1149.6723 1149.6722 0.0000 0.0000 1149.5722 0.0000
Total: Lb/hr 64506.0018" 156339.1746 156341.1725 118460.3057 37880.8538 4209.2004 114251.10643  42090.0533
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Hyprotecn’s Process Simulator HYSIM - Licensed to 3ecntel Inc
Case Name N2 _Q90.SIM

Cate 92/04/01 Version 384|C1.51
Time 14:33:37 Prop Pkg PR
Stream 9
Description
Vagour frac. 1.0000
Temperacure F 191.1279
Pressure Psia 16,1940
Molar Flow Lbmole/hr 4079.8513
Mass Flow Lb/hr 108975.3587
Liqvol Flow Barrel/day 9839.3723
Enthalzy Btu/shr 2.02514E-07
Density Lbmolesftd 0.0023
Male wt. 26.7106
Spec. Heat Stu/lbmole-f 8.3823
Therm Congd  Stu/he-fe-F 0.0185
Viscosity Cp 0.0169
2 Faczar 0.9977
Sur Tension Oyme/cm cme
Std Density Lb/fe3 ---
IND_CCAL  Lb/hr 0.0000
Nitrogen Lb/hr 60911.9644
Cxygen Ls/hre 0.0131
co Lh/hr 1355.8823
co2 La/he 14953.9989
Methane Lb/he 1604.5693
Ethane Lo/hr 342.332¢6
Ethylene Lb/hre 82.5047
Propane Ls/hr 3888.5065
Propene Ls/hre 94.3139
H2S Lh/hre 1515.84568
H20 [R-V4,14 17382.1727
CARB_CHAR Lo/he 6.0000
ASH Lbo/he 9.0000
Hyarogen Lo/he 508.5953
CALC_CHAR Lo/he 0.0000
NBP(11_334 Lb/hr 1223.9620
NBP (1] _349 Lbshr 1281.4601
NBP(11_<03 Lb/hr 1214.1478
NBP (11 _437 Lb/hr 843.3906
NBP(11_471 Lb/he 387.4800
NBP(11_306 Lb/hr 153.46686
NBP(11_542 Lb/hr 71.6767
NBP[1]1_574 Lb/hr 23,4439
NBP(1]1_60S Lb/hr 4.6677
NBP(1]1_648 Lb/hr 0.56184
NBP (2] 225 Lb/hre 0.0000
NBP (2] 301 (b/hr 0.0000
NBP(2]_363 Lb/hr 0.0000
NBP (21 _<27 Lb/hr 0.0000
NBP (2] _4%6 Lb/hr 0.0000
N8P (2] 539 Lb/hr ¢.0000
NBP (2] _530 Lb/hr 0.0000
NBP 2] 437 Lb/hr 0.0000
NBP (2] _767 Lb/hr 0.0000
NBP (21301 Lb/hr 0.0000
s¢2 Lo/he 1149.54465
Total: Lb/hr 108975.3587

9A

1.0000
191.0173

16.5960"

4079.8513
108975.3587
9839.3728
2.325168+07
0.0021
26.7106
8.3796
0.0184
0.0169
0.9979

0.0000
50911.9644
0.0131
1355.8823
14953.9989
1604.5693
342.332¢4
82.5047
3888.4065
94.3139
1515.3456
17362.1727
0.0000
0.0000
508.5958
0.0000
1223.9620
1281.4401
1216.1678
843.3%06
337.4800
153.4436
7.8767
B.4439
$.8677
0.4186
0.0600
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1149.5445
1C8975.3587

10

0.0000
357.0599
16.3960
1933.2271
367135.7383
30453.5347
3.27T39€-37
0.2315
189.9082
117.7925
0.0552
0.3499
0.0081
15.5282
51.5770
0.0000
42.9056
0.0000
0.9978
29.9143
2.0455
1.0415
0.2033
22.8099
0.5058
5.367%
40,2043
0.0000
0.0000
0.2591
0.0000
3842.2173
14292.7216
334688.8183
53183.97%6
55532.3204
§46232.3920
64942.3009
50781.9395
26653.1623
11829.8706
0.5000
0.23000
0.9000
0.4000
0.2000
0.0000
0.0000
0.0000
0.0000
0.0000
8.7610
367135.7583
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1"

0.0000
357.0839
21.3%940
1933.2271
367135.7583
30453.5347

12

¢.0000
178.0000"
16.1960
1933.2271
367135.7583
30453.5347

3.278L2E~07 -5.13430E~06

0.2315
189.9082
117.7885

0.0552

0.3699

0.0105

15.5272
51.5770
0.0000
62.9056
0.0000
0.9978
29.9143

2.0655

1.0615

0.2033

22.3099
0.5058
5.3671

40.2045

0.0000

0.0000

0.2591

0.0000

3862.2173
14292.7214
33688.8168
53183.9796
55532.3204
56232.3920
54942.8009
50731.9395
26653.1623
11829.8706

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.000C

0.0000

0.0000

0.0000

8.7610

0.257&
189.9082
$7.3303
0.0663
1.1037
0.0093
23.7130
51.5770
0.0000
42.9056
0.0000
0.9978
29.9143
2.0655
1.0415
0.2033
22.3099
0.5053
5.8671
40.2043
0.0000
0.0000
0.2591
0.0000
3842.2173
14292.7216
33688.8168
53183.9796
55532.3206
84232.3920
64942.8009
50781.939S
26453.1823
11829.8736
0.9000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
8.7610

367135.7583 367135.7583

13 16
0.0000 g.0000
170.0000 170.0000
16.1960 16.1960
27.792¢4 1905.4348
§278.0002" 361857.7736
437.8067 30015.7310
-88216.4043 -5,04808E+06
0.257¢ 0.2574
189.9082 189.9082
97.3303 97.3303
0.0663 0.06863
1.1037 1.1037
0.0093 0.0093
3.7130 23.7130
51.5770 51.5770
0.0000 0.0000
0.6168 42.2888
0.0000 0.0000
0.0143 0.9834
0.4301 29.4843
0.0297 2.0358
0.0150 1.0266
0.0029 0.2006
0.3279 22.4819
0.0073 0.4985
0.0845 5.7827
0.578a 39.62%4
9.0000 0.0000
0.0000 g.0000
0.0037 0.2554
0.0000 0.0000
55.2363 3786.9811
205.4705 14087.2477
484.3156  33204.5026
766.5811  52419.4004
798.3412 54733.9811
779.6532 53452.7407
933.8277  64009.1754
730.06490 50051.8922
354.4177  26298.7455
170.0680 11659.8029
0.0000 0.0000
0.0000 g.0000
0.0000 0.0000
0.0000 Q.g000
0.0000 0.3000
0.0000 0.0000
0.0000 0.0000
0.0000 G.0000
0.0000 0.0000
0.0000 0.0000
0.1259 8.4350

15

0.0c00
170.0000"
16.194C"
1905.4520
361850.0127
30015.92¢5
-6.048128-3%
0.2578
189.907%
97.33C2
0.0663
1.1037
0.2053
23.7130
§1.5773
g.%0cce
42.2894"

- Q.c00¢C~
0.9835"
29.4845"
2.3355~
1.0256"
0.200s%~
22.4324"
0.4585"
5.7328"
39.82T"
0.0000"
g.3c0c~
0.253<"
0.000C~
3787.4965"
14088.417C"
33204.1453"
52619.7323"
S4734.2585"
§3452.8405
64009.206%"
S0051.3825~
24298.7340
11659 . 79446
0.000C~
6.000C™
¢.000C~
0.300Cc~
0.200C*
0.000C~
0.000Cc~
0.000C~
0.000Cc*
0.000C*
8.4353"

5278.0002* 341857.7736 361860.0127~



Hyprotech’s Process Simulator NYSIM - Licensed to Jechtel Inc
Date 92/04/01 Version 384(C1.51 Case Name N2_09D.SIM
Time 14:33:37 Prop Pkg PR

Stream 14 16A 17 18 18A 19 20 21
Description
Vapour frac. 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0c00
Temperature F 191.0173 304.9374 304.937% 191.0173 602.0992 60.0000" 40.0000* 60.3025
Pressure Psia 14.4960 26.8960" 26,8960 14.4960 37.4960" 16,4560~ 146.4560" 146 .5%60
Molar Flow Lbmoleshr 1719.2598 1719.25%8 952.3365 2360.5914 2360.5916 333.3513 1258.1276 1§91.4739
Mass Flow Lh/hr £5922.4983" 45922.4983  25437.4994  43052.8690  43052.3490 108487.2602  35243.9283  45911. 1464
Ligqvol Flow Barrel/day 61464.3370 4146.3370 2296.7433 5693.0353 5693.0358 362.0226 2992.7198 3834.752¢
Enchaloy 8tu/hr 8.53401E+05 1.01937E=Q7 5.54455E«06 1.1717LE~07 1.59973E~07 1.200008+08 &.S53474LE~Q6 S.T347LE06
Oensity Lbmole/fe3 g.0021 0.0030 0.0030 6.0021 0.00641 0.0026 0.0028 0.2025%
Mole Wt. 26.7106 25.7106 26.71C4 26.7106 26.7106 32.0000 28.0130 23,3431
Spec. Heat 3tu/lbmole-fF 8.3796 8.5525 8.452% 8.3796 8.38748 4.9984 5.9509 4.7609
Therm Cond 8tu/hr-ft-F 0.0184 0.0215 0.0215 0.0184 0.0241 0.0148 0.0145 0.3144
Viscosity Cp 0.0169 0.2198 0.01%8 0.0149 0.0220 0.0204 0.0179 0.018%
Z Factor 0.9979 0.9982 0.9982 0.9979 0.9985 0.9989 0.9994 3.7993
sur Tension Dyne/cm “=- -- see cee eee .-- .- ---
Std Oensity Lb/$t3 .- ase cee - ce- .e- .-~ .o
[NO_CCaL Lb/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000~ 0.0000* 0.90co
Nitrogen Lo/hr 25668.4583  25448.4583  14218.3333  135243.5080 35243.5080 0.0000* 35243.9283* 35243.5223
Oxygen Lb/he 0.00S5 0.00S5 0.0031 0.0078 0.00756  :06467.2602" 0.0000" 104487.243S
[we] Lb/he 571.373 S7M.3723 316.4959 784.5101 784.5101 0.0000~ 0.0000~ 3.20C0
co2 Lb/hre 6301.4536 4301.4536 34590.56259 8652.3458 8652.3458 0.0000" 0.0000" 0.3¢cc0
Methane Lb/hr 476.1696 476.1696 3746.5455 928.3997 928.3997 0.0000" 0.0000" 0.0c09
Ethane Lb/he 1442597 164,2597 79.9087 198.0725 198.0725 0.0000™ 0.0000~ @.c0co
Ethylene Lb/hr 34.7677 38,7677 19.25846 47.7370 47.7370 0.0000" 0.0000* 0.00ca
Propane Lb/hr 1638.4688 14638.4688 907.4953 2249.9378 2249.9378 0.0000" 0.0000" 0.2¢29
Propene Lb/hr 39.9543 39.9543 22.1319 54.8591 54.35¢91 0.0000" 0.000C* 0.30c0
H2S La/he 4638.7812 438.7812 353.3352 877.064% 877.0644 0.0000" 0.0000~" 0.20C3
K20 Ls/hr 7316.4842 7318.46462 4052.7532  10045.7091  10045.7091 0.0000~ 0.0000~ 0.3¢cd
CARS_CHAR  Lb/hr 0.0000 0.4000 0.0000 0.0000 0.0000 0.0000" 0.0000" 0.50C0
ASH La/he 0.0000 0.0000 0.0000 0.0000 0.0c00 0.0000~" 0.0000~ 0.5cc2
Hydrogen Lb/he 214.3236 216.3236 118.71846 296,272 2946.2722 0.0000* 0.0000* 0.3cc0
CALC_CHAR  Lb/hr 0.0000 0.0000 0.0000 0.0000 8.0000 0.0000" 0.0000" 0.0000
NBP (1] _334 Lb/he 515.7807 515.7807 285.7025 708.1813 708.1813 6.0000* 0.0000* 0.2000
NBP(1]_369 Lb/hr 540.0106 540.0106 299.1239 761.4495 761.6495 2.0000* a.9000* a.dnco
NBP(1]_403 Lb/hr 511.6534 511.4534 283.4143 702.5144 702.5144 0.0000~ 0.0000~ 0.00co
NBP (1] _4&37 Lb/hr 355.4070 355.4070 196.8679 487.9837 (87.9837 0.0000* 0.0000 g.caoco
NBP(1]1_471 Lb/hr 163.2850 163.2850 90.46472 226.1949 226.1949 0.0000" 0.0000" 0.0000
NBP([1]_506 Lb/hr 64, 7479 56,7679 35.8653 88.%007 £8.9007 0.0000* 0.0000 0.2000
NBP (1] _S542 Lb/hre 30.2047 30.2047 16.7311 L1.4719 41,4719 0.0000" 0.000Q* 3.20C0
NBP(11_574 Lb/hre 9.8793 9.879% §.4726 13.5644 13.5646 0.0000" 0.0000~ 0.2000
NBP(1]_s05 Lbshr 1.%670 1.9670 1.08%9% 2.7007 2.7007 0.0000~ 0.0000* 0.3000
NBP (1] 6438 Lb/hr 0.2606 0.2606 0.144a 0.3578 0.3578 0.0000~" Q.0000" 6.%0ca
NBP (2] _225 Lb/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000* 0.0000" 0.30C0
NBP (2] 301 Lb/hr 0.000C 0.0000 0.0000 0.0000 0.0000 0.0000" 0.0000* g.0cc
N8P (2] 363 Lb/hr 0.0000 8.0000 0.0000 0.0000 0.2000 0.0000" 0.0000" 0.9ceo
NBP (21 427 th/hr 0.c0000 0.0000 0.00090 0.0000 0.0000 0.0000" 0.0000" 0.5cc0
N8P (2] 494 Lb/hr 0.0000 8.0000 0.0000 0.0000 0.0000 0.0000* 0.0c00~ 0.0cco
NBP (2] _559 Lb/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000" 0.0000~" 0.9000
NBP (2] _630 Lb/hr 0.0000 g.0000 0.0000 0.0000 0.0000 0.0000* 0.0000" 0.30C0
NBP (2] 397 Lb/hr 0.0000 0.0000 0.0000 0.0000 6.0000 0.0000* g.3000" 0.3c80
NBP (2] _767 Lbshr 0.0000 0.0000 0.0000 0.0000 0.0000 Q.0000" Q.0000" g.00co
N8P (21 _$01 Lbshr 0.0000 0.0000 - 0.0000 0.0000 Q.0000 0.0000* d.0000" 0.30ce
se2 Lo/hre 484.4218 484.5218 268.3321 845.12467 845.1247 0.0000* 0.0000* g.30ce
Total: Lb/hr 45922.4983" 45922.4983  25437.4996  53052.8690 63052.3690  10667.2602 352463.9283  45911.1855
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Hyprotech’s Process Simulator NYSIM - Licensad to Gechtel Inc
Case Name N2 _090.SiM

Date 92/04/01

Time 14:33

Stream
Description
Vapour frac.
Temperature
Pressure
Molar Flow
Mass Flow
Liqvol 7low
Enthaipy
Density
Mole Wt.
Spec. Heat
Therm Cand
Viscosity
Z Faczor
Sur Tension
Std Densicty
IND_C2aL
Nitrogen
Qxygen
[=o]
co2
Methane
Ethane
Ethylene
Propane
Propene
H2S
H20
CARB_CHAR
ASd
Hyarogen
CALC_CHAR
NBP (1] _334
NBP (1] _349
NBP(1]_&03
NBR (1] _437
NBP (1] _47T1
NBP{1]_S06
NBP (1] _S&2
NBP(1]_S74
NBP (1] 405
NBP[1]_643
N8P (2] 225
N8P 2] _301
NBP (2] 363
NBP (21 427
N8P (2] 494
MBP (2] 339

NBP (2] _630
NBP [2] _697
NBP (21767
NBP (21501
s02

Total:

Version 386|C1.5!

:37 Prop Pkg PR

H
Psia
Lbmole/hr
Ls/hr
darrel/day
Stu/hr
Lomole/ft3

gtu/lbmole~-F
Btu/hr-fet-f

=

Oyne/ca
Lh/fe3
Lb/hr
Lb/he
8-74, 14
Lb/hr
Ld/hr
Lb/hr
Lb/hr
Lb/hr
Lb/hr
Lb/he
Lo/hre
Lo/hr
La/he
La/hr
Lashre
Lo/he
Lbshe
Lb/hr
Lb/hre
Lo/hr
Lb/he
Lb/hre
Lb/he
Lb/hr
Lo/he
Le/he
Lo/hi
Lb/hr
Lb/hr
La/hr
Ls/hre
Lo/he
Lb/hr
Lb/hr
Lo/hr
La/hr
La/hre
La/hr

21A

1.00Q0
172.4083
26.8960
1591.4789
45911.1696
3636 .74626
8.97992E-06
0.0037
28,3441
7.0008
0.0170
0.0213
0.9998

0.0000
35263.9283
10667.2405

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.000Q0

0.gcoa

0.0000

¢.000C0

0.0000

6.0000

0.0000

0.0000

0.0000

0.0000

0.0000

9.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.8000

0.0000

9.00a0

0.0000

0.0000

0.0000

0.0000

0.0c00

0.0000
45911.16%6

2

1.0000
228.3541
26.3960
2543.8153
71343.5668
5931.4912
1.25264LE-07
0.0034
28,0679
7.5685
0.0186
0.0209
0.9990

0.0000
49462.2628
10667.2635

316.4959
3490.4270
3746.5455
79.9087
19.2586
907.6952
22.1319
353.3352
4052.7532
0.0000
0.0000
118.7186
0.0000
285.70235
299.1239
283.4143
196.8679
90.4472
35.8653
16.7311

5.4726

1.0896

0. 1644

8.0000

0.0000

0.0000

0.0000

0.0000

§.0000

0.0000

0.0000

0.0000

0.0000
. 268.3321
713468.5668

=

1.0000
2886.48732
21.8960
2545.1628
71348.2147
3857.7256
7.233L4E+07
0.0006
28.0329
9.3802
0.04381
0.06846
1.0002

cee

cma

0.0000
494662.2839
0.0107
8.0016
12143.5030
0.0019
0.0004
0.0001
0.0046
0.0001
0,0018
3308.3813
0.0000
0.0000
7.0006
0.0000
6.0015
0.0015
0.0014
0.0010
0.0005
0.0002
0.8001
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
6.0000
@.0000
933.5402
71368.2167
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26

1.0000
234.9123~
21.3960"
3312.0918~
91a833.1728
7707.2936
7.537928-07
0.0008
27.7256
9.9730
0.05¢43
0.0553
1.0003

0.0000~
50912.5811~
0.0133~
256.8619~
149564 .4286"
301.6070"
66.3474"
15.5082*
730.9320"
17.8219*
286.9298~
12072.7497~
0.0000~
@.3qQ0~
95.5995"
0.0000~
29.8591~
260. 7124
28.2993"
158.5984
72,3639~
28.8947
13.4795"
4.4089~
0.8778~
0.1183"
0.0000*
0.0000~
0.0000~
0.0000"
0.000C~
0.0000*
0.0000*
0.0000~
0.0000~
0.0000*
1169.67267
91833.1728

rd}

1.0000
£02.0992
37.4060
1487.9050
I9762.8667
3588.3788
1.90833E-07
0.0041
26.7106
8.3875
0.0241
0.0229
0.9985

ena

0.0000
222163437
0.00&8
494 .46867
5453.6621
585.1798
126.8472
30.0891
1418.1588
36.5782
552.8227
8331.9133
0.0000
J.000a
185.4828
0.0000
4446.3739
L47.3432
£42.38020
307.5811
161.3124
56.0350
26.1602
8.5499
1.7023
0.2255
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
419.2349
319742.8667

26

1.0000
402.0992
37.8960
872.48866
23310.0001~
2104.48572
5.91406E+06
0.0041
26.7106
8.8876
0.0261
0.0220
0.9985

0.0000
13029.1642
0.0028
25%0.0253
3198.4837
343.2199
73.2254
17.8479
831.7790
20.2808
326.2617
3713.7958
0.0000
0.0000
108.7394
0.0000
261.8076
274.,1063
59.7126
180.40256
82.382%
32.8657
15.3318
5.0147
0.9984
0.1323
0.0000
0.0000
0.9000
0.0000
0.0000
0.9000
0.0000
0.0000
0.0000
0.0000
245.3898
23310.9c01~

27

1.0000
60.0000"
16,6960~

305.4710
9775.0715
588.3261
1.39943E-06

0.0028
32.0000

5.9984

0.0148

0.0204

0.9989

0.0000"
0.0000~
3775.0715"
0.0000~
0.0000"
0.0c00"
0.0c00"
0.0000"
0.000C~
0.00Q00"
0.000Q~
a.0000"
0.0000"
g.0000~
0.00c0"
0.000Q*
0.0000*
0.0000*
0.0000"
0.0000"
0.0000"
0.0000"
0.0000"
0.0000*
0.0000~
0.0000*
6.0000*
0.0000"
0.0000"
0.0000"
0.0000"
0.0000*
0.0000*
0.0000*
0.0000"
g.00oqQ~
0.0000*
$775.0715

28

1.0000
é0.000cC~
14,6960

1152.9025
32296.257%
762.5158
6.15547E-04

0.002%
28.3132

6.95Q9

0.0145

g.3173

0.99%¢

0.00cc~
32296.257:2
.g.coocr
0.00ce~
9.%0ce~
0.c0ce~
0.0q0cC~
0.0occ~
0.0c0c"
0.0q0cC~
0.300C~
g.goQc~
0.300C~
0.3c00C~
0.occe~
0.00Gc~
0.0000~
0.000C~
0.0000"
0.0003~
0.0000~
0.000c~
g.c000~
0.0000~
Q.000C~
0.0000~
0.0000"
0.000G~
g.coce-
0.000aG~
0.g0000"
0.000C~
0.000C~
0.0000~
0.000C~
¢.g00c~
@.00qQC~
32256.2575



Hyprotecn’s Process Simulator HTSIN - Licensed to 3echtel Inc
Case Name 42 _J90.SIM

Oate  92/04/01 Version 3856|C1.51
Time  14:33:37 Prap Pkg PR
Stream 29
Description
Vapour frac. 1.0000
Temperature F 63.0025
Pressure Psia 14.4960
Molar Fflow Lbmole/hr 1458.3734%
Mass fFlow Lb/hr 42071.3291
Ligvol Flow 3arrel/day 3330.7459
Enthaloy 8tu/he 5.25511E+04
Demsicy Lomole/ftl 0.0026
Mole wWt, 28.3431
Spec. Heat 3tu/lbmole-F 4.9609
Therm Cond Btu/hr-ft-F 0.0144
Viscasity Cp 0.0184
2 Faczor 0.9993
Sur Tension Jyne/cm cee
Std Density Lb/ft3 ce-
IND_CTAL Lb/hre 0.0000
Nitrogen Ls/hr 32296.2562
Oxygen Lb/he 9775.0712
co Lb/hr 0.0000
€32 Lb/hr 0.0000
Methane Lb/he 0.0000
Ethane Lo/he 0.0000
Ethylene Lb/he 0.0000
Propane Lb/hr 0.0000
Procene Ls/hre 0.0000
H2s Ls/he 0.0000
H20 Lo/hr 0.0000
CARB_CZHAR  Lu/hr 0.0000
ASH Lo/hre 0.0000
Hydregen Lh/hre a.0000
CALC_CHAR  Lb/hr 0.0000
N8P (11_334 Lb/hr 0.0000
NBP(1]_369 Lb/hr 0.0000
NBP(11_&03 Lb/hr 0.0000
N8P (1] 437 Lb/hr Q.0000
NBP(11_471 Lb/hr 0.0000
NBP([11_506 Lbs/hr 0.0000
NBP(1]_542 Lb/hr 0.0000
NBP(11_574 Lb/hr 0.0000
NBP({11_405 Lb/hre 0.0000
NBP (1] _648 Lb/hr 0.0000
NBP (21 _22S5 Lb/hr 0.0000
NBP (21 _301 Lb/hr 0.0000
NBP (21 363 Lb/hr 0.00c0
NBP (21 427 Lb/hr 0.0000
NBP (2] 3494 Lb/hr 0.0000
NBP (2] _S59 Lb/hr 0.0000
NBP (2] 530 Lb/hr 0.0000
NBP (21 497 Lb/hr 0.0009
NBP (21 _767 Lb/hr 0.0000
NBP (2] %01 Lb/hr 0.0000
so2 Lb/he 0.0000
Total: Lb/hr 42071.32NM

29A

1.0000
272.9010
37.8960
1458.3734
42071.329
3330.7659
7.623228+06
0.0043
28.3431
7.3527
0.0191
0.0234
1.0002

0.0000
32296.2562
977TS.0712
0.0000
0.0000
0.0000
0.0000
0.0000
0.3000
0.2000
0.0000
0.0000
0.3000
0.0000
0.9000
0.0000
0.0000
0.0000
0.0000
0.0000
G.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.9000
8.3000
0.9000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
42071.3291

30

1.0000
328.0337
37.55960
2331.0599
65331.3227
5435.402¢6
1.33372E-07
0.0045
28.0479
7.46968
0.0209
0.0231
0.9995

0.0000
45325.6189
9775.074Q
290.0253
3198.4836
343.2199
73.2254
17.6679
831.77%0
29.2808
326.2617
3713.7959
0.3000
9.0000
108.7894
0.0000
251.8074
274.1063
259.712¢6
180.4026
82.88256
32.8657
15.3318
5.0147
0.9984
0.1323
0.0000
9.0000
3.0000
@.0c00
0.0000
0.0000
¢.0000
a.0000
0.0000
6.0000
265.3898
65331.3227

A-19

3

1.0000
2947.5684
33.46%960
8332.2966
$5380.909%
§367.8065
5.305146+07
0.0009
28.0329
9.3410
0.0467
¢.07co
1.0003

0.0000
45325.4185
0.0098
0.0015
11127.8643
¢.0018
0.0004
0.0001
0.0043
0.0001
0.0017
3072.13a3
¢.0Q000
0.0000
0.0006
0.0000
0.0014
0.0014
0.0013
0.0009
0.0004
0.0002
0.0001
0.0000
0.0000
8.0000
0.0000
0.0000
0.0000
0.0000
8.0000
0.0000
0.0000
0.0000
0.0000
0.0000
855.4822
45380, 9094

3

0.0000
200.0000*
16.3960
270.2317
42090.0553
3205.4298
7.5605TE-04
0.3604
155.755¢4
51.3311

0.0064
56.1295
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
35652.0559
6438.0009
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
42090.0553

34

0.0000
200.0000
16.3960
229.4845
36643.1912
2810.8346
§.027T81E-06
0.3490
159.7632
52.2785

0.0066
55.7561
0.0000
8.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
¢.0000
31691.1926
4972.0006
0.0000
0.0000
0.0000
0.0000
0.0000Q
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.2000
0.0000
0.0000
G.0000
0.0000
0.0000
0.0000
0.0000
0.0000
366483.1912

35

¢.0000
200.Q000
16.3960
40,7672
5426.8430
394.5955
1.33275€E-06
0.6416
133.1838
45.9953

0.0052
58.7888
0.0000
0.0000
0.0000
0.0000
0.0000
¢.0000
¢.0000
0.0000
0.0000
0.0000
0.00a0
0.0000
3960.3633
1466.0003
0.0000
a.0000
0.0000
0.0000
0.0000
0.0000
0.0000
¢.co00
0.0000
0.0000
0.0000
0.0caq
0.0000
0.0000
0.0000
6.0000
g.goaa
0.000Q
0.0000
0.000d
8.0000
0.0000
0.0000
5426.8630

36

g.00co
200.2339
33.46960"
29,4345
36663.1912
2810.33%8
4.4830625-26
0.34%0
159.7632

52.2845

0.0138
55.7561
0.0000
0.3000

- 0.0000
0.0000
0.2009
Q.00C0
0.00¢C0
0.0000
0.000Q0
0.00co
0.2000
0.00C3
51691.1923
4972.20C3
0.00Gc0
0.9002
0.0000
9.0Q00
0.0008
0.00¢cQ
0.0000
0.0000
@.0000
0.0000
0.0000
0.3000
0.00ca
0.0000
0.50ca
0.3000
0.0000
0.0000
0.0000
0.00c0
0.0000
0.000Q
0.0000
36663.1912



Nyprotech’s Process Simulator HYSIM - Licensed to 3ecntel [ne
Date 92/04/01 Version 384|C1.51 Case Name N2 _09D.SIM
Time 164:33:37 Prop Pkg PR

Stream 37 33 39 40 41 &L &3 “
Qescription
Vapour frac. 0.9401 0.8405 0.9634 0.0000 1.0000 0.0000 1.0000 1.0000
Terperacure f 1639.0474 1799.9446 1799.9466 1799.9666 1799.96646 1799.946684 1799.9446 1799.94866
Pressure Psia 33.4960 28.4960 28.4%960 28.4%60 28.1960 28.1960 28.1960 28.1960
Molar Flow Lbmole/hr 3828.0384 4582.1190 Joo7. 2358 584.8837 3851.0901 146.1457 1266.2568 2584.8332
Mass Flow ULb/hr 136663.1971  136659.7351 111559.5S374  25100.2106 105287.7088 6271.8243  34419.1008* 704843.40890
Ligvol Flow Barrel/cay 11146.49446 114610.2389 9502.7751 1907.4647 9026.1540 476.6209 2947.8425 4058.3114
Enthatay 8tu/hr 9.04378E-07 1.0Q307E+08 7.72809E«07 2.30245€+07 7.152725+07 5.75343E-06 2.3518SE+Q07 4.80087%-07
Qensicty Lamole/fe3 0.0014 0.0014 0.0012 1.3107 0.0012 1.3107 0.0012 g.2012
Mole we. 35.7006 29.3248 27.9092 £2.9149 27.3397 $2.9143 27.3397 27.33%7
Soec. Heat Btu/lbmole-f 13.98464 12.0728 10.0967 25.5733 9.5091 25.5782 9.5091 9.509
Therm Conad B8tu/hr-ft-f see e vee “ee 0.0520 cee 0.0520 0.0522
Viscosity Ca e=s cee cee cee 0.3478 ..o 0.0478 0.0473
Z Facstor oo “e- .- 0.0009 1.0004 0.0009 1.0004 1.000s
Sur Tension Oyne/cm “e- see ve- cee eee 0.0000 LR .o
Std Density Lb/ft3 “ee ce- see 54.2695 s $6.2495 cee ...
IND_CZAL Lb/hre 0.0000 9.0000 d.0000 0.0009 0.0000 0.0000 0.0000 3.3000
Nitrsgen Lb/hr 47529.1748 47529.1796  47529.1799 0.0000 47529.1772 0.0000 22203.9150 45325.2599
Cxygen Lb/he 0.0146 0.0146 0.0146 0.0000 0.0144 0.0000 0.0048 . 0.00%38
c3 Lb/hr 288.0033 875.8287 875.8287 §.0000 875.8287 0.0000 287.9787 587.3529
o] Lb/hr 17976.0586 20827.2856  20827.2854 0.0000 20827.285¢ 0.00Q0 6848.1106 13979.1741
Methane Lb/hr 288.0776 876.0538 876.0537 0.0000 876.0534 0.00C0 288.0506 528.0030
Ethane Lb/hr 8.9392 27.1835 27.1835 0.0000 27.1835 0.0000 8.9381 18,265+
Eshylene Lbshre 2.1781 6.6234 6.6234 0.0000 6.6234 0.0000 2.1778 IANAAT)
Propane 18-74, 1 101.4294 308.4391 J08.4391 0.0000 308.4391 0.0000 101.4163 207.0229
Prapene La/he 2.4408 7.4831 7.4831 0.0000 7.4831 0.0000 2.6405 §.0225%
42S ta/hre 128.5782 391.3122 i91.3122 0.0000 391.3122 0.0000 128.4453 2582.5433
%20 Lb/hr 12285.4132 12814.5374 12814.5379 0.0000 12814.5381 0.0000 4213.4811 8601.9565
CARB_CHAR  Li/hr 31691.1930 0.0000 0.0000 0.9000 0.0000 0.0000Q 0.0000 9.2000
ASH Lb/hr 4972.0004 4972.3008 993.9899 3978.0111 0.3000 $93.9899 0.9000 0.0002
Hydrogen La/shr 86.9756 251,7589 2461.7389 0.0000 251.7589 0.0000 36.0676 175.4913
CALC_CHAR  Lb/hr 0.0000 245400.0343 5277.3284  21122.2054 0.9000 5277.8284 0.0000 0.0000
NBP (1] _334 Lb/hr 0.0020 0.0020 0.0020 0.0000 0.0020 0.0000 0.0007 0.0014
NBP(11_36%9 Lb/hr 0.0021 0.0021 0.0021 0.0000 0.0021 0.0000 0.0007 0.0014
NBP (1] _403 Lb/hr 0.0020 0.0020 0.0020 0.0000 0.0020 0.0000 0.0007 0.0013
NBP([11 437 Lb/hr 0.0014 0.0014 0.0014 0.0000 0.0014 0.0000 0.000S 0.00C?
NBP (1] _&71 Lb/hr 0.0006 0.0006 0.0006 0.0000 0.0006 0.000C 0.0002 0.000%
NBP(1]1_506 Lb/hr 0.0003 0.0003 0.0003 0.0000 0.0003 0.0000 0.0001 0.0002
NBP(11_542 Lb/hr 0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0000 0.0001
N8P (11_S74 Lb/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NBP(1]1_%05 Lbshr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NBP (11 _648 Lb/hr 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N8P (2] 225 Lb/hr 2.6129 7.9661 7.9661 0.0000 7.9641 0.0000 2.6127 §.333«
48P (2] _301 Lb/hre 1.9387 5.89%6 5.89%6 0.0000 5.3956 0.0000 1.9385 3.957Y
NBP (21 _363 Lb/hr 4.5453 13.3225 13.822% 0.0000 13.3225 0.0000 4.5049 9.2777
NBP (21 _427 L\b/hr 4.7452 14,4304 14,4306 0.0000 146.4304 0.0000 4,768 9.435%
N8P (21 %% Lb/hr 3.58052 10.9635 10.9635 0.0000 10.9635 6.0000 3.5048 7.3586
NBP (2] _359 Lb/hr 2.4350 7.3745 7.3765 0.0000 7.3745 0.0000 2.4248 4.9497
NBP (21 530 Lb/hr 1.5722 4.7812 4.7812 0.0000 66,7812 0.000¢ 1.5721 3.2091
NBP (21 _69? Lbo/hr 1.3719 4.1721 41721 0.0000 4.1721 0.0000 1.3718 2.8003
NBP (2] _747 Lb/hr 1.2326 3.7684 3.7434 0.0000 3.748¢4 0.0000 1.2325 2.5189
N8P (2] _901 Lbshr 4.7106 14.3252 14.3252 0.0000 16.3252 0.0000 4.7102 9.6150
s02 Lb/hre 1274.5311 1274.5312 1276.5312 0.0000 12746.5312 0.0000 419.0719 855.45%3
Total: Lb/hr 136663.1971  136659.7351 111559.5374  25100.2106 105287.7088 4271.8243 34619.1008" 70468.5080

A-20



Hyprotech’s Process Simulacor NYSIM - Licensed to 3echcel Inc

Date 92/04/01 Version 336|C1.51

Time 14:33:37 Prop Pkxg PR

Stresm (3] &7
Description
Vapour frac. 1.0000 1.0000
Temoerature f 375.0000" 502.6848
Pressure Psia 23.1960 35.46%60
Molar Flow Lbmole/hre 1266.2568 1266.2568
Mass Flow  Lb/hr 34619.1008  34419.1008
Ligvol Flow Barrel/day 2967 .8625 2967.8426
gnthaloy 3dtu/he 7.793918«06 9,06803E+06
Densicy Lbmole/fe3 0.0025 0.0035
Mole wt. 27.33%7 27.3397
Soec. Heat Btu/lbmole-F 7.8201 7.9819
Therm Conad Btu/hre-ft-F 0.0218 0.0248
Viscosity GCp 0.0224 0.024°
2 Feactor 0.9993 0.9997
Sur Tension Oyne/cm .- see

Std Density Lb/ft3 .- AL
IND_CCAL Lb/hr 0.0000 0.0000
Nitrogen Lo/hr 22203.9150  22203.91%0
Cxygen Lb/hr 0.0043 0.0048
(oo} Lb/hr 287.9767 287.9767
o2 Lb/hre 46848.1106 6848.1106
Methane Lb/he 288.0506 288.0506
Ethane Lb/hr 8.9381 8.9381
Ethylene Lb/he 2.1778 2.1778
Propane Lb/hre 101.4143 101.4163
pProoene Lo/he 2.4605 2.5605
H2S Lb/he 128.4453 128.5453
120 Lb/hr T 4213.4311 4213.6811
CARB_CHAR  Lb/hr 0.0000 0.0000
ASH Lb/hr 0.0000 0.0000
Hydrogen Lo/hr 86,0676 86.0678
CALC_CHAR  Lb/hr 0.0000 0.0000
NBP (1] _334 Lb/hr 0.00607 0.0007
NBP (11 _369 Lb/hr 0.0007 0.0007
NBP (1] _403 Lb/hr 0.0007 0.0007
NBP (11 437 Lb/hr 0.0005 0.0005
NBP(1]1_471 Lb/hr 0.0002 0.0002
NBP(1]1_506 Lb/hr 0.0001 0.0001
NBP(1]1_S542 Lb/hr 0.0000 0.0000
NBP(11_574 Lb/hr 0.0000 0.0000
N8P (11_3525 Lb/he 0.0000 0.0000
NBP (1] _643 Lb/hr 0.0000 0.0000
NBP[2]1_225 Lb/he 2.5127 2.8127
NBP (21301 Lb/hr 1.9385 1.9385
N8P (21363 Lb/hr 4,564 4.5649
NBP (2] _427 Lb/hr 4, 7643 6, 7648
NBP (2] 494 Lb/hr 3.5063 3.5043
NBP (21 559 Lb/hr 2.45263 2.4268
NBP 2] 430 (b/hr 1.5721 1.5721
NBP (2] _597 Lb/hr 1.3718 1.3718
NBP (2] _767 Lb/hr 1.2325 1.2325
N8P (21_901 Lb/hr 6.7102 4.7102
s02 Lb/hr 419.0719 419.,0719

Total: Lb/hr 34619.1008 34619.1008

Case Name N2 _090.S5IM

48

1.0000
1150.0000*
33.4060
1266.2568
34619.1008
2967.84626
1.59556€-07
3.001%
27.3397
8.8231
0.43%6
0.0361
1.0005

0.0000
22203.9150
0.0048
287.9747
6843.1106
288.0506
8.9381
2.1778
10,6183
2.45605
128.3453
4213.4311
0.9000
9.8000
84,0476
0.0000
0.0007
0.0007
0.0007
0.000S
0.0002
0.0001
0.0009
0.0000
0.0000
0.0000
2.5127
1.938S
$.5449

L. 203
3.5043
2.6248
1.571
1.3718
1.3
4.7102
%19.0719
34419, 1008

A-21

49

1.0000
1150.0000
13.6960
1074.6673
29381.1003
2518.7968

1.35415E-07

0.0019
27.3397
8.821
0.0396
0.0361
1.0005

0.0000
18844 .3790
0.0041
264.4047
5811.9657
26k . 5675
7.5857
1.8433
85.0716
2.0882
109.1973
3575.9656
¢.2000
0.0000
73.0652
0.0000
0.0006
0.0006
0.0006
0.0004
0.0002
0.0001
0.0000
0.0000
¢.0a00
0.0000
2.2174
1.6452
3.8573
6.0269
3.05%9¢4
2.0579
1.3342
1.1642
1.0460
3.997%
355.56648
29381.1003

sa 51
1.0000 0.0000
2329.1307 200.0000"
33.4960" 14.6960
3598.5539" 584.83837
100000.001S  25100.2104
8335.459¢ 1907 .4647
8.500728+07 4.49427TE~06
0.0011 1.3107
27.7889 £2.914%
9.5787 14.0291
0.0538 cee
0.0582 aee
1.0004& 0.0014
.- 56.2495
0.0000* 0.0000
47529.1735" 0.0000
0.01446" 0.0000
288.0033* 0.0000
17976.0581~ 0.0000
288.0776" 0.0000
8.9392" 0.0000
2.1781* 0.0000
101.4294" 0.0000
2.4608* 0.0000
128.4782* 0.0000
12285.5132" 0.0000
0.8000" 0.0000
0.0000* 3973.0111
36.0756" 0.0000
0.0000" 21122.2054
0.0020" 0.0000
0.0021~ 0.0000
0.0020~ 0.0000
0.0014" 0.0000
0.0006" 0.0000
0.0003* 0.0000
0.0001~ 6.0000
0.0000" 0.0000
0.0000" 0.0000
0.00Q0" 0.0000
2.5129* 0.0000
1.9387~ 0.0000
6.5453* 0.0000
L. 7452 0.0000
3.5052" 0.0000
2.4250" 0.0000
1.572" 0.0000
1.3719" 8.0000
1.2326" 0.0000
4.7106* 0.0000
1276.5311* 0.0000

100000.0015  25100.2106

52
0.0000

200.0000"

16.5960
148.1457
8271.8243
$76.5209
1.12299€-06
1.3107
2.9148
16.0291

9.0014
0.0000
$6.2495
3.0000
0.0000
g.0c00
0.0000
9.Q000
g.0000
0.0c00
¢.0000
0.0c00
3.0000
9.0000
3.0000
3.0000
993.9899
3.0000
5277.3284
J.0000
¢.0000
a.0000
3.0000
3.0000
0.0000
9.0000
0.0000
a.000a
0.0000
0.0000
0.0000
3.0000
3.0000
0.0000
0.0000
0.0000
0.0000
0.0000
8.0000
0.0000
6271.3243

53

.20¢c0
200.90c0
14,5040
132.37°8
5614.348°
430.5004
99LLTT. 1582
1.3132
62.54124
13.7139

0.20%%
55.5957
Q.90c0
Q.2Gco
- 0.00C0
Q.000c0
g.00c0
0.0000
Q.0000
0.0000
0.2000
g.900ca
0.3CC0
g.z0cc
0.3000
T&5.,4524
Q.2000
4863.3738
§.3009
0.3000
0.0008
Q.0000
Q.9000
@.00co
0.00049
0.0000
0.0cag
0.39000
0.0000
0.30C0
0.3000
0.90¢a
Q.3000
0.3000
0.0009
0.3000
0.0000
0.2000
0.0000
5614.3631%



Nyprotech's Process Simulacor HYSIM - Licensed to 3echtel Inc
Case Name 42 090.SIM

Date  92/04/01 Version 386|C1.51
Time 14:33:37 Prop Pkg PR
Stream 54
Description
Vagour frac. 8.0000
Tesperature F 200.0000
Pressure Psia 14.4960
Molar Flow Lomoleshr 13.7738
Mess flow Lb/hr 457.4501
Ligvol Flow Barrel/day 45.7200
Enchalpy stu/hr 128513.2220
Density Lomole/ftd 1.2878
Male Vt. 47.7320
Spec. Heat 3tu/lbmole-F 17.0579
Therm Cond 3tu/hr-ft-F cee
Viscosity Cp c--
2 Factor 0.0016
Sur Tension Dyne/cm AL
Std Oensity Lb/tt3 41,4488
IND_CCAL Lb/hre 0.gcaoa
Nitrogen Lb/hr 0.0000
Oxygen Lb/hr 0.0000
[we] Lh/hr 0.0000
€22 Lb/hre 0.0000
Methane Lb/hre 0.0000
Ethane Lb/hr 0.0000
Ethylene Lb/hre 0.0000
Progane Lb/hre 0.0000
Propene Lo/hr 0.0000
H2sS Lo/hr 0.0000
H20 Lb/hr 0.0000
CARB_CHAR  Lb/hr 0.2000
ASH R-V4, 1) 268.4975
Hyarogen Lb/hre 0.2000
CALC_CHAR  Lb/hr 408.9527
NBP(1]_334 Lb/hr 0.0000
NBP(1]1_349 Lb/hr 0.0000
NBP{11_403 Llb/he 0.0000
NBPR(1]_337 Lb/hr 0.0000
NBP([1]_471 Lb/hr 0.0000
NBP(11_506 Lbshr 0.0000
NBP(1]_542 Lb/hr 0.0000
NBP(1)_574 Lb/hr 0.0000
N8P (1] _405 Lb/hr 0.0000
NBP (1] _643 Lb/hr 0.0000
NBP(21_225 Lb/hr 0.0000
NBP (2] 501 Lb/hr 0.0000
NBP (21 363 Lb/hr 0.3000
NBP (2] 427 Lb/hr 0.0000
NBP (2] %94 Lbshr 0.3000
NBP(21_559 Lb/hr 0.0000
NBP (2] 430 Lbshr 0.0000
NBP (21 _497 Lb/hr 0.0000
NBP (2] 747 Lb/hr 0.0000
NBP (2] 501 (b/hr 0.0000
sc2 Lb/hr 0.0000
Total: Lb/hr 457.4501

55

0.0000
200.0000
16.6960
717.2555
30716.5798
2338.3651
5.+3875E~06
1.3112
62.822¢
13.9709

0.0016
56,1474
¢.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.9000
0.6000
0.0000
4723.5034
0.0000
25991.0814
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
@.0000
8.0000
0.0000
0.3000
0.3000
0.0000
0.0000
0.0000
0.2000
0.0000
0.0000
0.9000
30716,5798

&2 62
1.0000 1.0000
304.9375 306.7820
26.8940 21.8960
366.7909 346.7909
$263.0004°  5243.0004
336.3552 a36.3551
2.0581TE=04 2.0S41TE~04
0.0030 0.0027
26.7106 25.7106
8.4525 8.4489
0.0215 0.0215
0.0198 0.0198
0.9982 0.9984
0.0000 0.0000
5177.5696 S177.5696
0.0011 8.0011
115.2512 115.2512
1271.1028 1271.1028
136.3898 136.3898
29.0985 29.0985
7.0130 7.0130
330.5349 330.5349
8.0593 8.0593
128.3432 128.a482
1475.7997 1675.7997
0.9000 0.0000
0.0000 ¢.o0000
3.2 3.1
0.0000 9.0000
104.0378 04,0378
108.9252 108.9252
103.2053 103.2053
71.5389 71.6889
32.9361 32.9361
13.0603 13.0603
6.0925 6.0926
1.9927 1.9927
0.3968 0.3968
0.0526 0.0525
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
§.0000 0.0000
0.0000 4.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
97.7126 97.7126

9243.0004~  9243.0004

-
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&3

1.00cC0
2680.2514
21.8940
53.4375
1487.9995
123.8217
1.34343E+06
0.0007
27.8455
9.8089
0.0535
0.0607
1.0002

caa

0.0000
1004.3983
0.0002
2.5162
2464,5893
2.97T77
0.4353
0.1531
7.2164
0.1763
2.813%
190.9650
0.c000
0.0000
0.9438
0.5000
2.271%
2.3781
2.2532
1.5651
0.71%1
0.2851
0.1330
0.0435
0.0087
0.0011
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
18.9566
1487.9995

64

1.0000
2680.2514
21.8960
2911.8573
31082.2083
6747.1361
7.3647T0E-O7
0.0007
27.8455
9.3089
0.0535
0.0607
1.0002

“oa

0.2000
54730.4157
0.0118
137.1106
13434.8367
162.2585
34.5176
8.3431
393.2268
9.5878
153.2866
10405.3249
0.9000
8.0000
51.4306
0.0000
123.770S
129.5843
122.7801
85.2860
39.1831
15.5374
7.2631
2.3707
0.4720
0.0625
0.0000
0.0000
0.3000
0.9000
0.3000
0.0000
0.0000
0.0000
0.2000
0.9000
1032.9609
§1082.2083

65 bo
1.0000 1.00CC
600.3212 2236.975<
21.8960 21.864¢
£00.2285 I1312.0859
10750.9999~ 91833.2072
940.17468 7707.3122
3.50640E-08 7.468814E-3T
0.0019 g.0oce
26.8622 27.7257
9.17358 9.973!
0.0238 0.0s%:
0.0259 0.0s53
0.9999 1.0003
0.0000 g.00co
6181.9676  60912.3837
0.0013 . 0.0%3!
117.767¢4 254.873¢C
1517.6921 14954.,5289
139.3675 301.4250
29.7338 64.351%
7.1661 15.5052
337.7513 730.978:1
8.2352 17.8231%
131.5613 284 ,39472
1666.7647  12072.5912
6.0000 Q.20cc
0.0000 0.C000

& 1749 $5.505%
0.0000 0.d0ac
106.3092 230.0797
711.3033 260.3882
105.4585 228.2385
73,2561 158.5401
33.6552 72.8333
13.3454 28.8823
6.2256 13.4737
2.0363 6,5072
0.4054 0.877-
0.0537 0.11635
0.0000 0.00C0
¢.000¢ 0.9009
0.0000 0.0000
0.0000 0.000C
0.0000 0.00cs
0.0000 0.0009
0.0000 0.0000
0.0000 0.0000
0.0000 0.00co
0.0000 0.00C0
116.6691 1149.6299
10750.9999™ 91833.2072



Hyprotech’s Process Simulator HYSIM - Licensed to Jechtel Inc

Date  92/04/01 version 388(C1.51 Case Name N2_(090.SIM
Time  14:33:37 Prop Pkg PR

Stream 7c n n
Description
Vapour frac. 1.0000 1.0000 1.0000
Teroerature F 1150.0000 2394 .32 329.1326
Pressure Psia 33.5960 33.4960 33.4960
Motar Flow Lbmoleshr 191.5894 3406.9620 3598.5515
Mass Flow Lb/shr SZ37.9999" 94762.0097 100000.0101
Ligval Flow Sarrel/day 49,0457 78856.4030 4335.4490
Enthalpy gtu/he 2.414615E-06 8.15930E-Q7 8..0071E-07
Qensicy Lomale/fe3 0.0019 a.0011 0.001
Mole Wt. 27.3397 27.3142 27.78%90
Soec. Heat 3tu/lbmole-f 8.3231 9.5781 9.5787
Therm Cond S8tu/hr-ft-f 0.0396 0.0837 0.0533
Viscosity Cp 0.0341 0.05%& 0.0582
Z Factor 1.0005 1.0004& 1.0004
Sur Tension Oyne/cn .= ses cem

Std Density Lb/f<3 .- c== ce=
IND_CTAL Lo/hr 0.0000 0.0000 0.0000
Nitrogen Lo/he I359.5356  641469.7981  47529.333
Qxygen Lb/hr 0.0007 0.0138 0.014%
c3 Lb/hr $3.5719 26446062 287.9781
co2 Lb/hr 1036.1448  16939.8303  17975.97%2
Methane Lb/hr &3.5831 264 .4492 288.052¢6
Ethane Lb/hre 1.3524 7.5861 8.9384
Echylene Lb/hr 0.3295 1.8434 2.1T79
Propane Ly/hr 15.3647 86.075¢9 101.4205
Propene Lb/hr 9.373 2.0883 2.%406
Has Lo/he 19.44875 109. 1994 128.4670
H2Q Lashr 437.5155 11643.1037  12285.3194
CARS_CHAR  Lb/hr 0.0000 0.0000 0.0900
ASH Lb/hre 0.0000 9.0000 0.0000
Hydrogen Lb/he 13.0223 73.0453 36.04631
CALC_CHAR  Lb/hr 3.0000 0.0000 0.0000
NBP (1] _33&4 Lb/hr 39.0001 0.0019 0.0020
NBP(1]_36%9 Lbshe 7.0001 0.0029 0.0021
N8P (1]1_403 Lbshr 0.0001 0.0019 0.0020
NBP(1]1_437 Lb/hr 0.0001 0.0013 0.0014
NBP(11_371 Lb/hr 0.0000 0.0004 0.0006
NBP(1]1_3Q6 (Lb/hr 0.0000 0.0002 0.0003
NBP(1] 542 Lb/hr 0.0000 0.0001 0.0001
NBP(1]1 574 Lb/hr 0.0000 0.0000 0.0000
NBP[11_505 Lb/hr 0.0000 0.0000 0.0000
NBP(1]1_643 Lb/hr 0.0000 0.0000 0.0000
NBP (2] _225 Lb/hr 0.3953 2.2174 2.6127
N8P (21301 Lb/hr 8.2933 1.8452 1.9385
NBP (21 363 Ls/he 0.4877 3.3573 4,549
NBP (21 _%27 Lb/hr 9.7179 4.0269 4.7448
NBP (2] _454 Lb/he 0.5454 3.05%6 3.5048
NBP (21 _55%9 Lb/hr 0.3669 2.0579 2.4263
NBP (2] 430 Lbshr 0.2379 1.33462 1.5721
NBF (21 _597 Lb/hr 0.2076 1.1642 1.3718
NBP(2) 767 Lb/hr 0.1865 1.0460 1.2325
NBP(2]_501 Lb/hr 9.7127 3.9975 4.7102
sQ2 Lh/he 43.4072 1211.1270 1274 .5341

Total: Ld/hr §237.9999" 04742.0097 100000.0101%

A-23

73 7%

1.0000 1.0000
306.9376 306.9376
26.3960 26.8960
766.9233 $20.1325
204846.9990" 11221.9985
1849.5882 1013.2330
4.56T20E+06 2.49103E+04
0.0030 8.0030
26.7106 26.7106
8.4525 8.48525
0.0215 0.0215
0.0198 0.0198
0.9982 0.9982
0.0000 8.0000
11450.1250 6272.5554
0.0025 0.0014
256.3764 139.6252
2811.0267 1539.9238
301.6261 165.2344
64.3510 35.2525
15.5091 8.4961
730.9735 400.438%
17.8229 9.7637
284 . 36460 156.0978
3263.7110 1737.9113
0.0g000 0.2000
0.9000 0.0000
95.5050 52.3739
0.0000 0.0000
230.0782 125.0604
2460.8866 131.9614
228.372 125.0318
158.5391 86.3502
72.8378 39.9017
28.8826 15.8223
13.4737 7.3811
4.4069 2.4142
0.877% 0.4807
0.1163 0.0637
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 8.0000
0.0000 0.3000
0.0000 0.0c00
0.0000 6.0000
6.0000 0.0000
0.0000 0.0000
0.0000 0.0000
216.0897 118.3773
20484.9990" 11221.9985

764

1.0000
304.7820
21.8940
420.1325
11221.9585
1013.2330
2.491038-06
0.0027
26.71C4
8.5439
0.021S
0.0158
0.998%

0.0000
6272.5554
0.0014
139.6252
15§39.9238
165.234%
35.2525
8.4961
400.4386
9.7837
156.0973
1787.9113
0.0000
0.0000
52.373%
0.0000
126.0404
131.9614
125.0318
84.8502
39.9017
15.8223
7.3811
2.6142
0.4807
0.0837
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
118.3773
11221.9985

75

1.0000
2680.2514
21.8960
2965.2952
83570.2100
4870.9579
7.48254E+07
g.9007
27.8455
9.8089
0.0535
0.0607
1.0002

0.0000
55734.8182
0.0120
139.6268
13683.4270
165.2363
35.252¢9
8.4962
400.4832
9.7638
156.0996
10596.7927
0.0000
0.0000
§2.3745
0.0000
126.0419
131.9629
125.0333
86.8512
39.9021
15.8225
7.3812
2.61462
0.4307
0.0637
0.0000
0.0000
0.4000
0.0000
0.0000
8.0000
0.0000
0.0000
0.0000
0.0000
1051.9176
82570.2100

177

2.000¢c
g.300cC"
0.20ccC
0.000s"
0.Q00C"
6.30cc~
6.27992E-4
0.%0G0
0.20ce
¢.00co

0.000C~

Q.o0cc~
. 9.000C~

0.000C"

0.co00c~
.0000~
.QJ000~
.0000~
.Coco-
.Q00c~
.coac-
g.g00c~
0.300C~
0.900C~
0.3000~
0.c00c~
0.3000~
0.9000"
0.000Qc*
0.3000"
0.900C~
0.000C~
¢.0000~
0.0000"
0.3000*
0.900c~
0.0qoc*
0.00c0~
0.300C~
0.2000°
0.9c00~
0.0000~
8.0000"
Q.J00C~
0.0c00~
0.c00c~
0.2000"
0.300C~

[=N>NoNoNeoNwe)



Hyprotech’s Process Simulator HYSIM - Licensed to 3echtel iInc
Date  92/04/01 Version 386{C1.5! Case Name 42 _990.SIM
Time  14:33:37 Prop Pkg PR

Stream 178 179 181 182 183 186 185 184
Description
Vapour frac. 2.0000" 2.0000" 2.0000* 2.0000" 2.0000" 2.0000" 2.0000~" 2.000¢C~
Temperature 0.0000" g.0cao~ 0.0000* 0.0000* 0.0000" Q.0000" 0.0000" 0.9000"
Pressure Psia 0.g0000" 0.0000* a.000c* 0.0000" 0.0000" 0.0000~ 0.0000* 0.0000"
Molar Flow Lbmole/hr 0.0000* 0.0000* 0.0000" 0.0000" 0.0000~ 0.0c00" 0.0000* 0.0000"
Mass Flow Lb/hre 0.0000" 0.Q000~ 0.0000" 0.0000" g.0000~ 0.0000" 0.0000* g.doce~
Liqvol Flow Barrel/cay 0.0000* 0.0000" 0.0000" 0.0000" 0.0000" 0.0000* 0.0000* 3.300C"
Enthalpy 8tu/he 2.14810E-06 1.24518E+06 0.0000% &.43064E+06 1.35322807 5.38764E+06 1.27412E~04 1.5724SE~Q7
Density Lbmole/ft3 0.0000 0.0000 0.0000 0.0000 0.0000 3.0000 0.0000 0.2000
Mole Wt. 0.0000 0.4a000 0.0000 0.0000 g.0oco 0.0000 0.0000 9.3000
Spec., Heat 3tu/lbmole-F 0.0000 0.0000 0.0000 0.0000 0.0000 Q.0000 0.9000 0.3000
Therm Cangd Stu/hr-fe-F s c-- e se. ce- cee cas cee
Viscasity Cp o= .-- e cee cee .. .- ---
Z Factor .- ... ) ce- e see LR .- cee
Sur Tension Oyre/cm .o so- e=- ee= me- ae= ... cwe
Std Oensity Lb/ft3 .- .-- .- se= “e- ... .- ce-
IND_C2AL Lo/hr 0.0000" 0.0000" Q.0aog~ 0.0000" 0.0000* 0.0000" 0.0000" g.900¢Cc~
Nitrogen Lb/he 0.0000" 0.0000% 0.000C" 0.0000* 0.0000* 0.0000" 0.0000~ Q.2000~
Oxygen Lo/he 0.0000~ 0.0000* 0.0000" 0.0000" 0.0000" 0.0000" 0.0000" - 9.900C~
co Lb/he 0.0000* 0.0000" 0.0000" 0.0000* 0.0000" 0.0000" 0.0000" 0.2000~
co2 Lo/hre 0.0000* 0.0000" 0.00c00" 0.0000* 0.0000* 0.Q000~" 0.0000" 0.2000~
Methane Lb/hr 0.0000~" 0.0000" 0.0000~ 0.0000* 0.0000~ 0.0000~ 0.0000" 0.92000"
Ethane Lb/hre 0.0000* 0.0000" 0.0000" 0.0000" 0.0000" 0.9000~ 0.0000~ 0.0000"
Ethylene Lb/hr 0.0000" 0.0000* 0.0000" 0.0000* 0.0000" 0.0000" 0.0000* Q.9%000~
Propane Lb/hr 0.8c00~ 0.0000* 0.00ac~ 0.0000* 0.0000" 0.0000" 0.0000" 0.2000~
Prooene Lb/hr 0.0000~ 0.0000~ 0.000C~ 0.0000* 0.0000~" 0.0000~ 0.0000* 3.2000*
Has Lb/hre 0.0000" 0.0000* Q.5000" G.0000~ 0.0000" 0.0000~ 0.0000" 3.2000"
H20 Lh/he 0.9000~" 0.0000~ 0.00c0" 0.3000" G.g0000" 0.0000" 0.0000* g.200C~
CARB_CHAR  Lb/hr 0.0000* 0.0000" 0.2000" 0.0000* 0.0000* 0.0000~ g.0a00" 3.2000~
ASH Lo/hr 0.0000* 0.000c~" a.2000" 0.0000~ 0.0000" 0.0000~" 0.3000* Q.3000~
Hydrogen Lb/he 0.0000" 0.0000* 0.0000" 0.2000" 0.0000" 0.0000~ 0.3000" Q.2%000"
CALC_CHAR  Lb/hr 0.0000" 0.0000" 0.00c0" 0.0000" 0.6000" 0.0000~" 0.0000* a.3000"
NBP (1] _334 L(b/hr 0.0000~ 0.0000" 0.0000* 0.0000* 0.0000" 0.0000" 0.0000* 0.2000*
NBP(1]_369 Lbshr 0.5000" ¢.0000* 0.0000" 0.0000" 0.0000" 0.0000" 0.0000~ 0.9000"
NBP(1]1_403 Lb/hr 0.0000* 0.0000* 0.0000" 0.0000" 0.0000" 0.0000~ 0.0000* 0.2000*
NBP (1] _437 Lb/hr 0.0000* 0.0000" 0.0000" 0.0000* 0.0000* 0.0000* 0.0000" 0.2000"
NBP(1] 471 Lb/hr 0.0000* 0.0000* 0.0000" 0.0000* 0.0000" 0.0000~" 0.0000* 0.200C"
NBP(1]1_506 Lb/hr 0.0000" 0.0000~" 0.0000" 0.0000* 0.0000" 0.0000* 0.0000" 3.Jca0~
NBP (11 _S42 Lb/hr 0.0000* 0.0000*" 0.0000" 0.0000* 0.0000* 0.0000~ 0.000Q* g.g000~
NBP(1]1_57&4 Lb/hr Q.0000" 0.0000" 0.0000" 0.0000~ 0.0000~ 0.0000~ 0.0000" 0.2000"
NBP(1]_%05 Lb/hr 0.0000" 0.0000" 0.0000" 0.0000* 0.0000" 0.000GC~ 0.0000* 8.0000"
NBP (1] _448 Lb/hr 0.0000 0.0000~ 0.0000" 0.0000" 0.0000* 0.0000" 0.0000* 0.2000"
NBP (2] 225 Lb/hr 0.0000" 0.0000* 0.0000° 6.0coc~ 0.0000" 0.0000* 0.0Q00* 0.3000"
NBP (2] 301 Lb/he 0.0000~ 0.0000" 0.0000" 0.0000" 0.9000" 0.0000* 0.0000* g.3J000"
NBP (2] 363 Lb/hr 0.0000" 0.0000~ 0.0000" 0.0000" 0.0000~ 0.0000" g.0000* 0.3000"
N8P (2] 427 Lb/hr 0.0000" 0.0000~ 0.0000* 0.0000~ 0.0000* 0.0000~ 0.2000* 0.3000"
NBP (2] 494 Ls/hr 0.0000~" 0.0000* 0.0000" 9.0000" 0.0000" 0.0000~ 0.0000" 0.2%000"
NBP (2] 559 Lbshr 0.0000* 0.0000~ 0.0000" 0.0000~ 0.0000" 0.0000* 0.0000* 0.0000"
NBP[2] 430 Lb/hr 0.0000* 0.0000* 0.0000* 0.0000~ 0.0000" 0.0Q00* 0.0000* 0.0000"
NBP (2] 497 Lb/hr 0.0000~" 0.0000* 0.0000* 0.0000~ 0.0000" 0.0000* 0.0000" 0.0000"
NBP (2] _767 Lbshr Q.0000* 0.000C" 0.0000" 0.0000" 0.0000* 0.0000" 0.0000* g.3000"
NBP (2] _%01 Lb/hr 0.0000" 0.0c00* 0.0000" 0.0000" 0.0000" 0.0000" 0.0000* g.2Ja00C*
sa2 Lb/he 0.0000* 0.0000" 0.0000" 0.0000" 0.0000" 0.0000* 0.0000" 0.2000"

Total: Lbd/hr 0.0000" 0.0000* 0.0000" 0.0000~ 0.0000" 0.0000* 0.0000* 0.9000"

A-24



Hyprotecn’s Process Simulator HYS{M - Licensed to Bechtel Inc
Case Name N2 _090.SiM

Date 92/04/01
Time 14:33:37

Stream
Qescription
Vapour frac.
Tearcerature
Pressure
Molar Flow
Mass Flow
Ligvol 7low
Enthalpy
Oensity
Mole Wt.
Socec. Heat
Therm Cond
Viscosicty
Z Faczor
Sur Tension
Std Qensizty
INO_COAL
Nitrogen
Cxygen
(o]

o2
Methane
gthane
Ethylene
Propane
Propene

H2s
420
CARB_CHAR
ASH
Hyarogen
CALC_CHAR
NBP(11_334
N8P (11 _349
NBP (1] _403
NBP (1] _237
NBP (1] _571
NBP(1]_506
NBP(1]_542
NBP(11_57
NBP (11 _40S
NBP (1] _5&3
NBP (2] _22S
N8P (21 301
NBP (2] 343
NBP (2] 427
NBP (2] 494
NBP (2] 339

NBP (2] 330
NBP (2] _&97
NBP (2] _767
NBP (2] 901
s02

Total:

Prop Pkg PR
187
2.0000"
F 0.0000*
Psia a.g0000"
Lbmole/hr 0.0000"
Lb/hre 0.0000"
Jarrel/day 0.0000"
gtu/hre 0.0c00"
Lomole/¢el 0.0000
0.0000
tu/lbmole-F Q.000a
geu/hpe-fe-F eme
Ca s=-
Oyne/cm co=
Lbrte3 sa-
Lb/hre 0.0000"
Lb/hr 0.0000"
Lb/hre 0.goog*
Lb/hr 0.0000"
Lb/hr 0.0000"
Lb/he 0.0000*
Lb/hre 0.0000"*
Lb/hr 0.0000*
Lb/hre 0.0000"
Lb/hr 0.0000*
Lbh/hre 0.0000"
Loshr 0.0000*
Lh/hre Q.0000"
Lo/hr 0.2000"
Lb/hr Q4.0000*
Ls/he Q.3000~
[R-74, 14 0.0000*
Ls/hre 0.0900*
Lb/hr 0.0c00"
Lo/hr 0.0000"
8-74: [ 0.4g00*
Lb/hr 0.0000~
Lbshr 0.0000"
Ls/hr 0.0000*
Lb/hr 0.00G0*
Lb/hr 0.0000"
Lb/hr 0.0000%
Lbh/he 0.0000"
Lo/hre 0.0000"
La/hr 3.9000"
Lb/he 0.9000"
Lo/hre 0.3000"
Lo/hre 0.9000"
La/he 0.0000*
Lb/hre 0.0000*
Lb/hr a.3000"
Lo/hr 0.0000*
Lo/he 0.2000"

Version 3846|C1.51

188 189
2.0000* 2.0000"
0.0000" 0.0000"
8.0000* 0.0000"
Q.0000* 0.0000~
0.0000* 0.0000"
0.0000* 0.0000~
0.0000" 5.99099€~06"
¢.0000 0.3000
0.0000 0.0000
0.0000 0.0000
0.0000* 0.0000"
0.0000" 0.0000"
0.0000* 0.0000"
0.0000* 0.0000"
0.0000* 0.0000"
0.0000* 0.0000*
0.0000" 0.0000*
0.0000* 0.0000~
0.0000* 0.Q000~
0.0000" 0.0000*
0.0000" 0.Q000"
0.0000* 0.3000"
8.0000" 0.0000"
0.0000" 0.9000~
3.0000" 0.9000"
0.0000" 0.0000"
0.0000~ 0.0000*
0.0000~ 8.0000"
0.0000* 0.9000"
0.0000* 0.0000"
0.0000* 0.0000"
0.0000* 0.0000*
0.0000* 0.0000"
0.0000" 0.0000*
0.0000~ ¢.0000"
4.0000* 0.g0o00"
0.0000* 0.0000*
0.3000" 0.00Q00~
0.0000" 0.0000"
0.3000" 0.0000"
0.0000" 0.0000*
0.300C* 0.0000"
0..300* 0.0000"
0.0000" 0.0000"
0.o0c00* 0.3000"
0.0000" 0.0000"
0.0000* 0.0000*
0.0000* 0.0000"

A-25

190

2.0000"
0.0000*
0.0000"
0.0000*
0.0000*
0.0000"
2306.4597
0.0000
Q.0000
0.0000

0.0000"
9.0000"
0.0000~
0.0000"
0.0000°
0.0000*
G.0000"
0.0000*
0.0000*
0.2%000"
0.2000"
3.0000"
0.0000"
0.3000*
0.2000"
9.0000
0.0000*
6.0000*
0.0000"
0.0000"
0.0000"
0.0000
0.0000*
0.0000~
0.0000~
¢.0000*
@.0000"
5.3000"
8.2000"
0.0000*
0.0000*
0.3000~
0.3000*
0.9000"
¢.0000"
0.0000*
0.2000"
0.3000"

1A

2.Qo00~
0.0000°
0.0000*
0.06c0"
g.0000*
0.0000*
Q.0000~
0.0Q000

g.0ca0

¢.0aa0

com
cve
“cw-
cow

0.0000"
0.0000"
0.0000"
0.0000"
0.0000"
0.0000"
0.0000*
0.0000"
0.0000"
0.0000"
¢.0000”
0.0000"
8.0000"
¢.0000"
0.0000"
0.9000~
0.0000*
0.0000*
0.0000"
¢.0000*
0.0000*
0.0000"
0.0000~
g.0c00"
@.0000"
0.0000"
@.0000"
0.0000~
0.0000"
0.0000"
0.0000"
0.0000*
0.0000*
0.0000"
0.0000"
0.0000*
0.0000"
0.0000*

192

2.0000*
0.0000"
0.0000*
0.0000*
0.00c0"
g.000c"
1.52709€-Q7
0.0ac0
¢.cc0g
0.0000

sew
cow
sew
vew

sem

0.0000"
0.0000*
0.0000*
0.0000"
0.0000"
0.0000"
0.0000"
0.0000"
0.0000*
0.0000~
0.00Q0"
0.9000"
0.3000"
0.0000*
0.0000~
0.0000*
0.0000*
0.0000"
0.0000"
0.0000"
0.0000*
0.0000*
0.0000"
0.0000"
0.0000"
0.000Q~
@.00ag~
0.0000~
6.0000"
0.0000"
0.0000"
0.0000"
0.0000"
0.0000~
0.0000"
0.0000~
0.0000~
¢.0000~

193

2.0000°
0.0000~
6.0000*
0.0000*
0.0000~
0.000G*
g.a0qac~
¢.0000

0.9008

a.0o00

0.0000°
0.0000"
0.0000~
0.0000"
0.0000"
0.0000"
0.0000~
0.0000"
g.0000"
0.0000*"
0.0000"
0.0000"
0.0000~
0.0000*
0.0000"
0.0000~
0.0000"
0.0000*
¢.0000*
0.0000"
0.0000~
0.0000*
0.0000~
a.0c00*
0.0000*
Q.0000"
0.0000"
0.0000*
0.0000~
0.0000"
0.0000*
0.0000"
0.0000*
0.0000"
¢.0000"
0.0000"
a.00Q0"
0.00ag~

194

2.gcee-
0.00cc-
g.2qoc-
g.2coc-
9.30acc~
g.coac~
Q.3qcc
0.30C2

0.gocc

0.3c3a2

0.000C~
0.000C~
- 0.000C~
0.00CC~
0.000C"
0.c00C~
0.000C~
0.900C~
0.0000~
g.000C~
0.300¢C~
0.Q0ce~
0.c000"
0.aqcc-
0.0000"
0.2000"
0.0000~
0.90cCc~
0.000C~
0.000C~
0.000C*
0.000C~
0.900C"
@.gaaoc-
0.00C0~
g.gaac~
@.000C~
0.000C~
0.000C”
0.00cC~
0.o00qcC~
0.200¢<~
0.900C*
a.9d000"
0.000C~
g.goac~
0.30GC~
0.000C~



Hyprotech’s Process Simulator HYSIM - Licensed to dechtel Inc
Date 92/04/01% Version 386|C1.51 Caze Name 42_290.SIM
Time 14:33:37 Prop Pkg PR

Stream 195 196 197 198 199 200 500 501
Description
Vapour frac. 2.0000" 2.0000" 2.0000" 2.0000" 2.0000" 2.0000° 1.0000 1.0000
Temperature F 0.0000~ 0.0000~ 0.0000* 0.0000" 0.0000~ 0.0000" 1799.9466* 1210.1643
Pressure Psia 0.0000* 0.0000" 0.0000" 0.0000* 0.0000" 0.0000* 28.1960* 25.4960
Molar Flow Lbmole/hr 0.0000" 0,0000" 0.0000" 0.0000* 0.0000* 0.0000" 12546.2548*  125646.2543
Mass Flow Lb/hr 0.0000~ 0.0000* 0.0000" 0.0000* 0.0000* 0.0000° 34419.1008 34619.1008
Liqvol Flow Barrel/day 8.0000* 0.0000* 0.0000" 0.0000" 0.0000* 0.0000" 2947.3428 2967.3L25
Enthaloy gtushe 1.55974E+06 3.3920SE~07 10301.5701 0.0000" 0.0000% 35.79999€+06" 2.35185E+07 1.5308E~47
Density Lhmotlesfe3 0.0000 0.0000 0.0000 0.00c0 3.0000 0.0000 0.0012 0.0014
Mole We. 0.0000 0.0000 0.0000 ¢.0000 0.0000 0.0000 27.3397 27.3397
Spec. Heat 3tu/lbmole-F 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 9.5091 8.3%967
Therm Cond 3tu/he-f2-F .-- cee cna s-e <e- se- 0.0520 0.940%
Viscosizy GCp .= .o .- e see .-- 0.0473 0.93M
Z Faczor .- cee ... .e- .-- .o 1.000& 1.0004
sur Tension Dyne/cn .~ ce- .- eee ee. .o .-- ces
Std Density Lb/f23 eee .- cee o-- ee- .- ses ce-
[ND_COAL Lb/hr 0.0080" 0.0000" 0.0000" 0.0000* 0.0000" 0.0000* 0.0000* 0.0000
Kitrogen Lb/hr 0.0000* 0.0000* 0.0000* 0.0000* 0.0000" 0.0000° 22203.917%* 22203.%17%
Oxygen Lb/he 0.0000" 0.0000* 0.0000* 0.0000" 0.0000" 0.0000* 0.0043~" . 0.0048
co Lb/hr 0.0000" 0.0000" 0.0000* 0.0000° 0.0000" 0.0000" 287.9767 287.9767
co2 Lb/he g.0000~ 0.0000" 0.0000° 0.0000" 9.000C* 0.0000" 4848.1110* 48438.1110
Hethane Lb/hr 0.0000" 0.0000* 0.0000" 0.0000* 0.0000" 0.0000* 288.0504* 288.0506
Ethane Lb/hr 0.0000" 0.0000° 0.0000" 0.0000* 0.0000" 0.0000* 8.9381* 8.9381
Ethylene Lb/he 0.0000" 0.0000" 0.0000" 0.0000" 0.0000* 0.0000* 2.1778* 2.1778
Propane Lb/hre 0.0000* 0.0000* 0.0000" 0.0000" ¢.0000" 0.0000* 101.6143" 101.41463
Propene Lb/hr 6.0000" 0.0000" 0.0000* 0.0000* 0.0000" 0.0000* 2.4605~ 2.4405
H2S Lb/hr 0.0000" 0.0000~ 0.2000" 0.0000* 3.0000" 0.0000* 128.46653* 128.5853
Heo Ls/he 0.0000" 0.0000* 0.0000~ 0.0000" 9.9000" 0.0000" 4213.4815*  4213.4815
CARB_CHAR  Lb/hr 0.0000" 6.0000" 0.0000" 0.0000" J.0000" 0.0000~ 0.0000" 0.0000
ASH Lb/hr 0.0000* 0.2000" 0.c0000" 0.0000" 0.0000~ 0.0000" 0.0000~" 0.0000
Hyarogen Lb/hr 0.0000~" 0.0000" 0.J0a00~ 0.0000" 3.0000* 0.00co* 36.0676" 86.0675
CALL_CHAR  Lb/hr 0.0000" 0.0000" 0.0000* 0.0000° 9.0000" 0.00C0" 0.0000" 0.0000
NBP (1] _334& Lb/hre 0.0000" 0.0000~ 0.0000* 0.0000" ¢.0000* 0.0000~ 0.0067* 0.0007
N8P (11 _369 Lb/he 0.0000~ 0.0000" 0.0000* 0.0000" 3.0000" 0.0000" 0.0007~ 0.0007
NBP(1]1_433 Lb/he 0.0000* 0.0000~ 0.0000~ 0.0000" 0.0000" 0.0000" 0.0007* 0.0007
NBP (11 _437 Lb/hr 0.0000" 0.8000" 0.0000* 0.0000" 9.0000" 0.0000* 0.0005~* 0.0005
NBP(11_471 Lb/he 0.0000~ 0.0000~ 0.0000* 0.0000* 0.0000" 0.0000* 0.0002* 0.0002
NBP(11_506 Lb/hr 0.0000" 0.0000" g.0000* 0.0000* 8.0000* 0.0000" 0.0001* 0.0001
NBP (1] _542 Lb/hre 0.0000* 0.0000* 0.0000" 0.0000~" 0.0000~ 0.0000" 0.0000" 0.0000
NBP(1]1_S57& (b/he 0.0000" 0.0000* Q.o0o000* 0.0000" 0.0000" 0.0000" 0.0000* 0.0000
NBP[1]_%05 (b/hr 8.0000" 0.0000" 0.0000" 0.0000" 0.0000~ 0.0000" 0.0000* 0.0000
NBP(1]_643 Lb/hr 0.0000* 0.0000* 0.0000* 0.0000" 0.0000* 0.0000* 0.0000~ 0.0000
NBP (21 225 Lb/hre 0.0000~ 0.0000" 3.9000* 0.0000" 0.0000" 0.0000° 2.6127* 2.5127
NBP (2] _301 La/hr 0.0000* 0.0000" 0.2000* ¢.0000" 0.0000" 0.0000* 1.9385* 1.$385
NBP (2] 383 Lb/hr 0.0G00* 0.0000" 0.0000* 0.0000" 0.0000" 0.0000" 4.5645" &,5689
N8P (2] 227 Lb/hr 0.0000* 3.0000" 0.0000" 0.0000" 3.0090" 0.0000~ &4, 7443 4.7
NBP (2] 494 Li/hr 0.0000" 0.0000" 0.0000" 0.0000* J.0000" 0.000C* 3.5048" 3.5048
NBP (2] 559 Lb/hre 6.0000* 0.9000* 0.0000~ 0.0000" 0.0000" 0.0000" 2.%248" 2.%243
NBP (2] 430 Lb/hre 0.0000" 0.0000* 0.0000* 0.000Q* ¢.0000* 0.0000" 1.5721* 1.5721
NBP (2] 397 Lb/hr 0.0000* 0.0000" 0.3000" 0.0000* 3.0000" 0.0c00* 1.3718* 1.3778
NBP(2]1_787 Lb/hr 0.0000" 0.0000" 0.9000" 0.0000" 0.0000* 0.0000~ 1.2325* 1.2325
NBP (2] 901 Lb/hr 0.0000* 0.0000* 0.0000" 0.0000* a.0000" 0.0000~ 4.7102" 4.7102
o2 Lb/hre 0.0000* 0.0000* g.9000" 0.0000" 0.0000* 0.0000" 419.0720* 419.9720

Total: Lb/he 0.0000" 0.0000" 0.0000* 0.0000* 0.0000" 0.0000" 34419.1008 34619.1008
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Hyprotech’s Process Simulator HYSIM - Licensed to 3ecnctel Ine
Case Name N2 _290.SIM

Date 92/04/01

Time  14:33

Stream
Description
Vapour frac.
Temoerature
Pressure
Malar Flow
Mass Flow
Liqvel Flow
Enthaloy
Oensity
Mole Wt.
Spec. Heat
Therm Cand
Viscosity
Z Faczor
Sur Tension
Std Oensity
ING_CTAL
Nitrogen
Oxygen
c

cn2
Methane
Ethane
Ethylene
Propane
Propene
H2S

H20
CARB_CHAR
ASH
Hyarogen
CALC_CHAR
NBP (11 _334
NBP (11 _349
N8P (1] _403
NBP (1] _437
NBP (1] _&71
NBP(11_506
NBP (1] _542
NBP(11_574
NBP (11 _40S
NBP (11 _543
NBP (2] _225
N8P 2] 301
NBP (2] 363
NBP (2] 27
NBP (2] 496
NBP (2] 339
NBP (21 _530
NBP (2] _397
N8P (2] _767
NBP (2] 301
SC2

Total:

Version 386(C1.51

237 Prop Pkg PR

[
Psia
Lbmoleshr
Lb/he
Sarrel/day
BTu/he
Lomole/ftl

Stu/lbmole-#
dtu/hr-fe-F
Cp

Dyne/cm
Lh/fe3
[R-74, 1
Lb/he
Lb/he
Lb/hre
Lb/hr
Lb/hr
Lb/hr
Lb/hre
Le/he
Lb/he
Lo/he
Lo/he
La/he
[N-Y4. 1
La/he
Lo/hr
Lb/hre
Lb/hre
to/he
Lb/hr
Lb/he
Lb/hr
Lo/hr
Lb/he
Lb/hr
La/hre
Lb/he
LS/he
Ly/hr
Lo/hr
Ly/he
Lb/hr
Lb/he
R-Y4, 14
Lb/he
Lb/hr
Lb/he
Lo/hr

550

2.0000"
a.coqo"
@.0000*
0.0000"
0.0000*
0.0000*

6.387648-06

g.0c00
0.0000
0.0000

0.0000*
0.c000~
0.000C*
0.0000*
0.0000*
0.0000~
0.0000*
0.9000"
0.0000~
0.0000*
0.0000*
0.9000~
0.cooo~
0.0000~
0.%000~
0.0000*
0.0000~
0.000C*
0.0000*
g.0000"
0.0000*
0.0000"
0.0000"
0.0000"
0.0000"
0.00Qog~
0.0000*
0.0000~
0.9000"
g.0000"
0.J000*
0.0000"
0.0000*
0.0000"
0.3000*
0.0000"
0.0000~
0.0000"

caLc_oIL

0.0000
60.0000"
14.6960°

0.3263
$9.0000"

4.9072

-3949.7752
0.2825
181.9169
81.7146

0.0734

4.3557

0.0093
27.3939
§1.3941

0.0000"

0.0000"

0.0000"

0.9000"

0.0000~

0.0000"

0.0000"

0.0000~

0.0000*

0.0000"

0.0000"

0.0000"

0.3000*

0.0000*

0.0000*

0.0000*

3.0000*

0.0000*

0.0030"

0.0000*

0.0000*

0.0000~

0.0000*

0.Q000"

0.0000*

0.0000"

5.3581*

4.9363"°

9.2669"

9.7097

7.3558°

L9572

3.2970"

2.8175*

2.5369"

9.66L6"

0.0000"
59.0000"

CARB_OIL

0.0000
60.0000~
14,5960~
55.3037

$500.0003"
200.3325
-5646103.4285
0.2954
171.7786
76,8664

0.0733

2.2559

0.0089
28.0277
50.7400

0.0000*

0.0000*

0.0000*

0.0000*

0.%000*

0.0000~

0.0000~

0.0000*

¢.0000*

0.0000"

0.9000*

0.0000*

9.0000*

0.3000*

0.0000~

0.3c000"
1043.5613"
1245.9707~
1470.5357
1649.0710"
1112.6945"
904.3082"
$91.7859~
749.0958*
358.2151~
170.5301*
0.g0c00~
¢.0c000~
0.c000~
¢.2000~
0.0cao~
0.000Q*

0.9000"

0.0000*

0.0000"

0.3000*

0.0000"

$500.0003~
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XBI XYTEL ~3ECHTEL AC. INSTRUMENT COST Dats: 01~ Apt-gz
ShestNo. 1 Of S
Client  UND/EERC Ut 1,000 T/D MILD COAL GASIFICATION
Locaton: CLAY COUNTY, IN :
Dwg. No. PFD-001 Egquipment No. |
PLI0 No. - Unit No. !
QUAN- HARDWARE LABOR TOTAL |
| TYPE INSTRUMENTS TITY | UNIT COST COST CoSsT COST
FLOW 11 Transmitter | ] | | :
2| AP Transmmer | | | '
3|_Crifice Plate & ~iange ! [ | l
4| Vanapie Area Meter (Rotameten | | i ]
5| Ingicating Meter | 1 | | |
6| Signt Fiow Ingicator i | | :
71 Swaren | 5 $500 | | $2.500 ¢
8 | Thermal Fiow Swrch | | | ]
9| Thermal Fiow Sensor | 5 $400 | | | $2.000:
10| | | | | .
LEVEL 11 | AP Transmiter | | |
12! Displacer & Ficat | | |
13| Gauce Class | | ] )
14 | Magnetic Levei ingicator | | i | :
15| Switch ) 9 $800 | | | $7.200
16 | Ultrasonic Level Sensor | | | | :
17 | Ultrasonic Levei Switcn i i | ]
18 | | | !
19 i i ] | :
PRESSURE 20 Transmmef | 5 $1.200 | | ] $6.000 '
21 | Gauce i 7 $150 | i | $1.050
23| Reculater ] i i I
23| Swrten ! | ] i i
24 | | ] i i :
28 i | | | | ] ;
DIFFER=- 25 | Transmmer i 7 51,200 | i $8.400
ENTIAL 27 |_Gauge ! 7 $300 1 ! I $2.100 |
PRESSURE 28| Swrcn | 7 S500 | | | 53.500 !
291 I | | 1 |
30! - | | | | ! i
TEMPER- 31| Thermocoupie | 5 S100 | | i SS00
ATURE 32| RTD | | | | :
33 |_Temperature Transmater | 5 $500 | | | $2.500 1
34 |_Simetal rhermometer | 8 $150 | ! ] $1.200!
35 [ Requlator i | | | !
38 | Thermowetl | 13 $150 ! | ] $1.950
37 | Saiety Swrcn | | ] i i )
23| Thermostat ! | | |
39 | | | !
a0t . —_ | | | |
OTHER 41t Densny Transmmmier } | | |
42| Viscesny Transmiter I | | ! '
43| I/P or =P | ! | ! :
44 | Weicnt Scale | 6 $10.000 i | | $60.000 :
45 | Analvzer | | | i :
46 | Diapnragm Seal ] | | ]
a7 | Contrel Vaive : 3 $4.000 | | i $12.000 |
48 | Air—actuated On/Cit Vaive i 4 $4.000 | | [ $16,000 |
491 Soienoig Vaive | 30 $25Q | | ] $7.500;
50 i Saretv Sener Valve i | | [
51, Rupture Disc | | ] :
s2 | Controtler PLC | 1 $26,000 | ] | $26.000 !
53 | Weign Seit Feeder Conzrcn | 7 $4.000 1 | $28.000 |
54 | Metal Detector | 1 $1.000 | ] | $1.000
5| RPM Sensor Switen | 5 $800 | | i $4.000
s5 | Vibrauon Switch { 3| $500 | | | $1.500
— s7: TOTAL COST | | | | | $194,900 .
NOTES 58 |
591 ;
60 i
61" i
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XBi sra-seom.

INSTRUMENT COST

Date:

ShestNo. 2 ot 5

01 —-Apr-92!

i

|

Clierre UND/EERC

Unit 1,000 T/D MILD COAL GASIFICATION

Locason: CLAY COUNTY, IN

Dwyg. No. PFD-002 Equipment No. i
P&ID No. Unit No. |
! QUAN- HARDWARE LABOR TOTAL
TYPE I INSTRUMENTS Y UNIT COST COST COST COST
FLOW 1 i Transmmnter | ] 1 |
2| AP Transmitter 11 $1.200{ | | $1,200!
3| _Qrmice Plate & Flange 1 $3S0 | | $350 ;
4| Vanaoie Area Meter {Rotameter) | | ]
51 Inaicating Meter | | :
6+ Signt Flow Ingicator | | i
7. Swren i | | )
38| Thermal Flow Swrech 3 S500 | | | $1.,500 !
9 | Thermal Flow Sensor 3 $400 1 | | $1.200
10 ! | | I |
LEVEL 11, AP Transmitter 21 $1.200 i ] $2.400 .
12! Displacer & Fioat ] | ! !
13 1+ Gauge Glass
14 i Maanetic Level Ingicator | ;
1§ Switch 11 $800 | $8.800
16 | Ultrasonic Level Sensor | ] |
17 1 Ultrasonic Levei Switeh | | '
18 ¢ | | !
19 | | | .
PRESSURE 20 ' Transmiger 11 $1.2001 ] i $1,200:
21+ Gauge | 3 S150 1 | | $450
22 ._Reguiator i | I ]
231 Swren i 2 SS00 | | | $1.000
24 . | | | | i :
€ i | i ) | ;
DIFFER~ 25 Transmmer | 8 $1.200! ! i $7.200!
ENTIAL 27 . Gauce | [-] 3300 | | | $1.800!
PRESSURE 28 ' Switcn 6 $500 ¢ | ) $3.000 ¢
23 | | | |
30! | ] i !
TEMPER- 31 : Thermocoucie 3 $100 | | $500 |
ATURE 32 ’TR | | i
23 |_Temperature iransmiter S $600 | i $3.000
34 1_Simetal Thermometer 3 $150 ! f $1.200!
25 . Reguiator i | i ] ;
36 i Thermowell | 131 $150 | | $1.950 |
37 Sarety Swieh | i
28 ' Thermostat | |
9! | |
P —— 0 m—~ - I | | { i
OTHER 31+ Densny Transmitter | | | ] i !
42 - Viscosty iransmitter ] 1 | ]
43 /P ors?P | | ! | :
44 . Weignt Scaie 4 $10.000 | i ] $40.000
45 | Analvzer | | ! | !
46 LDiapnragm Seal ] | | ] :
47 Tontrol Vaive i 5 $4.0001 | [ $20.000 :
a8 ! Air—Actuates Cn/Cit Vaive | 8| $4.000 | | ! $32.000
49 -_Scienoid Vaive 104 $250 1 | | $2.300
50 i_Satety Sehet Vaive i i | !
&1 ; Supture Dise | | | ] |
52 Controiler PLC 21 $26.000 | | $52.000 !
53, Weign Seit Feeger Cantral § i $4,000 | | $24.000 !
$4 1_Dignal Connections | 1 ] i
£5 RPM Sensor Swieh | 8 | $800 | | | $4.800
55 . Vibraticn Switen | i I | '
- 57 TOTAL COST | [ i ] $212,050
NOTES -3 i
9
50
51 )
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XBi XYTEL ~3ECHTEL. iNC.

INSTRUMENT COST

Dam

01-Apr-92

ShestNo. J ot § .

Clisnt  UND/EERC

Unic_ 1,000 T/D MILD COAL GASIFICATION

Locapon: CLAY COUNTY, IN

Dwg. No. PFD-003 Equipment No. !
P&IO No. Unit Ne. i
QUAN~ HARDWARE LABOR TOTAL 1
TYPE INSTRUMENTS Y UNIT COST CosT COST COST '
FLOW 1| Transmimer | 1 $1.2001 $1.200'
2[_AP Transmitter | 7 $1.2001 $3.400 .
3| Orttice Plate & Flange | 7 $3S0 | $2.450
4| Vanaoie Area Meter (Rotameter) | | .
5| Incicating Meter | | .
6| Signt Flow Ingicator i i
7| Swreh |
8| Thermal rlow Swnch ]
9| Thermal Flow Sensor | | I .
10 | Magnretic ~low Meter | 1 $4.000 t | $4.000°
LEVEL 11| AP Transmmer | 3 $1,2001 | $3.600 :
12| Disclacer & Ficat | | :
13| Gauce Glass 1 3$1.000 ] 31.000:
14 | Magnetic Level Incicator | .
15 | Switen | 3 5800 | $2.400
16 | Ultrasonic Level Sensor | !
17 1 Ultrasaonic Level Switch ] .
18 | | !
19 1 i |
PRESSURE 201 Transmiter ! 3 $1.200! | | 3$3.5C0 -
21| Gauce | 11 $150 | } | $180
2! Regulator | | ! | |
23| Switcn | | ] ] |
24 | | | i i |
] i) | | | { |
OIFFER- 28| Transmmer 11 $1.200! | $1.200
ENTIAL 27 | Cauge | | | '
PRESSURE 28| Swnen | |
29 | | |
o | | | ] } :
TEMPER- 31 | Thermocouple | g | $100 | ! | $300 .
ATURE 32| RTO | | | -
23 | Temperature Transmter 9 S600 | $5.400
34 | Simetal Thermometer 9 3150 | $1.350
35 | _Aeguiator | |
36 | Thermowell | 18§ S$1501 i $2.700 .
37 | Satety Switen ] ] | |
28 | Thermostat | | | |
29 | ] | )
wl _ | | |
OTHER 41| Censnyv Transmuter | | ]
42 | Visccsity Transmittar | | | '
43| I/P or =P ] | | '
44 | Weignt Scale | | | .
45| Analyzer | 2 $20,000 | | $40.000 -
46 |_Ciapnragm Seal_ ! ! |
47 | Ceontrel Vaive ! 81 $4.000! | | $32.000 -
48 | Air-Actuated OnvCi Valve 21| $S4.0001 1 | $8.000 :
49 | Solenqia Vaive | | | '
50 | Satery ~Relief Vaive ] ]
51 | Ructure Disc | | | :
52 Cantroiller PLC 11 $25.000 ! $26.000 :
53| Weign Selt Feeder Control | | | | :
54 | Dianal Connections | | | |
551 APM Sensor Swnen | | | :
s6 | Vibraticn Swrch | 1 $500 | | $500
57 ! TOTAL COST | | | | ! $144 850
NOTES 58 | :
89 | |
60 |
§1
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'

XBi wra-seom INSTRUMENT COST Oasm:  01-Apr=92
ShestNo. 4 ot S i
Client  UND/EERC Unt_ 1,000 T/D MILD COAL GASIFICATION
Location: CLAY COUNTY, IN
Dwg. Na. PFD-004 Equipment Na. i
P&ID No. Unit Na.
QUAN- COST PER UNIT TOTAL |
TYPE IESTRUMENTS TITY | INSTRUMENT | HARDWARE LABOR COST i
FLOW 1| Transmitter | 1 :
2| AP Transmmter | 1 $1,2001 $1.200:
3| Crttice Plate & ~lange | 1 $350 | $350
4| Varnapte Area Meter (Rctameten) | | :
5| Ingicating Meter | |
6 | Siant Flow Ingicator |
7 Swrteh } !
8 | Thermal Flow Swnren 4 $S00 | $2.000
9 |_Thermal Flow Sensor | 2 $400 | $800.
10 | | [ .
LEVEL 11 |_AP Transmitter | 1 $1.200! $1.200.
12| Cisplacer & =icat ] | .
13| _Cauge Glass |
14 | Magnetc Levet Ingicator | !
15| Swren . | 12 $800 | $9.600.
16 | _Ultrasonic Levet Sensor | 3 $1.000 | $3.000 .
17 | Ultrasonic Level Switch | 1 $600 ! $600 !
18 | |
19 | | | i
PRESSURE 20! ‘ransminter ' 9 51.200! i | $10.300:
21 | Cauce ! 7 S$150! | $1.080!
22 | Seguiator i | | ;
23| Swnen | 3! $500 | $1.5001
24 | | |
25 | | ) i
DIFFER- 25| ‘ransmmer | 5 $1,2001 $6.000 !
ENTIAL 27 | _Cauce | 4 $300 | $1.200:
PRESSURE 28 | Switcn | i :
29| | !
30! ) | 1 | __~
TEMPER- 31 Trermocoupie } 7 $100 $700:
ATURE 32| A0 ! | '
33 |_Temperature iransmiter ' 7 $600 $4.200;
34 | Zimetai Thermometer | 4 $150 | $600 !
35| Regulator | | | -
38 |_Tnermoweil I 10 $150 | ] $1.500!
37 | _3arety Switen | i
38 | Tnermostat | | | ]
39 | i
Q! | ] |
OTHER 41| Censity Transmnter [ | |
42 | Visccsity Transmimer | i ]
43| IPorEP | ] | i
44 | Weignt Scale | 3 $10,000 | | $30,000 ¢
45 | Analvzer | | | |
4§ | Diapnragm Seal | | } } '
47 . Cantrei Vaive ! 5| S4.000: i | $24.000
48 | Air=aActuateg CrvCit Vaive | 10 $4.000! | | $40.C00 ¢
49 | Sclencia Vaive i 10 | $250 ! | | §2.5C0 !
50 | Salety Reliet Vaive | | ] | :
51 1 Supture Disc ] | | | ]
g2 | Contrcller PLC | 1 $26.000 ! $26.000 |
53 | Weign 3eit Feeger Contrci | I :
54 | Dicral Conneclons ! ) !
§51 ArFM Sensor Swnen i 4| 3800 | | $3.200'
56 | Vipraton Switen | 11 $500 | | $500 !
57 TOTAL COST | | | | ! $172.500 :
NOTES 58 i '
59 | ;
680 | )
61!
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XBi XYTEL -8 ECHTEL. INC.

INSTRUMENT COST

Date: 01-Apr—92:
SheetNa. S of § i

Client  UND/EEZRC

Unit 1,000 T/D MILD COAL GASIFICATION

i

Locaton: CLAY COUNTY, IN

Dwg. Na. PFD-005 Equipment Na. I
P&ID No. Unit Na. :
' QUAN- COST PER UNIT TOTAL
TYPE INSTRUMENTS TITY [INSTRUMENT | HARDWARE | —W—‘u cost !
~FLOW 1|_iransmmer 3 $1.200 1 i $3.600
2| AP Transmmter ] | ]
3| Critice Plate & rFlance 3 $350 | $1.050!
4| Vanaole Area Meter (Rotameter) | ]
5| Ingicaung Meter | | |
§ | Signt Fiow |ngicator | |
71 Swaen | ]
8| Thermal Flow Swren | | :
9| Thermai Flow Senscr | } | i
10! | | [ | .
LEVEL 11 AP Transmmter | | | ]
12| Disolacer & rloat i | | i
13| Gauge Glass | ] !
14 | Magnetc Level Indicator ] ]
151 Switen 9 $800 ] $7.200 .
16 | Ultrasonic Level Sensor | ]
17 | Ultrasonic Levei Switch ! !
18| | | ;
19! | ] i
PRESSURE 201 Transmmer | 2 $1.200! | i $2,400!
21| Sauce | [ $1501 | ; $600 !
22 Segulator ] ! | ] ;
23| Swnen | | | ] i
24 i i | ! |
251 _ | | | | |
DIFFER~ 26| Transmmter | 2 $1.200 ! $2.400|
ENTIAL 27| Gauge | 2 $300 | $600 |
PRESSURE 28| Switen | 2 $500 | $1.000
21 | |
30 | | | |
TEMPER- 31 |_Thefmocoupie ! 2 $100] : $200!
ATURE 32! ATD | | i ;
23 _Temoerature Transmiter | 2 $600 | i $1.200
34| 3imetai Thermometer | 2 $150 | | $300 |
35 | =equlator | | \ !
36 i Thermowell | 4 $150 | | $600 !
37 | 3Satety Swacn ! | | ) i
28 | Thermosiat i ] i | | |
391 | | i | i \
40 | _ | | | |
OTHER 41 | 2ensity Transmmer | |
42 | Viscosity Transmmter | i
43| I/P or &P i | :
44 | ‘Weignt Scaie — jrain | 2/11 $10M/S80M | i $100.000
45 | Anaivzer | | 1 |
46 | Jiapnracm Seal | | | | !
47 ¢ Zantrei Vaive i 3 $4.000! ] $12.000
48 A =Acruateg Cry/Ctf VValve | 5 34.000 ) $24.C00 -
49 |_Sclenoic vVaive i 20 $250 ) — 35,000
50 | Safety ~enef Vaive | ] :
51| =Supture DisC | i !
52| Controiler PLC 1 $26.000 | i $26.000 :
53| 'Neign Seit Feeger Control 1 $4.000 1 i $4.000i
54 | Dicral Connections i i ]
85 . =SPM Sensor Switch | 4 $800 ] $3.200
56! Vibration Swrch | I '
- §7 TOTAL COST | | ) i $1985,350 !
NOTES 58
59/
80 !
81"
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APPENDIX B

COMMERCIAL MILD GASIFICATION PLANT PROCESS-FLOW DIAGRAMS



JolflAt £=10242 =
~TL TYPC B4 24 mEEN DA X 20T
SORENS
2% 1A EA
10 e

om T ven

TR A~

ORLT: 12X MERSTURE
QSTLELT §% MOTSTURE

:
o

Sp
s

e

3

E=107
MK TVO PARALLLL TRABS OF OPERATEN (‘4” & “W° TRAL

B-1

SC - SANPLE CONGCTION




I-14a E-LNGACR

T

%W

I X 295-3 art-wry PHA XX W INCA

B

HOT AR FRON

AIC AR PRENEATER

i
B
sa

XBI XYTEL-BECHTEL, INC.
HOUSTON, TEXAS

WOFT 270 T T e

UNIVERSITY OF NORTH DAKOTA
ENERGY ENVIRONMENTAL RESEARCH CENTER

-
b

AL

inare
Ml DATR
AL AL

[ FO8 GLithT AppegvaL

PROCESS FLOW DIAGRAM
1000 T/D MILD COAL GASIFICATION FACILITY
COAL STORAGE AND PREPARATION

AVISINE | 14

OB o [mae mawrn

on 1 JUB NUMBER

DRAVING NOWEER

[REV

- EIATS XA

20700~-308

PFD~00L

Iy

“Fme



3 WA BELT FEIMR DOLIE TO N 13

DUSTY VOW LINES T € L0

CRSr VITH OPLOTEN SFPISE

5. G-30A/8 MOLUICE TO X

4 JAOS GWITY LoV LINES A8

wwwv r 9 e Wm
i I
:
w Aﬁl mmw
@ “D-O-
| S R A
_ & o b
# RN
m_
i
L
1
|

B-2




CAS TO SUCNCH TOVER

%@$ ] PS) "

ouE 3

oers o

& R

S
L om g RO LS AT CALCRR FIXD HOPPER T-0t \ REJECT GWR TO £CACT

XYTEL-BECHTEL, INC.
TN N PARALLA. XB I HOUSTON, TEXAS
oeam o, UNIVERSITY OF NORTH DAKOTA

ENERGY ENVIRONMENTAL RESEARCH CENTER

PROCESS FLOW DIAGRAM
1000 T/D MILD COAL GASIFICATION FACIUTY

— CARBONIZER

|7 oo e, S— A

sare ] e OB MMBER | DRAVING NUNEER TREV.
'SCUD SOML | PESEDGD OrskMER SRV MawCR 7 20708-308 PFO-002 VoA



y AR u ST
3 JUE D
E=LDGA/R
=
/
CARMIEIR OUR FRON
RRGE FPPER T- 304 -

* “ O\'ﬂp I=4024/2 I
-8 GO0 O
- L — S L8
(e A g
e OO o @
—— O-& O-&

B-3




—mas—

-ﬁ
10 G%
a regs
s
XB I XYTEL-BECHTEL, INC.
ARNED v PARALLD. HOIUSTON, TEXAS
e
2N OF o,
UNIVERSITY OF NORTH DAKOTA
ENERGY ENVIRONMENTAL RESEARCH CENTER
I}
PROCESS FLOV DIAGRAM b
1000 T/D MILD cngu. G?SEISICATIDI‘I FACILITY ©
ALCIN !
/1A% | FTR CLONT APPIOVAL. omensan e
parE o r o200 MUMBER_ |
fL- ¥ DD

.

DRAWING NUNBER

20709-300

[REV -
| :

PFD-004 Al



& & &%

e MET CHvER

e A — T et - rra *

s g X7 ur L BT Y * 0 X TM O,

ita o€ jorrey e e WA X e 33 v T 0 I TN

3w MR

-
- K=5020/R K=ARea/R ,

AIR_BLOWER

o327 ]

et

iy
il
s
]
g

SC - SAMPLE COMMNECTION NOTES

1. MAX. BT
2 SouDs 8
3 BAGHOUSE |
4 AL R
TRACED X




= 1M CA % T™ A
4 n e
A LoAQRA/R

EELDES EDSMCONE _FINES

JMER QXLLONE

ymm X A X X Gam

»y PS1

iy

5= §

.. .

!
g e ,
ERORXCT !
ol A,y &
9 SO (A - h L @S
3 W RO

ﬁ-s X
K=6028/R
)
s [} & A 1 A s
i NN
I !
I ) -@ :
N P ! )
|22
i1 ]
| (=1 22 A,
| | ‘lr,/ 1 }
I € S——
A —
E=S@QAR
%r:’ sz Cl
SRA e__9S -
@ & X
‘ ' (e
E-SQ4AR @ ] OT AB FROM ATEC
= L& o]
<
>
ZEDER MCLUNE TO BE 15" XBIXYTW&M
ATY FLOW LINES AND DUSTY VENT LINES TO BE SLOPED WNIMUM 60"
0 3¢ EQUIPPED WITH EXPLOSION SUPPRESSION SYSTEM d
INT aND LDES IN O SERVICE TU 3E ELECTRIC HEAT . UNIVERSITY OF NORTH DAKOTA
INSILATED, ENERGY ENVIRONMENTAL RESEARCH CENTER R
PROCESS FLOV DIAGRAM i3
1000 T/D MILD COAL GASIFICATION FACILITY $
— — COKE BRIQUETTING & CLRING (FORMCOKEY I
108 BOF Amegu, —1 OB NUMBER 4&' WING NUMBER REV. %
— AL E30ED maves z T}m 29708-308 PFD-008 A




SAGy

|

Z=00V=—n1

REECT CALOMAT
NERCT Ous
RLECT COAL

3

1 AL EQUIPMENT INSIDE THE DASHED UME /
FOR AFBC PACKAGE, OR “7-905-° FOR .
2 SEE UFO~012 FOR AFBC STEAM CIRCUIT.

MOTES

B-5

SC ~ SAMPLE CONNECTION
CMS -~ COOUNG MEDIM SUPPLY
CMR ~ COOUNG MEDIUM RETURN



Z=30%=T1 =003-q1 &NU=q IOl 2=8eK2 Z-301-K8 Zodrexy 2=90-G8 Zo9Reis  ZoR03-n2 1=903-G2 N=901
ety &mﬁ;
x T, AUNE zpen mem g Brast ToE A DA smage

e — |

| |
Rk - T |
uuuy
ASL_HANDUNG SYSTEM PACKAGE
COMENED

C
c
c
— . — e o —— e ]

XYTEL~BECHTEL, INC.
VENDOR TEMS AND ARE PREFIXED WTH “Z-901-" HOUSTON, TEXAS
HANOUNG SYSTEM PACKAGE.

UNIVERSITY OF NORTH DAKOTA
ENERGY ENVIRONMENTAL RESEARCH CENTER

UTIUTY FLOW DIAGRAM
1000 T/D MILD COAL GASIFICATION FACILITY
ATMOSPHERIC FLUID BED COMBUSTER (AFBC)

S19/% | FOR QENT ANPaCuAL =1 OB NUMBER DRAVING NUWBEF REV.

scAD ﬁwu 20708308 UFD-011 A

8ii07.0WG 623797 TROREV. A

X




Z=a02-41 ¥=8a1 ¥=904 4=303
-y B = S
CRAXIT T 0w AR
}
I
? :Hr ’Q-a
S oo f
| z
- ]
Heand
4
'f" |
( | ! |
1"
iL—.m
- &
e=2 —{u] | p-gm
s -
£=Q3-1/2
Pog03-1/2 p=8m
a Pt PR 4 P=IS0D PH A P=1S0D PR
n 900

MOTES

1. ALL EQUIPMENT INSIDE DASHED LINE ARE
VENOOR {TEMS AND PREFIXED WMTH *Z-901-

2 HAN SURFACE CONDENSER. H~90S, PHYSICM'
TURBO GENERATOR SYSTEM, Z-902
3. REFER TO UFD-011 FOR Z-901.




¥=902 ¥=903 Z=9Q1=T4 2=901-H8 2=901-H2 2=901-HR 2=
% W s'ru”izmu ATTENPERATOR. m SYSTEM
100 773 19620 1ve

Com e T 00 AP

=3

XB I XYTEL-BECHTEL, INC. f,

HOUSTON, TEXAS ‘ﬁ

o

OCATED UNDER THE UNIVERSITY OF NORTH DAKOTA N
ENERGY ENVIRONMENTAL RESEARCH CENTER |4

UTIUTY FLOW DIAGRAM H

1000 T/D M"D COAL GASIFICATION FACIITY [2

BFW, STEAM & CONDENSATE <

T — 10D WNBER DRAVING NUMDER REV. [
StAMD DESIENED DR 20708~ 308 wo-012 A |




I=004

BB AN X
'ﬁmnzo‘m

CABRGH FLIER  ZEQUIE SOFTENER  CHMEMICAL UNJECTION
EACHAGE

i

FIRE WATER




2=8Q3=I1 2:=90)-x7/x8 H=R08 2= Z=003-xp/04 I-gos
ERQQUAL A RAT e ROOUCT. TAMK S TR T
1 157.4 e QTUAR DRMNERALZER v
r;:?u X3 nv
2=301
1
CAPAGTY: 30 GPM OCMIM. WATER I
i
I
78 x8/x19 ,
. 3
1 I=90% AN SUNACE
Ff———————— N | H=900
Bm2zes ! T
dny m o)
- - - - - - - P12
’ ' q |
£ T
cw
i , Fow
1 4 (WFD-011)
[~ ]
 — e W ~? oo
Ag BOE PUMP o OSMOSIS UNIT r m— JTY ]
1 7 TR T
' e
<
wone XB I XYTEL-BECHTEL, INC. o
b= mw-’. AL VOO0R TS HOUSTON, TEXAS :
UNIVERSITY OF NORTH DAKOTA S
ENERGY ENVIRONMENTAL RESEARCH CENTER g'
UTILTY FLOW DIAGRAM H
1000 T/D MILD COAL GASIFICATION FACILTY |2
WATER TREAT., COOUNG WATER & BRINE SYSTEM|Z
e JOB_NOWBER TRAVING FMTER REV. %
AL DRI DRV 20708~ 308 UFD=-013 A










