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INTRODUCTION

The U.S. Department of Energy (DOE) has established a program to "foster an adequate
supply of energy at a reasonable cost," in accordance with the National Energy Policy
Plan IV (NEPP IV). A cost effective direct coal liquefaction program sponsored by the
pittsburgh Energy Technology Center (PETC) is an integral part of NEPP |V.

The overall goal of the coal liquefaction program is "to develop the scientific and
engineering knowledge base with which industry can bring economically competitive and
environmentally acceptable advanced technology for the manufacture of synthetic liquid
fuels from coal.

The present assignment from PETC is undertaken by Bechtel (in collaboration with
Amoco as the main subcontractor) to develop a computer model for a baseline direct coal
liquefaction design based on two stage direct coupled catalytic reactors. Specifically, the
scope of work calls for the development of:

1) a baseline design based on previous DOE/PETC results from Wilsonville pilot plant
and other engineering evaluations,

2) a cost estimate and economic analysis, and

3) a computer model incorporating the above two steps over a wide range of
capacities and select process alternatives.

In this study, the Topical Reports are also the Task reports. This Topical report (Task Ill)
addresses the capital and operating costs (Volumes | and Il) as well as the economics
(Volume lil) of the direct coal liquefaction study which is primarily based on Wllsonvnle
Pilot Plant data with certain other processing alternates.

Note that Volume il covers the economics of the Improved Baseline plus the Best Option
and will, in essence, represent the overall economics for the Final report of this study.
For this reason, Volume lll of this Task/Topical report has been completely decoupled
from the other two volumes and it will be published after the completion of the
unnumbered improved baseline economics task.

Therefore, at present this Task/Topical report is published as Volumes | and Il of two
volumes. The Table of Contents, Introduction (Section 1) and the Executive Summary
(Section 2), of Volumes | and Il are included in their entirety in both volumes for the
reader's reference.
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The overall number of topical/task reports for this study are given below as follows:

Task No. Title
1 Management Plan - one volume
2 Baseline and Alternates Design

Development - Volumes |, Il and Iil

3* Cost Estimate and Economics of the Baseline
and Alternates - Volumes |, |l and lli

4 Development of Mathematical Algorithms and

Models for Equipment Sizing, Scale-up, Costing
and Train Duplication for Incorporation into the
/ Aspen Simulation Program - one volume

i 5 Development of an Aspen Process Simulation
Model of the Baseline Design and the Alternates
- several volumes

6 Development of a Training Manual for the
Simulation Model - one volume

F
¢
¢

(**) Improved Baseline Design, Cost Estimate,

and Modeling

7 Final Report - numerous volumes

ﬁ * The Task/Topical report is published in two volumes as Volume | and Ii, the third volume will be
- published simultaneously with the improved Baseline report.

*x This report will contain the results of the improved baseline design, cost estimate and modeling and
&4 therefore will address Tasks 1 through 6.
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2, EXECUTIVE SUMMARY

Introduction:

This study is an assignment of Bechtel from the U.S. Department of Energy (DOE)’s
Pittsburgh Energy Technology Center (PETC) to develop a computer model for a
baseline direct coal liquefaction design based on two stage direct coupled catalytic
reactors.

Scope and Technical approach:

The scope of the study and the technical approach to accomplish the overall objective
of the study include:

o] a baseline design based on previous DOE/PETC results from Wilsonville
pilot plant and other engineering evaluations,

o] a cost estimate and economic analysis,

o] a computer model incorporating the above two steps over a wide range
of capabilities and selected process alternatives,

o] a comprehensive training program for USDOE/PETC staff to understand
and use the computer model,

o a thorough documentation of all underlying assumptions for baseline
design and baseline economics, and

o] a user manual and training material which will facilitate updating of the
model for the future.

Execution Philosophy:

In order to carry out the study efficiently, the study has been divided into seven major
tasks with each task having several identifiable subtasks. In Task | the study is
defined. The baseline design is developed in Task Il. The capital and operating
requirements are developed in Task lll. Mathematical models for computer simulation
are developed in Task IV. Development and Validation of the model is conducted in
Task V. Documentation of the process simulation and training program are
conducted in Task VI. Whereas, the above mentioned six tasks are functional tasks,
the remaining task, Task VI, is a level of effort task for project management, technical
coordination and other miscellaneous support functions. Functional tasks are
executed by a part time functional group while the project management and technical
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coordination (Task Vil) are accomplished by a full time core management group.

Topical/Task Il Report Contents:
The Task lll report is divided into three volumes as follows:

Volumes | and |l include capital and operating cost information while Volume i
addresses the economics. Volume lll of the report will be issued separately at a later
date when the improved baseline economics case is developed.

The report starts by setting up the basis and methodology for capital cost estimating
and by defining the first plant and Nth plant concepts. The first plant concept, as the
name suggests, refers to the first commercial plant design which includes a degree of
over-design to meet the name-plate capacity and product specifications. The Nth
plant is defined as the commercial plant built N years after the first commercial plant
for which the technology basis, plant design, and operation are well established.

In addition, the report describes the methodology used in determining the valuation of
products utilizing Bechtel’'s Process Industry Modeling System (PIMS), a linear
programming software. A detailed analysis of reliability and onstream factor for
various inside battery limits (ISBL) plants in the complex is also included in the report.

The capital cost (both first plant and Nth plant) and operating requirements for plants
1 thru 25 (Chapters 6 through 23) are included in Volume | whereas similar information
for Plants 30 through 42 (chapters 24 through 36) are included in Volume Il of the
report.

In addition, Volume Il contains capital costs information for all seven options (both first
plant and Nth plant scenarios). The definition of these options and methodology
applied to select them were defined in Volume Il of the Topical/Task Il report, and are
reiterated in Volume |l of this report for the reader’s convenience.
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3.0 ESTIMATE BASIS

This is an estimate of the capital costs for a major direct coal liquefaction facility to be
located in Perry County, llinois. The plant capacity is a nominal 62,000 barrels per
stream day of petroleum liquids, (C,*) utilizing Wilsonville’s two stage liquefaction
technology.

The estimate is based on a scope definition as appeared in the Statement of Work of
contract number DEAC22 90PC89857, and subsequent contract modifications. It is
further based on work done by Bechtel/Amoco in the Project Definition (Task |) and the
Process Design (Task II).

This is a preliminary-type estimate with an associated accuracy of +30%. Costs for major
equipment have been developed for each individual item. From this information, the total
installed cost was derived utilizing various curves, ratios and factors based on Bechtel's
historical data for similar or related facilities.

The paragraphs that follow describe the methods and techniques used in completing
each portion of the estimate.

Major Equipment

The major equipment was priced using curves and unit cost comparison for similar items
from other recent Bechtel projects. The remaining equipment, especially unique or
special items, was priced using vendor or technology licensor estimates.

The major equipment was considered on an item-by-item basis within each plant, unit or
facility. General design parameters were extracted from equipment summary sheets,
recognizing such features as size, capacity, metallurgy, wall thickness, etc. Typical

design characteristics and units of measurement that were used to estimate costs for
various classifications of equipment can be summarized as follows:

° Columns & Vessels

- Based on tons of steel, metallurgy and plate thickness. Internals
priced separately

° Tanks

- Classified as to type and priced at barrels of capacity
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° Heat Exchangers

- Identified as air coolers or shell and tube type, priced on the basis
of metallurgy and tube surface area

° Fired Heaters

- Specified as to absorbed heat duty (MM Btu/hr) and priced utilizing
vendor data and cost curves

) Pumps and Drivers

- Case material, driver-type and brake horsepower were used
) Vacuum Equipment

- Utilized vendor estimates
° Compressors and Drivers

- Classified as reciprocal or centrifugal and priced on the basis of
driver brake horsepower, using vendor estimates

° Special Equipment

- Used vendor estimates for packaged or special equipment

Subcontract Costs

The estimate is based on a number of items being purchased and erected by
subcontractors. Items such as tank construction, site preparation, boiler erection, etc.,
are typically supplied by someone other than the prime contractor, and these items have
been shown as separate subcontract costs. These subcontracts include all material,
labor, overhead and fees related to the work.

Bulk Materials
The costs of bulk materials were developed in two ways. First, in the process units all
bulk materials and labor costs were derived from ratios and factors related to the major

equipment costs. These factors were tailored to each process unit, based on Bechtel's
in-house historical data for similar types of facilities. In certain cases, adjustments have
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been made to allow for special or unique characteristics of the unit.

The second method was used for estimating bulk materials involving the support and
interconnecting plants. For these plants, it was necessary to develop quantity data based
on preliminary plot plans and site plan arrangements, with assumptions made for routings,
line sizes, pipeway configurations, etc. These preliminary quantities were priced on an
itemized basis and compared to other large, complex projects as a cross check.

Bulk Subcontract Costs

Certain activities such as insulation, buildings, and painting have, in all cases, been based
on subcontracts. For insulation and painting, the estimates are based on a percentage
of major equipment costs. Buildings are estimated separately in Plant 41.
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Direct Labor Manhours

For erection of major equipment, the direct labor manhours were calculated on the basis
of unit rates and manhour standards for each individual item.

Because this preliminary level estimate does not contain detailed quantity data for bulk
materials, the manhours required for these items have been applied as a percentage, or
factor, of the bulk material cost which in turn was derived from factors related to the major
equipment cost. These ratios have been tailored and adjusted at the plant level to
conform to historical Bechtel experience for similar types of units, corrected to be site
specific for the Perry County, lllinois job location.

Direct Labor Costs

The manhours derived above were priced using an overall, net average job wage rates
in effect for this location based on Bechtel in-house wage rates for mid-1991 time frame.

Sales Tax

Sales tax is inapplicable here as this project is deemed exempt from sales tax.

Field Indirect Costs (Distributables)

Field indirect costs or distributable costs for this type of estimate are estimated as a
percentage of direct labor cost taking into consideration the site location, job master
schedule, project construction plan, subcontracting plan, etc. The indirect percentage is
based on Bechtel’'s experience from other large, grassroots, refinery-type construction
projects.

The overall distributable field costs have been estimated separately for each process or
support plant in the complex.

The construction phase of the 5-year project schedule is scheduled for approximately four

(4) years. As a result of construction duration the normally temporary-type construction
offices and warehouses will be of a permanent nature. The sewage treatment facilities

are handled similarly.

ltems that are included in the indirect cost can be grouped into four functional areas,
which are summarized below:

° Temporary Construction Services

- Includes office buildings, warehouses, working areas and bays, temporary
roads, walks, parking area and fences; railroad and barge unloading
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facilities; power, light and telephone facilities; minor temporary construction;
general purpose scaffolding, cribbing and drainage; sanitary facilities

° Miscellaneous Construction Services
- General and final cleanup, maintenance of tools and equipment; material
handling, welder’s supplies and testing, watchmen and guards and
surveying
° Construction Equipment and Tools
- Supplies and purchased utilities, fuels and Ilubricants. All types of
construction equipment whether rented or purchased, and tools
° Field Office Cost
- Nonmanual supervision, administration, warehousing and purchasing, first

aid, safety and medical, nonmanual payroll adds and benefits, field office
overhead, nonmanual travel and subsistence

Home Office Manhour

An evaluation of home office manhours has been included in the estimate. The estimate
was produced first by an analysis of the engineering scope developed in the design and
consisting of process descriptions, lists of equipment, estimated numbers of drawings,
material requisitions, specifications, etc. The engineering manhours associated with this
scope were estimated on overall project basis utilizing experience from similar types of
projects.

Manhours for home office support services have also been included. These were added
as a percentage of the engineering requirements for this plant. The percentage is based
on historical data from other large, refinery-type projects and includes the following typical
functions:

Project Management

Technical Services (Project Controls)
Construction Management
Procurement

Commercial Services
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Home Office Costs

The home office manhours, derived above, were priced using an overall average rate,
based on Bechtel’s current Houston office experience. The rate was developed by an
analysis of salaries for various employment classifications and was distributed on a
weighted basis for an organization of the size and complexity of this project.

In addition to the base salaries, the following items are included in the overall average
rate:

Bechtel standard payroll additives for taxes and insurance
Engineering supplies

General office supplies

Communication costs

indirect cost allowances for facility and overhead items
Fringe benefits

Reproduction and printing

Computer charges

Travel expense (home office personnel)

Risk Analysis

A typical risk analysis was made using Bechtel's Risk Analysis - Contingency (RAC)
program. This program helps to define the accuracy of the estimate, presents the most
probable cost, assesses the risks and shows the probability of an overrun at various
levels of contingency. The results of this program are normally used to aid in establishing
the estimating contingency for the project.

Fee

For estimating purposes, the contractor’s fee has been included in the single figure overall
project estimate for Engineering, Home Office and Fee.

Estimate Exclusions

The capital cost estimate does not include cost for the items listed below.

Land cost for site
Socioeconomic considerations; community facilities, camp or other infrastructure

Permits and bonds
Cost of importing borrow fill material from offsite for site fill and compaction

Gas pipeline
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Electric transmission line

Cost of setting up remote preassembly yards and facilities
Credit or debit for worldwide procurement

Potable water wells

Allowance for incentive to attract labor
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3.1 Raw Material and Utility Pricing

The pricing of raw materials and utilities required for the baseline design and options are
listed in Table 3.1 below.

Table 3.1

Raw Material and Utility Pricing

item Cost
Feed Coal 20.50 " ¢/s. ton
Raw Water 0.10 @ $/Mgal
Natural Gas 2.00 ®$/MMBTU

(1) Coal Week, March 9, 1992
(4] Typical price for raw water in Southern lllinois
(3) General consensus between Amoco, Bechtel and DOE/PETC
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3.2 Product Valuation (PIMS)

The valuation of coal liquid products were carried out by utilizing Bechtel's linear
programming modeling tool, PIMS (Process Industry Modeling Systems). Such valuations
were calculated for various scenarios as case studies. Salient points for these scenarios
are highlighted below and summarized in Table 3.2. The results are included in Table 3.3.

Primary input data utilized to run the model were:

Typical PAD |l crude with fixed crude price
Coal liquid products rates and physical property
Constraints related to various options

Primary output results are:
Product valuation and syncrude premium’.
Salient points for the various scenarios:

Case 1 is for a typical PAD 2 refinery handling only petroleum crude (no coal liquid) with
a maximum processing capacity of 130 MBPD of average PAD 2 crude mix and 20 MBPD
of Alaskan North Slope Crude. In this case the refinery product make is allowed to float
up to the maximum market requirement level.

Case 1A is same as case 1 with the exception of floating the product slate as well as the
feed composition.

The following cases are with various fractions of coal liquids available to the refinery. For
this case study it is assumed that the naphtha fraction of the coal liquid (C5-350) is sent
to the reforming unit, the light distillate fraction (350-450) is for blending (diesel and fuel
oil), the heavy distillate fraction (450-650) is for diesel and fue! oil blending and also used
as FCCU feed, and the vacuum gas oil (650-850) is used as fuel oil blending stock and
FCCU feed.

Case 2A is for changing the feed to the typical PAD 2 refinery with 100% of coal liquids
(61.94 MBPD) being available with corresponding amount of petroleum feed being backed
out. There is not enough degrees of freedom in this case and consequently the case is
infeasible. (Note: Case 7A resolves this infeasibility.)

Case 2B is same as Case 2A; however, the coal liquid is available at 50% of its

' Syncrude premium is defined as the ratio of the product value for any particular
value for any particular case and petroleum crude price for the refinery.
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production rate (having the same composition). This is a feasible case and the value per
BBL of coal liquid mix (with the same product slate as the baseline coal liquefaction
complex produces) is $19.04.

Case 2C is same as case 2B with coal liquid available at 25% production rate instead of
50%. The value per BBL of coal liquid mix is 19.06. ‘

Case 2D simulates the case where the coal liquid addition to refinery is very small (1
MBPD), first drop to refinery. The value of coal liquid mix is $19.27 per BBL.

Cases 7A, 7B, 7C and 7D are similar to cases 2A, 2B, 2C and 2D respectively with the
exception that the refining product slates for these cases have been floated. For these
relaxed cases the values of the respective coal liquids have increased to $20.63, $22.45,
$22.84 and $22.90 per BBL respectively.

Cases 3A, 4A, 5A and 6A for 100% naphtha (C5-350), 100% light distillate (350-450),
100% heavy distillate (450-650) and 100% gas oil (650-850) respectively entering the
refinery with other conditions remaining same as in case 1. The values of the respective
fractions of the coal liquids are $18.65, $12.80, $19.21 and $16.26. Note that the
maximum value is achievable for heavy distillate.

Cases 3B, 4B, 5B and 6B are similar to Cases 3A, 4A, 5A and BA respectively with the
exception that in each of these cases the respective coal liquid addition to refinery was

kept at a minimum level of 1 MBPD. The value of the fractions increased to $19.24,
18.78, $19.66 and $18.77 respectively.

The respective syncrude premium for various cases are included in Table 3.3.
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Table 3.2
Salient Features of Various Cases

1A Product slate as well as the feed composition are floated

2A A portion of feed to the typical PAD 2 refinery is replaced with the total
production of coal liquids (61.94 MBPD)

2B Same as 2A, however, the replacement is for 50% of coal liquids (with
same composition)

2C Same as 2A, however, the replacement is for 25% of coal liquids (with
same composition)

2D Very small addition (first drop of coal liquid to refinery), 1 MBPD

3A 100% of vapor in a (C, - 350°F) is added to the refinery with other
conditions remaining same as 1

3B Same as 3A, but the addition of naphtha is only 1 MBPD

4A 100% of light distillate (350°F - 450°F) is added to the refinery with other
conditions remaining same as 2

4B Same as 4A, but the addition of light distillate is only 1 MBPD

5A 100% of heavy distillate (450°F - 650°F) is added to the refinery with other
conditions remaining same as 2A

5B Same as 5A, but the addition of heavy distillate is only 1 MBPD

B6A 100% gas oil (650°F - 850°F) is added to the refinery with other conditions
remaining same as 2A

6B Same as 6A, but the addition of gas oil (650°F - 850°F) is only 1 MBPD

7A Same as 2A, with refining product slate floated

7B Same as 2B with refining product slates floated

7C Same as 2C with refining product slates floated

7D Same as 2D with refining product slates floated
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CASE NO.
COAL LIQUIDS

PRODUCT SLATE

OBJ FUNCTION, M$/DAY

FEEDSTOCK PURCHASES

*PD2 AVG PAD2 CRUDE MIX
ANS ALASKAN NORTH SLOPE
NC4 NORMAL BUTANE

PGS H2 PLT FEED GAS, FOE
IC4 ISOBUTANE

MNC C5-350 COAL NAPHTHA
LDC 350-450 COAL LT DIST
HDC 450-650 COAL HV DIST
LVC 650-850 COAL LVGO

TOTAL FEEDSTOCKS

PRODUCT SALES

*LPG LPG

URG UNLEADED REGULAR
UPR UNLEADED PREMIUM
LRG LEADED REGULAR
JET KERO/MET

DSL DIESEL

LSF LOW SULFUR FUEL OIL
HSF HIGH SULFUR FUEL OIL
ASP ASPHALT

CKE COKE, TONS

SUL SULFUR, LTONS

FLR FUEL TO FLARE, FOEB

TOTAL PRODUCTION
LIQ RECOVERY, %

- TABLE 3.3

PRODUCT VALUATION FOR VARIOUS CASES

1 1A

ZERO  ZERO
MAX  FLOAT
623.46 708.95
MBPD  MBPD
126.900 130.000
1.239  20.000
0.778 0.699
0.000 0.000
2.041 2.041
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
130.958 152.740
4.078 4.834
46.284 37.284
19.836 42.120
6.614 0.000
12.497 22.567
29.133 24.149
0.117 0.000
2.736 5.256
6.216 11.931
0.649 0.762
0.059 0.067
0.035 0.105
127.512 148.141
97.4 97.0

2A 2B 2C 2D

100 % 50% 25% 1 MBPD

MIX MIX MIX MIX

MAX MAX MAX MAX

N/A 1213.26 918.66 642.73

MBPD MBPD MBPD MBPD

92.157 109.469 125.706

I 1.239 1.239 1.239

N 1.822 1.296 0.821

F 0.000 0.000 0.000

E 2.041 2.041 2.041

A 9.598 4.799 0.310

S 3.902 1.951 0.126

| 10.818 5.409 0.349

B 6.655 3.328 0.215
L

E 128.230 129.530 130.806

3.248 3.639 4.056

46.284 46.284 46.284

19.836 19.836 19.836

6.614 6.614 6.614

12,497 12,497 12.497

29.133 29.133 29.133

0.600 0.333 0.043

2.151 2.439 2.736

6.216 6.216 6.216

0.450 0.549 0.643

0.037 0.048 0.058

0.000 0.000 0.000

126.578 126.981 127.415

98.7 98.0 97.4

* The three character symbols in this column for feedstock purchases and
product sales are used to identify streams in the PIMS model.
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CASE NO.
COAL LIQUIDS

PRODUCT SLATE

OBJ FUNCTION, M$/DAY

FEEDSTOCK PURCHASES
*PD2 AVG PAD2 CRUDE MIX
ANS ALASKAN NORTH SLOPE
NC4 NORMAL BUTANE

PGS H2 PLT FEED GAS, FOE
IC4 ISOBUTANE

MNC C5-350 COAL NAPHTHA
LDC 350-450 COAL LT DIST
HDC 450-650 COAL HV DIST
LVC 650-850 COAL LVGO

TOTAL FEEDSTOCKS

PRODUCT SALES

*LPG LPG
URG UNLEADED REGULAR
UPR UNLEADED PREMIUM
LRG LEADED REGULAR
JET KERO/JET
DSL DIESEL
LSF LOW SULFUR FUEL OIL
HSF HIGH SULFUR FUEL OIL
ASP ASPHALT
CKE COKE, TONS
SUL SULFUR, LTONS
FLR FUEL TO FLARE, FOEB
TOTAL PRODUCTION
LIQ RECOVERY, %

TABLE 3.2 ~ continued
PRODUCT VALUATION FOR VARIOUS CASES

7A 7B 7C 7D 3A 4A

100 % 50% 25% 1 MBPD 100% 100%
MIX MIX MIX MiX MNC LDC
NAPHTHA LT DIST

FLOAT FLOAT FLOAT FLOAT MAX MAX
1986.74 1404.24 1062.70 731.84 981.41 723.37
MBPD MBPD MBPD MBPD MBPD MBPD
108.862. 130.000 130.000 130.000 102.783 110.312
1.239 20.000 20.000 20.000 4.395 1.239
2.215 1.441 1.274 0.737 2.167 0.753
0.000 0.000 0.000 0.000 0.000 0.000
2.041 2.041 2.041 2.041 1.260 2.041
19.195 9.598 4.799 0.310 19.195 0.000
7.803 3.902 1.951 0.126 0.000 7.803
21.635 10.818 5.409 0.349 0.000 0.000
13.310 6.655 3.328 0.215 0.000 0.000
176.301 184.454 168.801 153.778 129.800 122.148
4.205 4.898 5.097 4.852 3.285 3.789
22.950 35.647 34.847 37.069 46.284 44.714
65.166 54.670 53.473 42921 19.836 19.836
0.000 0.000 0.000 0.000 6.614 0.000
5.357 27.447 22.754 22.567 12.497 12.497
61.801 34.597 27.911 24.392 29.133 29.133
0.527 0.648 0.525 0.034 0.000 0.600
2.632 9.965 7.487 5.400 2.197 2.736
10.056 11.931 11931 11.931 6.216 6.216
0.528 0.762 0.762 0.762 0.532 0.558
0.042 0.059 0.063 0.066 0.051 0.050
0.000 0.000 0.000 0.000 0.000 0.000
172.694 179.803 164.025 149.166 126.062 119.521
98.0 97.5 97.2 97.0 97.1 97.8

* The three character symbols in this column for feedstock purchases and
product sales are used to identify streams in the PIMS model.
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TABLE 3.2 - continued

PRODUCT VALUATION FOR VARIOUS CASES

CASE NO. 5A 6A 3B 4B 5B 68
COAL LIQUIDS 100% 100% 1MBPD 1MBPD 1MBPD 1MBPD
HDC LvC MNC LDC HDC LvC
HV DIST LTVGO APHTHA LT DIST HVDIST LTVGO
PRODUCT SLATE MAX MAX MAX MAX MAX MAX
OBJ FUNCTION, M$/DAY 1039.17 839.84 642.70 642.23 643.12 642.23
FEEDSTOCK PURCHASES :
MBPD MBPD MBPD MBPD MBPD MBPD
*PD2 AVG PAD2 CRUDE MIX 103.588 102.862 125.646 125.788 125.712 125.836
ANS ALASKAN NORTH SLOPE 1.239 1.239 1.239 1.239 1.239 1.239
NC4 NORMAL BUTANE 1.204 0.986 0.865 0.813 0.783 0.782
PGS H2 PLT FEED GAS, FOE 0.000 0.000 0.000 0.000 0.000 0.000
IC4 ISOBUTANE 1.642 2.041 2.041 2.041 2.041 2.041
MNC C5-350 COAL NAPHTHA 0.000 0.000 1.000 0.000 0.000 0.000
LDC 350-450 COAL LT DIST 0.000 0.000 0.000 1.000 0.000 0.000
HDC 450-650 COAL HV DIST 21.635 0.000 0.000 0.000 1.000 0.000
LVC 650-850 COAL LVGO 0.000 13.310 0.000 0.000 0.000 1.000
TOTAL FEEDSTOCKS 129.208 120.438 130.791 130.881 130.775 130.899
PRODUCT SALES
*LPG LPG 3.772 3.1 4.046 4.072 4.057 4.020
URG UNLEADED REGULAR 46.284 46.284 46.284 46.284 46.284 46.284
UPR UNLEADED PREMIUM 19.836 19.836 19.836 19.836 19.836 19.836
LRG LEADED REGULAR 6.614 3.419 6.614 6.614 6.614 6.614
JET KEROMET 12.497 12.497 12.497 12497 12,497 12.497
DSL DIESEL 29.133 23.464 29.133 29.133 29.133 29.133
LSF LOW SULFUR FUEL OIL 0.600 0.600 0.000 0.082 0.058 0.184
HSF HIGH SULFUR FUEL OIL 2.306 2.736 2.736 2.736 2.736 2.736
ASP ASPHALT 6.216 6.216 6.216 6.216 6.216 6.216
CKE COKE, TONS 0.520 0.538 0.642 0.643 0.643 0.643
SUL SULFUR, LTONS 0.050 0.044 0.058 0.058 0.058 0.058
FLR FUEL TO FLARE, FOEB 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL PRODUCTION
LIQ RECOVERY, % 127.258 118.243 127.362 127.470 127.432 127.520
98.5 98.2 97.4 97.4 97.4 97.4

* The three character symbols in this column for feedstock purchases and
product sales are used to identify streams in the PIMS model.
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CASE NO.

INCREM REVENUE, M$/DAY
INCREM VOLUME, MBPD
VALUE OF COAL MIX, $/BBL
VALUE OF MNC NAPH, $/BBL
VALUE OF LDC DIST, $/BBL
VALUE OF HDC DIST, $/BBL
VALUE OF LVC LVGO, $/BBL

SYNCRUDE PREMIUM

TABLE 3.2 - continued
PRODUCT VALUATION FOR VARIOUS CASES
1 1A 2A 2B 2C
- - N/A 589.81 295.21

- - N/A 30.97 15.49
- - N/A 19.04 19.06

1.057 1.059

CASE NO.

INCREM REVENUE, M$/DAY
INCREM VOLUME, MBPD
VALUE OF COAL MIX, $/BBL
VALUE OF MNC NAPH, $/BBL
VALUE OF LDC DIST, $/BBL
VALUE OF HDC DIST, $/BBL
VALUE OF LVC LVGO, $/BBL

SYNCRUDE PREMIUM

7A 7B 7C 7D 3A

1277.79 695.30 353.76 2290 357.96
-148.31 -148.31 -148.31 -148.31 -127.60

-8.62 -4.69 -2.39 -0.15
-2.81

1.146 1.247 1.269 1.272 1.036

CASE NO.

INCREM REVENUE, M$/DAY
INCREM VOLUME, MBPD
VALUE OF COAL MiIX, $/BBL
VALUE OF MNC NAPH, $/BBL
VALUE OF LDC DIST, $/BBL
VALUE OF HDC DIST, $/BBL
VALUE OF LVC LVGO, $/BBL

SYNCRUDE PREMIUM

5A 6A 3B 4B 5B

415.71  216.38 19.24 18.78 19.66
21.64 13.31 1.00 1.00 1.00

19.24
18.78
19.21 19.66
16.26

1.067 0.903 1.069 1.043 1.092
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2D
19.27

1.00
19.27

1.069

4A

99.92
~127.60

-0.78

0.711

6B

18.77
1.00

18.77

1.043



3.3 First & Nth Plant Concepts

For any developing technology where the first commercial plant has not been built, there
is a period of time certain items are initially assumed and later revised downward as the
techology’s commercial history is established. Such items are:

1. Design Basis including scale-up considerations (from the plant capacity at which
the technology was proven to the capacity of the commercial plant).

2. Assumed design overcapacity factors which take the form of sparing of whole
production trains. These over capacity factors have a direct impact on the
onstream factor.

3. Project Schedule

The First plant concept is thus self-explanatory. It refers to the first commercial plant with
a degree of over design to meet the name plate capacities and product specifications.

The period of time between the first commercial plant and the plant at which the
technology commercial maturity is normally designated as N years. Thus the Nth plant
is that commercial plant built N years after the first commercial plant for which the
technology basis, plant design and operation are well known.

The focus of this task (Task Ill) is to define and develop the Nth plant economics, as
requested by DOE.

The Nth plant economics are defined as the economics of the Nth plant which has the
following characteristics:

1. requires lowest reasonable plant cost contingency;

2. contains no spare trains;

3. incurs the lowest reasonable engineering cost;

4. requires the lowest possible project schedule to construct and start-up;

5. technology has matured to the point that the Nth plant overall stream factor

of the complex remains the same as that of the First plant.
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4. Overall Plant Configuration
4.0 Configuration of the Complex

The overall plant configuration for the entire liquefaction complex is shown in Figure
41
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4.1 Number of Operating/Spare Trains (First & Nth Plants)

The number of operating and spare trains for each of the ISBL plants is shown in
Table 4.1 below. This table includes the above information for the First plant as well
as the Nth plant scenarios.

Table 4.1
Operating/Spare Trains for First & Nth Plants

No. of Spare Train

Plant No. of Oper.

No. Train First Plant Nth Plant
1 5 0 0
1.4 10 2 0
2 5 1 0
3 1 0 0
4 1 0 0
5 1 0 0
6 1 0 0
8 1 0 0
9 5 1 0
10 5 0 0
11 4 0 0
38 1 0 0
39 1 0 0

(1)  Number of operating trains remains the same for the First
plant as well as the Nth plant scenarios.



4.2 Maximum Single Train Capacities

The maximum single train capacities for all the ISBL plants are shown in Table 4.2
below:

Table 4.2

Maximum Capacity for Single Train

Plant No. Feed Rate TPSD
1 6254
1.4 2323
2 3420
3 4111
4 2821
5 8267
6 2893
8 10889
g M 1225
10 7689
11 1505
38 23360
39 16148
1) Based on coal feed rate only
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4.3 Overall Material Balance

The overall material balance for the entire complex showing input-output mass flow
rates for each ISBL plant is shown in Figure 4.2. In addition, input-output mass flow
rates for the waste water treatment plant (Plant 34) and the steam and power
generation plant (Plant 31) are also included in this figure.
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5. Reliability and Onstream Factor Analysis
5.0 Methodology

The methodology used to determine the onstream factor for the entire coal liquefaction
complex is highlighted below.

° Divide ISBL plants of the complex into groups of plants having the same
number of trains and interrelated operations

° Carry out analysis to determine the following for each plant:
o average failure rate
o average repair time
o average unscheduled outages

° Compute the probability of running (exclusive of turnarounds) for each group of
plants

° Develop a turnaround schedule for each plant and calculate the duration of
each turnaround pattern for each group of plants

° Calculate the probability of operation of each group of plants (considering
unscheduled and scheduled turnarounds)

° Calculate the onstream factor on scheduled production for the entire complex

° Determine average scheduled shutdown for groups without spares

° Determine scheduled production days per year

° Calculate onstream factor for the entire complex (based on calendar days)
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5.1 Calculation of Onstream Factor

Grouping of Plants

For computing this onstream factor, the ISBL plants of the coal liquefaction complex
were grouped as shown in Table 5.1.

Table 5.1
Plant Grouping for Onstream Factor
No. of Trains
Group Plants Operating Spare

A 2 5 1
B 8,38,39 1

C 3,6,4,5 1 0
D 9 5 1
E 11 4 0
F 1.4 10 2
G 10 5 0

Note: Plant 1 (Coal Cleaning and Handling plant) does not impact the
overall plant availability because it is decoupled from the rest of the
plant by adequate storage.
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Unscheduled Downtime

Unscheduled downtime and the probability of running is summerized in Table 5.2.

Operating Probabilities for Each Train of ISBL Plants

Table 5.2

A 1 0.6948 120.6 83.8 0.9227
B 8, 38, 39 0.3417 50.3 17.5 0.9828
C 3,4,56 10.1@ 0.9900
D 9 0.2935 79.0 23.2 0.9961
E 11 0.1653 59.3 9.8 0.9903
F 1.4 1.577 24.4 38.4 0.9630
G 10 10.1@ 0.9900?

(1)

)

Equal to mean on-stream factor for area grouping, exclusive of scheduled

Based on refinery experience

turnaround = 1000/(1000 + average unscheduled outages)




Turnaround Schedule

An average turnaround schedule is presented in Table 5.3

Table 5.3
Turnaround Schedule of ISBL Plants
Turnaround
Plant Plant
No. | Description Years Duration | Group
Between | (weeks)
1 Coal Cleaning and Handling *
1.4 | Coal Grinding and Drying 2 2 F
2 Coal Liquefaction 1 4 A
3 Gas Plant 3 2 C
4 Naphtha Hydrotreater 2 4 C
5 Gas Oil Hydrotreater 2 4 C
6 Hydrogen Purification 3 2 C
8 Critical Solvent Deashing 3 2 B
9 Hydrogen Production by Coal Gasification 3 3 D
10 | Air Separation 3 2 G
11 By-Product Sulfur Recovery 2 2 E
38 | Ammonia Recovery 3 2 B
39 Phenol Recovery 3 2 B
* This plant does not impact the overall plant availability because it is decoupled from

the rest of the plants by adequate storage.

Computation of Onstream Factor

The results of computation of onsteam factor are shown in Table 5.4 for the base case (First
plant). Column (5), the operating probability at design rate for the group, is calculated for
groups having spare (A, D and F) trains. A sample calculation is shown in Appendix 1. For
groups of plants having no spare, Column (5) equals Column (4).

The onstream factor exclusive of turnarounds for groups B, C. E and G = the productv of
eachitemin Column (5) . ...... ...t i e e Item (6)

The average maximum scheduled shutdown for groups without spares B, C, and D is 3
weeks in 3 years, i.e., Tweekperyearor7days............ ... ... ltem (7)
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Scheduled production days per year = 365 - ltem (7) = 365-7 = 358 days

The operation days at plant design rate = ltem (6) x ltem (8) = 322.6 days

The onstream factor based on calendar days = Item (9) divided by 365 = 322.6 divided by

365=0.884 = 88.4% . . ..ttt e Item (10)
Table 5.4
Expected Onstream Factor Base Case (First Plant)
(1) (2 (3) (4) (5)
Group Number of Turnaround Probability Operating
and Plants Trains of Running | Probability at
Years | Duration for each | Design Rate
between | Wks/Train Train | for the Group
A (2) 5 (1 spare) 1 4 0.9227 0.9415
B (8,38,39) 1 3 2 0.9828 0.9828
C (3,6,4,5) 1 2 4 0.9900 0.9900
D (9) 5 (1 spare) 3 3 0.9773 0.9961
E (11) 4 2 2 0.9903 0.9903
F (1.4) 10 (2 spare) 2 2 0.9630 0.9923
G (10) 5 3 2 0.9900 0.9900

(6)
(7)

(8)
©)

(10)

Onstream factor on scheduled production = 0.9010
Average scheduled shut down for groups without spares (B, C, E and G) turnaround

days/yr = 7

Scheduled production days per year = 358
Operation days at plant design rate = 322.6

Onstream factor, based on calendar days = 88.4%



; Table 6.1 EM

lllinois No. 6 Coal Burning Star Mine
ROM Coal Analysis "

Proximate Analysis Wt. %
Volatile Matter 33.0
Fixed Carbon 38.3
Ash _ 20.0
Moisture 8.7

Ultimate Analysis

Carbon 61.1
Hydrogen 4.2
Nitrogen 1.2
Sulfur 5.1
Chiorine : 0.1
Ash 21.7
Oxygen (by difference) 6.6

Sulfur Forms

Pyrite 3.0
Sulfitic 0.3
Organic 1.8

Ash Composition

Phosphorus pentoxide, P,O; 0.1
Silica, SiO, y 43.8
Ferric Oxide, Fe,O, 241
Alumina, ALO, 17.1
Titania, TiO, 0.8
Lime, CaO 5.6
Magnesia, MgO 1.0
Sulfur Trioxide, SO, : 4.1
Potassium Oxide, K.O 2.1
Sodium Oxide, Na,O 0.6
Undetermined 0.7

(1) DOE’s RFP on Direct Coal Liquefaction Project with
Adjustment
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Table 7.1

Analysis of Feed Coal to Liquefaction
llinois No. 6 (Burning Star Mine)

Proximate Analysis (wt. %, Dry Basis)

Volatile Matter 42.2
Fixed Carbon . 46.3
Ash 11.5

Ultimate Analysis (wt. %, Dry Basis)

Carbon 71.0
Hydrogen 4.8
Sulfur 3.2
Nitrogen 1.4
Ash 11.5
Chlorine 0.1
Oxygen (by difference) 8.0

Sulfur Forms (wt. %, Dry Basis)

Pyrite 1.0
Sulfitic 0.1
Organic 1.9

Ash Composition (wt. % oxidized)

Phosphorus pentoxide, P,0O, 0.2
Silica, SiO, 49.8
Ferric Oxide, Fe, O, 17.6
Alumina, AL,O, 19.2
Titania, TiO, 1.0
Lime, CaO 6.3
Magnesia, MgO 1.0
Sulfur Trioxide, SO, 2.9
Potassium Oxide, K,O 2.0
Sodium Oxide, Na,O 0.5
Undetermined -0.5
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" Wolfowicz, Alberto Daniel

From: Avidan, Amos
Sent:  Tuesday, March 18, 2003 10:36 AM

To: Wolfowicz, Alberto Daniel; Keel, Joseph
Subject: FW: Fax from Shenhua (Mar. 16)
Daniel,

Please provide me with 1. Our standard experience with coal liquefaction/gasification ( we probably already had this in our
previous Shenhua proposal - Lance was working on this)

2. work with Joe to come up with qualified resumes for the technical part

Amos

From: Sassi, Angelo

Sent: Tuesday, March 18, 2003 8:05 AM
To: Avidan, Amos

Subject: FW: Fax from Shenhua (Mar. 16)

For your action. | believe that | have sent the earlier paper received from Shenhua. Please advise.

Angelo Sassi

Business Development Manager — Asia Pacific

Bechtel International

Unit 1201-1209 Pidemco Tower, No. 318 Fuzhou Road
Shanghai 200001

People’s Republic of China

Tel: (86-21) 3305-4567 ext. 1235

Fax: (86-21) 6391-2126

Efax: 415-358-4529

Mobile 1: +44(0)7785-311-433 (UK)

Mobile 2: 86 135 0162 9176 (China)

Mobile 3; +1-415-867-8612

E-mail: agsassi@bechtel.com

From: Sassi, Angelo

Sent: Tuesday, March 18, 2003 4:37 PM
To: Khedr, Emad; Lewis, Eddie

Cc: Li, Jie (P&C)

Subject: FW: Fax from Shenhua (Mar. 16)

The attached fax requires a response by 21 March. May | have your comments.

Angelo Sassi

Business Development Manager — Asia Pacific

Bechtel International
Unit 1201-1209 Pidemco Tower, No. 318 Fuzhou Road

3/18/2003



Shanghai 200001

People’s Republic of China

Tel: (86-21) 3305-4567 ext. 1235
Fax: (86-21) 6391-2126

Efax: 415-358-4529

Mobile 1: +44(0)7785-311-433 (UK)
Mobile 2: 86 135 0162 9176 (China)
Mobile 3: +1-415-867-8612

E-mail: agsassi@bechtel.com

From: Xiao, Lei Lesley

Sent: Monday, March 17, 2003 10:10 AM
To: Sassi, Angelo

Cc: Li, Jie (P&C)

Subject: Fax from Shenhua (Mar. 16)

Angelo,
Please find the fax from Shenhua.

Best Regards,
Lesley

3/18/2003
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FAX Integrated Project Management Team

Shenhua Direct Coal Liquefaction Project

Fax: 86 10 82286466 (Beijing) 1 609 243 9493(Princeton)

To . Mr. A. Sassi From : P.J. Dickerson

Company ;. BECHTEL Date : 14March2003

Tel no. : Pages total : 1

Fax no. - 862163912999 Ourfaxref: : F-IPMT(P)Y/BECHTEL/ 003
SUBJECT : Shenhua Direct Coal Liquefaction Project — Contractor Prequalification

for the Direct Coal Liquefaction and T-Star'™ Units

S 00 2 e o o ook a8 e Rl s ok o o 4 el ok ko o ok ke had 2L BL IS LTI EEL TN T I R R ar g pun gy

Dear Mr, Sassi,

Based on your response to the Contractor Prequalification solicitation of interest FAX issued for the
subject project on February 21, 2003, the IPMT are reviewing the contracting strategy and invites
you to continue in the prequalification process.

As an aid in the selection/evaluation of the potential bidders, please respond to the following, not
later than close of business Friday, 21March03:

1. Provide your relevant experience in coal liquefaction.
2. Provide CV’s for the nominated, experienced team including project management,
engineering expertise, and commissioning and start up experience.

Should you have any queries then these should be addressed to the IPMT Project Manager for these
units, Peter Dickerson, on the above Princeton telefax number or via phone at 1 609 987 3053
and/or e-mail at peter.dickerson@us.abb.com.

Pet kerson

IPMT Offshore Project Manager
Shenhua Direct Coal Liquecfaction Project



6. Plant 1 (Coal Cleaning and Handling)
6.0 Design Basis, Criteria and Considerations

ROM coal enters the fence line of the complex. The analysis of ROM coal is shown in
Table 6.1. ROM coal is cleaned by Jig Cleaning operation.

Storage capacities for ROM Coal and clean coal are as follows:

For ROM coal, "Active Storage" Pile is of 4 days capacity and remaining 24
days of "Inactive Storage".

For clean coal, storage is for 2 days of "Active Storage" pile.
Operation Basis for the base case cleaning plant (Jig) is:

2 shifts a day 5 days a week and 50 weeks per year

Third shift for maintenance

14.5 hrs of operation with 1.5 hrs for start-up, planned and unplanned outages.

Ash content of base case clean coal are as shown below:

Base case, Jig Cleaning 11.47%
Alternate 1, Heavy Medium 8.6%
Alternate 2, Spherical Agglomeration < 4%

Size analysis for ROM Coal is shown in Table 6.2.
The basis for analysis of clean coal is shown in Table 6.3.

The production rate of this plant is based on the requirement of coal liquefaction plant
(Plant 2) and coal gasification plant (Plant 9, the source for hydrogen supply)..

Coal from this coal cleaning and handling plant (Plant 1) is further processed through

coal grinding and drying plant (Plant 1.4) where the coal moisture is reduced to 2 wt%
and the patrticle size is reduced to 50% through 200 mesh screen.
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Plant 1 design is on the basis of five train each train processing nominal 6000 TPSD
on MF basis. The product size, ash and moisture content of clean coal from Plant 1 is
shown in Table 6.4. Note that this original design was for six trains (as reported in
Task Il report). However, because 1) this plant is decoupled from the rest of the
complex via sufficient storage facility for capital cost estimate purpose, it was decided
to keep five trains instead. This change will not impact on the overall onstream factor
for the complex.

Production of Middlings

The possibility of utilizing a potential middiings product with an ash content of around
20 percent for boilers or coal gasification was examined. The recovery of a middlings
product is justified when the process sink material (refuse) contains a significant
amount of material of economically usable quality. A review of the float/sink data for
the design coal revealed that only a clean coal with 11.47 percent ash (Base Case) will
be produced from the ROM coal, the refuse will contain no coal of the required
middlings quality. The refuse will be exclusively material with an ash content above 68
percent.

Under these circumstances, additional cleaning, dewatering, handling and storage
circuits will not be justified to produce a middlings product. Since the boilers or
gasifier can use a fuel of 20 percent ash this requirement can be more economically
met by ROM Coal.
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Table 6.1

lllinois No. 6 Coal Burning Star Mine
ROM Coal Analysis

Proximate Analysis Wt. %
Volatile Matter 33.0
Fixed Carbon 38.3
Ash 20.0
Moisture 8.7

Ultimate Analysis

Carbon 61.1
Hydrogen 4.2
Nitrogen 1.2
Sulfur 5.1
Chiorine 0.1
Ash 21.7
Oxygen (by difference) 6.6

Sulfur Forms

Pyrite 3.0
Sulfitic 0.3
Organic 1.8

Ash Composition

Phosphorus pentoxide, P,Os 0.1
Silica, SiO, 43.8
Ferric Oxide, Fe O, 241
Alumina, ALO, 171
Titania, TiO, 0.8
Lime, Ca0 5.6
Magnesia, MgO 1.0
Sulfur Trioxide, SO, 4.1
Potassium Oxide, K,O 2.1
Sodium Oxide, Na,0 0.6
Undetermined 0.7

(1) DOE’s RFP on Direct Coal Liquefaction Project with
Adjustment
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Table 6.2

Size Analysis for ROM Coal

Size (inch or mesh) Percent
3 x3/8 | 51

3/8 x 28M 37

28M x 0 12
Total : 100
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Table 6.3

Analysis of Feed Coal to Liquefaction
llinois No. 6 (Burning Star Mine)

Proximate Analysis (wt. %, Dry Basis)

Volatile Matter
Fixed Carbon
Ash

Total

Ultimate Analysis (wt. %, Dry Basis)

Carbon
Hydrogen
Nitrogen
Sulfur
Chlorine
Ash

Oxygen (by difference)

Total

Moisture %

42.2
46.3
11.5
100.0

71.0
4.8
1.4
3.2
0.1

11.5
8.0

100.0

8.6
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Table 6.4
Product Size from Coal Cleaning Plant
Base Case Wt %

Particle Size

3x1-1/2 9.4

1-1/2 x 100M 90.6
Moisture 8.6
Ash 11.47

6.1 Major Equipment List

The major equipment list for this plant is included in Table 6.5.
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;‘t Table 6-5

Major Equipment List

ROM Coal Receiving and Storage
Surge Bin Feed Conveyor

Tramp Iron Magnet

Surge Bin

Weigh Feeder

Plant Feed Conveyor

Baum Jig

é: Addition

Refuse Screen

: Clean Coal Centrifugal Drying
/ Clean Coal Crushing
0 Fine Refuse Thickening and Water Recovery
Coarse Refuse Handling
Fine Refuse Disposal
Clean Coal Storage

Ciean Coal Storage - Emergency File

6-7



6.2 Catalyst and Chemical Summary
For this plant the catalyst and chemicals cost is as follows:*
Start up catalyst and chemicals $200,000

Start up first year requirement $606,000
of catalyst and chemicals

* The catalyst and chemical consumptions were given as dollar figures by the coal
preparation and handling specialists.

6.3 On Stream Factor
The onstream facator for this plant is 95+%. However, the onstream factor of this plant

does not impact the onstream factor of the overall complex because this plant is
decoupled from the rest of the complex by adequate storage.

6.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 48 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

6.5 Plot Area Required

The total plot area required for this palnt is 1500 ft x 1000 ft.
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6.6 Capital Cost and Breakdowns (First & Nth Plants)

The field costs and breakdowns for Plant 1 are given below in Table 6.6. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41.

Table 6.6

Plant 1 (Coal Cleaning and Handling)
Field Costs and Breakdowns
2nd Quarter, 1991

~jel

BreakdoWn First Plént Nth Plant

Major Equipment 34.8 34.8

Bulk Materials 19.7 19.7

{ Subcontracts - -

Direct Labor 19.2 19.2

Distributables (Indirect) 17.3 17.3
Total Field Costs 91.0 91.0
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7. Plant 1.4 - (Coal Grinding and Drying)
7.0 Design Basis, Criteria and Considerations

This plant crushes and drys coal from Coal Cleaning and Preparation Plant (Plant 1)
for Coal Liquefaction Plant (Plant 2).

Clean coal enters the plant sized at 1-1/2"x0 with up to 15% moisture content and
exits with 50% of the coal minus 200 mesh and with 2% moisture content. Moist clean
coal from a feeder bin enters the coal mill where it is ground. Dry, heated nitrogen
blown into the mill dries and carries the fine coal dust out of the mill to a dust collector
unit. The dust collector separates the coal dust from the nitrogen and directs the coal
to a crushed coal bin. The nitrogen is recirculated through a heater back into the mill
except for a small amount which is purged. The crushed coal product is delivered to

Plant 2 via a pneumatic type pump.
The plant is designed to grind and dry 17,102 TPD (dry) of 1-1/2" and less, 55

Hardgrove coal with 15% maximum feed moisture content. The final product has a
size of 50% of the coal less than 200 mesh and a 2% moisture content.

The plant is intended to be operated 24 hours per day.

Inert nitrogen gas is utilized for drying and transferring the coal dust to minimize auto-
ignition and explosion hazards.

The coal feed and crushed coal product bins must each provide 8 hrs of storage
capacity (600 tons at 75 TPH).
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7.1 Major Equipment Summary
The major equipment for this plant is listed in Table 7.1.

Table 7.1

Equipment Description
Coal Feed Bin 600 ton, 29 ft. dia., 60° cone

Crushed Coal Product Bin 600 ton, 35 ft. dia., 60° cone,
with nitrogen blanket

Fired Heater 48.6 MMBTU/hr duty, fuel fired,
nitrogen gas feed, 850 °F and 1
psig design temp. and press.

Finished Coal Feed Pump 75 TPH, 50 psig outlet press.,
Fuller-Kinyon, pneumatic,
transports pulverized coal @ 30
lb/ft?, 2250 SCFM N, required,
rotary feeder on inlet side

Nitrogen Recycle Fan 900 hp, 1800 rpm, WP ||
induction motor, Induced air fan,
backward curved, including
housing, inlet damper and
controls

Nitrogen Bleed Damper 5300 ACFM nitrogen @ 90 °F
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Table 7.1 - continued

Equipment
Weigh Belt Feeder

Crushed Coal Screwed
Conveyor

Hoist for Feeders

Overhead Travelling Crane

Fuller Atox 25 Coal Mill

Dust Collector Baghouse

7.2 Onstream Factor

The onstream factor for this plant is 97.3%.

7.3 Operating Manpower Requirements

Description

75 TPH, 10 ft. long, 3 ft. wide, 10
ft. long bin discharge chute,
feeder discharge chute

75 TPH

6 tons design capacity, 25 ft. lift,
motorized trolley-pendant
operated hoist

30 ton capacity, 30, 10, and 10
hp motors, 40 ft. span, 70 ft. lift

Model AM-KM-25 including a
static classifier, 700 hp, 1200
rom, WP |l induction motor
Fuller Plenum-Pulse Modular,
Double Row, Model 128-16-10,
carbon steel construction

The operating manpower requirement for this plant is 17 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

7.4 Plot Area Required

The plot area required for this plant is 250 ft. x 1800 ft.



7.5 Capital Cost and Breakdowns

The field costs and breakdowns for Plant 1.4 are given below in Table 7.2. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41.

Table 7.2

Plant 1.4 (Coal Grinding and Drying)
Field Costs and Breakdowns
2nd Quarter, 1991

. FeldCosts ~ Costs(SMM)

Breakdown First Plant  Nth Plant
Major Equipment 37.8 31.5
Bulk Materials 23.8 19.8
Subcontracts 5.4 45
Direct Labor 20.0 16.7
Distributables (indirect) 18.0 15.0
Total Field Costs 105.0 87.5
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8. Plant 2 (Coal Liquefaction)

8.0 Design Basis, Criteria and Considerations

Coal Feed

The coal to be fed to the coal liquefaction plant is washed and dried lllinois No. 6 coal
(Burning Star Mine) from Plant 1, the Coal Preparation Plant. Analysis of the basis
coal is presented in Table 8.1.

Coal feed to Plant 2 is approximately:

Basis Per Train Total
MF basis 3,420 TPSD 17,102 TPSD
MAF basis 3,028 TPSD 15,140 TPSD

Moisture in the coal feed is 2.0 wt. % and ash (MF) content is 11.47 wt. %.

Process

The process used will be close-coupled, catalytic-catalytic, two-stage coal liquefaction
(CTSL by HRI) with ashy recycle, recycle of extract from the critical solvent deashing
plant, and recycle of 850°F + to extinction.

Maximum Reactor Size

The maximum size reactor will process a feed rate of 3,028 TPSD (MAF basis),
producing 12,389 BPSD of liquid products (C,-850°F). Five trains of the maximum size
operating at capacity will be required to reach the proposed production of
approximately 62,000 BPSD.
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Nominal Reaction Conditions

Nominal coal liquefaction conditions will be:

Reactor Inlet Pressure, psig
Reactor Outlet Pressure, psig

Hydrogen Partial Pressure, psia
(outlet of Stage 2 reactor)

Coal Feed, Ib MAF/Ib catalyst
Solvent/Coal Ratio, (MAF wt. basis)
Solvent, wt.%

Distillate (1000°F-)

Residuum (1000°F +)
Ash + Unconverted Coal

Slurry Tank Temperature, °F
Reaction Temperature, °F

Stage 1
Stage 2

The Coal Feed Analysis is shown in Table 8.1.

8-2

3200
3000

1950

1.12
2.454
38.0
49.9
12.1
400

790
760



Table 8.1

ANALYSIS OF FEED COAL TO LIQUEFACTION
ILLINOIS NO. 6 (BURNING STAR MINE)

Proximate Analysis (wt. %, Dry Basis)

Volatile Matter 422
Fixed Carbon 46.3
Ash 11.5

Ultimate Analysis (wt. %, Dry Basis)

Carbon 71.0
Hydrogen 4.8
Sulfur 32
Nitrogen 1.4
Ash 11.5
Chlorine 0.1
Oxygen (by difference) 8.0

Sulfur Forms (wt. %, Dry Basis)

Pyrite 1.0
Sulfitic 0.1
Organic 1.9

Ash Composition (wt. % oxidized)

Phosphorus pentoxide, P,O; 0.2
Silica, SiO, 49.8
Ferric Oxide, Fe,O, 17.6
Alumina, ALO, 19.2
Titania, TiO, 1.0
Lime, CaO 6.3
Magnesia, MgO 1.0
Sulfur Trioxide, SO, 2.9
Potassium Oxide, K,O 20
Sodium Oxide, Na,O 0.5
Undetermined -0.5
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Catalyst and Catalyst Addition Rates

Catalyst for the coal liquefaction process will be Amocat 1C in both stages. The
catalyst has a bulk density of 35 Ib/cf. Catalyst addition rates are specified to be
3.0 Ib of catalyst per ton of MAF coal feed for the first stage reactor and 1.5 Ib of
catalyst per ton of MAF coal feed for the second stage reactor.

Hydrogen Makeup

Makeup hydrogen gas is available at the pressure required for the coal liquefaction
plant at a temperature of 110°F. The composition of the makeup hydrogen is
approximately 99.0% (vol.) hydrogen and 1.0% (vol.) methane.

Yields

Yields from the coal liquefaction plant are presented in Table 8.2 below:

Table 8.2

COAL LIQUEFACTION YIELDS

Yields *Wt.% MAF First Stage

Coal Feed Outlet Overall
H.S 2.00 2.86
H,O 710 9.51
NH, 0.95 1.39
00) 0.04 0.06
CO, 0.09 0.14
C, 0.91 1.84
C, 0.74 1.43
C, 0.85 1.52
C, 0.40 0.79
C,-350°F 8.00 16.12
350-450°F 4.90 7.51
450-650°F 6.76 25.11
650-850°F 15.20 21.36
850-1000°F 18.52 0.66
1000°F + 26.80 8.39
Unconverted Coal 10.20 7.21
Phenols 0.24 0.30
Ash 12.96 12.96
Hydrogen Consumption -3.70 -6.20
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Product Quality

The API gravity of the product cuts from the first stage and second stage reactors is
given in Table 8.3 below:

Table 8.3
PRODUCT QUALITY
Gravity (°API)
Product Cuts First Stage Overall
C,-350°F 445 45.5
350-450°F 24.5 25.0
450-650°F 13.5 14.0
650-850°F 5.0 6.0
850-1000°F -1.6 -1.5
1000°F + -11.5 -10.5

Design Considerations

The design of the slurry preparation system of the Coal Liquefaction Plant was based
on the concept used in the Breckinridge Project.

The capacity of an individual train was determined by HRI and it was based on reactor
diameter and weight considerations. The coal throughput using the maximum-sized
reactors was based on the space velocity used in Wilsonville run 257E. The
liquefaction of each section including primary separation was designed by HRI. The
HRI design report is included in Section 8.6.

The process, except the reaction system and slurry and hydrogen preheat system,
was modeled using Simulation Science’s PROCESS simulation software. The model
was used to develop equipment sizing, product separations, and utility requirements
for those portions of the plant not provided by HRI. Sizing information supplied by
HRI was used directly in the study. This included the slurry and hydrogen preheat
system, the reactor system, the high pressure separations system, and the recycle
hydrogen compressor.

The material balance was developed from the information provided by HR! and
extended to the rest of the plant. The overall material balance for the plant is shown
in subsection 8.2, Table 8.4.
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The process was developed making maximum use of air-fin coolers and condensers
to a process outlet temperature of 130°F. The cooling of hot process fiuids by steam
generation was utilized wherever possible. Most of the steam generated was at the
150 psig level.

The separation system was developed with a two pressure level configuration. Each
pressure had three separators: hot at the reactor effluent temperature (760°F), warm
at approximately 550 °F, and cold at 130°F. The three separators configuration
improved the purity of the recycle hydrogen stream, reduced the amount of heavy
material in the gas stream sent to Plant 3, and reduced the amount of gases sent to
atmospheric fractionation.

The coil outlet temperatures of the atmospheric and vacuum heaters was maximized
to tube coking limitations. The pressures in the two fractionation towers was set at the
lowest level practical by overhead condensing and vacuum system limitations in order
to achieve as high a bottoms cut point as possible.

Two separate flush oil systems have been incorporated in the design. The light flush
oil is taken from the atmospheric tower sidestream and is used for flushing
instruments in slurry service. The heavy flush oil is taken from the vacuum tower
upper sidestream and is used for flushing the seals of pumps in slurry service.

8.1 Major Equipment Summary

The major equipment summary for Plant 2 is shown in Table 8.4.

8-6



*SujeJ) [B10) XIS B18 810Ul °uleJ} 8|Buis B JOj S} uMOYS wewdinby :ZI1ON .

jedfuep 0S¥y 00ce |ee1g uoqie)d S'9 o€l 1N0Y20UN J0sseadwo)  LLLD -§2
jejuozpoy 0§t 0S SO SL 592 wniqg 181eM IN0S  9LLD -G2
[eozioq 051 o1 s 0L Sve wniq Jelem usem 611D -§C
leuozyoy  OSvy 0oL S0 S8 092 Joresedeg einsseid Mo PO ¥LLD -5

(#) [ewozuoH 0S¥ 00€€ 210 LIYD-LBEVS 56 02 Jjoresedeg einsseid yBIH PIOD  ELID -§2
£XQ.t008  [euozPoH 004 0S 916-v o€ ozt nooY puod wig PioH Ang £oed  ZLID -SC
{eluoZoH 00S 001 SO g9 [* g4 housmnow 8INSS8.d MO} WIBAM LD =S¢

(©) [edleA 009 00ee 210 2249-L8EVS 06 08l Jojesedeg einsseid Yb|H wiep 011D -S2
[eolueA 008 0s SO S'6 0ve wnuQ pioH Aunig e1dAded 6010 -S°¢

{eojueA 008 . 0Si s 66 0'92 Jojesedeg einsseid mOTI0H 801D -G¢C

@) [eOIGA 0S8 00€ce 210 2249-LBEVS S0l 522 Jolesedes ainssesd YBIH10OH 01D -ST
NOILLVHVJ3S AHVINIHd

) [eojUeA 009 ooce OWL 10V/1-2 0'st (] Z obeig - uojiogjenbyy B0 901D ¥
(1) [edfeA 009 00ee OWL "10%/L-2 0°Gt 5'S8 | eBelg - uopidejenbi] (80D SOLD -€°C
W3LSAS NOILOVAY

[euoziOH  O0¥ ol 916-v 0t 06 18A|900Y PEOUIBAD J8qanIds  ¥0LD -1+C
[eojUeA  0SY ot 915-v oy 0ce 19QQniog e yuey ebig Aunis €010 172

[eoen  0SZ ot 692-v 0’81 o'cy yuey ebing Aunig 2010 -1

[eoleA  0SL ]! S1G~¥ ot 09t IIUS JINO NuL XN XeUOA AuniS
[edlI6A  0SL 0L SIS~V oL 0Lt [US JUU YUL XN XOLOA ALNIS 101D -1
NOLLYHVd3IYd AHHNIS VOO
swewwo) uopewepo (o) dwey (Bisd)sesd {eueley Cyuan tyu1-p uopduoseq juewdinb3 "ON
suojpuo) ubiseq Jjelowelq yibuen wewdinb3a
§185SeA pue Si010eey

uopoejenbi |eod - ¢ lueld
£rewwns yswdinb3 Jofew v'g ei1qel

8-7




g 1v64s

Al ot 002 0L/ Ad SO «9.L (1 Joddig 1usAj0g A06H JBA €210 -9
PO Z +9.9 :02'61 shesy
6AleS 8t 008 0L/Ad 916-v 91 8L-1 shesy, 09 Jojeuoljoeld wNNoeA 221D -9¢
s|euselu] SSOLY :AeiL eAles ot 004 0S SO «9.2 o¢ Jeddig OOV 641D -9
PUO 4 8y-Gp shesy
éAnleg 44 49,5 ‘yy-€2 shes
«9.6X.9.8 sueii
oAleS 9 i2e-21 shesy
sjewselu| SSOLY Ae1) A0S 91 008 0s SO 9.8 :91-1 shesy oSt Jojeuojioei4 oueydsowly 811D -9
NOILYNOILLOVHL 10NA0YHd 3aNdD
shesy joedhy  sheiy (4.) dwel (Bisd) seid leuelen Cyuran Cyu -1 uoldioseq wewdinb3 ‘ON
JO 'ON suoi|puo) udiseq Jepwe|g wBeH wewdnb3y
§16M01
pe;dss 128 ()
pero ss v (€)
peuyj A10}0B1501 ‘PEID SS 2¥E (2)
peuyt A101081403 ,9 ‘ABIIBAD SS L¥E "1S 2821 W 9Lt (1)
ISUBWWOD
ledueA  0SL ]! S0 oy 08 noxoouY ssesdwo) seH e GelD -97¢
|eluozyoOH  O0Y (418 1310 (18 4 09t wnody Jesuepuo) lef wnndex  #210 -97¢
HIMOL WNNDOVA-NOLLYNOILOVHA 1ONA0Yd 3aNYD
jealuep 008 oSt 18E-V S0t G562 wnqgysejd pee4 9210 -9%¢
jreduepn 002 ot SO oy 08 IN0Y00UY Ssesdwo) SeH UGN 121D -97¢
£Xaze 08 |eJuozuoH  00€ ot 1310) s'9 092 JOje|InuINddyY peeyseay 021D -9°¢
H3IMOL DIHIHdSOWLY-NOLLYNOILOVHAL 10NA0Hd 3aNHD
swewwo) uopeuelo (do) dwey (Oisd) sesd jeueiew (yuan B i1-p uopduoseq wewdnba ‘ON
suolipuo)) ubiseq Jelewelq yibue ewdinby

panunuod - Atewwng yuawdinb3 Joley  ¢'8 dlqelL

TWod"  BA PUE siojoeey

8-8




¢ 1e6ys

SO AUOD OWZ/t HO G :PEd (008 00c 661

1'GlL Jejeeye.id jojeuotioesy4 WNNJOEBA vOld |w..N
SDAUOD OWZ/t HD SPed 008 002 962 661 11 JojeuonoRI4 Sueydsouly €013 -92
NOLLYNOILLOVHA 10NA0Hd 3aNY0
058 00ce $S LE 1S 44 JeleeH Sen 2014 -€¢
0S8 00¢e SS L¥E Sil 88 seieeH AuniS (80D 10Ld -2¢
WILSAS NOLLOV3Y

(4o)dwey (Bisd)sesd [ejelep umg ) (Qumg AW uoyidudseq luswdinba ON
suopipuo) ubiseq eqnyt Aing Ang Juewdinb3

poJi4 peqJosqy

'ou DeJid
panunuod - Azewwng ju. udinbg Jolew

V'8 eiqelL

8-9




v leeys

(Ad) wnnoea jinj 1o} |leys ubiseq (2)
(Ad) wnnoea yiny s05 seqny ubiseg (1)

:SeJON

S0 S4) 0s2/0S  0SL/00L 2 N egniwglieys €000 J8|00dsely DA %BA 2213 -9

"HOEL-LL  00V/OL 0SL /00t oL n eqnrwglieus 800 Jesuepuog ler weels puz  02L3 -9¢

@ HO€L-1L 00V /Ot 051 /001 0SS /1 eqnpgieys 9SGt Jesuepuo) ler weelsist 6113 -92
915VsS HOEL-LL  00¥/002 0SL/0SL 0vL9 /1 eqnLgieys  £0¢ UeY) WeeIS JONPOId SWoNog  81LL3 -9'2

915vS HOEL-11  Q0¥/002 0S9/0Gt GZLL /1 eqnygleys  6¢ ueoH WEB)S 19NPOId OOAH L1113 -9°2

W oy HO €L-1L  0S§2/01 0S¥ /001 oSt 1 ud-gy - Lt 181000 punoseduing OOAH 9113 -9°C
) 91L5VS HOEL-LL  00¥/002  00L/00} 0191 /L eqnLgieus 29 uen weelg punoseduing OHOAH  SL13 -9
W or "o EL-Lt  0S82/0t 00€ / 004 00vLL/L U=y 9vE 181000 punosedwnd O9A1  vii3 -9°C
HIMOL WNNDVYA-NOLLYNOILOVHA 10NA0Yd 3aNYD

oF ($30] 0sz /014 00€ /0S 09z /1 U=y S0 Jej00018))y dwoD DA WY 1213 -92

SO (76) 0Sv /004  OSL/00L 029t /1 eqnLp lIeys 0L 191000 1ONPOIJ OOV €113 -9°2

SO 15%0) 0Sy /00t  00¥ /00! oeLZ It egnLwglieys 6§ JeBuBYdX] $5010 10NPOId 0DV 2113 -92

08 S0 0sZ /0% 00€ /0t OLv8 /1 uid-y - €98 18SUepUOD PUAD JBI4 Sowly L1 -92
H3IMOL OIHIHASOWLY-NOILVNOLLOVHL LONAOYd 3aNYD

ozt jeuopy 0S2 /0t 00€ /0S5t 0861 /t ud-ay - 2L 181000 dep deg g1 wiepA 0Ll -S2

08 $S191€  0S2/0l 0SE / 00€e 02091 /1 U=y S°001 181000 dep deg dH wiepn 6013 -62

oy SS19i€  0S2/0t 008/0S o9r /Nt uid-lY e puoQ dep wniQ ploH Aunig 8oLl -S2

PeID OW LMD ¥/L-2 SST1¥0E  SST1v0E  0S8/006E  00¥ / 00SE ov99 /1 eqnL g lieys 09 Jeleeyeld ueboipAy puz 2013 -§2
PeID OWD #/L-2SSTPOE  SSI¥0€  009/00EE 0S2 /00SE oeEve 1L eqniwgileys  L've Jeleoyesd LebOIpAH ISL 9013 -62
0449 9LSVS 0S2/0SL 00 /002 oseL /b eqnLglieys 0Ot usH weelg dep deg d110H  S0L3 -5¢C

PeID SS1 +0E/M 2HD LBE

PBID SS1 ¥OE/M 0L~9LSYS 008 /0SL 059 /004 o9 1N eqniL g eys  9'¢ 191000 dep deS d110H  v013 -§¢2

NOILVHVd3S AHVWIHA

(117 pelD SSTY0E/M 9LS-Y  0SZ /0L 0S¥ /01 StL N ug-ay S99 uoD peeyieap yuel e6ig Aunig €013 -1

o sS9le  0S2/04 0S¥ /0S1 556 /1 -y €y 18100 lUBAIOG 810408 2013 -1

SS 126 00¥ /002  0SZ/0SL 0ese /1 eqny g eys  Sve Jojeseuen) weels Aunig ephdey 1013 -1
NOILYYUVd3dd AHHNTS YO0

SOloN dHg leys eqnt (Ho/Bisd)  (Ho/0180) (4 bs) sebueyoxg  (yma WIN) uoliduose( Juewdinb3 ‘ON
Uld-dY  UopoNASueD Jo jepeleN  L/d 11eys L/d eqgny Heysreesy joediyL Ang luewdinb3
suofipuo) ubjseq fsli8ys "oN

SIBBUEYDXT Te6H
panunuod - Arewwns Juawdinb3z Jolewy +°8 ©lqel

8-10




G 1eeys

2 Jolon e 002 0ove S¥S Geie Sie 9-0 dwnd dH Jelem useM  SLID =672
e Jolonwdeld  00e 001 ot SL 1°1°14 9-0 dwnd d41161BM USEM  ¥LID -S¢C
4 oowve3  00¢ 001 (474 o1 0£9 9-0 dwng wniQ 181ep IN0S  €4LD -S72
4 Jolonw e 002 001 s 014 8 9-0 JIM IS OV puD Ja PIH NS A%ed 241D -G
4 oW e 00¢ 00t 8 oY Si 9-S by woy pud wiQ PHH IS Aoed LI1D -§7¢
4 Jolow ei3 008 0S4t oct G6 G291 |oUOW duing ejoAceyd Aunig - 0119 -S¢
NOILVHVJ3S AHVWIHd
g2 mommmmmoes mmmmemmooossmmmoo frejppdold — ---=----mswomosossmoToooET SS LvE Guyeynaly g e6eis 6019 -¥¢
2  mmmmemmmemessomsmmssssoossosoooosos felepdolg  ---m--m-s-mssmwosTomomooTemT SS L¥E Bupeynal 1 ebels 8019 -€%¢
14 JOloON e 0Sv 00e€e 0sve T4V 151 ebieyD Aunig  SOLO -€7¢
WILSAS NOILOV3Y
€ Jolo 10813 0SY 00t 0L 0L 001} HHO %9¢ 052OH dwnd Jeisoog Aunig 10D €0 1D -1¢
4 oo e 002 001 3 0S St SS9 J101eM JNOS 18QQnIdS 201D -1
4 Jolow el 002 oSt 1 00t 1 SS9l€ 19NpOId J8suepuod 1eqansds  101O - (94
NOLLVHVd3Hd AHHN1S WOD
pounbey #  1eALQ (dQo)dwel (Bi1sd) seid JemodesioH (1sd) (wdb) ese) uopduoseq uewdinb3 ‘ON
suojpuo) ubiseq exeld soid elled 8jeYy Mo|4 juewdinb3a
sdung
3 oo e 002 18 4 4 €00 sen) Juep wnnoepA €0 -9¢
3 Jolopw 083 081 Si 8 Se o0 seo Jusp dueydsowly 20iM -9
NOLLYNOILOVHL 10NAa0Ud 3aNdd
8 oW e 0S4 GEZ'E 666'C 980'L 91 ueBospAH ©johoeYd L0 -4
NOLLYHYd3S AHVWIHd
pesnbey # JeAuq (4,) dwey (Bisd) (Bisd) 1emodesioH (g4oSnW) ese)d uonduoseq luewdinb3 ‘ON
enno seid  1e(u) seid exeid eley mold juswdinbl

suonpuo) ubiseq

§10556TAWOD
panunuod - Alewwns yuewdinb3 Jofepy

v'8 ejqel

8-11




9 ieeys

oovy 00¢ Gg = ojjes eese Jy/qi 002 1er wee)s wnnoeA puz  20LH -9¢

ooy 00¢ 0G = Oljes eaJe 1y/q) 00007 jor weelg wnnoeA st 10tH -97¢

H3IMOL WNNOVA-NOLLYNOILOVHA 10Naokd 3anydD

||||||||||||||||||||||||||| Areyeudold --~-=--===-mmoossomsmoo T weisAg BuijpueH iskieled 012672

W3LSAS NOLLOVIY

dyq 09 Jexipy jue) ebing Aunig  20LA -LC

duq Sz JOX|N MUEL XIN XBUOA Aunig  1OLA -17C

dyq 09 ‘. 1EX A¥ X 28 jopeod Bujliemeid [BOD  LOLL -1°¢

NOILYHYd3dd AHHN1S YOO

(4.) dwey (Bisd) seid epen ubiseq 10UI0 eley moi4 uopduoseq luswdinb3 "ON
suoppuo) ubiseq ewdinb3g
Snoeue|8osiN

4 joowwed  0st 001 i 0S S 9-S 10NpOId WNODY 181 WNNJEA 9219 -9%¢
4 oowwed 06t 00!} 14 0s 06 -V JEJEA JNOS WINJJY 181 WNNJEA gcLo -97¢
[4 ooy weld  0SL 0SL/Ad 514 001 114 Gg 6SeQ HOE!L 1onpoid swolog  v2io -97¢
[4 oo e 0s9 0SL/Ad 8 00!} S8 esed Hot! 19NpoJd OODAH  €21D 97
4 Jojo 10ei3 004 00L/Ad 8 0§ ozt Gz 6se) "Hot!L punoredwnd OOAH 2219 -972
4 Jojow e 00€ 00+ /Ad SL 0S 00St 9-0 punosjedwnd OOA1 121D -9
Y3MOL WNNOVA-NOLLVNOILOVHA 10$Na0dd 3andD

4 Jjolon e 002 004 3 0S 18 LV 1M JNOS WINJJY PUAD sowly Q2D -9¢
c oW e 0SL 00¢ ovi 0st OiLL 4o €l Jonpoid swollog 6119 -97¢
c Jolop e 0Sv 001 S 14 oct 9-S 1onpoid OBV 8LLD -9
4 Jolow e 002 00t St 0s 0.8 S-S 1onpoid euydeN/xniied L1 19 -9¢
[ JOJON o3 008 oS!t 214" oSt 51448 Ho €l ebieys JejesH sowly 9119 ~-9'¢
: H3aMmol DIHIHJISOWLY-NOLLYNOILOVHY 10Nna0dd 3aNd0

pelinbey #  18AuQ (3.)dwe) (Bisd)seid JemodesioH (1sd) (wdb) ese) uopduoseq wewdinb3 "ON
suompuo) ubiseq exeig so.d elled ejeH moid jewdinb3a
003 'sduing

panunuod - Arewwng juawdinbg Jofew +'8 alqel

8-12




8.2 Catalyst and Chemical Summary

Catalyst and chemicals required for Plant 2 are shown below:

Catalyst or Chemical Amocat-1C, 1-1/2", Extrudate
Quantity required for start up 2,253,000 Ib
Consumption 68,130 Ib/day

8.3 On-Stream Factor

The expected on-stream factor for the Coal Liquefaction Plant, is 92.3%.

8.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 40 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

8.5 Plot Area Required

The plot area required for the Coal Liquefaction Plant is approximately 750 feet by
1,000 feet.
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8.6 Capital Cost and Breakdowns

The field costs and breakdowns for Plant 2 are given below in Table 8.5. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41.

Table 8.5

Plant 2 (Coal Liquefaction)
Field Costs and Breakdowns
2nd Quarter, 1991

rst Plant  Nth Plant

Breakdown Fi

Major Equipment 344.4 287.0
Bulk Materials 279.6 233.0
Subcontracts 20.4 17.0
Direct Labor 249.6 208.0
Distributables (Indirect) 224.6 187.2
Total Field Costs 1118.6 932.2
/ 5.,;'['6& i
¢ %’W;ﬁé
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9. Plant 3 (Gas Plant)
9.0 Design Basis, Criteria and Considerations
The Gas Plant consists of the following sections:

Absorber/deethanizer

Lean oil stripper/debutanizer

Depropanizer

LPG Merox for propane and butane products
Makeup lean oil stripper

The original intent during design phase was to maximize the overall plant reliability of this
complex. Therefore, every plant was designed for the maximum reliability. For this
reason this plant was designed with two 50% capacity trains instead of one 100% capacity
train.

However, after review of the overall cost estimate of the complex and the overall plant
reliability of the entire complex, it was determined that this plant is not so critical in
determining the overall plant reliability. Therefore, as reported here, the gas plant was
treated as a single 100% capacity train plant for capital cost estimate.

Feed to the Gas Plant will be tail gas from the Hydrogen Purification Plant (Plant 6).
Makeup lean oil is the naphtha product from Plant 2. Lean oil purge from the lean oil
stripper/debutanizer will be sent to the Naphtha Hydrotreater (Plant 4). Lean oil stripper
offgas is returned to Plant 6 for treating.

The products from the Gas Plant include:

° C3 LPG
° C4 LPG
e Fuel Gas

The specification for the two LPG products are as follows:

C, LPG C,LPG
Specification Max. Max.
Ethane (vol.%) 2.0 -
Propane (vol.%) - 2.0
Butane (vol.%) 2.0 -
Pentane (vol.%) - 2.0
Mercaptans (wt.ppm) 20 20
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Design Considerations

Lean oil absorption was used as the method to recover light hydrocarbons from
miscellaneous gas streams being sent to the fuel gas system because of the high
recovery of propane and butanes, smaller equipment sizes, and recovery without the
need for a refrigeration system. The lean oil absorber and rich oil deethanizer operations
were combined into a single tower to reduce capital and operating costs.

Naphtha product from the Coal Liquefaction Plant is used as the lean oil makeup.
Because the makeup rate is close to the Plant 2 production rate, the total naphtha stream
was sent to the Gas Plant. The lean oil purge (Stripper/Debutanizer bottoms) is sent as
feed to the Naphtha Hydrotreater. This scheme simplifies the operation of the system
and reduces the amount of light components in the feed to Plant 4. The makeup lean
oil is stripped prior to entering the absorption system to remove ammonia and acid gases
which may contaminate LPG products or fuel gas and light hydrocarbons which may be
lost to fuel gas in the absorber overhead stream.

Some pentanes are lost to fuel gas in the absorber overhead vapor stream due to vapor-
liquid equilibrium. A refrigerated cooler would be required to recover this lost material;
however, little additional propane recovery would be made since the recovery rate is
already quite good.

Plant 3 was modeled using the PROCESS simulation software. Equipment was sized
using these simulations.

9.1 Major Equipment Summary

The major equipment summary for this plant is presented in Table 9.1.
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9.6 Capital Cost and Breakdowns

The field costs and breakdowns for Plant 3 are given below in Table 9.2. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41. Because there is
no spare train for this first plant, the costs numbers, as shown in the table below, are
the same for the first plant and Nth plant.

TABLE 9.2

Plant 3 (Gas Plant)
Field Costs and Breakdowns
~ 2nd Quarter, 1991

Breakdowns First Plant Nth Plant

Major Equipment 8.3 8.3
Bulk Materials 5.8 5.8
Subcontracts 0.9 0.9
Direct Labor 5.4 5.4
Distributables (Indirect) 4.9 4.9

Total Field Costs 25.3 25.3



10. Plant 4 (Naphtha Hydrotreater)
10.0 Design Basis, Criteria and Considerations

The original intent during design phase was to maximize the overall plant reliability of this
complex. Therefore, every plant was designed for the maximum reliability. For this
reason this plant was designed with two 50% capacity trains instead of one 100% capacity
train.

However, after review of the overall cost estimate of the complex and the overall plant
reliability of the entire complex, it was determined that this plant is not so critical in
determining the overall plant reliability. Therefore, as reported here, the gas plant was
treated as a single 100% capacity train plant for capital cost estimate.

Feed to the Naphtha Hydrotreater will be the naphtha (C,-350°F) product from the
atmospheric fractionator tower at the Coal Liquefaction Plant (Plant 2) via the Gas Plant

(Plant 3).

Design criteria for the Naphtha Hydrotreater is based on the following:

Reactor Inlet Pressure, psig 1,000
Reactor Outlet Pressure, psig 950
Hydrogen Partial Pressure, psia 700
(outlet of reactor)
Reactor Inlet Temperature, °F 525
Reactor Outlet Temperature, °F 575
Chemical Hydrogen Consumption, SCF/B 125
LHSV, V/V/hr 20
Catalyst Type NiMo
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Table 10.1
Feeds to the Naphtha Hydrotreater

Feed Rate, BPSD 17,801 1,883 308

Component, ibs/hr
C, 0 2 4
C, 0 4 14
C, 0 98 50
C, 202 910 118
G, - 350 204,078 19,146 2,786
350 - 450 3,258 1,526 350
450 - 650 26 0 0
Water 0 0 256

Total 207,564 21,686 3,578

Characteristics of the product from the Naphtha Hydrotreater is given in Table 10.2
below:

Table 10.2
Naphtha Hydrotreater Product
C.-350°F

Gravity, °API 522
Distiliation, TBP °F

IBP 72

5% (wt.) 110

10% 138

30% 207

50% 246

70% 284

90% 328

95% 340

EP 344

Sulfur, wppm (maximum) 1.0

Nitrogen, wppm (maximum) 0.2
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Design Considerations

Because the Naphtha Hydrotreater is a vapor phase reaction, only cold separators (both
high pressure and low pressure) are included in the design of the plant.

The naphtha stream from the Gas Oil Hydrotreater is sent directly to the Plant 4
fractionator because it has already been treated at more severe conditions than those in
the Naphtha Hydrotreater.

The fractionator was designed to use 600 psig steam for the reboiler because the
bottoms temperature is 450°F and to reduce capital costs.

10.1 Major Equipment Summary

The major equipment list for the Plant is shown in Table 10.3.

10-3



L ledusg

'suted) [elo} (2) om] ese aiay] uies) o|buis B 10} S1 umoys Jswdinbs ay] :BlON

anjeA 6 S6L-11 shes]
SYX.Gsueil
OAlEA ¢ ‘0L-8 SAesL
BAjBA L osy 002 S82-V Sy il-1 shes] (414 jojeuoloelqd 90LD ~I'¥
shey) sAei} (Ho)dway (Bisd) said leueten (yuap Cyu -1 uonduoseq juswdinby ‘ON
Jo adA] jO 'ON suonipuo) ubisaqg Jejewelqg ybieH yswdinby
S§IoM0 L
sSulel} g 10} L [ejuozuoHd  0SlI 0s 0e 02t wniq 1ejlep inog 6010 -1y
sSuleJ} g 10} | [ejuoziloH 0S5t (019 0t 02t wniqg elepm usem 8010 -ty
£ X 4.8, j00g [ejuozuoH QS 00¢ Sge-v 0'S 06t wnady pyaQ Jojeuonoeid L0LD -2'v
jejuoziioH  0SlI 0se S8e-v 0's WS Jojesedeg ainssald Mo SOLD -L'b
[eoIUBA  0SL 0001 91G6-v 0¥ 08 wnig ino)oouyy Jossaudwiod $01D -1y
£Xag:wog  [euozUoH 051 0004 916-v 09 0’8t lojesedeg ainssaid UBIH €010 ~L'¥
[eOlUBA 059 00t} 916-v 09 0ce jojoesy J91e8iloIpAH 201D -L'Y
[eJUBA 099 001 916-v 09 0ce lojoeey 101eejOJPAH  LOLD LY
Sjuewiwo) uoyeel) (Jo)dwsel (Bisd) seuid feuelen (yuan (yuwli-p uondisoseq uewdinb3 "ON
suoilipuo) ubiseq ielewelqg yjbue wewdinbg

56556\ pUE S101089Y

JeyealiolpAH eyydep - ¢ lue|d

AHVYIWIAINS LNINDIND3

AHVANNS LNIWINDI HOMVIN 2°01 319VL

]
o
-~




¢ vayg

1010\ 1993 0L1 S201 516 oce 5’62 §2l uoBoIpAH 810428 LOIM ~LP
JeauQ (4o) dwa) (Bisd) (B1sd) JamodaesioH (adosnw Gy uonduoss( uswdinb3 ‘ON
BINO said  19|u] seud oyelg ojeyd mol4 ajey mo|4 wawdinby

suompuo ubiseq

5108591dWc)

SO S0 002/002  0SL/00L 02eL /1 agnL 9 IBUS L2 18j00D poId swolog joel4 9013 -2'%
SO SO 0S¥ /002 0S¥ /0S2 ovLLL /1 sqnLP (RYS 1’8l X3 swonog/pes4 Jojeuonorl4 S0L3 -2v 0
SO S0 0S¥ /002  0SS/0S9 5192 /I slIed 16 Jsjlogey Jojeuonoeld ¥0L3 -2P ey
SO S0 002 /002  0GL /00l 0961 /1 eqQnL e |PUS S8 lesuapuo) Joleuolioeid €013 -2'% -~
08 SD 052 /0L 00% / 0S01 G685 /i uid-ay  L8e 19|00 Wwenjjg J010e8Y 2013 -L'b
530} (0] 0SE/0SLL 00970501 Gi6 /1 eqnL R IPYS  L'LL X3 enyg/peed Jol0eey 1013 -L'v
dHg lleus eqny Jo/bisd)  (do/B18d) (4 bs) Jebueyoxy  (y/mig AW uonduoseq juswdinbg "ON
I4-Jy  UOIIONNISUOD JO [eLleN  L/d lIBUS  L/d eaniL lleusrealy joedAt Aing wawdinb3
suonipuoD ubiseq /SIIeys "ON

Siebueydxy 1eeH

0SS 0SLL L'9¢ v'ee Jejesyeld peed j010e8d  LOLd -1'¥
Ho)dwey (Bisd)seid  |euerey JojesH Gumg W) Gu/mg NN uondusse wswdinb3 'ON
suonipuo) ubiseq aqny JoodAL Ang Aing juswdinbg
poJl4 paqiosqy

SietesH paild
panuiuod - AHYIWWNS INJWJINO3 HOMYIN €01 318VL




€ 100uS

@
S
=

sujeJ} yjoq o} uowwo)) (e)

:SBI0N
(e)e JoJoW 83  0S1 0s0L oe 056 oy duwind 19)8M USEM $01D -1'¥
®e 010N 10813 0SI 00!} 4 SE 114 duind wniq Jejem 1nog €019 -1y

4 oo ioe3  0St 0S¢ 6 1] qce duing xnjjey Jojeuoljoeid 2019 -g¥

4 010N 10813  (OSi 0§11 002 SE0L Sle dwng abiey) 10j0e8d 101D -i'¥
painbay # JoauQ (4o) dwe] (Bisd) seid JomodesioH (1sd) (wdb) uonduoseq juswdinbg ‘ON

suonpuo?) ubiseqg ayesg seld eleq 9jey Mo|4 swdinbg

§dwng
panunuod - AHVIWWND LNINJINO3 HOMYN 201 319v.L




10.2 Catalyst and Chemical Summary

Catalyst and chemicals requirements for this plant is shown below:

Quantity required for start up 80,000 Ib
Estimated catlayst life 3 years

10.3 On Stream Factor

The on-stream factor for the Naphtha Hydrotreater is expected to be 97.1%.

10.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 8 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

10.5 Plot Area Required

The plot area required for the Naphtha Hydrotreater Plant is approximately 150 feet by
200 feet.
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10.6 Capital Cost and Breakdowns

The field costs and breakdowns for Plant 4 are given below in Table 10.4. Note that field
costs for each plant do not include home office costs or contingency. These were
estimated for the whole complex and are given in Section 41. Because there is no spare
train for the first plant, the costs numbers, as shown in Table 10.4 below, or for the first
and Nth plant are the same.

TABLE 10.4

Plant 4 (Naphtha Hydrotreater)
Field Costs and Breakdowns
2nd Quarter, 1991

Breakdowns First Plant  Nth Plant
Major Equipment 5.2 5.2
Bulk Materials 35 3.5
Subcontracts 0.5 0.5
Direct Labor 3.4 3.4
Distributables (Indirect) 3.0 3.0
Total Field Costs 15.6 15.6
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11.0 Plant 5 (Gas Oil Hydrotreater)
11.0 Design, Basis Criteria and Considerations

The original intent during the design phase was to maximize the overall plant reliability of
this complex. Therefore, every plant was designed for the maximum reliability. For this
reason this plant was designed with two 50% capacity trains instead of one 100% capacity
train.

However, after review of the overall cost estimate of the complex and the overall plant
reliability of the entire complex, it was determined that this plant is not so critical in
determining the overall plant reliability. Therefore, as reported here, this plant was treated
as a single 100% capacity train plant for capital cost estimate.

Feeds to the Gas Oil Hydrotreater are the distillate sidestream from the atmospheric tower
and the overhead liquid and the upper sidestream from the vacuum tower of the Coal
Liquefaction (Plant 2). The three products (350-450° F, 450-650° F, and 650-850° F) will
be separated in a fractionator on the back-end of the unit.

Characteristics of the three feeds from Coal Liquefaction are presented in Table 11.1
below:

Table 11.1

Feeds to the Gas Oil Hydrotreater

Atmospheric Vacuum Vacuum

Sidestream Overhead Upper SS

Feed Rate, BPSD 39,164 68 47,684

Gravity, ° API 17.9 21.0 9.0

Product Cuts (wt.%)

Cg-350° F 1.7 4.4

350-450° F 24.7 50.5 0.1

450-650° F 58.0 45.1 37.3

650-850° F 15.6 62.6
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Design criteria for the Gas Oil Hydrotreater is based on the following:

Reactor Inlet Pressure, psig 2,600
Reactor Outlet Pressure, psig 2,500
Hydrogen Partial Pressure, psia 1,800
(outlet of reactor)
Reactor Inlet Temperature, °F 600
Reactor Outlet Temperature, °F 750
Chemical Hydrogen Consumption, SCF/B 1,080
LHSV, V/V/hr 1.0
Catalyst Type NiMo

Characteristics of the products from the Gas Oil Hydrotreater are given in Table 11.2
below:

Table 11.2

Products from the Gas Oil Hydrotreater

350-450°F 450-650°F 650-850°F

Gravity, °API 29.9 17.3 10.5
Distillation, TBP °F

IBP 340 414 640

5% (wt.) 348 463 645

10% 358 469 665

30% 376 531 676

50% 399 576 717

70% 414 619 759

90% 433 645 815

95% 449 655 835

EP 465 665 838

Sulfur 20 20 20

Nitrogen 500 500 500
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Design Considerations

Three final products (350-450°F, 450-650°F, and 650-850°F) were combined for
hydrotreating in the same unit because of the reasons below:

e The reactions conditions recommended are approximately the same for the
two heavier products and the lighter product is relatively small.

e Significant savings in capital cost and operating cost are realized by
hydrotreating in a common unit even though final fractionation is more
complex.

e The initial fractionation on the Coal Liquefaction Plant can be made as rough
cuts and thus save capital and operating costs.

The reaction system was designed with parallel reactors and only one in series. Because
of the reaction conditions, the reactors were designed with two catalyst beds with an
interbed hydrogen quench.

The separation system was designed with high and low pressure systems, each with hot
and cold separators. There was no incentive for a warm separator as in Plant 2. The
letdown from the high pressure to the low pressure systems was done through an
expander turbine to improve the efficiency of the process. The expander was designed
to drive the reactor feed booster pump.

It was very difficult to fractionate all three products on the same tower; therefore, the
450°F- material was taken overhead in the fractionator to a small outboard stabilizer tower

to make the front-end cut on the 350-450°F product. There was no problem fractionating
the 450-650°F as a sidestream product or the 650-850°F as a bottoms product.

111 Major Equipment Summary

The major equipment summary is shown in Table 11.3.
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11.2 Catalyst and Chemical Summary

Catalyst and chemicals required for Plant 5 are shown below:
Catalyst or Chemical Catalyst
Quantity required for start up 490,000 Ib

Consumption or estimated life 3 year life

11.3 On-Stream Factor

The expected on-stream factor for the Gas Oil Hydrotreater is 97.1%.

11.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 4 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

11.5 Plot Area Required

The plot area required for the Coal Liquefaction Plant is approximately 200 feet by 300
feet.



11.6 Capital Cost and Breakdowns

The field costs and breakdowns for Plant 5 are given below in Table 11.4. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41. Because there is
no spare train for the first plant, the cost numbers, as shown in Table 11.4 below, for
the first plant and Nth plant are the same.

TABLE 11.4

Plant 5 (Gas Oil Hydrotreater)
Field Costs and Breakdowns
2nd Quarter, 1991

Nth Plant

Breakdowns First Plant

Major Equipment 248 248
Bulk Materials 16.9 16.9
Subcontracts 27 27
Direct Labor 15.6 15.6
Distributables (indirect) 14.0 14.0

Total Field Costs 74.0 74.0
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12. Plant 6 (Hydrogen Purification)
12.0 Design Basis, Criteria and Considerations

A centralized hydrogen purification unit is being proposed. The unit will have two major
sections:

1. Recovery of hydrogen from high pressure purge gas from the five coal liquefaction
plants and gas oil hydrotreater.
2. Recovery of hydrogen from lower pressure purge gas from five coal liquefaction

plants, the gas plant and hydrotreaters.

The first section will take sour purge gas from the coal liquefaction plants and gas oil
hydrotreater. The hydrogen-rich gas will be water-washed and amine-treated to remove
ammonia, carbon dioxide, and hydrogen sulfide. Part of the scrubbed gas will be
recycled to plant 2 and the rest will be sent to membrane units for hydrogen recovery.
This process was selected because the pressure of the hydrogen product is much higher
than for a pressure swing absorber, thus saving recompression costs (both capital and
operating). The hydrogen product at a minimum purity level of 99.0 mol% and H,
product from PSA unit and will be compressed to required pressure. The nonpermeate
product will be sent to the PSA unit.

The second section of the plant is fed compressed and treated low pressure gas from
the overhead of the Plants 2, 3, 4, and 5. Pressure swing absorption will be used for this
service because of the high recovery of hydrogen and because the feed gas pressure
is consistent with the point of maximum recovery of hydrogen. The hydrogen product
at a minimum of 99.0 mol% purity will be compressed and combined with the hydrogen
product from the membrane unit. The light hydrocarbon tail gas stream will be sent to
the Gas Plant.

The original flow scheme for the Hydrogen Purification Plant was for the compression and
treating of the low pressure gases be done in the Gas Plant with the
absorber/deethanizer overhead stream being sent to Plant 6 for hydrogen recovery in the
pressure swing absorption (PSA) unit. Because the low pressure gases contained a high
percentage of hydrogen and the resultant vapor-liquid equilibrium considerations, it was
impossible to obtain an acceptable recovery of propane and butanes in the
absorber/deethanizer. Therefore, the flow scheme was switched to place the PSA unit
before the absorber/deethanizer. This then caused the move of the compression and
treating of the low pressure gases to Plant 6.

The high pressure hydrogen purge streams were sent to a membrane unit for hydrogen
recovery rather than a PSA unit because the membrane can better accept a high
pressure feed stream, resulting in a higher pressure hydrogen product. This saved
hydrogen compression costs. The PSA unit was preferred in the low pressure service
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because of the higher hydrogen recovery and lower pressure drop in the system. This
also saved hydrogen compression costs.

The first stage hydrogen compression on the PSA product exited at the outlet pressure
of the membrane unit. The two hydrogen streams were combined before being
compressed to the required pressure. This saved capital costs.

12.1 Major Equipment Summary

The major equipment list for the plant is shown in Table 12.1.
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12.2 Catalyst and Chemical Summary

The primary chemical used in Plant 6 is monoethanol amine (MEA).
Quantity required for start up 1,200 bbl
Consumption 30 gal/day

12.3 On-Stream Factor

The on-stream factor for the Hydrogen Purification Plant is expected to be 97.1%.

12.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 12 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

12.5 Plot Area Required

The plot area required for the Hydrogen Purification Plant is approximately 300 feet by
350 feet.
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12.6 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 6 are given below in Table 12.2. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41. Because there is
no spare train for the first plant, the cost numbers, as shown in Table 12.2 below, for
the first plant and Nth plant are the same.

Table 12.2

Plant 6 (Hydrogen Purification)
Field Costs and Breakdowns
2nd Quarter, 1991

Breakdowns First Plant Nth Plant

Major Equipment 61.0 61.0
Bulk Materials 31.0 31.0
Subcontracts 3.6 3.6
Direct Labor 30.0 30.0
Distributables (Indirect) 27.0 27.0

Total Field Costs 152.6 152.6
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13.

Plant 8 (Critical Solvent Deashing Unit - ROSE-SR)

13.0 Design Basis, Criteria and Considerations

13.1

Feed Rate, BPSD 50,800
Composition, wt%
Component Feed © Ash Concentrate @
Ash 17.60 40.50
Carbon 73.80 51.66
Hydrogen 6.21 3.54
Nitrogen 0.78 0.83
Sulfur 1.61 3.47
Total 100.00 100.00
M Contains unconverted coal 9.8 wt% and solvent 0.9 wt%
2 Contains unconverted coal 24.2 wt% and solvent 3.1 wt%

Major Equipment List

Equipment
Number

8 - C101
8- C102
8 - C103
8- C104
8 - C105

8 - E101
8 - E102
8 - E103

8 - G101
8 - G102

8 - F101
8 - F102

8 - Y101

Equipment Description

Asphaltene Separator
Flash Tower

DAQ Separator
Solvent Stripper
Solvent Surge Drum

Solvent/DAO Solution Exchanger
Solvent Cooler
Solvent Condenser

Solvent Circulation Pump
Recycle Solvent Pump

Ash Concentrate Heater
Extract Heater

Feed/Solvent Mixer
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13.2 Catalyst and Chemical Summary

Catalyst and chemicals required for this plant is shown below:
| Catalyst or Chemical ROSE Solvent
; Quantity required for start up 10,000 bbl

Consumption 300 gal/day

13.3 On-Stream Factor

The on-stream factor for the ROSE-SR unit is in excess of 95%.

13.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 9 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

13.5 Plot Area Required

The plot area required for the Critical Solvent Deashing Unit is approximately 75 feet
by 150 feet.
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13.6 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 8 are given below in Table 13.1. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41. Because there is
no spare train for the first plant, the cost numbers, as shown in Table 13.1 below, for
the first plant and Nth plant are the same.

TABLE 13.1

Plant 8 (Critical Solvent Deashing)
Field Costs and Breakdowns
2nd Quarter, 1991

Breakdowns First Plant  Nth Plant
Major Equipment 13.0 13.0
Bulk Materials 10.0 10.0
Subcontracts 4.0 4.0
Direct Labor 8.0 8.0
Distributables (Indirect) 7.2 7.2
Total Field Costs 42.2 42,2
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14. Plant 9 (Hydrogen Production by Coal Gasification)

14.0 Design Basis, Criteria and Considerations

Plant 9 is designed to gasify 4,386 tons/day of Ash Concentrate from ROSE-SR Plant
and 5,614 tons/day of coal. Most of the syngas from the gasifiers is used to produce
416 MMSCFD of 99.9 volume percent hydrogen product used for the coal liquefaction
and hydrotreating plants. Syngas in excess of the above requirement is used for

medium Btu fuel gas.

Feed Streams

e 4,424 TPD ash concentrate from Plant 8 (ROSE-SR)
e 6,127 TPD clean MF coal from Plant 1 (Coal Preparation)
e 8,962 TPD of 99.5 volume percent oxygen from Plant 10 (Air Separation)

Feed analysis and compositions are presented in Table 14.1.

Product Streams

416 MMSCFD of 99.9 volume percent hydrogen

94 MMSCFD of medium Btu fuel gas ,

27 MMSCFD of acid gas containing H,S as feed to Sulfur Plant (Plant 11)
414 MMSCFD of stripped CO, waste gas for discharge to the atmosphere
2812 TPD (dry basis) of slag and soot to landfill disposal

Product compositions are presented in Table 14.2.

Gasifier Yields

e For ash concentrate, 33.4 SCF of CO + H, and 8 SCF of CO, per pound of

dry and ash-free feed
e For clean coal, 31.5 SCF of CO+H, and 7.2 SCF of CO, per pound of dry

and ash-free feed
e Average about 97% carbon conversion to syngas. Unconverted carbon is

rejected with slag
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TABLE 14.1

! GASIFICATION FEED STREAMS

lllinois No.6 Coal

Ultimate Analysis, %(wt.), Dry Basis

Carbon 71.0

Hydrogen 4.8
- Nitrogen 14
E Sulfur 3.2
Oxygen 8.1

Ash 11.5
HHV, Btu/lb 10,951

Ash Mineral Analysis, % (wt.)

L SiO, 49.8

Fe,O, 17.6

i ALO, 19.2
L TiO, 1.0
: Ca0 6.3
I MgO 1.0
i SO, 2.9
K,0 2.0
Na,0 0.5

P,O, 0.2
Undetermined 0.5

Ash Concentrate

Composition, % (wt.)

850-1000°F 23
1000°F+ 28.7
Unconverted Coal 24.7
Ash 443

HHV, Btu/lb 8,457

Ultimate Analysis, % (wt.), Dry Basis

Carbon 48.3

Hydrogen 29
Nitrogen 1.1
Sulfur 3.1
Oxygen 0.3
Ash . 44.3
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H,O
H,
CcO
CO,
AR+N,
C,
H,S

COS
Total
#-Mol/hr
MMSCFD

2
Product
Mol %
0.0
99.90
0.0
0.0
0.10
0.0
0.0
0.0

45,676
416

TABLE 14.2

PRODUCT DATA

Medium H,S-Rich
Btu Gas Off-Gas
Mol% Mol.%
0.0 0.45
85.11 2.79
6.95 2.19
2.33 64.49
5.16 1.51
0.45 0.01
0.0 28.50
0.0 0.06
10,309 3,007
94 27
14-3

CO,
Off-Gas
Mol %
1.81
0.43
0.09
89.91
7.75
0.01
0.0
0.0

45,444
414



14.0.1 Technology Selection

Two coal gasification technologies, the Texaco and Shell processes, have been
evaluated for synthesis gas production in Plant 9. The block flow diagrams for these
two processes are presented on Figure 14.1.

The major differences between these two processes are as follows:

Texaco
1. Feed Type
Molten coal or coal
slurry
2. Operating Conditions

High pressure process.
Pressure up to 1100 psig

3. Gasifier Construction

Vertical cylindrical
pressure vessel with
refractory lining

4. Heat Removal Methods

Direct quench syngas
with water in the gasi-
fier and gas scrubber

5. Shift Conversion

Produce sufficient steam
in the syngas for shift
reaction

6. Hydrogen Production

Produces higher H,/CO
ratio {(0.75) syngas.
Less shift conversion
required.

Shell

Dried and pulverized coal to
70-90% through 200 mesh

Low to medium pressure
process. Pressure up to
400 psig

Horizontal eliipsoidal
vessel. Gasifier shell has
a double-walled cons-
truction, the inner shell

is refractory lined

Recover heat by generating
steam in the waste heat
boilers

Steam injection is required
for shift reaction to occur

Produces low H,/CO ratio
(0.43) syngas which
requires more shift
catalyst for shift conver-
sion to reach the same H,
production.
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Texaco Shell

7. Horsepower for Hydrogen Compression
Higher pressure Low pressure process
process. Less horse- requires more horsepower
power required for hydrogen compression
8. Water Requirement
. Relatively poor quality More boiler feed water of
f condensate from the higher quality is required
gas cooling sections for steam generation in the
can be used for direct gasifier and waste heat
quenching of syngas boiler
9. Ability to Handle ROSE bottoms
; its pilot plant had No pilot plant result has
: demonstrated that the been reported for H-Coal
ash-containing residues liquefaction residues
[ obtained from the H-Coal

liquefaction plant were
process efficiently

: 10. Commercial Plant Experience
- Several large size Only small demonstration
commercial plants have plants have been built

been operated success-
fully since 1980’s

For high pressure hydrogen production, Texaco’s gasification process has lower
capital and utility costs, and has showed it can process H-Coal liquefaction vacuum
tower bottoms, as well as ROSE-SR ash concentrate, successfully. (Reference:
Texaco report DE-84-013199, February 1984). Therefore, the Texaco technology is
recommended for this project as the gasification process for Plant 9.

14-5




{oos

uoIss 4840M 1810 s
ZH maeoo \s...mm hﬁsm Jnog \sﬂm mig Bois
_oww.%om - |Butjoon AUOD) uolss ..mn_v_%m Jo13100 JeA|ng [2U0D Ysy
POy s09 BS 4dwiod o«aoq,? H 78 P840} uo |po)
M h H h h ﬁc.l Woe}s
02 szZH woes wo8g woeyg  WDORIS -
UONDOISDY [18YS — 7 awaydg
{oos
'
Ehm _ Jo_m
puo) | }
deu Juo s
uoISS _o\m,wwcwm 6u1j009 AUOY) ysuanp 16151500 |~— >.::mm 0 1
ZH PBadwo) pIDY sS09 HIYS 1810 M |DO) |40 |DOD
R |
20D SCH Wwo3is ¢0

UOI}DDI}ISDS 0IDXd| — | dwWaydg

uolDII}ISDY |D0) AQ uoldnpodd uaboupAH — wpubpig mol4 »d0|g

L'v1 3HNOIL

—d

S

e

o

14-6



14.0.2 Design Considerations

The limiting size for the gasifier reactors was taken as 2,200 TPD of coal or ash
concentrate. This is larger than any reactors which have been designed and built to
date; however, Texaco has stated that designing this size of gasifier is achievable.
The shift reaction was designed to maximize hydrogen production. The shift reactor
vessels were limited in size to 16 feet outside diameter for shop fabrication and
transportation considerations.

The RECTISOL process was chosen because it has been commercially proven in this
service. The process can separate carbon dioxide from hydrogen sulfide as a

relatively pure stream for venting to the atmosphere. The hydrogen sulfide is sent to
the Sulfur Plant. PSA is required after RECTISOL to achieve the required hydrogen

purity.

14.1 Major Equipment List

The major equipment for this plant is listed in Table 14.3.

14.2 Catalyst and Chemical Summary

Catalyst and chemicals required for Plant 9 are shown below:
Catalyst or Chemical BASF K8-11 or Haldor Topsoe SSK Catalyst
Quantity required for start up 19,000 ft*

Consumption 3 year life
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Type of Equipment:

Equipment
No.

9.1-C101
9.1-C102
9.1-C103
9.2-C104
9.2-C105
9.2-C106
9.2-C107
9.2-C108
9.2-C109
9.2-C110
9.2-C111
9.1-C112
9.2-C113
9.2-C114
9.1-C115
9.1-C116

9.1-C118

Table 14.3
Major Equipment List

Plant 9 - Coal Gasification & Shift Conversion

Reactors and Vessels

Number
Equipment Description Required
Gasifier é /
Stag Lock Hopper /A / :
Gas Scrubber 7
No.1 Gas Separator 5
First Stage Shift Reactor 5
Second Stage Shift Reactor 5
No.2 Gas Separator 5
No.3 Gas Separator 5
Third Stage Shift Reactor 5
Final Gas Separator 5
Mercury Guard Drum 5
Flash Condensate Separator 3
Hot Condensate drum 5
Warm Condensate Drum 5
Soot Slurry Flash Drum 5
Vacuum Pump Separator 5
Vacuum Flash Drum 5

14-8

Material

CS w/ Ss Clad
CS W/ sS Clad
Cs w/ 8s Clad
CS W/ Ss Clad
Cs W/ ss Clad
CS W/ SS Clad
CcS W/ Ss Clad
CS W/ SS Clad
CS W/ SS Clad
CS W/ SS Clad
CS W/ 88 Clad

SS
CS W/ SS Clad
CS W/ SS Clad

SS

SS

SS



Table 14.3 Major Equipment List - continued

Type of Equipment.

Equipment
No.

9.1-C119
9.1-C121
9.1-C123
9.1-C124
9.1-D101
9.1-D102
9.1-D103
9.1-D104
9.1-D105
9.1-D106
9.1-D107

9.1-D108

Equipment Description
Filtrate Receiver
Blowdown Drum

Burner CW Gas Separator
Flash Water Drum

Mill Dischargé Tank w/Mixer
Additive Storage Tank
Water Supply Tank

Slurry Run Tank w/Mixer
Gray Water Tank

Filter Feed Tank w/Mixer
Burner Cooling Water Tank

Vent Scrubber Tank

Reactors and Vessels

A R N e e e ettt

Number
Required

5

3

14-9

Material

SS

Ccs

cs

CS w/ Epoxy

CS w/ Epoxy Lining
CS w/ Epoxy Lining

Ccs
CS w/ Epoxy Lining
CS w/ Epoxy Lining

SS

Ccs

Cs



Table 14.3 Major Equipment List - continued

Type of Equipment: Towers
Equipment
No. Equipment Description
9.1-C117 Flash Gas Quencher
9.1-D120 Vent Air Separator
9.1-D122  Vent Air Quencher

Number
Required

14-10

Material

SS

Ccs

Ccs



Table 14.3 Major Equipment List - continued

Type of Equipment:

Heat Exchangers

Equipment Number Material Material
No. Equipment Description Required Shell Tube
9.1-E101 Mill Water Heater 5 CS CcSs
9.1-E102  Flash water Cooler 10 CS SS
9.1-E103  Make up Water Cooler 5 cs Ccs
9.1-E104  Burner CW Cooler 5 cs Ccs
g.2-E105  Shift Reactor Preheater 5 Alloy Clad SS
9.2-E106  No.1 Steam Generator 5 (03] Alloy
9.2-E107  No.2 Steam Generator 5 CS 8S
9.2-E108  No.5 Steam Generator 5 CS SS
9.2-E109  No.5 Gas Cooler 5 Cs S8
9.2-E110  Shift Gas Air Cooler 5 SS
9.2-E111 Gas Final Cooler 5 CS SS
9.2-E112 Hg Guard Preheater 5 CS SS
9.2-E113  No.4 Steam Generator 5 Cs SS
9.1-E114  Soot Slurry Steam Generator 5 CcSs SS
9.1-E115  Soot Slurry cooler 5 Cs SS
9.1-E116  Flash Gas Cooler 6 cs Cs
9.1-E117  Gray Water Preheater 10 (03] cs
9.1-E118  Flash Quench Cooler 10 CS Cs
9.1-E119  Vent Air Quench Cooler 6 (027 Cs
9.1-E120  Steam Blowdown Cooler 3 Ccs Cs
9.2-E121 Shift Gas Cooler 5 Ccs SsS
9.2-E122  No.3 Steam Generator 5 CS SS
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Table 14.3 Major Equipment List - continued

Type of Equipment: Pumps
Equipment

No. Equipment Description
9.1-G101 Mill Slurry Pump
9.1-G102 Slurry Feed Pump
9.1-G103 Gas Scrubber Circulation pump
9.2-G104 Hot Condensate Pump
9.2-G105 warm Condensate Pump
9.2-G106  Gray Water Pump
9.1-G107  Soot Slurry Pump
9.1-G108 Gray Water Charge Pump
9.1-G109 Slag Fine Pump
9.1-G110  Gray Water Feed
9.1-G111 Flash Water Supply Pump
9.1-G112 Flash Condensate Pump
9.1-G113 Filter Feed Pump
9.1-G114  Gray Water Purge Pump
9.1-G115  Water Supply Pump
9.1-G116 Additive Transfer Pump
9.1-G117  Slag Sump Pump
9.1-G118  Slag Quench Circulation Pump
9.1-G119 Air Quencher Circulation Pump
9.1-G120 Air Scrubber Circulation Pump
9.1-G121 Burner Cooling Pump

Number
Required

15
15
14
10
10
10
10
10
10
10
10

6
10
10
10
10
14

14

10
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Case
Material

cs

Ccs

CS

Ccs

CcS

Cs

CS

CSs

CS

cs

Cs

CS

Cs

(021

Ccs

Cs

Cs

cs

Cs

CcS

Ccs



Table 14.3 Major Equipment List - continued

Type of Equipment: Vacuum Pumps

Equipment
No. Equipment Description

9.1-H101 Vacuum Pump

9.1-H102 Filter Vacuum Pump

Type of Equipment: Air Blowers

Equipment
No. Equipment Description

9.1-K101 Cake Blower

9.1-K102 Vent Air Blower

Type of Equipment: Fired heaters

Equipment
No. Equipment Description

9.1-F101 Shift Reactor Start Up Heater

Number
Required

10

10

Number
Required

12

6

Number
Required

2
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14.3 On-Stream Factor

The expected on-stream factors for the various sections of the Coal Gasification
complex is 97.7%.

14.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 120 operators. For full
manpower requirements of this plant as well as the complex, refer to Section 40 of this

report.
14.5 Plot Area Required

The plot area required for the Coal Gasification Plant is approximately 600 feet by
1200 feet.
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14.6 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 9 are given below in Table 14.4. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41.

TABLE 14.4

Plant 9 (Hydrogen Production by Coal Gasification)
Field Costs and Breakdowns
2nd Quarter, 1991

First Plant  Nth Plant

Major Equipment 97.7 81.5
Bulk Materials 75.3 62.7
Subcontracts 12.7 10.6
Direct Labor 68.7 57.3
Distributables (Indirect) 61.9 51.6
Total Field Costs 316.3 263.7

/a 15 i

é ,}rﬁg}ié‘)‘g
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15. Plant 10 (Air Separation)
15.0 Design Basis, Criteria and Considerations

This is a package plant, the process flow diagram of which is shown in Figure 15.1. The
air separation package plants are cryogenic units producing oxygen at 99.5% (mol) purity
and nitrogen at 99.9% (mol) purity. Oxygen will be delivered at the pressure required by
the selected coal gasification process. Nitrogen will be used for purging, blanketing, and
other utility purposes and will be delivered to the utility system at 150 psig. Liquid
nitrogen will also be produced off the Air Separation Plant and stored for use during
periods of high nitrogen demand.

Plant 10 consists of five parallel trains each sized for 45 MMSCFD of oxygen. Each train
can operate independently and uses a low pressure cycle type process. The process
features an air compressor to compress the inlet air, direct contact cooling to remove the
heat of compression from the air, molecular sieve units to purify the air, fractionation
columns to obtain the high purity gaseous oxygen, an expander compressor to provide
the refrigeration needed for the process, and an oxygen compressor to pressurize the
oxygen product for use in the Coal Gasification Plant.

15.1 Major Equipment List

Equipment

Number Equipment Description
10-C101 Molecular Sieve Unit

10-C102 Fractionation Tower (Cold Box)
10-C103 Liquid Oxygen Storage Tank
10-C104 Liquid Nitrogen Storage Tank
10-E101 Evaporative Cooler

10-G101 Circulation Pump

10-G102 Make-up Pump

10-K101 Inlet Air Compressor
10-K102 Expander

10-K103 Oxygen Compressor

10-Y101 Spray Cooler
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15.2 Catalyst and Chemical Summary

No catalyst or chemicals are used in the air separation plant except for the molecular
sieves material which is used for air purification. This is supplied with the packaged units.

15.3 On-Stream Factor
The on-stream factor for an Air Separation Plant is expected to be 97.1%.
15.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 4 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

15.5 Plot Area Required

The plot area required for the Air Separation Plant is approximately 350 feet by 800 feet.
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15.6 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 10 are given below in Table 15.1. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41. Because there is
no spare train for the first plant, the cost numbers, as shown in Table 15.1 below, for
the first plant and Nth plant are the same.

TABLE 15.1

Plant 10 (Air Separation)
Field Costs and Breakdowns
2nd Quarter, 1991

Breakdowns First Plant  Nth Plant
Major Equipment 104.0 104.0
Bulk Materials 20.0 20.0
Subcontracts 17.0 17.0
Direct Labor 29.0 29.0
Distributables (Indirect) 21.0 21.0
Total Field Costs 191.0 191.0
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16. Plant 11 (By-Product Sulfur Recovery)

16.0 Design Basis, Criteria and Considerations

Plant Capacity

Design capacity per train

° Operating
[ Design

Feed Composition

Acid Gas
from
Stream Plant 6
Component mol/hr
H, 97
H2S 552
CO, 27
N, 0
NH, 0
CH, 0
co 0
H, 0
CcOSs 0
Phenols 0
Other HCs _0
Total 676

Product Compositions

Stream
Component

H20
H2S
CoO,
N,

H,
Liquid Sulfur

Total
Total sulfur, LT/D

180 LT/D

No. of Trains

4
5

Acid Gas
from
Plant 9.1

mol/hr

14
26
141

IOO—*gg;OO-*

8

Vent Gas
mol/hr

65
2
3074
9183
287
_0
12720

0.7

16-1

Total Capacity (LT/D)
720

900

Acid Gas
from
Plant 9.3

mol/hr

0
893
1798
45

‘OO-‘OOCO

2738

Acid Gas

from
Plant 38

mol/hr

288
520
146

[e]
NANPHPONO =20

1095

Liquid Sulfur

mol/hr

b,
©
-~ 00000

-
) ©
g2 l



Yields

e Minimum sulfur recovery for Claus sulfur plant is 95%.
e Total sulfur recovery for Plant 11 is 99.9%.

Typical Sulfur Industry Specifications

e Sulfur 99.5% minimum
e Carbon 0.2% maximum
e Ash 50. ppm maximum
e H2S 50. ppm maximum
e SO, 50. ppm maximum
e Color _ Bright yellow

e Arsenic, Selenium, Commercially free

Tellurium

Three Claus trains were specified to be operational normally to achieve 100% on-line
capacity in case one of the trains must be taken out of service on an emergency basis.

The SCOT process was selected for the tail gas treater for the Sulfur Plant because it is a
proven process and is becoming an industry standard. It meets all present environmental
regulations.

16.1  Major Equipment Summary

Major Equipment Summary is shown in Table 16.1.
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16.2 Catalyst and Chemical Summary

Catalyst and chemicals required for this plant are shown below:

Quantity Required

Catalysts for Start-Up Consumption
Claus Catalyst 18,400 cu.ft. (5 years)
Kaiser S-201

SCOT Catalyst 6,500 cu.ft. (5 years)
Packings

2" SS Pall Rings 2,500 cu.ft. (3 years)
Chemicals

MDEA 500 Bbl 50 gpd
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16.3 On-Stream Factor

The expected on-stream factor for the Sulfur Plant is 97.1%.

16.4 Operating Manpower Requirements

The operating manpower requirement for this plant is 20 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

16.5 Plot Area Required

The plot area required for the Sulfur Plant is approximately 280 feet by 380 feet. The plot
area required for the Sulfur Storage and Loading is 50 feet by 230 feet.
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16.6 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 11 are given below in Table 16.2. Note that
field costs for each plant do not include home office costs or contingency. These
were estimated for the whole complex and are given in Section 41. Because there is
no spare train for the first plant, the cost numbers, as shown in Table 16.2 below, for
the first plant and Nth plant are the same.

TABLE 16.2

Plant 11 (By-Product Sulfur Recovery)
Field Costs and Breakdowns
2nd Quarter, 1991

First Plant  Nth Plant

Major Equipment 15.2 15.2
Bulk Materials 10.4 10.4
Subcontracts 1.8 1.8
Direct Labor 10.2 10.2
Distributables (Indirect) 9.1 9.1

Total Field Costs 46.7 46.7
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17.  Plant 19 (Relief and Blowdown Facilities)

17.0 Design Basis, Criteria and Considerations

Plant 19 is for the collection and flaring of relief and blowdown discharges from all
applicable plants. It includes all the plant flare subheaders, the main flare headers,
and the flare stacks. Relief and blowdown subheaders are provided for Coal
Liquefaction (Plant 2), the Gas Plant (Plant 3), the Naphtha and Gas Oil Hydrotreaters
(Plants 4 and 5, respectively), Hydrogen Purification (Plant 6), Solvent Recovery (Plant
8), Hydrogen Production from Coal Gasification (Plant 9), Sulfur Recovery (Plant 11),
and Wastewater Treatment (Plant 34).

Two separate main headers are provided for high and low pressure relief valves.
Valves with set pressures below 300 psig relieve to the low pressure header while
valves with set pressures equal to or above 300 psig relieve to the high pressure
header. Both high and low pressure headers are connected to a common knockout
drum which is connected to the two main flare stacks (one operating and one spare).

One dedicated flare header with a separate flare stack is provided for flaring H,S
emissions from Plant 34.

A preliminary analysis of the various causes of over pressure has been made for each
plant to determine which contingency governs flare header size. The various causes
of over pressure considered were:

° Electrical Power Failure

° Cooling Water Failure

® Total Instrument Air Failure

° Control Valve Failure

° Inadvertent Valve Closing/Opening
° Plant Fire

. Reflux Failure

° Other Failure
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The various header sizing contingencies are given in Tables 17.1, 17.2 and 17.3 on the
following pages. The contingency which required the greatest header size was used
for sizing. These tables summarize the contingencies selected as the basis for
subheader and main header sizing.

The high pressure header accepts discharge from valves with set pressures of 300
psig or above. It has a maximum total superimposed plus built up back pressure of
75 psig which may be applied to any relief valve. '

The low pressure header accepts discharge from valves with set pressures below 300
psig. For the low pressure header, the maximum total back pressure is 15 psig.

Balanced beliows-type relief valves will be used in those cases where back pressure
exceeds 10% of the relief valve setting. Conventional relief valves are to be used
where the back pressure is less than 10% of the valve set pressure.

This system analysis is preliminary and serves as a guide only, not a final design.
Vapor relief loads to the flare system are minimized by relieving to atmosphere where
practicable without jeopardizing plant safety. In general, AP RP -520, "Recommended

Practice for the Design and Installation of Pressure-Relieving Systems in Refineries,"
and API RP -521, "Guide for Pressure Relief and Depressuring Systems," are followed.
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TABLE 17.1

HIGH PRESSURE FLARE HEADER SIZING CONTINGENCIES

Plant No. Plant Name Contingency Used as Basis for

Sizing Subheader

4 Naphtha Hydrotreater Power Failure

5 Gas Oil Hydrotreater Power Failure

8 Solvent Recovery Blocked Discharge

9 H, Production by Coal Blocked Discharge

Gasification
TABLE 17.2

LOW PRESSURE FLARE HEADER SIZING CONTINGENCIES

Plant No. Plant Name Contingency Used as Basis for
Sizing Subheader

2 Coal Liquefaction Power Failure

3 Gas Plant Cooling Water Failure
4 Naphtha Hydrotreater Cooling Water Failure
5 Gas Oil Hydrotreater Power Failure

6 H, Purification Blocked Discharge

11 Sulfur Recovery Blocked Discharge
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TABLE 17.3

MAIN HEADER SIZING CONTINGENCIES

Flare Header Contingency Used as Basis for Sizing
Main Header
Low Pressure Power Failure (Plants 2 and 5)
High Pressure Blocked Discharge (Plant 9)
H,S (Plant 34) Cooling Water Failure
171 Major Lines and Equipment Summary

The major lines summary and major equipment summaries for this plant are shown
separately in Tables 17.4 and 17.5 respectively.
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"

Line Contents

Atmospheric Tower

and WHPS
Overheads

Stripper and
Depropanizer
Overheads
OHPS Overhead
Fractionator
Overhead
HHPS Overhead
HLPS and
Fractionator

Overheads

Compressor K102
Discharge

Solvent Stream

Synthesis Gas

H,S Acid Gas

Low Pressure
Discharges
(< 300 psig)

High Pressure
Discharges
(>= 300 psig)

Table 17.4
Major Lines Summary

From To

Piant 2 Low Pressure
Header

Plant 3 Low Pressure
Header

Plant 4 High Pressure
Header

Plant 4 Low Pressure
Header

Plant 5 High Pressure
Header

Plant 5 Low Pressure
Header

Plant 6 Low Pressure
Header

Plant 8 High Pressure
Header

Plant 9 High Pressure
Header

Plant 34 H,S Header

Low Pressure Primary Flare

Header

High Pressure Primary Flare

Header

17-5

Size (in.)
30

24

16

12

20

16

18

10

36

18

36

36



Table 17.5
Major Equipment Summary

Equipment No. Type Description
19-C101 Primary Flare Knockout 21°0" X 63’0" TT, Horizontal
Drum
19-F101A,B Primary Flare Stack for 42" dia. X 360’ high
High and Low Pressure
Headers
19-F102 H,S Flare 6" dia. X 150’ high
19-G101 Slop Oil Pump 60 bhp, 165 gpm, Electric
Motor
19-G102 Slop Oil Pump 60 bhp, 165 gpm, Turbine
Driven
19-K101 Slop Oil Pump Turbine 60 bhp, uses 150 Ib steam
17.2 Operating Manpower Requirements

The operating manpower requirement for this plant is 2 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

17.3 Plot Area Required

The area required for this plant is 75 ft. X 100 ft. plus a clear circular area 370 ft. in
diameter for each primary flare and 150 ft. in diameter for the H,S flare.
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17.4 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 19 are given below in Table 17.6. This plant
being an OSBL plant, its field costs and breakdowns are the same for the first as well
as Nth plant scenarios. Note that field costs for each plant do not include home office
costs or contingency. These were estimated for the whole complex and are given in

Section 41.
TABLE 17.6

Plant 19 (Relief and Blowdown)
Field Costs and Breakdowns
(First & Nth Plants)
2nd Quarter, 1991

Major Equipment 20
Bulk Materials 1.5
Subcontracts 0.1
Direct Labor 1.4
Distributables (Indirect) 1.3

Total Field Costs 6.3
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18. Plant 20 (Tankage)
18.0 Design Basis, Criteria and Considerations

Plant 20 provides storage and delivery equipment for products and intermediates.

Products include liquid hydrocarbon fractions from the Naphtha and Gas Oil
Hydrotreaters (Plants 4 and 5), propane and mixed butanes from the Gas Plant (Plant
3), sulfur from Sulfur Recovery (Plant 11), ammonia from the Ammonia Plant (Plant

38), and phenols from the Phenol Plant (Plant 39).

Intermediates include hydrocarbon fractions from Plant 2 and sour water feed for
Ammonia Removal (Plant 38). The hydrocarbon fractions from Plant 2 are feed for the
Naphtha and Gas Oil Hydrotreaters (Plants 4 and 5) and the Purge and Flush Oil

System (Plant 36).

Plant 20 includes tanks, pumps, heat exchangers, and miscellaneous equipment
required for product and intermediate storage and delivery.
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Product storage

Thirty days storage is provided for the 4 liquid hydrocarbon fractions, 15 days for
propane, mixed butanes, sulfur, ammonia, and phenol. Storage times were chosen to
allow for variations in production and shipping rates. The 15 days of propane and
ammonia storage consist of 10 days of refrigerated storage at atmospheric pressure
and five days of pressurized storage at ambient temperature. Both types of storage
are provided since refrigerated storage for propane and ammonia is more cost
effective, and pressurized storage is required for shipment in pressurized containers at
ambient temperature.

Intermediate storage

Six hours intermediate storage is provided for the liquid hydrocarbon feeds from Coal
Liquefaction (Plant 2) to the Naphtha and Gas Oil Hydrotreaters (Plants 4 and 5). The
6 hour storage capacity is required to provide feedstock during plant startup (prior to
Plant 2 delivery of the necessary feed). Additionally, the storage mitigates the effect
on downstream plant operations due to brief interruptions in the upstream plant.
Interruptions could be as a result of scheduled or unscheduled maintenance or due to
operating problems.

The sour water feed (for Ammonia Removal, Plant 38) and the light and heavy flush
oils (for the Purge and Flush Oil System, Plant 36) have storage times of 5, 10, and 10
days, respectively, for the same reasons discussed above (for operation during
startup and to mitigate the effect of upstream plant interruptions).

Tank sizing

The following factors were considered for tank sizing:

. All tanks are sized to APl 650 except for pressurized spherical tanks.
. Tanks are sized for 95% maximum working capacity.
. At least two tanks are used for each finished product to avoid the

problem of running to and shipping from the same tank.

. Due to soil loading considerations, tank height is limited to 48 feet for
cylindrical tanks.
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18.1 Major Equipment Summary

The Major Equipment Summary for Plant 20 is shown in Table 18.1.
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18.2 Operating Manpower Requirements

The operating manpower requirement for this plant is 2 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

18.3 Plot Area Required

The plot area requirement for this plant is 6000 feet x 3000 feet.
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18.4 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 20 are given below in Table 18.2. This plant
being an OSBL plant, its field costs and breakdowns are the same for the first as well
as Nth plant scenarios. Note that field costs for each plant do not include home office
costs or contingency. These were estimated for the whole complex and are given in

Section 41.

TABLE 18.2

Plant 20 (Tankage)
Field Costs and Breakdowns
(First & Nth Plants)
2nd Quarter, 1991

Major Equipment ' 38.0
Bulk Materials 255
Subcontracts 3.4
Direct Labor 22.3
Distributables (Indirect) 20.1

Total Field Costs 109.3

18-10



19. Plant 21 (Interconnecting Piping Systems)
19.0 Design Basis, Criteria and Considerations

Plant 21 includes the fuel gas blending and distribution system and the
interconnecting process and utility piping between process plants and offsites. All
above ground and underground piping systems are included except fire water piping
which is included in Fire Systems (Plant 33) and plant flare headers which are
included in the Flare System (Plant 19). In general, water distribution piping is
underground and all other piping is located above ground on pipe racks.

Fuel gas users in the complex include process fired heaters and combustion turbine
generators (CTG), the coal drying heaters. Fuel for these users must be clean gas
with virtually no sulfur content so that no treatment of stack gases for sulfur removal is
needed.

Two types of fuel gas are produced within the complex. One is classified as high BTU
gas and the other as medium BTU gas. The high and medium BTU gases have been
segregated in two separate distribution systems. Natural gas can be added to either
system to meet the fuel gas requirements and to maintain consistency within each
system. The gas fired equipment will burn the high BTU gas while the medium BTU
gas system goes to Plant 31 to produce steam and power.

Fuel Gas System

The rates and specifications of the plant fuel gas available from two sources within the
facility and natural gas are summarized in Table 19.1. The rates and compositions of
the first two sources in the table are from the material balances included on the
process flow diagrams for the Gas Plant (Plant 3) and Hydrogen Production by
gasification (Plant 9). Natural gas composition is based on the analysis used in this

complex.

The material balance and equipment design for Plant 3 and Plant 9 were developed
based upon a preliminary design basis. '

Interconnecting Piping

The interconnecting piping consists of all the process lines and racks connecting one
process plant to another, the utility headers and the branches to each process. Pipes
are sized based on pressure drop and fluid velocity considerations.
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The cooling water system is routed underground and process lines and other utilities
are routed on the pipe racks. All the steam, condensate and boiler feedwater lines
are insulated. The headers, one for each utility service, include the following:

600 psig steam (superheated)
150 psig steam (saturated)
50 psig steam (saturated)
Instrument air

Utility air

Utility water

Cooling water supply
Cooling water return

600 psig boiler feedwater
Potable water

High BTU fuel gas
Medium BTU fuel gas
Natural gas

Nitrogen Gas

Storm sewer, sanitary sewer, and process wastewater fines are included in the
|9 scope of Sewers and Wastewater Treating (Plant 34).
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TABLE 19.1
FUEL GAS AVAILABILITY

(All Rates are TPSD)

Stream Component High BTU Gas Medium BTU Natural Gas
From Plant 3 Gas from Plant
9

Hydrogen 27.0 210.6 -

Carbon Dioxide 0.0 126.6 -

Carbon Monoxide 9.1 240.7 --

Methane 389.7 8.8 1819.5

Ethane 311.3 0.0 108.3

Propane 77.9 0.0 38.4
Water 36.4 0.0 -
N, 15.3 149.6 33.4
{ Argon 0.0 29.1 -
0, 0.0 207.8
f TOTAL 866.7 765.4 2207.4
LHV, BTU/SCF (1) 901 259 884
| MM BTU/hr (LHV) 1473 1007 3510

(1) Heating values are BTU per scf based on 379 ft° per pound-mole. Maximum
operating pressure for high BTU gas is 75 psig and minimum pressure 50 psig at
the battery limits of any user. Medium BTU gas will have an operating pressure of
300-400 psig as it exits Plant 9.
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19.1 Major Lines Summary

Line Contents

Naptha Product

Light Distillate
Product

Heavy Distillate

Product

Gas Oil Product

Propane Product

Mixed Butanes
Product

Sulfur Product

Ammonia Product
Phenol Product

Naptha Product

Light Distillate
Product

From
Plant 4

Plant 5

Plant 5

Plant 5
Plant 3

Plant 3

Plant 11
Plant 38
Plant 39

Plant 20 Tank
Plant 20 Tank

To
Plant 20 Tank

Plant 20 Tank

Plant 20 Tank

Plant 20 Tank
Plant 20 Tank

Plant 20 Tank

Plant 20 Tank
Plant 20 Tank
Plant 20 Tank

Plant 20 Pump
Plant 20 Pump

19-4
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Major Lines Summary - continued

Line Contents

Heay Distillate
Product

Gas Oil Product
Naptha Product

Light Distillate
Product

Heavy Distillate
Product

Gas Qil Product
Propane Product
Mixed Butanes
Product

Sulfur Product
Ammonia Product
Phenol Product
Naphtha

Intermediate

Light Gas Qil
Intermediate

Heavy Gas Oil
Intermediate

Sour Water Header

From

Plant 20 Tank

Plant 20 Tank
Plant 20 Pump

Plant 20 Pump

Plant 20 Pump

Plant 20 Pump

Plant 20 Pump

Plant 20 Pump

Plant 20 Pump

Plant 20 Pump

Plant 20 Pump

Plant 2

Plant 2

Piant 2

Plants 2, 3, 4, 5, 9,
11

To

Plant 20 Pump

Plant 20 Pump
Plant 22 Pipeline

Plant 22 Pipeline

Plant 22 Pipeline

Plant 22 Pipeline

Plant 23 Tank
Car/Truck

Plant 23 Tank
Car/Truck

Plant 23 Tank
Car/Truck

Plant 23 Tank
Car/Truck

Plant 23 Tank
Car/Truck

Plant 20 Tank
Piant 20 Tank

Plant 20 Tank

Plant 20 Tank
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Size (in)
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Major Lines Summary - continued

Line Contents

Light Flush Oil
Intermediate

Heavy Flush Oil
Intermediate

Naphtha
Intermediate

Light Gas Oil
Intermediate

Heavy Gas Oil
Intermediate

Sour Water Header

Light Flush Oil
Intermediate

Heavy Flush Oil
Intermediate

Make-up Water
Raw Water

50 psig Steam

From

Plant 2

Plant 2

Plant 20 Tank

Plant 20 Tank

Plant 20 Tank

Plant 20 Tank

Plant 20 Tank

Plant 20 Tank

Plant 32
Raw Water Source

50 psig Steam
Header

To

Plant 20 Tank

Plant 20 Tank

Plant 2

Plant 2

Plant 2

Plant 38

Plant 2

Plant 2

Plant 9
Plant 32

Piant 31
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Major Lines Summary - continued

Utility Lines

Utility Header

600 psig Superheated Steam (720°F)

600 psig Saturated Steam
150 psig Saturated Steam
50 psig Saturated Steam
Instrument Air

Utility Header

Utility Air

Utility Water

Cooling Water Supply
Cooling Water Return

600 psig Boiler Feedwater
Potable Water

High Btu Fuel Gas
Medium Btu Fuel Gas
Natural Gas

Nitrogen Gas

19-7

Size (in)

10

24

36

Size (in)

48

48

10
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Major Lines Summary - continued

Equipment No.

21-C101

21-C102

Type

Drum

Drum

19-8

Description

Natural and medium Btu
gas mixing, vertical, 10 ft.
X5 ft.

Natural and high Btu gas
mixing, vertical, 10 ft. X 5
ft.
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19.2 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 21 are given below in Table 19.2. This plant
being an OSBL plant, its field costs and breakdowns are the same for the first as well
as Nth plant scenarios. Note that field costs for each plant do not include home office
costs or contingency. These were estimated for the whole complex and are given in

Section 41.
TABLE 19.2

Plant 21 (Interconnecting Piping)
Field Costs and Breakdowns
(First & Nth Plants)
2nd Quarter, 1991

Major Equipment -

Bulk Materials 235
Subcontracts 4.0
Direct Labor 225
Distributables (Indirect) 20.3

Total Field Costs 70.3
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20. Plant 22 (Product Shipping)
20.0 Design Basis, Criteria and Considerations

Plant 22 provides the pipeline and metering system for delivery of the final oil products
from the hydrotreaters (Plants 4 and 5) to down stream customers.

The equipment for this plant includes the appropriate length of 20 in. schedule 40 pipe
for product delivery to down stream customers and a meter for tracking the amount of
product transfered for accounting and billing purposes. The meter is provided with a
16 in. proving loop for meter testing and calibration.

The pipeline is designed to carry 4375 gpm which allows 50,000 barrels of oil product
to be delivered in 8 hour batches. The pressure drop should not exceed 500 psi for

every 50 miles of pipe.

Dual meters are required to assure proper recording of product delivery quantities in
case of single meter failure.

20-1



20.1 Major Equipment Summary

Equipment No. Type

22-1.101 Pipeline

22-V101 Metering System with
Prover Loop

22-V102 Pipe Cleaning Pig

22-V103 Pig Launcher

20.2 Operating Manpower Requirements

Description

20 in., schedule 40

16 in. prover loop

For 20 in. pipe

For launching pipe
cleaning pig into the
pipeline

Product shipping by pipeline is handled as part of the Oil Movement and Storage
staff. Thus the manpower requirement for this plant is a fraction of an operator.

20.3 Plot Area Required

The plot area for the equipment listed in this plant is approximately 40 feet by 80 feet.
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b 20.4 Capital Cost and Breakdowns

The field costs and breakdowns for Plant 22 are given below in Table 20.1. This plant
being an OSBL. plant, its field costs and breakdowns are the same for the first as well
as Nth plant scenarios. Note that field costs for each plant do not include home office
costs or contingency. These were estimated for the whole complex and are given in

Section 41.
TABLE 20.1

Plant 22 (Product Shipping)
Field Costs and Breakdowns
(First & Nth Plants)
2nd Quarter, 1991

{ Major Equipment 0.2
Bulk Materials 0.3
Subcontracts 0.1

Direct Labor 0.1

Distributables (Indirect) 0.1
. Total Field Costs 0.8
J

oy
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21. Plant 23 (Tank Car/Tank Truck Loading)

21.0 Design Basis, Criteria and Considerations

The products are generally pumped from the storage tanks to the loading points at the
required rate (See Table 1). One pump for each product delivers the required flow
rate for phenol, ammonia, propane, and butane; however, two pumps are required for
pumping molten sulfur. All operating pumps are provided with a spare. Loading
pumps are included in Tankage (Plant 20). Nozzles are provided at both the Tank Car
and Tank Truck loading racks such that any product can be loaded at two or more
bays.

Each product is piped by a separate line to the loading racks, then branched to
different loading nozzles.

All products are loaded to ambient temperatures (100 °F) except molten sulfur which is
loaded at 300 °F.

21.1 Major Equipment Summary

The summary of the equipment for plant 23 is presented in Table 21.1.

21.2 Operating Manpower Requirements

The operating manpower requirement for this plant is 2 operators. For full manpower
requirements of this plant as well as the complex, refer to Section 40 of this report.

21.3 Plot Area Required

Tank Car Loading
Area Required = 10,000 sqft

Tank Truck Loading

Area Required = 10,000 sqft

21.4 Capital Cost and Breakdowns

21-1



EQUIPMENT
LIST

23M-101A

23M-101B

23L-101

23J-101

23K-101

3K-101A & B

Table 21.1

Major Equipment Summary

EQUIPMENT
DESCRIPTION

Tank Truck Loading
Platform, structural
steel construction

Tank Car Loading
Platform, structural
steel construction

Pipeline, valves and
loading arms for
transporting finished
products form storage
tanks to tank cars/tank
trucks

Positive displacement
flow meters with digital
counters and printout
capacity

A & B Butane vapor
recovery CoOmpressor,
CS construction

Propane vapor
recovery cCompressor,
CS construction

21-2

DESIGN
CRITERIA

Per
Attachment 1

Per
Attachment 2

Per Table 1

Per Table 1

500 ACFM,
suction
pressure 55
PSIA,
discharge
pressure 75
PSIA

500 ACFM,
suction
pressure 216
PSIA,
discharge
pressure 265
PSIA

NUMBER

3 sets

1 set

1 set

1 set

1+ 1 sets

1+ 1sets
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EQUIPMENT

P

LIST

23K-101A & B

23K-104A & B

23V-101

23G-101

23V-102

23V-103

23V-104

EQUIPMENT

DESCRIPTION

Ammonia vapor
recovery Compressor,
CS construction

Molten Sulfur vapor
recovery compressor,
CS construction

Tank truck weigh scale
with recording devices
and automatic printout.

Sump Pump for weigh
scale pit, CS

Sprinkler fire system
complete with alarms,
sensors, energizers, &
all instrumentation

Fire Hydrant System
complete with
approved hoses and
nozzles

Communication system
consisting of
telephones (fixed &
portable) and walkie
talkies

21-3

DESIGN
CRITERIA
500 ACFM,
suction
pressure 205
PSIA,
discharge
pressure 224
PSIA

500 ACFM,
suction
pressure 15
PSIA,
discharge
pressure 25
PSIA

Suitable for
weight of
tank truck &
500 metric
tons
produced

25 GPM, 5
HP, 3000
RPM

water density

minimum O-
25 GPM/ft?

6 sets

NUMBER

1 + 1 sets

1 + 1 sets

1 set

1 set

1 set

1 set



21.4 Capital Cost and breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 23 are given below in Table 21.2. This plant
being an OSBL plant, its field costs and breakdowns are the same for the first as well
as Nth plant scenarios. Note that field costs for each plant do not include home office
costs or contingency. These were estimated for the whole complex and are given in
Section 41.

Table 21.2

Plant 23 (Tank Car/Tank Truck Loading)
Field Costs and Breakdowns
(First & Nth Plants)
2nd Quarter, 1991

Major Equipment 2.0
Bulk Materials 3.4
Subcontracts 0.7
Direct Labor 3.2
Distributables (Indirect) 2.9

Total Field Costs 12.2
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22. Plant 24 (Coal Refuse and Ash Disposal)
22. Design Basis, Criteria and Considerations

This plant is for the disposal of coal refuse from Coal Cleaning and Preparation (Plant
1) and ash or slag from the Hydrogen Production by Coal Gasification (Plant 9).

The coal refuse consists of fine and coarse material which requires separate methods
of disposal. The coarse coal refuse and ash are conveyed to the coal mine via
conveyor belt for disposal in land reclaimation.

The fine coal refuse material is piped as a coal water slurry to a settling basin. The
bottom of the settling basin is scraped continuously to move the fine refuse slurry to
the basin shores. From the basin shores, bulldozers spread the material for air drying.
After the spread material is sufficiently dry to have the consistency of a filter cake,
bulldozers load the material onto the conveyor for transferral back to the mine.

22.1 Major Equipment Summary

EQUIPMENT LIST

Equipment No. Type Size or Capacity
24-T101 Refuse conveyor belt 8500 TPD
24-T103A,B Bulldozer 480 yd*/hr

24-T104 Settling Basin Scraper 1545 tons solid/day

222 Operating Manpower Requirements

The operating manpower required for this plant is covered by the manpower
requirements of Plant 1 and Plant 9.
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22.3 Plot Area Required

Description

Refuse Conveyor Belt

Settling Basin

Fine Refuse Slurry Drying Area

22-2

Area (Acres)

Included within coal feed conveyor belt
right of way

3

30



22.4 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 24 are given below in Table 22.1. This plant
being an OSBL plant, its field costs and breakdowns are the same for the first as well
as Nth plant scenarios. Note that field costs for each plant do not include home office

costs or contingency. These were estimated for the whole complex and are given in
Section 41.

Table 22.1

Plant 24 (Coal Refuse and Ash Disposal)
Field Costs and Breakdowns
(First & Nth Plants)
2nd Quarter, 1991

Major Equipment 11.1
Bulk Materials 4.8
Subcontracts 1.5
Direct Labor 6.0
Distributables (Indirect) 5.4

Total Field Costs 28.8
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23. Plant 25 (Chemical and Catalyst Handling)
23.0 Design Basis, Criteria and Considerations

This plant provides storage and handling for catalyst and chemicals used in all the
plants. Additionally, it provides a consolidated location for tracking catalyst and
chemical start-up and daily consumption requirements.

Plants requiring chemicals or catalysts include 2 (Coal Liquefaction), 3 (Gas Plant
Separation), 4 (Naphtha Hydrotreater), 5 (Gas Oil Hydrotreater), 6 (Hydrogen
Purification), 8 (Rose Solvent Recovery), 9 (Hydrogen Production via Coal
Gasification), 11 (By-Product Sulfur Recovery), 32 (Raw, Cooling, and Service Water),
38 (Ammonia Removal), and 39 (Phenol Removal).

The equipment for this plant includes an enclosed warehouse for storing chemicals
and catalysts and forklifts for transporting pallets of chemicals or catalysts into or out
of the warehouse.

A warehouse is required to collect all chemicals into one area for distribution to the
various plants as needed. Additionally, the warehouse is used as a temporary storage
for spent catalyst that must be returned to the catalyst vendor for regeneration at the
vendor’s facilities.

This plant identifies all major plant chemical and catalyst requirements for startup and
continuous operation.

23.1  Major Equipment Summary

Equipment No. Type Description
25-R101 Chemical & Catalyst Warehouse 100 ft. x 60 ft.
25-T101A,B Forkilift Electric Motor, 25 hp
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23.2 Catalyst and Chemical Summary

Plant 25 provides storage and handling for chemicals and catalysts used in all the
plants. Table 23.1 below summarizes the start-up and consumption rates for the

various chemicals or catalysts.

Table 23.1

OVERALL COMPLEX CATALYST AND CHEMICAL SUMMARY

Chemical or
Catalyst

Amocat-1C, 1-1/2"

Extrudate
MEA

Hydrotreating
Catalyst

Hydrotreating
Catalyst

MEA

Rose Solvent
BASF K8-11 or
Haldor Topsoe
SSK Catalyst

2" SS Pall Ring
Packing

2" CS Pall Ring
Packing

Methanol

Claus Catalyst
Kaiser S-201

SCOT Catalyst

2" SS Pall Ring
Packing

MDEA

For Plant No.

2

11

11

11

11

Quantity Required

Start-Up
2,253,000 Ib

100 bbl

80,000 Ib

490,000 Ib

1,200 bbl

10,000 bbl

19,000 ft*

3,400 ft°

4,300 ft°

2,500 bbl

18,400 ft°

6,500 ft*

2,500 ft’

500 bbl
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Consumption
68,130 Ib/day

20 gal/day

3 year life

3 year life

30 gal/day
300 gal/day

3 year life

3 year life

3 year life

200 gal/day

5 year life

5 year life

3 year life

50 gal/day



Chemical or
Catalyst

30% Ammonia
Sodium Sulfite
Polymer & Chelant
Disodium
Phosphate

Alum

Polymer

98% H.SO,
50% NaOH
Polymeric
Dispersion Non-
ionic Surfactant

Chlorine
Polymer
PAC

Phosphoric Acid as
100% H,PO,

Dephenoliz-
ation Solvent

For Plant No.

31
31

31

32
32
32
32
32

32
34
34
34

38

39

Quantity Required

Start-Up

7,000 lbs
2,000 lbs

30,000 Ibs
2,000 Ibs
15,000 gals
30,000 gals
7,000 Ibs

300 lbs
2,000 Ibs
3,000 lbs
6,000 lbs

11,0331 Ib

7912 1b
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Consumption

936 ib/day
240 Ib/day

144 |b/day

4,680 Ib/day

156 Ib/day
15,680 Ib/day
38,754 Ib/day
1,624 |Ib/day

24 Ib/day
350 Ib/day
450 Ib/day

2,000 Ib/day

3,460 Ib/day

170 Ib/day



23.3 Operating Manpower Requirements

There is no special manpower requirement for this plant. It is covered by the
manpower of other plants located in the same area.

23.4 Plot Area Requirements

The plot area required for this plant is 100 ft. X 60 ft.

23.5 Capital Cost and Breakdowns (First & Nth Plant)

The field costs and breakdowns for Plant 25 are given below in Table 23.2. This plant
being an OSBL plant, its field costs and breakdowns are the same for the first as well
as Nth plant scenarios. Note that field costs for each plant do not include home office
costs or contingency. These were estimated for the whole complex and are given in
Section 41.

TABLE 23.2

Plant 25 (Catalyst and Chemicals Handling)
Field Costs and Breakdowns
(First & Nth Plants)
2nd Quarter, 1991

Major Equipment --
Bulk Materials -
Subcontracts 0.3
Direct Labor --
Distributables (Indirect) -
Total Field Costs 0.3
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