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account sponsored by the Tennessee Valley Authority. Neither TVA, the
orga:i ation{s) named below, nor any persor acting on their behalf:

(a) ~:-.ces any warranty express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report,
or that the use of any information, apparatus, method, or process dis-
closed in this report may not infringe privately owned rights; or (b)
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B disclosed in this report."
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COAL GASIFICATION DATA CATALOG

1.0 INTROOUCTION
1.1 Task 5.1

This task develops the basis for further study and uitimately, the A/E
evaluation and recommended facility designs of Task 5.5. Definition of
candidate systems/subsystems includes the identity of and alternates for
each process unit, raw material requirements, and the cost and design
drivers for each process design. Alternate products studies and a market-
ing analysis of by-products have been performed.

1.2 Qutput

The output of Task 5.1 is the Coal Gasification Data Catalog contained
herein. Accompanying this document in separate covers are two facility
reference documents (preliminary) based on Texaco and Koppers-Totzek
gasifier technologies. The preliminary reference facility documents will
be revised in Task 5.3 to accommodate the results of Tasks 5.2.

1.3 Scope of Work

The scope of work in preparing the Coal Gasification Data Catalog
included the following subtasks:

(] Candidate System Subsystem Definition.

[ Raw Materials Analysis.

¢ Market Analysis for By-Products.

) Alternate Products Analysis.

0 Preliminary Integrated Facility Requirements.

1.3.1 Candidate System/Subsystem Definition - Task 5.1.1

Definition of candidate systems/subsystems involves the characteriza-
tion of each facility subsystem constituting the integrated facility and
each coal gasification module in terms of parameters required to support
conceptual design costing, cost and performance sensitivity analysis, raw
material and by-product analysis, coal variation and utility trades, and
supporting technology requirements.

The characterization of each system/subsystem element includes the

identification of major components and the design criteria which have major
impact on design or cost of the components.

A-1-1

PO

b em———— S




e s -

These data have been developed from the subsystem designs and trade-
off studies previously completed in other studies by the BOM-Mittelhauser
Team as well as from other published documents and pruprietary studies
presently in the Teams' libraries.

The subsystem characterization data have been summarized from appro-
priate flowsheets. Data presented in the form of detailed matrices include
major comporients, long lead time components, inputs, outputs, by-products,
raw materials, and typical operating conditions. In addition, critical
technology issues are identified.

Major cost elements of the system/subsystem have been defined and
include such items as:

° Capital cost.

. System capacity.

] Operating costs (manpower and chemicals and catalyst).
) Maintenance costs.

1.3.2 Raw Material Analysis - Task 5.1.2

An analysis of raw material requirements has been performed for each
system that has been characterized to identify the type, auantity, quality,
etc., of raw material (other than coal) required to support the TVA Coal
Gasification Facility.

These raw material reguirements have been described as to:

0 ldentity of raw material.

] Quantity or consumption of each raw material.

(] Source.

e Costs.

] Avaitability.

. Shipping requirements.

1.3.3 MHarket Analysis for By-Products - Task 5.1.3

A study was performed with an initial objective of determining the
potential sales volume and revenue for each potential by-product of the
coal gasification facility.

o
1y
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By-products have buen identified in Section 2.4, System Stream Charac-
terization and Raw Materials. The existing market for each by-product has
been identified and the potential demand for each by-product for these uses
has been determined.
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1.3.4 Alternate Products Analysis - Task 5.1.4

The objective of this task is to characterize and define the system/
subsystems avaflable to produce methane, methanol, hydrogen, or gasoline
' from an MBG feed stock and to characterize the associated cost components.
Modifications to the integrated facility or additional equipment require-
ments, labor, and raw materials and their associated costs will be identi-
fied. The potential quantities and revenues of each alternate product
previously identified will be developed as input suitable for life cycle
costing and cash flow analyses.

o

Design studies and analyses already performed by the Team will be
. reviewed to summarize methods and costs for proeducing many of the by-
\ . products.

The alternate products/processes and costs will be summarized and
‘ presented with additional descriptive material and appropriate diagrams,
. flowsheets, schematics and references in a later report.

1.3.5 Preliminary Integrated Facility Requirem- ts - Task 5.1.5

— e —— T we

The objective of this task was to specify preliminary integrated
; facility requirements to serve as a basis for design of the reference
| facilities that will be used in the comparative evaluation of the TVA A/E
designs.

A1l the previous subtasks will be compiled or collected into a pre-
' liminary narrative document which describas the Iategrated Facility and the
! design/cost specifications required for each system/subsystem of the facil-
‘ \ ity.
) b
b

The facility requirements have been developed based on the above
subtasks, TVA require ents, and the Team's previous design studies and
} experience.
b

The requirements for Texaco and K-T based plants have Leen summarized
i in two reports both titled "Preliminary Integrated Facility Requirements
r ( ODocument," in conformance with DR-9 specifications. Requirements include
product specifications (qgas pressure, temperature, composition, purity,
volume per day), plant location, coal (proximate and ultimate analysis),
by-product specifications, type(s) of gasifier and other specified process
units, sparing philosophy, environmental and safety standards, raw mate: ial
and product storage, plant performance (availability, load characteristics,
; turndown), purchased utility and water costs, and product gas cost.

! A-1-3




This preliminary document provides a basis for proviaing (1) the Inte-
grated Facility/Module definfition; (2) the Integrated Facility Requirements
Document; and (3) the Comparative A/E evaluation.

A-1-4
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2.0 SYSTEM CHARACTERIZATION - TASK 5.1.1

The preparation of semi-definitive cost estimates and the performance
of detailed process engineering calculations regquire that certain licensing
or confidentiality agreements be in place with the owners of coal gasifica-
tion and associated technologies in order to obta1n information necessary
to do this work.

In the absence of these agreements, studies and evaluations obtained
in the public domain can be used as a basis for preparing preliminary
process designs and budget ievel factored estimates. These budget level
factored estimates are quite often used in the Hydrocarbon and Chemical
Processing Industries to make decisions on further spending on or investi-
gation of specific projects.

Usually, A/E firms performing studies on gasification projects for
clients in the public domain, such as EPRI, DOE, Bureau of Mines, etc.,
have the licensing agreements to perform detailed engineering and cost
estimates. The data presented in these study reports are then summa:‘es of
the engineering and cost estimates which provide a good scaling basc when
used with good engineering judgment.

2.1 Approach

The approach taken in preparing the system characterizations of this
section has been to utilize the system designs and trade-off studies pre-
viously done by the BDM-Mittelhauser team as well as the other published
and proprietary studies in the Team's libraries. These reference data have
been reviewed, and those references which are most applicable to the refer-
ence facility have been identified and summarized in Appendix A, attached
to this report.

2.2 Sv-tem Identification

NASA-MARSHALL has provided definition of the candidate systems which
comprise the integrated facility and have been characterized in this task.
Table 2-1 identifies these Candidate Systems.

A= 2-1
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TABLE 2-1. NASA SYSTEM IDENTITY

COAL PREPARATION AND FEEDING
GASIFICATION - KOPPERS-TOTZEK COAL GASIFICATION PROCESS (TEXACO)
INITIAL GAS CLEANUP & COOLING

ACID GAS REMOVAL

SULFUR RECOVERY AND TAIL GAS TREATMENT
AIR SEPARATION

COMPRESSION

PROCESS SOLIDS TREATMENT (DEWATERING)
INCINERATOR

INSTRUMENTATION AND CONTROL

COAL HANDLING

SOLIDS WASTE RECYCLING/DISPOSAL
BY-PROOUCT PROCESSING

PLANT POWER SYSTEM

STEAM GENERATION/DISTRIBUTION

WATER SUPPLY

WATER COOLING SYSTEM

WASTE WATER TREATMENT

GENERAL FACILITIES

ALTERNATE PRODUCTS

A-2-2
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TABLE 2-2. UNIT OPERATION CATEGORIES

CCAL RECEIVING, STORAGE AND TRANSFER
COAL PREPARATION AND FEEDING
GASIFICATION

GAS COOLING

ACID GAS REMOVAL

COMPRESSION

SOLIDS TREATMENT SYSTEM

TAR-QIL SEPARATION

PROCESS CONDENSATE TREATMENT
PHENOL RECOVERY

AMMONIA RECOVERY

SULFUR RECOVERY

BIOLOGICAL TREATMENT

COOLING WATER SYSTEM
INCINERATION

AIR SEPARATION AND OXIDANT FEEDING
FINAL SOLIDS DISPOSAL
BY-PRODUCT STORAGE AND LOADING
SULFUR STORAGE AND LOADING

STEAM GENERATION

RAW WATER TREATMENT

FLUE GAS TREATMENT

PLANT ELECTRICAL SYSTEM
BUILDINGS AND SUPPORT FACILITIES
CONTROL AND INSTRUMENTATION

A-2-3




Data reported in the literature and studies has been based on a more
discrete level of unit operations. In order to manipuiate the reported
data as little as possible, the BDM-Mittelhauser Team identified the perti-
nent unit operations that are typically included in a Coal Gasification
Facility and obtained cost and system characterizations on that basis.
Table 2-2 identifies the unit operations that were used to summarize data
for tlhis ]report.. The summarized data has been reported on the unit opera-
tion level.

A-2-4
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2.3 System Description

A brief description of each unit operation has been included in this
section. Several unit operations have alternate processing technologies
available for use in different gasification facility schemes. These alter-
nates have been characterized to represent the choice of technologies
available to the Integrated Facility which is yet to be designed.

Each description addresses the cost and design drivers of the unit

operations, as well as the issues of critical technology addressed thus far
in the study.

A-2-5
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SYSTEM NUMBER 11

UNIT OPERATION NUMBER 10
DESCRIPTION COAL RECEIVING, STORAGE AND TRANSFER

The Coal Receiving, Storage and Transfer System provides for the unloading
of coal delivered to the plant either by barge or truck, transporting the
coal to storage, reclaiming the coal form storage, reducing the size of the
coal, and transporting the coal to Coal Preparation, Unit Operation 11.

ROM Coal is unloaded from the barges by the barge unloading subsystem which
is designed to unload up to ten 1500 ton capacity barges per shift. The
coal is unloaded at an average rate of 1200 tons per hour on a 5 day/week
basis. Coal is transferred by conveyor to a radial stacker which then
forms a kidney shaped coal pile containing live and dead storage. Coal is
reclaimed from the live storage and conveyed to a Bradford Breaker where it
is reduced to 2"x0 size. Coal from trucks is unloaded into a chute from
which it is conveyed tc the Bradford Breaker. From there, the crushed coal
goes to day storage silos from which it is transferred by vibrating belt
conveyors to Coal Preparation, Unit Operation 11, for further processing.

Coal fines are collected and sent to Gasification (depending on process),
Unit Operation 20; coal fired boiler for Steam Generation, Unit Opera-
tion 84; Solids Disposal, Unit Qperation 81; or By-product Storage, Unit
Operation 82, for sales.

The Design Drivers include:

1) Coal bulk density;

2) Blending requirements;
3) Angle of repose;

4) Equipment layout;

5) Sampling requirements;
6) Coa) size distribution;
7) Barge or Rail delivery;
8) Coal moisture;

9) Coal hardness; and
10) <Climate.

The Cost Drivers include:

1) Volume and shape of coal:
2) Available land area;

3) Conveyor length and width;
4) Construction materials;

5) Days of storage;

6) Concrete requirements; and
7) Equipment summary.

A-2-6
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SYSTEM NUMBER 1
UNIT OPERATION NUMBER 11
DESCRIPTION T COAL PREPARATION

This system receives raw coal frcm Coal Receiving, Storage and Transfer,
Unit Operation 10; reduces the coal to the proper size; screens out and
recycles the oversize fraction; and transfers the properly sized coal to
Gasification, Unit Operation 20, for direct gasification or further
treatment.

In some gasifiers, such as Lurgi, the Coal Preparation System is not part
cf the gasifier licensor's proprietary technology. In others, such as
Texaco, final crushing and slurrying is part of the proprietary package,
while in the Koppers-Totzek process ail coal crushing, drying and feeding
is considered proprietary by the licensor.

Crushed coal 2"x0 is received by vibrating belt feeder from Coal Receiving,
Storage and Transfer Unit Operation 10. Tramp iron separators then remove
ferrous metal items from the coal stream and discharge them outside through
the tramp iron chute. The coal is then weighed on a belt weigher after
which it goes to a sizing crusher. The sized 1/4"x0 coal is stored in
gasifier feed surge bins from which it is conveyed by vibrating belt
feeders to Gasification, Unit Operation 20, at a total rate of about 20,000
TPD for the four modules.

Coal fines are collected and sent to Gasification (depending on process);
coal fired boiler for Steam Generation, Unit Operation 84; Solids Disposal,
Unit Operation 81; or By-product Storage, Unit Operation 82, for sales.

The Design Orivers include:

1) Fines minimization (Lurgi) - product coal size;
2) Coal source (ROM or washed);

3) Blending requirements;

4) Hardgrove grindability;

5) Angle of repose;

6) Moisture content;

7) Coal bulk density;

8) Sampling requirements; and

9) Waste heat availability for coal drying.

The Cost Drivers include:
1) Gasifier feed coal size requirements

2) Plant layout
3) Cual source (ROM or washed).

A-2-7
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Critical technologies identified as needing study and development work are:

Wet coal grinding - wet grinding applies to the Texaco gasifica-
tion system. Maximization uf pumpable coal slurry concentrations
leads to improved thermal efficiency. Needs include identifica-
tion of optimum particle size distributions, methods of producing
optimum distibutions, and the effect of coal blending.

Coal Blending - Needs in coal blending include automatic blend
control technology, data on effect of blending on gasifier slag
properties, and effect of blending on gasifier residence time
requirements.

Recycle of waste water - Utilization of waste water for coal
slurry preparation is one method of utilizing this material.
Needs include identification of the buildup of toxic materials in
recycled waters and methods of controlling same through side-
stream treatment or blowdown.

A-2-8
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SYSTEM NUMBER _2
UNIT OPERATION NUMBER _ 20
DESCRIPTION GASTFiCATION - KOPPERS-TOTZEK

The Koppers-Totzek gasifier is a high temperature, cocurrent entrained flow
gasifier which accepts coal from Coal Preparation along with oxygen and
steam to produce intermediate BTU gas. It is a proprietary unit licensed
by Krupp-Koppers of Germany. Sized coal 1/4"x0 from Coal Preparation, Unit
Operation 11, enters the pretreatment area of Gasification, Unit Operation
20, where it is crushed and ground to 70% minus 200 mesh, and dried to 2X
moisture. It is then fed to eight screw conveyors that feed four pairs of
burners located 90° apart. There are four feed points on the four-headed
gasifier with 2 burner heads at each point. Each burner projects a jet to
converge with the line of discharge of the other. Oxvgen from Air Separa-
tion, Unit Operation 80, and steam from Seam Generation, Unit Operation 84,
carry the coal through the burners into the gasifier.

The oxygen, steam and coal react to gasify the carbon and volatile matter
of the coal and to convert the coal ash into molten slag which is sent to
Solids Treatment, Unit Operation 31. The gas exiting each gasifier is
direct water quenched to below the ash fusion temperature, in order to
solidify entrained slag droplets. The remaining slag forms a layer on the
refractory walls and flows down through a separate chute into quench tanks.

Low pressure steam is producad in the water jackets of the gasifiers from
waste heat that passes through the refractories.

After the gas is quenched, gas and entrained ash particles pass through a
waste heat boiler where the gas is cooled to approximately 350°F by raising
high pressure steam. The gas is then scrubbed for particuldte removal.
The clean intermediate BTU product gas is then further cooled in Gas Cool-
ing, Unit Operation 21, before going to Acid Gas Removal, Unit Operation
22.

With the K-T gasifier, as with all high tempterature antrained flow gasi-
fiers, no tars, phenols, oils, etc., are produced so the gas requires less
cleanup than thcse systems that produce hydrocarbons. 8ecause of the high
operating temperatures the gasifier requires an appreciabie amount of
oxygen per pound of coal fed. The K-T gacifier requires about 0.9-1.0 1b
0, per 1b coal fed. Steam consumption is approximately 0.4 b per 1b of
cga1. The higher heating value of the dry gas produced from the K-T gasi-
fier is in the range of 285-300 BTU/SCF. The Koppers-Totzek gasifier
typically operates at a pressure of about 7 psig. Maximum temperatures can
run as high as 3300°F.

The Design Orivers for the system include:

1) Unit capacity, TPD coal
2) Coal (especially ash) properties.

The Cost Drivers for the system are the same as the Design Drivers.
A-2-9




SYSTEM NUMBER 2
UNIT OPERATION NUMBER 20
DESCRIPTION  GASIFICATION - TEXACO

The Texaco Coal Gasiffcation Process uses a coal slurry feed, consisting of
fresh ground coal together with recycled fine slag and carbon with a total
solids content 50 to 65% by weight. The slurry is pumped from mix tanks in
the grinding and slurry section to the gasifier slurry tank. A circulating
pump circulates the slurry through this tank and supplies slurry to the
suction of the high pressure charge pump.

The coal-water slurry is fed through a specially developed burner into a
refractory-lined gasifier reactor. Partial combustion with oxygen takes
place at a pressure of 600 psig, or higher, and a temperature in the range
of 2300 to 2800 degrees F to produce a gas consisting mainly of CO, H,,
C0,, and steam. Most of the sulfur in the coal is converted to HZS and tﬁe
ba*ance converts to COS. Nitrogen and argon from the oxygen feed“appear in
the gas together with most of the titrogen from the coal. The gas contains
a small amount of methane, some unconverted carbon and all of the ash in
the form of slag. The gas is essentially free of uncombined oxygen.

The upper section of the gasifier is the refractory-lined chamber in which
the partial oxidation reaction takes place. In many conceptual designs,
part of the gas is withdrawn and cooled to below the ash fusion point by
mixing with cooled recycle gas. Entrained slag particles, solidified by
cooling, are then removed from the gas. The gas is then cooled hy raising
high-pressure steam in a specially-designed waste heat boiler. The gas
then passes to the Gas Cooling System, Unit Operation No. 21. Tu date,
these high-pressure steam generators have not been commercially proven in
coal gasification service.

At least a portion of the gas from the gas generator reactior section
passes straight down into the quench section ot the gasifier. This stream
carries the bulk of the larger particles of slag, and it is immediately
quenched with water from the 2300 to 2800 degree F range to about 400
degrees F. The gas from the generator quench chamber joins the main stream
of gas going to the gas cooling operztion.

Water from the gasifier quench chamber is cooled and combined with water
frem the carbon-scrubber lower section. Both streams contain fine slag and
unconverted coal. The water stream from the iock hopper and water from the
final product cooler separator join this stream, and the total flows into
the flash pot.

In the clarifier, the fine siag and unconverted coal settie out, leaving a

clarified water overflow that is pumped back to the carbon scrubber via the
gray water drum. Makeup water is added at this point.

A-2-10
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; The clarifier underflow is fed to a centrifuge for dewatering. The concen-
trated underfiow is returned to the coal grinding and slurrying section and
mixed with coal-feed slurry. The filtrate is returned to the clarifier,

Most of the ash in the coal feed agglomerates into essentially carbon-free
molten s)ag droplets, which are quenched and solidified in the lower quench
section of the reactor. This slag is settled through the quench water into
the lock hopper. The lock hopper is periodically dumped onto a screen,
from which the slag is conveyed to the solids treatment system.

The primary cost drivers are:
° Unit capacity, TPD coal
® Coal (especially ash) properties
° feed slurry concentration
) Operating pressure.

The major design drivers are the same as the cost drivers.

A=2-11




SYSTEM NUMBER 2
UNIT OPERATION NUMBER 20
DESCRIOTION = GASIFICATION - LURGI

The Lurgi gasifier, dry ash, gravitating bed type, is commercially avail-
able from Lurygi Kohle and Mineraloeltechnik. The gasifier is a water
jacketed pressurized unit comprised uf a series of vertically stacked ‘
vessels. There are, from top to bottom, a coal hopper, coal lock, water A
jacketed gasifier, ash lock and ash quench chamber.

Coal is conveyed from Coal Preparation, Unit Operation 11, to the coal :
hopper from which it is fed by gravity to the depressurized coal lock i
through a hydraulically operated valve. The lock is then isolated and
pressurized with a slipstream of inert gas (mainly N,) and the coal is
transferred to the gasifier through another hydraulicaQIy operated valve.
The empty lock is isolated, depressurized through a bag filter and vented
either to the atmosphere or the Incinerator, Unit Operation 41. The gas
displaced from the coal and iock hoppers during loading is routed simi-
larly. Coal dust recovered in .he filter is returned to the coal hopper.

The coal flowing down through the gas produced represents a slowly moving o
bed which has several distinct zones. In the first zone at the top of the "
gasifier, cval is preheated and dried by contact with the hot crude gas
leaving the reactoir. As the coal moves down and is heated further, devola- ,
tilization occurs and gasification commences. The bottom of the bed is a ;‘
combustion zone where carbon reacts with oxygen to form CO and CO,. The '
oxidation provides the overall heat for the gasification and devolagiliza-

tion reactions which are endothermic. Only a negiigible amount of unburned ;
carbon remains in the ash. 2

When MBG is to be made, oxygen from Air Sevaration and Oxidant Feeding, ,
Unit Operation 80, and steam enter the gasifier near the bottom and are i
heated as they rise upward to the combustion zone by the hot ash moving )
down from the combustion zone. Oxygen flow rate is controlled to accom-

plish complete gasification of coal. Steam rate is controlled to maintain i
a specified gasifier bottom temperature to prevent melting or clinkering of A
the ash.

A portion of the gasifer process steam is generated at about the cperating ;{
process of the gasifer, in the gasifier jacket. The balance is provided
through waste heat recovery or from Steam Generation, Unit Operation 84.

The crude gas leaving the gasifier contains appreciable quantities of tars, .§
oils, naptha, phenols, fatty acids, ammonia, hydrogen sulfide, sulfur

compounds and a small amount of coal! and ash dust. The crude gasifier :
effluent temperature ranges from 575°F to over i000°F. The effiuent flows l
through a scrubbing cooler where it is washed with & stream of process

condensate. The washing process quenches the gas to about 350 - 400°F and ,
condenses the high boiling tar fractions. Coal and ash dust are removed g

A=2-12




with the condensed tar leaving the quenched effluent gas essentially free
of particulate matter.

Ash from the process is continuously collected by a rotating ash grate and
moved to the ash lock hopper. Ash collected in the lock is depressurized
and discharged batchwise to an ash quench chamber where it is cooled in
water. The ash lock is pressurized with steam.

The abrasive slurry from each gasifier train flows to a commcn transfer
tank using water as the mctive fluid. Ash grinders are provided to prevent
large :hunks of slag from plugging transfer lines. The ash_ slurry is then
sent :v Solids Treatment, Unit Operation 31.

The srimary cost and design drivers are:
] Coal and Ash properties
°

Capacity, TPD ot coal
° System pressure

A-2-13
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SYSTEM NUMBER |
UNIT openmoumsa 20 P
DESCRIPTION GASTFICATION - BABCOCK AND WILCOX

The Babcock and Wilcox gasifier is a high temperature, cocurrent entrained
flow gasifier which accepts coal from Coal Preparation along with oxygen
and steam to produce medium BTU gas. It is a proprietary unit licensed by
€abcuck & Wilcox.

Sized coal 1/4"x0 from Coal Preparation Unit Operation 1i, enters the
pretreatment area of Gasification, Unit Operation 20, where it {s pulver-
tzed to 70% minus 200 mesh and tangentially injected through two rows of
water cooled nozzles into the gasifier. Recycled char from the gasifier
outlet gas cyclores is also injected through water cooled nozzles in the
bottom row of burners. Both the coal and char are fired with oxygen from
Air Separation, Unit Operation 80. The coal &nd char are partially com-
busted to form a hot reducing gas. At the high temperatures present in the
gasifier, the ash in the coal and char becomes molten and continuously
flows down the walls of the gasifier to the slag tap hoie. From the tap
hole, the slag enters a water quench tank where it is cooled. From the
quench tank it flows to the Solids Treatment System, Unit Operation 31.

In the gasificatior section, there is an inner shell of water cooled tubes
(water wall) where saturated steam {s produced. In the hot reaction zone,
the tubes are covered with a dense refractory suitable for contact with
molten flowing slag. Above the reaction zone, the tubes are bare for
greater radiation cooling prior to entrance into the waste heat boiler

section.

The gas exits the gasifier proper at about 1800°F and enters the wastc heat
bojler section where it is cooled to 700°F. From the waste heat boilers,
the gas enters a cyclone where 90-95% of the carryover ash and char is
removed. This char and ash stream, as mentioned previously, is injected
pack into the gasifier. Tie 700°F gas is further cooled and cleaned in Gas
Cooling, Unit Operation 21, before going to Acid Gas Removal, Unit Opera-

tion 22.

The Design and Cost Qrivers include:
1) Coal (especially ash) properties
2, Capacity, TPD coal
3) Operating pressure.

The Cost Drivers include:

1) fGasifier pressure; and
2) Ash fusion temperature.

he2-14
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SYSTEM NUMBER _2
UNIT OPERATION NUMBER _20
OESCRIPTION GASIFICATION - SLAGGING LURGI

This system is divided into the following four subsystems:

. Coai- and Flux Feed
[ Gasification

) Raw Gas Treating
. Silag Handling.

Coal and Flux feed

Flux is an agent which forms 2 eutectic mixture with the coal ash in the
gasifier, lowering its melting point to make slag formation easier. It is
shipped to the facility from outside sources.

The coal and flux are mixed in Coal Preparation Unit Operation 1) and then
fed to the coal bunkers by a belt conveyer systeii. The feed chutes at the
bottom of the coal bunkers control the flow of coai into the coal locks.
Each gasifier has two coal locks that operate automatically on a cyclic
basis. There, coal locks are pressurized with mostly N2 and alternately
feed the coal surge vessei.

Gasification

The design of the gasifier is based on proprietary technology held by Lurgi
Kohle and Mineraloeltechnik and the British Gas Corporation. It is similar
to the dry-ash Lurgi gasifier aascribed earlier, except that in the bottom
of the gasifier the coal ash meits as a eutectic with the added flux to
form slag. The molten slag collects at the bottom and is removed inter-
mittently from the gasifier through a slag tap hole.

The ccal and flux, entering the top of the Gasifier, descends in a moving
bed in countercurrent flow to steam, oxygen and produced gas. While trav-
eling from the top to the bottom of the Gasifier, the coal is dried, devo-
latilized, and gasified. The heat required for these three steps is sup-
plied by the exothermic reaction between the carbon in the coal and the
oxygen in the bottom of the Gasifier.

As the produced gas passes through the coal bed, its final composition is
determined by the following:

- Exothermic and endotnermic reactions occurring simultaneously in
the gasification zone,

- Formation of hydrocarbons, phenols, fatty acids, and wminor
organic compounds in the devolatilization zone, and

- Evaporation of coal moisture in the drying zone.

A-2-15
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Raw Gas Treating

Raw gas is treated similarly to that from a dry-ash Lurgi gasifier, as
described earlier.

Slag System

After the coal ash melts as a eutectic with the added flux to form slag,
the molten slag collects at the bottom of the gasifier and is tapped inter-
mittently through a tap hole into the Quench Vessel. In the Quench Vessel,
the slag granulates immediately upon contact wilh the quench water. The
granulated slag falls into the Slag Hopper and is dumped once or twice an
hour. The slag and water mixture that is dumped goes to Solids Treatment
Unit Operation 31.

The Design Drivers include

1) Coal and Ash Properties
2) Gasifier Pressure.

The Cost Drivers include
1) Coal! and Ash Properties

2) Gasifier Pressure
3) Capacity, TPD coal.

A-2-16
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CRITICAL TECHNOLGGY - UNIT OPERATION 20

Critical technologies identified as needing study and development work are:

. Gasifier Instrumentation - Needs in gasifier instrumentation
include temperature monitoring throughout the gasifier, early
detection of reactor hot spots, guick response control of reac-
tant flow controls. Reliability of reactor instrumentation is a
major safety factor in entrained gasifiers.

° Reactor effluent fines removal -« Efficient and reliable fines
removal from gaseous products is required for protection of
downistream units. Needs include materials of construction.

. Reactor Refractory - Development of improved reactor refractory
is needed to increase time between repa:rs. Needs include data
on which coal properties or constituents influence the refractory
life, and development of improved materials, application methods,
or configurations.

° Slag Handling - Needs include slag flow control technigues for
slag draining. Slag viscosity control is also desirable espe-
cially in case of gasification of coal blends.

] Instrumentation = The appropriate degree of automatic closed-loop
control versus human set-point cortrol needs to be tested and
established for different types of gasifiers and load situations.

e Product Data - Improved methods for predicting nitrogen and
sulfur product spectrums from coal properties and gasification
process conditions would be a substantial aid to designing down-
stream equipment.

A-2-17
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SYSTEM NUMBER _3 _
UNIT OPERATION NUMBER _21 ..
DESCRIPTION | ~  RAW_GAS COOLING

The purpose of this unit is to cool the gasifier effluent gas to more
amenable processing temperatures in subsequent systems and to separate ash
and solids from the gas. This system description is dependent upon gasi-
fier selection, as some gasifiers include one or more stages of cooling as
an integrzl part or the gasifier system.

The portions of gas cooling associated with the gJasifier are proprietary
and are handled by the gasifier licensor. The remaining portions of gas
cocling are non-proprietary.

Gas cooling systems generally consist of heat exchangers and pressure
vessels. The removal of heat from a gas mixture containing tars, oils, and
dust requires special design considerations to prevent plugging of tubes
and excessive fouling of coolin¢ surfaces. These include vertical tubes in
exchangers with process gas on the tube side, and washing of the tube walls
where required with reinjected gas liquor.

The pressure vessels are either simple vapor-liquid separators or guench
vessels in which water is sprayed countercurrent to the gas to cool it and
to remove solids, oils, tars and some of the water vapor from the gas.

The primary cost drivers are:

° Gas quantity, and
) Acid gas removal system temperature requirements.

The primary design drivers are: i

® System pressure
® Heat integration requirements.

Critical technology areas needing study and development work are:
) High temperature heat recovery - Recovery of heat at higher

temperatures will make possible designs of more efficient plants.
Needs include heat transfer data on both water and gas sides of

exchangers.

. Long term reliability of construction materials.

. Distribution coefficients for gasifier products - Additional data
on gaseous constituents and trace metal compounds are needed for
efficient design of downstream equipment.
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SYSTEM NUMBER _4
UNIT OPERATION NUMBER 22
DESCRIPTION ACID GAS REMOVAL - SELEXOL

The purpose of the Selexol unit is to remove H,S, other sulfur compounds,
and CO, from the raw gas by physical absorption. This is a proprietary
process developed and licensed by Allied Chemical Corporation.

The Selexol process removes sulfur compounds and carbon dioxide by counter=
current contact in a packed absorber using dimethyl ether of polyethylene
glycol as the soivent. The treated gas from the top of the absorber flows
through a knockout drum, and then leaves the system.

The rich solvent from the bottom of the absorber is usually let down in
pressure through a hydraulic turbine, which supplies a portion of the power
required by the lean solvent solution pump. It then flows to one or more
flash drums where most of the dissolved hydrocarbon gases in the solvent
flash off. Most of the lissolved H,S and COS are retained in the solvent
because of their selective absorptign in the Selexol solvent. Flashed gas
is compressed and recycled to the gas feed to the absorber.

The rich solvent solution from the flash drum is preheated by hot regener-
ated soiution in a heat exchanger and flows to the top of a stripper, where
absorbed H,S, C0S, and COZ are stripped from the solution. Reboil heat is
supplied 3§ low pressure” steam in a shell-and-tube reboiler. Hot lean
solvent first exchanges heat with rich solvent in order to reduce reboiler
duty and is then pumped back to the absorber. The lean solution is cooled
down to operating temperature with cooling water in a shell and tube
exchanger.

Acid gas (H,S, CO0S, and C0,) from the stripper overhead is cooled to 120°F
in either d&n air fan cooler or against cooling water. The condensate
produced in cooling is separated in a knockout drum, and then pumped back
to the stripper. The cooled acid gas flows to sulfur recovery, Unit Opera-
tion 36, for further processing.

The Design Drivers include:

Gas composition

Treated gas purity specifications

Sulfur recovery unit H_S content requirements
Absorption pressure.

The Cost Drivers include:

. Intet Gas Capacity, ACFM

Moles/hr H,S, COS, CO, removed

. Setlective %double adid gas stream) or nonselective (single acid
gas stream) removal

] Absorption pressure.
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SYSTEM NUMBER 4
UNIT OPERATION NUMBER _22
DESCRIPTION ACID GAS REMOVAL - STRETFORD

The Stretford Process is used for removal of Hydrogen Sulfide (H,S) at
essentially atmospheric pressure. This process is a direct oxidation
process which absorbs H,S from the crude gas in an alkaline solution of
sodiun metavanadate and “anthraquinone disulfonic acid and ccnverts it to
elemental sulfur. HZS can be removed to less than 1 PPM in the treated
gas.

The Stretford Process is a proprietary process licensed by North West Gas
Board, Ltd., and offered by Parsons and others in the U.S.

The quenched raw gas from Gas Cooling, Unit Operation 21, is fad to either
a venturi scrubber followed by a small packed absorber or into a single
jarger packed absorber. The hydrogen sulfide is absorbed by sodium car-
bonate to form sodium hydrosulfide.

An inlet temperature of below 120°F is required to minimize the formation
of the unreactive sodium thiosulfate which must be purged from the solu-
tion. The "rich" solution from the absorption step goes to a reaction tank
where sodium metavanadate oxidizec the hydrosulfide to elemental sulfur.

The four-valent state of the vanadium reverts back to the five-vaient state
due to the presence of anthraquinone disulfonic acid (ADA).

The mixture ot sulfur and Stretford solution next flows to the oxidizer.
In the oxidizer, the ADA is reoxidized with air and the sulfur is floated
and skimmed from the solution. The sodium hydroxide and bicarbonate pro-
duced by the above sections combine to form sodium carborate. The regerer-
ated solution is returned to the absorption step.

The skimmed sulfur is sent to a sulfur purificiation system. Here, the
sulfur float containing around 10 weight percent sulfur is further proc-
essed in filters or centrifuges to separate the solution from the froth.
The filter cake, containing 50 to 60 percent solids, can be further proc-
essed by melting in an autoclave to produce high grade sulfur which is sent
to sulfur by-product storage, Unit Operation 83.

The Stretford process can reduce the H,S content of treated gas to less
than 50 ppm, but it does not absorb C05. Also. it has not vet been commer-
cially proved on coal-derived gases at pressures much above atmospheric.
The Stretford process has been proven in manvy installations including ceke
oven gas treatment. Potential problems associated with its use in gasifi-
cation are the presence of HCN, organics, and particulates in the gas. The
HCN reacts in solution to form NaSCN which is stable and must be purged
from the solution, resulting in high solvent makeup costs. If the purge
increases to the point that the Stretford process is not cost effective,
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then the HCN must be removed by costly polysulfide wash or catalytic oxida-
tion steps. If organics and particuiates are present in the quenched gas,
they could be removed by the Stretford scrubber. If this occurs, these
materials could discolor the sulfur and impair its marketability.

The primary design drivers in the Stretford process are

1) Mole percent CO, in the feed gas

2) Absorption-temperature

3) Feed gas HCN, organics, particulates
4) Feed gas COS content.

C0, is partially absorbed by the alkaline solution which reacts to form
bigarbonates and lower the pH of the soiution. When feed gases contain
high concentrations of C0,, the absorption efficiency of the solution may
be sufficiently lowered “to require an appreciable increase in packed
absorber height. The venturi/absorber system can remedy this problem.

The primary cost drivers in the Stretford Process are

1)  Moles/hr sulfur equivalent removed
2) Mole % HCN in the feed gas.
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SYSTEM NUMBER 4
UNIT OPERATION NUMBER 22
DESCRIPTION ACID GAS REMOVAL - BENFIELD

The purpose of the Benfield unit is to remove H,S and other sulfur com-
pounds, and CO,, from the raw gas by means of chem?cal absorption. This is
a proprietary “process developed and licensed by Benfield Corporation, a
subsidiary of Union Carbide Corporation.

The Benfield process removes sulfur compounds and carbon dioxide by coun-
tercurrent contact in a packed absorber using an aqueous solution of potas-
sium carbonate at a temperature of 200-230°F, by a proprietary additive.
This additive promotes the chemical reaction between the solvent and the
H,S, C0S, and CO, to be absorbed. A rich solvent from the absorber passes
dgrectly into a gtripper where the sulfur compounds are stripped from the
solution by reboiling against low pressure steam.

Because the H,S, COS, and €O, are chemically combined with the solvent,
pressure reduc%ion is not as effective in remeving these compounds from the
solvent as is the case with a physical solvent.

After stripping, the lean solvent is cooled slightly and returned to the
absorption step.

To achieve deep removal of H,S and C0,, a proprietary modification known &s
the "Hi-Pure" Process is &%ed. Th?s process uses two independent but
compatible circulating solutions in series to obtain both high purity
treated gas and high thermal efficiency. The gas is first contacted with
normal hot potassium carbonate to remove the bulk of the acid gases. Final
purification is then achieved in a separate absorber using a solution of
somewhat different composition. The two c<olutions are regenerated sepa-
rately in two sections of a regenerator with the stripping steam leaving
the lower section of the regenerator being re-used in the upper section.

Primary design drivers for the Benfield Process are:

Gas Composition, especially H,S, CGS, CO2
Treated Gas Purity Specificatton

€0 partial pressure in feed

Absorption Pressure,

Cost Drivers include:

. Inlet Ges Capacity, ACFM
. Moles/hr acid gas removed
° Absorption Pressure.
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SYSTEM NUMBER _4
UNIT OPERATION NUMBER _22
DESCRIPTION ACID GAS REMOVAL - RECTISOL

Tha purpose of the Rectisol System is to purify or adjust the composition
of the raw gas for subsequent processing.

This is a proprietary technology licensed by Lurgi Kohle and Mineraloel-
technik, GmbH.

The Rectisol process removes H S, €0S, C0,, and naphthas (in gas from Lurgi
gasifiers) using refrigerated methano] a% a physical solvent. The system
may be comprised of the following subsystems:

Gas Cooling

Naptha Recavery (optional)

Methanol Recovery

Raw Gas Treating

Flash Regeneration

H, S Concentration

Hgt Regeneration
Recovery/Compression

Re;rigeration.

Gas Cooling

This section is used to precool the gas from Gas Cooling, Unit Operation
21, by heat exchange against refrigerant and cold processed gas. The
temperature of the gas 1is reduced from about 100-120°F to well below
ambient temperature.

Naphtha and Methanol Recovery

The Naphtha recovery section, located upstream of the raw gas treating
section, can be used to remove organic sulfur (C0S) ard naphtha-range
hydrocarbons from the cooled gas. This is done with a small quantity of
cold methanol which 1is then partly regenerated by pressure reductiv.i.
Naphtha is separated from the methanol by extiacting the methanol in a wash
water stream. The aqueous stream is regenerated by steam stripping and the
methanol recovered in the Methanol Recovery Section by distrillation, for
recirculation to the absorption steps.

Raw Gas Treating

In this step, H,S5, COS, and C0O, are absorbed by refrigerated mathanol. A
complex sequencé of absorption,” flash, and heat exchange equipment is usea
to regenerate the solvent and produce lean methanol for recirculation to
the absorption steps.




Flash Regeneration

Flash regeneration is a complex sequence of pressure reduction steps by
which absorbed light gases (H,, CO, CH4) are recovered and compressed for
recycle to the main MBG streanm.

H,S Concentration

This section flashes off CO, from the rich methanol so that the H,S concan-
tration in the acid gas goiﬁg to Sulfur Recovery Unit Operation 3%, will be
maximized, to arcund 50 volume percent,

Hot Regeneration

This section strips the remaining H,S, CO0S, CO, and hydrocarbons from the
methanol by steam stripping. The zcid Gas ovérhead ic cooled to recover
methanol and then goes to Sulfur Recovery, Unit Operation 36.

C0, Recovery/Compression

€0, flashec from the rich methanol in the H,S concentration section is
coﬁpressed in the CO, Recovery/Compression Sec{ion for use as lock gas in
Gasification, Unit Oferation 20. If not needed for this purpose, the gas
may be vented.

Refrigeration

This section uses liquid propylene in a vapor compression cycle to provide
subambient cooling required for the remainder of the system.

The Design Drivers are:

1) HZS/COS/CO2 Feed
2) HS5/C0S/C0, Removal required
3)  stifur Recgvery Method

4) Qrgainics/Trace Components in Feed.
The Cost Drivers are:

D) Inlet Gas Capacity, ACFM
2) Absorption Fressure

3) H_S/C0S Removal moles/hr
4) Sg1vent Loss

5) Selectivity requirements.
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SYSTEM NUMBER _7
UNIT OPERATION NUMBER _23
DESCRIPTION COMPRESSION

The purpose of this unit is to compress and dry the MBG gas produced for
delivery to the pipeline at 600 psig. The dry compressed gas is usuaily
metered before delivery to the pipeline.

The compressors may be located at various pcsitions within the overall
processing sequence. Regardless cf where the gas is compressed, the drying
unit must be the last unit in the IBG processing sequence.

The condensate from the compressor suction interstage and discharge drums
is returned to the steam gereration plant for use as boiler feed water.
Water vapor from the gas drying unit is vented to the atmoconere.

The compressed gas is dried to meet a specified maximum water content of
seven |b/MMSCF gas by a conventional triethylene glycol (TEG) system. The
TEG system is designed to normally achieve a water level of six to seven
1b/MMSCF pipeline gas.

This is a non-proprietary process that can be designed/supplied by several
US manufacturers.

The Design and Cost Drivers are:
1)  Gas Properties
2) Pressure Boost and Suction pressure
3) Gas Flow Rate, SCF per hour.
Critical technology areas needing further study and development work are:
) Shaft seals for hydrogen systems = Good sealing of shafts against

hydrogen leakage is difficuit. Development work is needed for
seal systems in large compressors.
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Critical technology arzas needing further study and development work are:

COS removal - Removal of COS is required both for protection of
downstream catalytic systems and product specification require-
ments. Satisfactory techniques are not now well developed.

Selective Solvents - Development of more selective solvents would
increase process efficiency and decrease capital costs.

Solvent Degradation - Little is known about solvent degradation
caused by mingr constituents in coal gasification products.

Distribution of Crganics « Little testing has been done concern=
ing the distribution of organics in coal gasification acid gas
removal systems.




SYSTEM NUMBER 8
UNIT OPERATION NUMDER _31
CESCRIPTION SOLIDS TREATMENT SYSTEM

The purpose of this unit is to collect and dewater the various solids
slurries, or sludges resultant from the Facility Operation for economical,
envirgnmentaily acceptable disposal.

The processes involved in this system aie nonproprietary and are supplied
by various US vendors.

Typicaliy, ash and slag from the gasifier and gas cooling system, biclog-
ical sludges, and solid wastes from process condensate treatment are
treated in this unit. The treatment methods below can be used to accom-
modate the solids treatment.

Gravity settlers - used to separate dense solids from the waste streams.

Float thickness-clarifiers = wused to treat slurry from the gravity
settlers. Thickeners and coagulent aids are added to facilitate solid-
liquid separation.

Rotary Drum or Belt Filte < - filters sludges from the process condensate
tre=ting systems or from the float thickness.

Recovered water is sent to the Process Condensate Treating System, Unit
Operation 33, and sclids are conveyed to Firal Solids Disposal, Unit
Operation 81.

The Design Drivers are:
1 Sludge Feed Characteristics.
The Cost Drivers are:

) Capacity

3 Type Dewatering Egquipment
3) Transport Distance

4) Disposal Method

5)  Storage Requirement.

Critical technclogy areas needing turther study and development work are:

e Trace metals in cooling/quench witer - Direct centact btuetaeen
slag and cooling/quench water p ovides an opportunity for trace
metal contaminaticon of waste water, [(ata on concentrations is
needed. Methods of removal and/or recovery of trace metais need
developing.
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leachability of metals - Data on leachability of metals from
asn/slag disposal pits is needed.

lero discharge - Zero discharge concept needs demonstrating.
Process for cencentration of waste contaminants by vapor compres-
sion and evaporation need developing.
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SYSTEM NUMBER _13
UNIT QPERATION NUMBER 32
DESCRIPTION TAR-OIL SEPARATION

This unit is wused in the Lurgi and BGC-Slagging Lurgi Processes to collect
the condensate from Gasification, Shift Conversion, Gas Cocling, and
Rectisol. The condensate, called gas liquor, contains tar, oil, dust and
other impurities. Gravity settling tanks are used to separate the tar, oil
and dust from the gas liquor. The tar and dust are recycled to Gasifica-
tion so there is no net production. The o0il is recovered either as a
saleable product or 1r piant fuel.

This design is based o proprietary technology held by Lurgi Kohle and
Mineraloeltechnik, GmbH.

Dusty and oily gas liguors from the waste heat exchangers in Gasification
and Shift Conversion are combined and cooled in an air cooler before being
expanded to atmospheric pressure. The pressure drop causes gas to be
released from the liquor. The gas is separated from the liguid in the
Qusty Gas Liquor Expansion Drums. The gas liquor flows to the Primary Gas
Liquor,/0i1/Tar Separators where the dusty tar is withdrawn from the bottom.
Clear tar flows from the top of the separators over an adjustable overflow
to the Tar Tanks. The oil flows with the gas liquor to the Secondary Gas
Liquer/Tar/0i1 Separators by gravity where more tar is removed and drained
to the Tar-0il Slop Tank. O0il is removed from the secondary tar separators
via the adjustable overflow to the Tar 0i1 Tank. The gas liquor is used
for injection water in gasification.

0ily gas liquor from Gas Cooling and gas liquor from Rectisol are cooled
prior to entering the Qily Gas Liguor Expansion Vessels. The gaseous
components are released in the expansion vessels and the gas liquor flows
to the 0il1 Separators. The 0il is withdrawn from the separators over an
adjustable overflow.

The dusty tar withdrawn from the bottom of the Primary Gas Ligquor/Tar/Qii
Separators is pumped into the top of the gasifiers.

Clear tar from the Tar Tanks is pumped in a similar recycle by the Clear
Tar Pump to the Gasitication unit.

The primary cost and design driver is the quantity of tar and oil removed
from the effluent gas. :

Critical technology areas needing further study and development work
include:

. Tar and oil properties - Correlation between tar/cil properties
and coal type are not available. Development of such correla-
tions as well as correlations with gasifier conditions would
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improve engineering design and/or reduce the required lab work
preceeding 2 detailed design.

Distribution coefficients - Distribution coefficients are needed
for all phase separaticn steps in the tar/oil recovery systems
especially aqueous constituents.

Physical properties - Better data on physical properties of these
systems, such as viscosity and surface tension, are needed.
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SYSTEM NUMBER 18
UNIT OPERATION NUMBER _33
DESCRIPTION PROCESS CONDENSATE TREATMENT

The purpose of this unit is to collect and treat all facility liquid efflu-
ent streams. The facility design is predicated on "zero discharge." A
wastewater treatment system permitting recycle and reuse of treated water
would be required to meet this requirement.

Thi> system contains various non-proprietary processes that can be supplied
by several US vendors.

The number, type, quantity, and composition of liquid effluents generated
within the facility are dependent on the gasifier technology selected and
the process systems selected to produce the end product(s). The following
1ist identifies the possible liquid effluents to be treated and, in some
cases, may be mutually exciusive:

0ily Water Sewers

Coal Pile Run Off

Storm Water Run Off

Demineralizer Regenerant Wastes and Rinse Water
Cooling Tower Flowdown

Boiler (Steam Generator) Blowdown
Ammonia Recovery System Blowdown
Rectisol Blowdown

Sanitary Waste Water

Flue Gas Treatment Slurry

Gasifier Slag Quench Drains

Separated Water From Solids Treatment
Filtrate From Biological Treatment.

Process cperations (subsystems) would be selected to treat particular waste
streams identified from the above list, depending on facility design. The
following subsystems are typically selected or designed to treat the waste
streams.

OIL SEPARATOR - streams containing free and dissolved oil and treated in a
gravity separator utilizing an emulsion breaking chemicals and heat to
separate the oil-water mixture.

S or NH

SCUR WATER STRIPPER - water streams with appreciable H residuals

. . 2
are steam stripped to remove these contaminants.

3

EQUALIZATION BASIN - liquid streams with extremely high or low pH are mixed
in an equalizing basis and treated with sulfuric acid or caustic to change
the mixed pH to a value of 6.0 - 8.0.
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GRAVITY SETTLING-THICKENER - 1liguid streams with high suspended or dis-
solved solids are treated in a gravity settler-thickener and mixed with
iime, alum, coagulant aids, and polymers to facilitate separation and

thickening.

MULTIPLE EFFECT EVAPORATION - neutralizeu wastes and brines are evaporated
to recover water and concentrate the solids.

The recoverecd, treated water is used as make up to cooling towens or raw
water sugpiy. The resultant solids are conveyed to the Solids Disposal

System.

The primary cost and design drivers are number, quantity, and types of
ligquid effluents to be treated. '

Critical technology areas needing further study or development are:

. Process calculations - Both data acquisition and calculation
methods development are needed fur 23gueous systems containing
electrolytes and organic constituenic.

Equipment construction - Less expensive materials of construction
need developing. The rigorous process design of water strippers

is not now well developed.
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i SYSTEM NUMBER _13
7 UNIT OPERATION NUMBER 34
DESCRIPTION PHENOL RECOVERY - PHENOSOLVAN

The Phenosolvan process is used to treat phenol-containing water from
Process Condensate Treatment, Unit Operation 33. The feed stream has a
temperature of about 150 degrees F and a pressure around 15 PSIG. Phenol
is recovered for sales, and dephenolized water is transferred to Ammonia
Recovery, Unit Operation 35, for further processing.

The Phenosolvan process is a proprietary process licensed by and offered by
American Lurgi Corpovation (N.Y.).

The process recovers phenols from the feed stream in a series of mixer-
settler tanks. Within the mixer-settler the feed is contacted in a coun-
tercurrent liquid-liquid extraction operation, with isopropyl ether acting
as the solvent. Phenols are extractad into the solvent with only 10-20 ppm
{wt) of phenols remaining in the product water effluent.

The extract (containing the phenols along with solvent) is sent to a dis-
tillation column where the solvent is recovered and recyclied. The phenol
(80-30% pure) is transferred to Byproduct Storage, Unit Operation 82, for
sales.

The product water from the mixer-settler is saturated with solvent. The
solvent is recovered in a stripper and recycled. The phenol and solvent
free water is sent to Ammonia Recovery, Unit Operation 35.

The primary design drivers in the Phenosolvan process are:

1) Feed water flow rate, temperature, and pressure; and
2) Solvent recovery efficiency.

The primary cost drivers are:

1) Percent phenol recoversad
2) Mole percent phenol in feed.

Critical technology areas needing further study and development are:
[ ] System performance data - Phenol recovery systems are now prima-

rily asscciated with the steel industry. Performance data are
needed on coal gasification waste water treatment systems.




SYSTEM NUMBER 13
UNIT OPERATION NUMBER 35
DESCRIPTION . AMMONIA RECQVERY - PHOSAM=W PROCESS

This is a proprietary process licensed by USS Engineers, Inc.

This unit receives sour water from Phenol Recovery, Unit Operation 34 (if
present), containing volatile components such as ammonia, carbon dioxide,
hydrogen cyanide, and hydrogen sulfide. The feed enters a stripper where
the vnlatile components are stripped by reboiling with indirect low pres-
sure steam. This overhead stream is cooled and the condensate returned as
reflux to the stripper.

The stripper bottoms being essentially ammonia-free is cooled by preheating
the incoming feed, further cooled, and then sent to Biological Treatment,
Unit Operation 37, if residual organics are high enough to warrant such
treatment. The overhead vapor or “rich gas" is sent to an absorber where
the ammonia is selectively absorbed in a circulating aqueous proprietary
solution. The overhead gases are nartially condensed. The coundensate,
which will contain some ammcnia, is sent back to the stripper as part of
the reflux. The non-condensed vapors containing a large fraction of carbon
dioxide, hydrogen cyanide, and hydrogen sulfide are sent to Sulfur Recov-
ery, Unit Operation 36. The ammonia-rich solution is sent to the top of
the ammonia stripper and is partially heated by cross-exchange with the
recycled lean solution. The ammonia is reboiied out of the solution which
leaves the bottom of the ammonia stripper. This stream is cross-exchanged
with the rich solution, further cooled, and recycled back to the top of the
absorber.

The wet ammonia vapors from the top of the stripper are condensed, and the
condensate is pumped into a fractionator. The overhead vapors are con-
densed, and the condensate (anhydrous ammonia) is sent to By-Product
Storage, Unit Operation 82, for sales. The bottoms from the fractionatur
are recyled back to the absorber-stripper circuit as aqueous make-up.

The design and cost drivers for this section are:

1)  Feed rate to stripper, lb/hr
2) Concentration of NH, in feed
3)  Other constituents 3f feed, HCN, HC!, SCN, C0,, etc.
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SYSTEM NUMBER 13
UNIT OPERATION NUMBER 35

—————

DESCRIPTION AMMONIA RECOVERY - CiC PROCESS

The CLC process, operated in conjunction with a Phenosolvan plant, has the
proven capability of producing anhydrous ammonia from a dilute feed.
Ammonia-containing agqueous streams are received from Phenol recovery, Unit
Operation 34. Anhydrous ammonia of commercial purity (less than 10 ppm
hydrogen sulfide) is produced and sent to By-Products Storage, Unit Opera-
tion 82, for sales. The CLC process is a proprietary process licensed by
the American Lurgi Corporation.

The feed enters a stripper where the volatile components (ammonia and acid
gas components such as carbon dioxide, hydrogen cyanide, and hydrogen
sulfide) are separated from the condensate. The stripped condensate with
less than 100 ppm free ammonia is sent to Biological Treatment, Unit
Operation 37. A bleed stream of low boiling organic impurities goes to
Incineration, Unit Operation 41.

The vapors or rich gas containing the volatile components are sent to the
absorber where the ammonia is selectively absorbed in a circulating aqueous
proprietary solution. The acid gases can be sent to Acid Gas Removal, Unit
Operation 22. The ammonia-rich solution 1is heated, and the ammonia 1is
reboiled out of the solution. The ammonia vapors are condensed and sent to
By-Product Storage, Unit Operation 82, for sales. The remaining solvent-
rich solution is recycled back to the absorber-stripper as aqueous make-up.
The design drivers are:

1)  Components of the feed
2) Concentration of ammonia in the feed.

The cost drivers are:

D) Concentraton of ammonia in the feed
2) Feed rate to stripper, 1/hr.

Raw materials needed included phosphoric acid and sodium hydroxide.
Critical technology areas needing further study and development wc:i are:
[} Contaminants - Data are needed relative to trace metals in the

vapor phase streams of the system. The issue is the gquality of
the ammonia by-product.

A-2-35

M e T =

e e s



e e e e x e

SYSTEM NUMBER 15
UNIT OPERATION NUMBER 36
DESCRIPTION SULFUR RECOVERY - CLAUS SULFUR

Acid gas from Acid Gas Removal, Unit Operation 22, is fed to a Claus-type
three-stage sulfur recovery unit utilizng a proprietary process for han-
dling lean H,S acid gases. Typically in a Claus type sulfur plant, the
acid gas is First passed through a knockout drum before entering the reac-
tion furnace. The chemistry of the process involves converting the HZS to
elemental sulfur according to the following equation:

ZHZS + SO2 - 35+ 2H20

Any hydrocarbons in the acid gas are burned to CO2 and H?O.

The reactons are exothermic, and the heat 1:berated generaters steam in the
reaction furnace bciler and in the sulfur condenser. The sulfur from each
condenser is drained to a recovery pit in Sulfur By-Product Storage, Unit
Operation 83, and the tail gas from the final condenser is fed to a tail
gas treating unit where substantially complete removal of the remaining
sulfur compounds is achieved before discharge to the atmosphere.

BEAVON TAIL GAS TREATING UNIT

Several commercial processes are available for reducing the sulfur content
of sulfur recovery unit tail gas to an environmentally acceptable level.
The Beavon sulfur removal process is capable of reducing the sulfur content
in the tail gas to less than 100 ppm. It is a proprietary process licensed
by Ralph M. Parsons Co.

Hydrogenation and hydrolysis are used to convert essentially all sulfor
compounds to hydrogen sulfide. This gas is then cooled, and passed into a
Stretford unit where the hydrogen sulfide is absorbed by the redox solution
and oxidized to elemental sulfur. The reduced redox solution is reoxidized
by contact with air and subsequently recirculated to the contactor.
Elemental sulfur is removed in the air-blowing step as a froth which is
pumped to a sulfur melter to be melted under pressure, separated frem the
redox solution, and transferred to Sulfur By-Product Storage, Unit QOpera-
tion 83. The decanted redox solution is raturned to the system.

The chemical reactions are:

Hydrogenation and Hydrolysis

502 + 3H2 + HZS + 2H20

S + H2 » HZS




R
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COS + H0 = HnS +CO,

CSs, + 2H,0 2HZS + COZ

2 2
Hydrogen Sulfide Conversion

H,S + 1/2 02 > S+ HZO

2
The purified tail gas is odorless and contains typically less than one ppm
of HZS and less than 50 ppm of total sulfur compounds, mainly COS.

The sulfur product is yellow and better than 99.9% pure.
The Design Drivers for this system include:

1)  Amount of sour gas available
2) Sulfur emission regulations
3) Hydrogen sulfide concentration of feed gas.

The Cost Drivers include:

1)  Required system efficiency

2) Hydrogen sulfide ccncentration of feed gas
3) Fuel required in tail gas incinerators

4)  Amount of steam generated.

Critical technology areas needing further study and development are:

° Acid gas minor components - The quantity of constituents such as
HCN, C0S, CS,, RSH, HxCx contained in the gas feed to the SRU
needs to be® established. The existence of these components
effects the operability of the system, and the data would effect
the system design.
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SYSTEM NUMBER 18
UNIT OPERATION NUMBER _37
DESCRIPTION BIOLOGICAL TREATMENT - POAS PROCESS

The purpose of this unit is to treat effluents from sanitary waste treat-
ment and the process condensate treating svstem, Unit Operation 33, tu such
an extent that they can be recycled into the facility water system.

This is a proprietary process licensed by Union Carbide Corporation.

This unit treats the various contaminated agqueous streams for recovery of
recycled water. Process waste water from Ammonia Recovery is treated to
remove any remaining ammonia, phenol and other organic compounds. The
process waste water treatment plant consists of an equalization basin where
wastewaters from various sources are mixed and the flow is equalized. The
pH of the wastewater from the equalization lagoon is adjusted, and nutri-
ents are added ts satisfy the nutritional requirements of the microbiolog-
ical mass responsible for bio-oxidation. The waste water then flows to an
oxygen-activated sludge reactor where high-purity oxygen is supplied to tne
micro-organisms which metabolize organic materials. Due to the exothermic
biological reaction, a porton of the mixed liquor from the biological
treatment reactor is cooled in a heat exchanger and is then recycled to the
treatment reactor. The rest of the mixed liquor is sent to clarifizrs to
separate the microbiological mass. The water then flows to Raw Water
Treatment and Storage for recycle as process water. A portion of the
activated sludge separated in the clarifiers is returned to the biological
treatment reactor. Excess activated siudge will be wasted and pumped to
Solid Waste Treatment, Unit Operation 31, for further dewatering and final
off-site disposal.

The primary design and cost drivers for this unit are:
(] Flow rate Lo treatment

° Quantity of contaminants
. iecycle water quality requirements.




SYSTEM NUMBER 1

UNIT OPERATION NUMBER _37

DESCRIPTION BIOLOGICAL TREATMENT - AIR ACTIVATED
| SLUDGE_PROCESS

Activated sludge waste water treatment is a biological oxidation process in
which micro-organisms consume dissolved organic contaminants and convert
these substances to carbon dioxide, water, and more micro-organisms. The
activated sludge process consists of aerated biological reactors in which
the influent waste waters are mixed with recycle sludge, and clarifiers
which separate the biological sludge by quiescent settling, from the
treated effluent. In the aeration basin, the sludge is referred to as
mixed liguor suspended solids (MLSS). Clarifier effluent should contain
about 25 ppm suspended solids, mostly biological solids. Excess sludge
consisting of organisms in excess of those required to maintain steady-
state biological concentrations in the reactors, are removed from the
clarifier bottom recycle line.

Activated sludge biological oxidation is presently one of the most common
methods for treatment of municipal and industrial! wastes. It is a rela-
tively simple process to operate particularly when the characteristics of
the waste are consistent. In addition to organics, biological oxidation
removes some amounts of trace metals, and trace organics. It also removes
phenols, cyanides, and ammonia that are present in coal conversion wastes.

The system performance of the activated sludge is highly sensitive to
process disturbances. It can be adversely affected by significant changes
in process parameters such as pH, temperature, and organic and hydraulic
loadings. Upset conditions could result in less acceptable effluent BOD
and suspended solids levels.

Certain levels of nutrients should be maintained in the feed stream in
order to satisfy nutritional requirements of biological agents responsible
for bio-oxidation. Macro nutrients such as nitrgen and phosphorous are
required in proportion to organic content of the feed. A typical weight
ratio used by biological wastewater treatment is 80D: N: P = 100: 5: 1.
While residual ammonia levels can be controlled in the stripped process,
phasphorous levels should be maintained by adding chemicals such as H,PQ,.
Micro nutrients such as managanese, copper, zinc, and other metals may~also
have to be maintained at proper levels.

In gasification processes, a part of the organic nitrogen contained in the
feed coal will be converted to nydrogen cyanide (HCN). In gas cooling,
Unit Operation 21, HCN is removed from the gas by quenching. HCN in the
sour water is partly removed in Ammonia Recovery, Unit Operation 35.
However, part of the HCN could react in the water feeding the bivlogical
treatment plant. It has been found in coke oven plants that the
thiocyanate is more difficult to destroy than the feed organics and about
twice the reactor residence time is required for its removal. More data is
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needed to quantify the thiocyanate found in the process quench condensate %
and its effect on the performance of bio-oxidation unit.

The cost and design drivers for this unit are the same as for the POAS |
Process described earlier.
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SYSTEM NUMBER __ 17
UNIT OPERATION NUMBER _39
DESCRIPTION ' COOLING WATER SYSTEM

The purpose of this unit is to provide cooling water to the various process
users in the facility.

This is a non-proprietary system and is supplied by several US vendors.

Each cooling tower system would include the tower and *ans, sidestream
filters, circulating water pumps, cold water hasin, biowdown system, chemi-
cal addition equipment, and distribution system.

Cooling water is pumped from the cold water basin, through the distribution
system to the process heat exchangers where low-level, sensible heat is
picked up, and back to the cooling tower. The cooling tower rejects low-
level heat by evaporative cooling to air drawn through the cooling tower by
the cooling tower fans.

Typically, a portion of the circulating water is passed through side stream
filters to reduce loading of suspended sclids, dirt and scale.

The dissolved solids level of the cooling water is maintained by a contin-
uous blowdown stream to the process condensata system. Water level in the
cooling tower basin is maintained by continuous make up of clean water from
the raw water treatment system.

The blowdown stream contains inhibiting chemicals that are objectionable to
release to the environment. The blowdown stream would be passed through a
blowdown treatmert system to recover chromate ions via ion exchange or by
chemical reduction to chromium hydroxide.

Chlorine is added to the cooling water on a routine periodic basis to
prevent algae growth. Chemical algecides are added periodically to further
eliminate algae growth. Sulfuric acid is added to control pH and zinc and
chromate inhibitors are added to the cooling water for corrosion control.
Occasionally, a polyphosphate dispersani is added to enhance the action of
the irhibitors.

The Design Orivers are:
1) Makeup Water Quality

2) Cycles of Concentration
3) Air Relative Humidity/Temperature.
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The Cost Drivers are;

1) Capacity

2) Approach Temperature

3) Side Stream Treatment

43y Chemical Treatment Recovery.

Critical technoiogy areas needing further study and development are:
] Make-up water - Treatment requirements required for use of coal-

derived process waste water for cocling water makeup need to be
determined.
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SYSTEM NUMBER _9
UNIT OPERATION NUMBER 41 _
OESCRIPTION ' INCINERATION

This unit combusts environmentally objectionable constituents in various
vent gases and waste gases from facility systems and renders these gases
into a form that is acceptable for release into the atmosphere.

This is a non-proprietary process.

This unit typically consists of a combustion chamber (burner) and a tall
stack to disperse the combusted gases. The waste gas streams usually fed
to this unit are lock hopper gases, other off-gases, or flue gas desulfuri-
zation exit gas and coal dust or fines.

This unit would not be required in a gasification facility using a TEXACO
or KOPPERS-TQTZEK gasifier and with no coal fired boiler.

The Design Drivers include:

1) Gas Temperature, °F
2) Gas Fuel value.

The Cost Drivers include:
1) Capacity, M1b/HR
2) Gas Properties
3) Incinerator Type
4) Heat Recovery.

No critical technology issues have been identified.
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SYSTEM NUMBER 16 _
UNIT OPERATION NUMBER 80
DESCRIPTION AIR _SEPARATION AND OXIDANT FESDING

The purpose of this unit is to supply oxygen to the gasifiers. The gaseous
oxygen stream is usually between 95 and v8 percent pure by volume, and it
is produced by distillation of Yiquified air.

This is a proprietary but non-licensed process offered by several designer/
manufacturers in the U.S.

In a typical Air Separation unit, atmospheric air is filtered and com-
pressed to the required pressure by a two-stage air compressor, driven by
either steam turbines or electric motors, depending on the plant steam
balance.

The compressed air is first cooled in water after-coolers and finally
cooled in the switching passages of a reversing heat exchanger to just
above its liquefaction temperature. As it cools, water and carbon dioxide
freeze out on the walls of the exchanger and are thus removed from the air
stream.

The water and carbon dioxide are removed from the exchanger walls by
switching the exchanger passages to allow the waste nitrogen to flow
through the former air passages. The waste nitrogen stream is at a low
enough pressure such that sublimation of the water and carbon dioxide into
the nitrogen is possible. This waste stream is vented to atmosphere.

The cold air then enters the high pressure column for initial purification.
The vapor at the top of the column is nitrogen containing 10 ppm of oxygen.
Most of this is condensed in the High Pressure Condenser/Low Pressure
Reboiler, and returned as reflux tc the High Pressure Column. Some of this
iitrogen vapor becomes the feed stream to the expansion turbine and some
secomes low pressure product nitrogen gas after being superheated in the
Superheater and being warmed to about -150°F in a reversing heat exchanger.

Some of the nitrogen condensed in the condenser/reboiler becomes the liquid
nitrogen product. It is first subcooled in the Waste Nitrogen (Core Sub-
cooler and then flahsed into the Liquid Nitrogen Separator. Liquid nitro-
gen product from the separator is transferred to the liquid nitrogen
storage.

An impure reflux stream containing a small percentage of oxygen is withdraw
at an intermediate point in the column. It is subcooled and flashed into
the top of the Low Pressure Column.

The final purification of oxygen takes place in the Low Pressure Column.
The feeds to this column are impure reflux, and crude liquid oxygen from
the High Pressure Column which is subcooled and passed thorugh the
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Hydrocarbon Absorbers before being flashed into the Low Pressure Column.
This procedure assures that all hydrocarbons are removed from the oxygen
before purification. Processing the crude oxygen after it is liquified
assures that the absorption is done at a relatively constant pressure and
temperature and thus limits the possibility of accidental desorption.

As a further safeguard, a portion of the liquid oxygen in the low pressure
sump is constantly withdrawn, passed thorugh a guard hydrocarbon absorber
and returned to the sump. This prevents trace quantities of hydrocarbons

from accumulating in the low pressure sump.

Product oxygen gas and liquid is withdrawn from the bottom of the Low
Pressure Column. The product oxygen gas is superheated in the superheater
and then warmed to ambient temperature in the reversing exchangers. A
four-stage centrifugal compressor is then used to compress the oxygen gas
to the required pressure to feed the gasifiers.

The 1iquid oxygen product, a small fraction of the total oxygen product, is
withdrawn from the Low Pressure Column sump, subcooled in the oxygen core
subcooler and transferred to LOX storage.

The main cost and design drivers of this unit are:

1)  Product Purity
2)  Product Pressure
3) Plant capacity.

Product Purity requirements determine the numper of trays and column
diameter required to achieve the specified purity. Washer Product Purity
requires larger, taller distillation columns.

Product Pressure reguirements set by the gasifier pressure set the neces-
sity for Product oxygen compressors. Low Pressure gasifiers do not require
Product compression, where High Pressure gasifiers required the inclusion
of multi-stage centrifugal compressors.

Plant capacity regquirements set the overall equipment size and number of
units. Usually 2 or 3 trains of air separation are required to provide

1500-2000 tons per day of oxygen.

Critical technology issues needing further study and development are:

) Compressor technology - Improved large compressors technology is
needed for increased-size safe 02 systems.

A-2-45




AR L VR o i VT e g e aans
¢
5
3

F«‘ - TNy e AR TR T T AR R T R TR TR SR TR, TR T T AR AT T RS SR PR N ST TR TR T e TR e R TV B R T R e T A T TR R T e T T T e
3

-

Y

SYSTEM NUMBER _ 12
UNIT OPERATION NUMBER _81
DESCRIPTION FINAL SOLIDS DISPOSAL

The purpose <f this unit is to store solid waste generated by facility
operation during the facility life. |

This is a non-proprietary system.

This system consists of a lined impounding pit sized to contain 20 years of
solid waste. It typically includes the conveyor system to move the solids
to the pit and a leachate recovery area to recover and pump leachate to the
process condensate system.

The primary cost and design drivers are the quantity of solids tc be
disposed and the volume of the pit to be excavated and lined. 4

Critical technology issues needing further study and development are:

[ Ground water quality - The issues are leachability of solids,
\ monitoring of ground water, and control of runoff.
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! SYSTEM NUMBER _ 13
: UNIT OPERATION NUMBER _82
DESCRIPTION BY-PRODUCT STORAGE AND LGADING

The purpose of this system is to receive and store various by-products from
; recovery units, transfer the by-products to a loading area and into the
! proper vehicles for transportation.

This system will receive and store: (1) ash residue from Coal Preparation

and Feeding, Unit Operation 11; (2) oils and tars from Tar-0il Separation,

Unit Operation 32; (3) liquid anhydrous ammonia from Ammonia Recovery, Unit
' Operation 35; and (4) phenol from Phenol Recovery, Unit Operation 34. All
| tankage will be conventional large diameter low pressure tanks with fixed
' . rcofs except for the pressure spheres which will store the ammonia by-prod-
| uct. Transfer pumps will send the by-products to the loading area for
; filling the vehicles used to deliver the by-products to sales. This is a
| non-proprietary system.

The Design Drivers for this system include:
)
! 1) Number of by-products
: 2) Quantity stored
3) Quantity and type of shipping.
The Cost Drivers include:

2) Loading type

|
; 1)  Number of by-products
| 3) Length of storage needed.
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SYSTEM NUMBER 13
UNIT OPERATION NUMBER _83
OESCRIPTION SULFUR BY-PRODUCT STORAGE

Sulfur of high purity from Sulfur Recovery and Tail Gas, Unit Operation 36,
filows by gravity to sulfur pits. From the pits it is pumped as a 280°F
liquid to storage tanks awaiting loading on a barge or truck. This is a
non-proprietary system available from a variety of U.S. vendors.

The tanks are large diameter, low pressure of mild steel construction with
capacity in excess of 10,000 barrels.

Typically, the tanks are insulated and steam traced on the shell, roof, and
bottom and equipped with a sulfur pump.

The pumps, piping, and loading arms will be insulated and steam jacketed.
Loading meters are provided to facilitate sulfur loading and to ensure
inventory control.

The design driver for this system includes the ambient temperature range
(heat loss from tankage).

The cost drivers include:

1) Moles per hour of sulfur recovered in Unit Operation 36
2)  Hours of storage required.

No critical technology issues have been identified.
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SYSTEM NUMBER _ 15
UNIT OPERATION NUMBER _84
DESCRIPTION STEAM GENERATION

The purpose of the steam generation unit is to provide high pressure super-
hez.ed steam to suppiment the steam generated by wastza heat recovery in the
Gasifier Unit Qperational Cooling Systems, Unit Operation 21.

The HP steam generators are water tube boilers fired either by raw coal,
coal fines or MBG.

This is a non-proprietary process, and the equipment is supplied by several
U.S. vendors.

An MBG Boiler (HP steam generator) is typically a balance draft, industrial
type. It would include the water tube boiler, superheater, economizers,

forced draft and induced draft air preheaters, and burners suitable for
MBG.

Deaerated boiler feed water (BFW) is pumped through economizing coils, the
water tube boiler, superheating coils and into the HP steam distribution
system. Air for the combustion of MBG is supplied by a forced draft fan
and heated in exchange with boiler fiue gas which is supplied by the
induced draft fan.

A coal fired HP Boiler is similar to the MBG Boiler with the exception of

the ancillary equipment necessary for transport, storage, and combustion of
coal or coal fines.

Typically, coal or coal fines are transferred to the boiler area by a
conveyer which distributes the coal or coal fines to HP boiler coal storage
bins. This 1is fluidized by primary air fans and transferred to the
burners. Secondary air supplied by the forced draft fan recovers heat fram
the flue gas leaving the boiler to increase the efficiency of the boiler
operation. Flue gas is transferred to the flue gas desulfurization system,
Unit Operation 86, by induced draft fans before release to the atmosphere.

Chelating agents (Ethylene Diamine Tetra Acetic Acid) is added to boiler to
reduce dissolved solid carryover into the HP steam. Di and Tri Sodium
Phosphate (or polyphosphates) and filming amines (octyldecylamine) are
added to the HP steam to control pH and reduce scaling problems.

The Design Drivers include:

1)  Steam Requirements
2) Coal Properties.
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The Cost Drivers include:

1) Capacity, MIb/HR

2) Steam Pressure, PSIG

3) Degree af Superheat

4) Flue Gas Treatment Req'd
5) Boiler Type.

Critical technology issues needing further study and development are:
] Combustion of by-products, tar and crude phenol! is a mesns of

utilizing these products. Oemonstration of combustion technology
for these products is needed.
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SYSTEM NUMBER _ 16
UNIT OPERATION NUMBER _85
DESCRIPTION RAW WATER TREATMENT

The Raw Water Treatment Unit is typically designed to provide treated and
untreated water for the following facility water systems:

Fire Water
Service Water
Potable Water
Cooling Water
Boiler Feedwater

The processes by which the raw water is treated for the above services are
non-proprietary and are supplied by several US vendors.

Raw water is usually pumped from the river to a Fire Water~Raw Water
Storage tank (or pond).

The Raw Water-firewater Storage Tank provides surge capacity for Water
Treatment as well as storage capacity for firewater. ODuring an emergency,
firewater is pumped from the tank to the firewater header system. The
firewater pumps are motor driven and have a diesel engine driven spare.
The spare pump is equipped with automatic start-up capability in case of
power failure.

The raw water is pumped from the Raw Water-Firewater Storage Tank to the
Softener-Clarifier. Lime, alum, and pclyelectrolyte from the Clarifier
Bulk Chemical Storage and Feed System are added to the Softener-Clarifier,
which is equipped with an internal flocculation mechanism. The alum and
polyelectrolyte aid in the removal of suspended solids from the raw water.
Lime is added during the clarification step to "cold soften" the raw water.
Chlorine is added to the raw water to inhibit algae growth in the clarifier
and sand filters and reduce organic contamination.

The underflow from the clarifier is a one percent by weight sludge and is
pumped to solids treatment for further processing.

The clarified and softened raw water from the Softener-Clarifier flows to
the Self-Backwashing Sandfilters where additional suspended solids are
removed. A pressure differential across the filter bed initiates the
backwash cycle. The backwash flows by gravity to the Sandfilter Backwash
Sump and is recycled to the Softener-Clarifier. The filtered water flows
to the Filtered Water Storage Tank and is utilized as cooling tower make-up
for the Process Cooling Tower, service water for general! plant use, feed to
the Demineralizer Package, and feed to the potable water system.

Water intended for potable services is usually chlorinated and again fil-
tered to meet American Water Works Association (AWWA) standards and stored
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in a tank sized to hold a day's potable water requirements. The chlorine
residual is maintained at 0.5-1.0 P®M free chlorine in the tank.

Filtered water intended as feed to the Demineralizer Package is usually
injected with Sodium Sulfide to remove trace amounts of chlorine wnich
adversely affect the Demineralizer resins and often filtered through acti-

vated carbon to remove any remaining organic contaminants and dissolved
iron,

[n the demineralizer, the mineral salts present in the water are removed by
ion exchange. A two-step demineralization system, utilizing strong cation
and strong anion exchangers in series, is provided. A degasifier following
the strong exchanger is also provided. The cation exchangers remove
cations such as calcium cation and magnesium, while the anion exchangars
remove anions such as chloride and sulfate. The strong anion exchanger
also removes silica. The degasifier is provided to remove carbon dioxide
and other dissolved gases.

A mixed bed polisher is usually provdied to remove silica to 0.02 PPM and
to polish returned turbine condensate for reuse.

The demineralized water and condensate is preheated to 2£0-225°F before
being pumped into the boiler feedwater deaerators.

Acid, stored in the Acid Tank, is used to regenerate the cation exchangers.
Caustic, stored in the Caustic Tank, is used to regenerate the anion
exchangers.

Both the Acid and Caustic tanks have pumps and metering devices to control
the flow of regenerants to the demineralizer package.

The Boiler Feedwater Deaerating heaters operate at 15 psig and 250°F. The
Deaerators reduce the oxygen content of BFW to 0.005 cc/lite.

Hydrazine or sodium sulfite is injected into the storage compartment of the
deaerators for chemical scavenging of any residual oxygen. Morpholine is
injected into the suction of the boiler feedwater pumps to protect the
condensate systems,

The Design Drivers include:

1)  Steam Pressure, PSIG
2)  Raw Water Quality.

The Cost Drivers include:

1) Capacity, GPM

2) Water Treatment Level

3) Metallurgy

4) lon Exchange Resins

5) Reverse Osmosis Elements.

No critical technology issues were identified for this system.
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SYSTEM NUMBER _ 15
UNIT OPERATION NUMBER _86

DESCRIPTION FLUE_GAS_TREATMENT - WELLMAN-LORD
S0, RECOVERY PROCESS

Effluent gas containing sulfur dioxide and particulates from Steam Genera-
tion, Unit Operation 84, is treated in this system using the Wellman-lord
sulfur dioxide recovery process. This sulifur dioxide recovery system
includas absorption equipment, chemical plant for regeneration, and purge
trectment plant. This is a proprietary process licensed by Davy Powergas,
Inc., Houston, TX.

The system is designed to process gas containing sulfur dioxide and fly
ash. The flue gas is picked up from the S5team Generation System, Unit
Operation 84, by hot-side fans. The discharge pressure from each fan is
sufficient to force the flue gas through a precipitator-type rrescrubber
and tray-type sulfur dioxide absorption tower. The cleaned gases from the
absorbers are reheated before discharging to the atmosphere.

The sulfur dioxide=-rich absorbing solution is prccessed in the regeneration
area.

Chemical regeneration uses forced circulation exapcrators. The rich
absorbing soiution is thermally regenerated by driving off sulfur dioxide
and water vapor. This vapor is concentrated, compressed, and forwarded to
Sulfur Recovery, Unit Operation 36. Condensate containing removed parti-
cles is sent to Solids Treatment System, Unit Operaticn 31. The regener-
ated absorbing solution leaving the evaporators is combined with stripped
condensate from the partial condensers and recyclied back to the absorbing
solution storage area.

A slipstream of absorbing solution is taken frcm the absorbers of the power
plant for processing in 3 purge treatment area. Through a series of unit
operations, the inactive sodium salts are concentrated, removed from the
remaining absorbing solution, and sent either to By-Product 5torage, Unit
Operation 82, or to Solids Disposal, Unit Qperation 81.

The Design Drivers for this system include:

1)  Concentration or SO,, and SO, in flue gas

2) Concentration of HC?, ash, aﬁd other constituents
3) Concentration of oxygen in flue gas

4) Superficial velocity of gas in absorper, ft/sec.
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The Cost Drivers include:

1)  Percent sulfur dioxide removal required

2) Gas flow to absorber, ACFM

3) Moles per hour of S0, and SO, removed

4) Treated gas reheat requiréments. i.e., the difference in
temperature between gas from absorber and gas to stack.

By=-products include:
1) Sodium bicarbonate
2) Sodium bisulfite
3) Sodium sulfate.

Critical technology issues needing further study and development are:

) Effect of gas contaminants such as HC1 on materials of construc-
tion

0 Mist elimination technology

) Demonstration of long-term operation at high SO2 removal
efficiency.
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SYSTEM NUMBER _ 15
UNIT OPERATION NUMBER 86 ’
DESCRIPTION FLUE GAS TREATMENT - DOUBLE ALKALI

The purpose of this unit is to absorb SO2 from flue gas in a scrubber using
a sodium carbonate solution.

This proprietary process technology is offered b several U.S. vendors,
including Combustion Engineering Associates and FMC Corp. In the sodium
double-aikali process, flue gas from Steam Generation, Unit Operation 84,
at a temperature of about 350-400°F, is compressed through a pressure rise
of about 10" water by booster fans, and then enters an Absorber. In the
Absorber, the gas passes upward through a series of sprays, » set of trays,
and then through a demister. The clean flue gas leaving .he Absorber is
reheated indirectly by 50 psig steam to about 190-200°F and leaves the
facility through a tall stack.

The gas in the Absorber is countercurrently contacted as it passes through
the trays, by an aqueous solution of NaOH, Na,SC., Na SO4 and Na,(0,. The
502 rich solution is collected at the hottom df “the Ebsorber ang récycled
to"the tray and spray sections. The absorbent reacts with the 502 in the
flue gas to produce a mixture of sodium salts.

A continuous bleed stream of liquor is sent to the Absorbent Regeneration
Subsystem. The absorber bleed first goes to a Surge Tank from which it is
pumped to Reaction Tanks. A slipstream is routed to pick up quicklime
brought into the unit from outside and is then pumped back to the Reacticn
Tanks.

The Reaction Tanks are designed to convert the soluble sodium salts into
less-soluble calcium sulfite, which precipitates and results in a slurry
containing about S5 percent solids by weight. The slurry is then pumped to
a Thickener.

Overflow from the Thickener is pumped back through a Holding Tank to the
Absorber. Soda ash is added to a slipstream to replace sodium lost from
the system with the filter cake.

Underflow from the Thickener contains about 25 percent solids by weight,
and is pumped to vacuumn filters where the solids are dewatered to a cake
containing about 60 percent solids by weight. Washing of the cake causes
most of the sodium salts to be dissclved in the filtrate, which is returned
to the Absorber.

The <olids cake from the Vacuum Filters is conveyed to Final Solids Dis-
posal, Unit Operation 81. The cake has excellent handling properties due
to the precipitation of mixed crystals of CaS0,/CasQ,. The material is
non-thixotropic, drains well, and do2s not reslurry when exposed to rain,
Since, however, the cake will contain volatile trace elements produced by
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combustion of char and scrubbed from the flue gas in the flue gas desul-
furization unit, and will also contain NaCl produced from HC1 in the flue
gas, the solids must be disposed of in a secure onsite landfill.

The primary cost drivers are:

1, ACFM to the absorber
2) % 502 removal

The primary design drivers are:

1) PPM 502-503 in flue gas
2) % HC1;%ash; etc., in flue gas.

Critical technology issues needing further study and development are the
same as those for the Wellman-Lord Process, plus better data on the distri-
bution of toxic trace elements between the flue gas and the waste solids.
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SYSTEM NUMBER _ 14
UNIT OPERATION NUMBER 87
DESCRIPTION ~ PLANT ELECTRICAL SYSTEM

This system is generally designed to receive medium voitage electrical
power {4.16 KV, 6.9 KV or 13.8 KV) and provide the following functions:

[ Develop the necessary voltage stepuown arrangement for plant
requirements
. Distribute the necessary power to the plant equipment.

This is non-proprietary equipment and is supplied by several U.S. vendors.

TVA's incoming substation transformers receive power from its prevalent
distributed voltage switching station and step down this voltage to a
medium voltage to suppiy the plant electrical power requirements for
motors, heaters, lighting, and other miscellaneous loads.

The Medium Voltage Electrical Distribution System is typically a secondary
selective system (double ended supply) with several medium voltage buses.

‘Each medium voltage bus receives power from its respective incoming sub-

station transformer through an incoming breaker and supplies power to the
medium voltage distribution system through the feeder breakers.

The Low Voltage Electrical Distribution System typically consists of multi-
ple 480 V double ended load centers and 480 V motor control centers (MCC's)
supplying the power to 480 V loads throughout the plant. Twoc load centers
are interconnected through a normally open tie breaker. In the event of
loss of one load center transformer or its feeder, the 480 V loads of the
affected load center are fed by the second load center through the tie
breaker.

Each load center consists of an incoming line section, load center trans-
foermer, and low voltage section with metal enclosed draw out power circuit
breakers.

Typical load center transformers are air cooled, dry type, 150 F tempera-
ture rise, with delta connected primaries and wye connected secondaries

A1l load center feeder circuit breakers are 1600A frame and 50,000A RMS
symmetrical interrupting capacity. The 480 V motor feeder breakers are
electrically operated with instantaneous and long time trip units.

480 V MCC's consists of starters, feeder circuit breakers and control
devices, assembled in a common structure with horizontal and vertical
buses.

A 125 Volt DC System supplies contruol power for medium voltage and 480 V
volt plant switchgear control, protective relaying and annunciation. The
system also supplies power for emergency lighting.
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The Design Drivers include:

1)  Reliability Factor
2)  Motor Horsepower.

The Cost Drivers include:

1) Capacity, Kw

2) Voltage Level, KV

3) Peak Current Demand, AMPS
4)  No. of Services.
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SYSTEM NUMBER _ 19
UNIT OPERATION NUMBER 88
DESCRIPTION BUILDINGS AND SUPPORT FACILITIES

d

The purpose of this unit is to provide equipment or services to support the

Gasification Facility at the facility level.
The equipment and services provided in this unit are non-proprietary.

This unit is a general facility category and would typically provide
following equipment or service:

Administration Building
Laboratories

Change Rooms

Warehouses

Maintenance Buildings
Operation Centers
Security Offices

First Aid Facility

Fire House

Visitor Reception

Plant Fencing

Plant Lighting

Roads, Bridges, and Sewers
Docking Facilities
Interconnection Pipe Ways
Fire Protection Network
Flare Stacks and Headers
Plant Instrument Air Compressors
Environmental Monitoring
Site Preparation.

the

The primary cost and design drivers are the number of and the extent of
each of the above items provided for the tfacility.
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SYSTEM NUMBER _ 10
UNIT OPERATIQN NUMBER _89

DESCRIPTION CONTROL AND INSTRUMENTATION

el Y SR S §

The purpose of this unit is to provide operational control of the facility
and supervisory master control or the facility module operation.

This item has not been identified as a discrete cost or operational center
in the studies or evaluation presented in the literature.

RN Chrvely }

A separate subcontract is often executed with a supplier of computer data f
acquisition systems, to provide a data acquisition system for a facility

and to interface it with the instrumentation and control! loops within the
facility.

i e e
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2.4 System Stream Characterization and Raw Materials

Each unit operation within a coal gasification facility may be
described in terms of inputs, outputs, raw materials necessary to support
the process, and potential by-products. Appendix C is a summary of these
items for the unit operations described in Section 2.3.

Minimal numerical data was reported with the unit operations because
feed and effluent stream composition vary from plant to plant and reflect
conditions not always reported in literature documents. The primary reason
for this is non-disclosure agreements.

2.5 System Characterization

The characterization of each unit operation has been based on quanti-
fying the cost and design drivers of each of the units.

Reference sources that are applicable to the individual unit have been
reviewed and certain data extracted. Not all units are well represented in
the data base and not all references were used in reporting data.

The characterization found in Appendix B of this report identifies the
cost and date of monies for each system and quantifies appropriate cost and
design drivers. Some cost and design drivers are well represented with
quantitative data. Some, which are process design or client specific, have
been identified but without corresponding numerical data.

2.6 System Component Characterization

Each unit operation contains a discrete and, generally, specific set
of components. The components can be segregated into 13 broad categories,
which have usually been used by A/E's to prepare the semi-definitive cost
estimate of a unit or facility. Oepending on the unit design and purpose,
some of these components can affect project costs and scheduling and must
be handled accordingly. Some components, because of size, metallurgy or
complexity require long times to deliver to the job site or higher than
usual costs. Table 2-3 identifies the usual component breakdown of each
system and identifies those equipment items which typically require long
lead time, have high costs, or are items of critical technology.

2.7 Qperations and Maintenance Costs

Preparation of facility cost estimates and 1ife cycle costing requires
an estimation of facility operating and maintenance costs. The costs can
be broken down on a unit operation basis, but they are usually estimated
based on total capital investment of the facility. A common estimation
practice is to represent the various costs elements in this category as a
percentage of the equipment installed capital cost. Maintenance expense is
usually estimated as | to 6 percent of capital investment with a 61/40
material to labor split.
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; For this reason, the references that were most applicable to a coal
! gasification project were reviewed, and the quantitative noperating and
maintenance costs were reported as a function of total installed capital.
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3.0 RAW MATERIALS ANALYSIS - TASK 5.1.2

Most of the unit operations identified in this study require raw
materials to support the process function. These raw materiails are heces-
sary for unit performance and represent a cost of operating both annually
and as an initial cost.

This section presents the results, summarized in Table 3-1, of
Task 5.1.2. The approach taken is to present ali raw material elements
that are required by all the gasification facility system candidates that
were identified in Task 5.1.1. Therefore, dependent upon the final design
configuration, only some of the raw material listed in Table 3-1 wili be
required to support the selected unit operaticns for the TVA Coal Gasifi-
cation Facility.

The data in Table 3-1 is presented in a matrix format. It includes a
list of raw materials, the system{s) with which they are associated, both
the initial and replacement quantities required, the unit cost, a commer-
cial source, and transportation information.

The list of raw materials and the system(s) with which they are asso-
ciated were obtained during Task 5.1.1. It should be noted that some items
in the raw materials list (e.g., Strong Acid Cation Resin) represent a
general class of materials and, of necessity, the cost listed represents a
specific material in that class. The material chosen for such casc2s was
the one that is often used in appiications such as this and has a represen-
tative cust. However, the specific material selection must await final
system design. The initial and replacement quantities are approximate
amounts based upon information from reference literature and vendors and
upon prior design experience and engineering judgment. The exact quanti-
ties required will be obtained during final system design. The unit cost
and transportation information was obtained from the listed commercial
sources and represents current market conditions.

The data presented in Table 3-1, while not exact at this point in the
program, is sufficiently accurate to be used as a basis for determining the
operating costs of reference facilities to be used in the comparative
evaluations of the A/E designs. Based on the final design chosen, the data
in Table 3-1 wi)l be further refined and updated during Task 5.4.2.2 and
will be used in Task 5.4.2.4 to develop life cycle cost estimates.
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4.0 COAL GASIFICATION BY-PRODUCTS MARKET ANALYSIS

4.1 Introduction and Summary

This section describes a market analysis of the by-products from the
TVA Coal Gasification Facility located in Northern Alabama. Since the
plant is not conceptually designed, and the by-products are dependent on
process type and design, quantities of the by-products are not included in
this report. The generic price, use, and future market expectations are
stown in Table 4-1 for the by-products considered in this analysis. (xygen
is a possible export because all modules will not become operational at the
same time and all the oxygen produced will not be consumed until the entire
facility becomes operational. However, because of the short-term nature of
thic situation, oxygen from this plant must be considered "merchant" oxygen
rather than tied to a long-term contract. Oxygen, nitrogen, argon and
carbon dioxide are treated as gases, and transportation by pipeline or
truck is not considered. Tar, slag, and ash contents are not defined,
therefore, they are treated generically. Sulfur is an excellent by-product
candidate for marketing.

TABLE 4-1. BY-PRODUCT SUMMARY
DISTANCE FROM .
CURRENT PacE PLANT \NERE pivh paRes T
BY-PROGUCT U.S. POTENTIAL USE {EARLY 1522} TRANSPORTATION ERETRATI A
0STSeCLRRENT pRICE  RATING
(MILES)
SUAG/ASH ROAD AND CEMENT FILL, KONE eceess POOR
. INSULATION, FLUE GAS DE-  {80% D.PED)
SULFURIZATION, LAND FILL
SULFUR PHOSPMATATE FERTILIZERS,  $116/L0%3 1IN > 1500 500D
PAPER, SOIL NUTRIENT, + $30 (ST,
ROAD BASE
OXYGEN METAL MANUFACTURING, 3105 FP eeeeen FAIR
HEALTH SERVICES, METAL & SHIPPING
FABRICATING & EQUIFNENT
NITROGEN  BLANKETING ATMOSPMERES-  30.5¢/12¢ FT0  coeen FAIR
CHEMICALS, ELECTRONICS, & SHIPPING .
METALS, FREEZING AGENT, & ZQUIPMENT
AEROSPACE
CARBON FOCO REFRIGERATION $60/ 10N 1100 6600
BlaXIDE INDUSTRIAL REFRIGERATION,
CARSONATIGN
TAR CHEMICALS, Furi $95/ 78N > 1570 G000
STEAM PROCESS NEAT §5-55/i08Ty « 10 rAIR
ARGON LAY FILLER, WELDING N FAIR
CUTTING, CRYSTAL GROWTH
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Conclusions of by-product market analysis are:

® ' Quantifying TVA region market penetration can only be done if
quantity and specifications of by-products are known,

(] Gases will have to be liquefied nr transported by pipeline cver
relatively short distances (liquefaction costs have not been
determined).

. Most of the by-products will probably be used by new industries
locating near the Murphy Hill site.

) TVA design criteria specifies only truck and parge transporta-
tion, so rail costs are not included.

. Slag and ash wculd probably be impounded unless environmental
constraints on utilization are relaxed.

[ Tar could be converted by processing to fuel for industries
during natural gas curtailment. This may be expensive and may
lower the price which purchasers are willing to pay for the tar.

. Sulfur is a prime by=product candidate for marketing.

® Gases will probebly have to be purified for market sales.

4.2 Transportation

TVA design criteria specifies only truck, barge, and pipeline trans- {
portation modes are tc be considered in the facility conceptual design.
From Reference 1, the following transportation costs (1980) were used in
the analysis; tariffs for interstate transportation is not included.

TRUCK: $5.61/Ton/100 Mile
BARGE: $.0088/Ton Mile (> 40 Miles)
Plus 18¢/Barrel for One Terminal Charge.
Truck transportation is the most flexibie mode of shipping, with
almost half of ull petroleum products currentiy being shipped by truck.
Most trucking is done by contract carriers and the prices inciuded in this

analysis are for distances greater than 100 miles. Upper 1limits of
petroleum=product truck hauling are around 300 miles.
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Barges currently ship a small percentage of the total petroieum prod-
ucts in the United States. Barge costs are relatively inexpensive, includ-
ing terminal charges of approximately 18¢/barrel. It is most economically
feasible to transport by-products by barge greater than 200 miles. The
8.8 mils barge cost per long ton mile are escalated from the data rzported
in Reference 1. Figure 4=-1 snows by-product transportation custs feor
barge.

Until the 1960's, elemental sulfur was handled and shipped in solid
form. However, at presert about 90 to 95 percent of the elemental sulfur
consumed in the United States remains as a molten liquid from the point of
groduction (the mine in the case of Frasch sulfuy or the plant in the case
uf recovered sulfur) tu points of consumption at customers' plants. The
reasons are convenience and economics of handiing and shipping. Because
most consumers use sulfur in liquid form, the need for remelting is elimi-
nated. In adaition, liquid sulfur is less likely to be contaminated during
transportation and in storage.

The molten sulfur is transported in heated and insulated barges, <hips
or rail tank cars, maintained at a temperature above 238°F, and delivered
direct to terminals or customers' heated storage tanks. From there, it is
pumped di-ectly to the sulfur burners of sulfuric acid plants or other
sulfur using facilities. While the recovered suifur producers depend most
on direct shipment ¢o consumers, the Ffrasch producers distribute their
product largely through an extensive system of ligquid sulfur terminals
located in sulfur-consuming market areas. Some terminals are producer-
owned, while others are consumer-owned. The Frasch industry also maintains
a system of liquid and bulk sulfur terminals in Europe.

For storage purposes, moiten sulfur is sprayed into vats to solidify
in thin layers progressively one above the other producing blocks of solid
sulfur, which can later be broken up for shipment or remelting.

Solid or dry sulfur is sold in various forms including lump, granular,
ground in various sizes or other special solid forms. It is shipped in
bags or barrels or in bulk in railroad gondola cars, boxcars, highway
trucks, barges or ships.

Hopper trucks are used to iransport by highway a wide variety of
materials. Vehicle types range from the open-dumping kind to the closed
tvpe. Most common is one tnat unloads by prescure differential into its
ywn pneuwmatic-conveying system, which is temporarily connected to 4 storage
silo. On this type of truck, the unlcading of 40,000 1b. of products takes
about ! hour, sometimes less.
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The actual weight that the truck can carry depends on the state-
highway load limits, which in turn depend on the net vehicle weight and the
number of axles on the truck (and tractor, when a trailer arrangement is
used). The accepted maximum combined total weight of vehicle and cargo is
73,000 pounds. In some states, this is reduced slightly, while in others
it is exceeded.

4.3 By-Products Cost and Market Assessment

The following subsections contain a brief analysis of each of the
by-products in Table 4-1.

Slag and Ash

Fly ash, bottom ash, and boiler slag are considered in this analysis.
Industrial coal ash, in general, has become a difficult problem for useage
or disposal because the EPA may categorize coal ash as a toxic or hazardous
waste. Under provisions of the Resource Conservation and Recovery Act of
1976, coal ash may be considered hazardous because of possible heavy-metals
content. If EPA considers ash to be hazardous, facility designers will
have to design collection and ponding systems similar to the mining
industry. Disposal ponds would have to be impermeable to prevent leaking
into aguifers.

Coal ash is currently the fifth most plentiful mineral substance
produced in the U.S. (over 68 million tons per year). By 1985, the U.S.
will be disposing over 100 million tons per year. Currently about one/four
is being used as fillers for cement and roads.

Table 4-2 (Reference 2) summarizes coal ash collected and utilized
from 1975 through 1978.

From its fossil fuel plants, TVA is currently disposing of over one
million tons per year of ash and slag. TVA was attempting to use slag for
rock-woo) insulation by using a spin fiber technigue. However, it was
discovered that concrete blocks made with phosphoric-rock waste from the
Muscle Shoals National Fertilization Development Center emitted low level
radiation. TVA then put a hold on using any of its waste material, includ-
ing fly ash and slag.

Current research underway in the U.S. for fly ash and slag utilization
are (from Reference 2) the “ollowing: .

. Fabricate fly ash based bricks.
e Recovery aluminum, iron, and titanium from ash and slag.
. Use fly ash for flue gas desulfurization.

] Form fly ash with moisture and calcium hydroxide to produce
cement-1ike material.

A- 4-5 1
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TABLE 4-2. COAL ASH SUMMARY

QUANTITY, 10° ToNs
1975 1976 1977 1978

Ash Collected _

Fly Ash 42.3 42.8 48.5 48.3

Bottom Ash 13.1 14.3 14.1 14.7

Boiler Slag .6 4.8 5.2 5.1

TOTAL 60.0 61.9 67.8 68.1
Ash Utilized

Fly Ash 4.5 5.7 .3 8.4

Bottom Ash 3.5 4.5 4.6 5.0

Boiler Slag 1.8 2.2 3.1 3.0

TOTAL 9.8 12.4 14.0 16.4
Percent of Ash Utilized

Fly Ash 10.6 13.3 13.0 17.4

Bottom Ash 26.7 31.5 32.6 34.0

Boiler Slag 40.0 45.8 60.0 58.8

AVERAGE 6.4 20.0 20.7 24.1

There are different strategies for disposing of bottom ash, fly ash.
and flue gas desulfurization (FGD) sludge at a coal gasification facilit,.
0f course, waste disposal (or utilization) must be in an environmentally
accoptable manner, taking into account capital and operating costs. and
reliability. Currently, there are several types (Reference 3) of systems
for handiing coal wastes:

° Direct ponding

[ Landfill (without treatment)

. Fixation/stabilization

o Forced uxidation/gypsum production

) Blending with fly ash.

A-4-6
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The optimum choice of coal waste utilization will depend on the eco-
nomics, environmental regulations, site terrain, and the process design.

In summary, coal ash, slag, bottom ash, and FGD sludge conclusions
are:

. A 20,000 TPD facility will produce around 500,000 tons per year
of coal waste which will probably be dumped on-site in a disposal
pond.

. TVA is faced with increasing problems in disposing of coal waste
because of environmental restrictions.

] Slag and bottom ash may have to be separated in order to find a
commercial outlet.

) Detailed specifications regarding chemical and mineral content
and the physical characteristics of ash products are basic deter-
minants of marketability.

) Some ash is collected from coal burning facilities and used by
commercial firms at no cost to the utility.

Sulfur

Sulfur is a very widely used industrial raw material. Production
growth and demand has been increasing in the U.S. since the 1930's. Most
sulfur consumption is in the form of sulfuric acid to which 85 percent or
more of elemental sulfur is converted. Phosphate fertilization manufacture
accounts for about 60 percent of sulfur consumption in ail forms in the
U.S., while the balance is in a wide range of applications in every sector
of industry.

Sulfur as a volume commodity chemical is unique in the extent to
which it is produced as a by-product or waste product derived from another
primary product sought out and produced for its own worth. The by-product
or waste product output may be considered "non-discretionary'" in the sense
that its production volume is not goveined by its own demand. The second
type, or primary product, is commonly termed "discretionary" because its
volume of procuction is regulated directly by demand and price factors.
Recovered sulfuric acid from oil and gas production, or burning fossil
fuels or output of by-product sulfuric acid from metal swelting is "non-
discretionary,” while Ffrasch and pyritic sulfur are "discretionary."
Because sulfur may be stored in sclid form if it cannot be sold, its sales
are not tied tc its recovery, making it a “semi-discretionary” product.
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A steady increase in demand, and a reduction in exports by foreign
countries has currently created a tight sulfur supply situation both in the
U.S. and worldwide. Spot shortages (Reference 4) will likely develop this
year, and the tightness is not expected to ease before 1985. Sulfur pro-
duction will be boosted by 2,200,000 long tons per year by 1982. After
1985, a temporary sulfur glut may nrccur e to expanded use of coal. In
recent years, sulfur demand has grown due t) growth in the key market of
fertilizers. Sulfur demand growth is projected to be 3-5% per year during
the early 1980's (Reference 4). Other traditional markets ftor sulfur,
titanium dioxide, pulp and paper, and carbon disulfide, are expected to
ease off by the late 1980's. New demands for sulfur may increase, such as
using sulfur for replacement of asphalts or as a soil nutrient.

Sulfur-use growth will primarily depend on fertilizer demand. Fer-
tilizer demand was booming in 1979, and is expectzd to continue strong in
the early 1980's. However, fertilizer's history of big ups and downs
lagging the general business cycles indicates that sulfur will have more
cycles in the future. The Iranian crisis and fertilizer cutoff to the
Soviet Union are also going to have major impacts on sulfur demand.

Total U.S. outlook for sulfur (Reference 4) is shown on Table 4-3 for
1979, 1980, and 1985.

TABLE 4-3. U.S. SULFUR QUTLOOK

MILLION METRIC TONS
PRODUCTION
1979 1980 1985
Frasch 6.4 6.8 6.8
Rezovered Elemental 4.1 4.4 6.5
Total Elemental 10.5 11.2 13.3
Sulfur in Qther Forms 1.7 1.6 2.0
Total Producton 12.2 12.8 15.3
CONSUMPTION (END-USE)
Sulfuric Acid
Phosphates 8.5 9.0 9.7
Other 3.7 3.6 3.8
Total 12.2  12.6 13.5
Non-Acid 1.1 1.0 1.5
Total 13.3 13.6 15.0
A-4-8
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TABLE 4-4. RECOVERED ELEMENTAL SULFUR IN THE UNITED STATES SHIPMENTS,

VALUE OF SHIPMENTS, AND AVERAGE VALUE PER TON BY STATES,

1976 AND 1977 (QUANTITIES IN THOUSANDS OF LONG TONS, TOTAL
VALUE IN THOSANDS OF DOLLARS)

STATE

ALABAMA
CALIFOANIA

HLINOIS AND INDIANA
KANSAS

LOUISIANA
MICHIGAN ARD MINN
MISSISSIPPY

NIW JEHSEY

NEW MEXICO

oo

OKLAHOMA
PENNSYLVAMIA
TEXAS

OTHER STATESY

TOTAL

197§
SHIFMENTS VALUE FOB PLANT
TOTAL AVERAGE VALUE

~QUANTUY ~YALUE LEAION
206 9401 545193
432 1940 1338
223 7420 349
I 251 3613
122 §.228 6105
58 1.867 3219
224 11264 50 29
108 5043 46 69
a5 1480 3289
17 na A2 00
9 324 36 00
91 387 4259
872 Ja.297 945
733 28024 38 23
kR Y e kYA

1977
SHIPMENTS VALUE FO B PLANT
TOTAL AVERAGE VALUE
QUANTITY VALE SEN TON
280 12.76% $4558
499 9,338 1883
242 B.469 A9
5 157 3140
15) 1281 46 38
% 23718 ne’
338 16.655% 4972
126 5920 4698
57 1782 326
22 965 4386
10 364 3640
n 3487 42 80
982 38709 1942
[1]] 25 545 370
3567 1331848 3752

1) COMBINED YO AVOID DISCLOSING INDIVIDUAL COMPANY CONFIDENTIAL DATA INCLUDES ARKANSAS. COLORADO (1977), FIORIDA. DELAWARE. KENTUCKY (1977). MISSOURI. MONTANA.

NEW YORK. NGRTH DAKOTA. UTAM. VIRGINIA. WASHINGTON. WISCONSIN.WYOMING. VIRGIN ISLANDS AND PUERTO RICU

SOURCE US BUREAU OF MMES. SULFUR 1N 1977 MINERAL INDOSTRY SURVEYS. MAY ) 1978
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Sulfur in all forms was produced in 1977 by 74 companies at 190
operations in 33 states, according to the U.S. Bureau of Mines. The ten
largest producing companies, with 55 of these operations, represented
about 75 percent of total industry outpu. The states of Louisiana and
Texas accounted for 67 percent of total production.

Elemental sulfur, often termed crude sulfur or brimstone, presently
accounts for 89 percent of total output of sulfur. The balance is
represented by production of non-elemental or non-brimstone sulfur
contained mostly in by-product sulfuric acid from metal smelters and
alsg from pyrites, hydrogen sulfide and liquid sulfur dioxide.

Alabama and Mississippi are fairly large producers of recovered
elemental sulfur as shown on Table 4-4. Also the value of sulfur at the
plant is significantly larger for Alabama and Mississippi than other
states.

As was indicated, most sulfur consumption is in the form of sul-
furic acid. The end uses of elemental sulfur (1977) soid or used in the
U.S. (Reference 5) are shown in Table 4-5.

TABLE 4-5. SULFUR END USES

THOUSAND PERCENT
LONG TONS  OF TOTAL

Sulfuric Acid 9,446 35.0

Agricultural Chemicals 253 2.2

Paints, Explosives, Organic 2N 2.3
Chemicals, etc.

Other Industrial Inorganic 217 1.9
Chemicals

Pulp and Paper Products 145 1.3

Petroleum Refining, Pe“ro- 109 0.9
Teum and Coal Products

Syntltic Rubber, Cellulosic 64 0.5
and Plastic Products

Food and Kindred Products 5 -——-

Unidentified 667 5.9

TOTAL 11,117 100.00
A-4-10




The p*oduction of sulfuric acid in the United States has increased at
an average anhuai rate of about 2.5 percent cver the last 10 years although
this growth has beer slightly erratic in certain years.

Derivative phosphoric acid production is currently running at near
optimum capacity (Rererence 6). This requires high capacity use of feeder
sulfuric acid plants. Behind the rising capacity use at sulfuric acid
plants are two forces, booming exports in phosphate fertilizations and
swollen demand from U.S. manufactiuring. Both infleunces are cyclical, even
volatile. Downswings could affect sulfuric acid production quickly. In
the U.S. and export markets, so much sulfuric acid demand hinges on fer-
tilizer use, roughly two-thirds of the total, that other uses seldom have
much effect on the overall market. With the lone exception of uranium are
processing at times, sulfuric acid's growth is tied firmly to phosphoric
acid used for fertilizer.

Sulfuric acid and by-product smelter acid producers are shown oi
Figure 4-2. A large by-product smel*ter acid facility is located at
Copperhill, Tennessee, producing about 1,250,000 tons per year. The four
sulfur-burning sulfuric acid piants in Alabama produce 342,000 tons per
year. The one sulfur-burning Tennessee plant produces 132,000 tons per
year (Reference 7).

By far the largest end-use of sulfuric acid (61 percent of the total)
is in the manufacturer of incrganic fertilizers and intermediates such as
phosphoric acid and phosphate fertilizers. Industrial users of sulfuric
acid are extensive and are concentrated largely in the major industrial
regions of the country, but no single end-use represents uiore than 7 per-
cent of total demand. Most industrial uses are well developed, and none
have projected growth rates which are expected to reverse the trend of
increasing percentages of sulfuric acid being consumed for fertilizers. A
more concise summary of the end-use pattern for 1977 (from Bureau of Mines)
is provided in Table 4-6.

About 90 percent of tie sulfuric acid used in fertilizers 1s in the
manufacture of wet process phosphoric acid by the reaction of sulfuric acid
with phosphate rock. Also in the fertilizer category, but much smaller in
volume, is the production of ammonium sulfate by the reaction of sulfuric
acid with ammonia.
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TABLE 4-6. ESTIMATED 1977 END USES OF SULFURIC ACID

DERIVATIVE PERCENT OF TOTAL
Fertilizers 61
Alkylation (Petroleum Products) 7
Copper and Other Nonferrous 6

Metals

Paints and Pigments 2
Pulp and Paper 1
Steel Production 1
Plastic and Synthetic Products 1
Other Chemicals 8
Other Miscellancous Uses 12

TOTAL 100

Oxygen

Oxygen is the largest volume U.S. industrial gas, followed clicsely by
nitrogen. Oxygen usage has been growing steadily for some time. In 1975,
oxygen usage was down (Reference 8) because of the econcmic recession.
Also, oxygen usage follows the steel industry, and steel producu.on is
falling off. However, oxgyen sales have, in general, remained preofitable.
Most oxygen sold to the steel industry is on-site or tonnage cxygen.
Tonnage oxygen is produced by &n air separation plant at the steel site and
is simply placed into the blast furnace. The oxygen from these "“dedicated"
plants is sold to customers under take-or-pay contract:. The only time
overall oxygen profits are affected during an economic slow-down is at the
beginning, when steel companies cut their orders for merchant oxvgen sup-
plementing tonnage oxygen at their plants. Merchant or open-market oxygen

is brought in by truck. Merchant oxygen is expected to arow 7% %o about
68 billior cubic feet a year (Reference 8).

Merchant oxygen prices are currently 33.5 to 34 cents per nurdred
cubic feet (plus transportation and equipment charges) for the largest
users., Significant new oxygen capacity is coming on line for merchant
marketing. There are many uncertainties in future (xygen demand; a reces-

sion, steel productior cutbacks, higher electrica’ costs. All can drive
oxygen demand down.

A 4213
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Primary metals industry utilize 30% of oxygen prcduction, followed by
health services (13%), and metal fabricating (6%).

Nitrogen

Nitrogen demand growth has been outstanding since the early 1970's.
Average production growth has been averaging 11% or greater per year.
Nitrogen's growth has been so good it is expected to overtake oxygen as the
largest industrizl gas (Reference 8). As with oxygen, merchant production
of nitrogen is most important to producers, since tonnage nitrogen again is
50id on commodity-type, iower profit take-or-pay contracts. Recently, huw-
ever, the merchant market for nitrogen has been lagging the total market.

The growth of nitrogen demand, especially tonnage nitrogen, has been
tied to the increasing acceptance as an inert blanketing agent for metals,
electronics, and chemical processing. Nitrogen has been replacing natural
gas as a blanketing agent, and now nitrogen's bigg:-t market is as a blan-
keting anent. Another fast growing nitrogen market . a: a freezing agent,
especially in processed foods.

Price increases for nitrogen have been lagging general inflation
because of production economies of scale. Current prices (mid-1979) for
merchant nitrogen are 30.5¢ per hundred cubic feet, plus transportation and
equipment charges. The price for tonnage nitrogen is much lower and is
specified in a long-term contract.

Plant capacity utilization has littie to do with the nitrogen price,
except in a few isolated cases. Gensrally, air separation plants can
produce more than three times more nitrogen than oxygen. Therefore, pro-
ducers of nitrogen are in a position in wnich their product generally
exceeds the existing market.

Carbon Dioxide

Carbon dioxide is an important industrial gas, usually generated from
natural sources and recovered in small amounts for commercial uses. Most
carbon dioxide used in merchant or captive consumption is obtained as a
by-product of the production of synthesis gas which is used for producing
ammonia, methanol and other chemicals, and also for hydrocracking and
hydrotreating of petroleum products. Large amounts of industry-generatec
carbon dioxide are vented to the atmosphere. Carbon dioxide is not manu-
factured by merchant producers, but is gathered by them as a hy-product
from the basic processes of other companies. Therefore, thz cost of mer-
chant carbon dioxide 1is actually based on the 1liquefaction capacity
required, since the raw gas is taken from ammonia plants and synthetic gas
facilities. Carben dioxide plants tend to be situated near markets because
it is a cheap product and transportation costs are relatively high. In
general, it 1is not economical to ship carbon dioxide more than 200 to
300 miles. Plants vary in capacity from a few tons per day up to about
700 tons per day (Reference 9). A summary of plants and production amounts
for regions in the U.S. during 1977 are shown in Table 4-7.

A<4-14




| TABLE 4-7. REGIONAL PATTERN OF U.S. PRODUCTION AND SHIPMENTS OF
LIQUID AND SOLID CARBON DIOXIDE IN 1977

VALUE OF
\ REGION PRODUCTION SHIPMENTS SHIPMENTS
' : AxD NUMBER (THOUSAND {THOUSAND (MILLION

STATES OF PLANTS TONS' TONS! VOLLARS:
NEW ENGLAND & 2 1136 1079 106
MIDDLE ATLANTIC
{ME. NH_ VT MA_RL
NY. NJ PA CT
t NORTH CENTRAL 36 4123 39715 183
(OH. IN.IL. ML Wh
W NORTH CENTRAL 13 2749 2683 13
(MN_1A. MO NO.
S0. NB. KS)
S ATLANTIC & 40 52117 1927 234
t SOUTH CENTRAL
(0E. MC. OC. VA
W VA NC SC. GA.
FL TN AL MS
FL KYi
W SOUTH CENTRAL 36 597% 185 8 164
(AR LA OK. TX)
MOUNTAIN 20 1079 1079 25
IMT 10, WY CO.
Al UT_NV)
PACIFIC 22 22%9 2110 58
m—— . A— S —— —
/WA, OR CA
AK. HB)
TOTAL.US 195 22558 20801 883

SOURCE U'S DEPARTMENT OF COMMERCE BUREAU OF THE CENSUS CURRENT INODUSTRIAL REPORTS.
SERIES M28C (7114
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Current uses (Reference 8) for carbon dioxide are for food refrigera-
tion (37%), industriai (15%), beverage carbonation (25%), and other indus-
trial uses (22%). Carbon dfioxide is also used in coal minino for pres-
surizing, for oil well stimulation, and for water treatment.

Generaily, purity requirements for carbon dioxide are high. The prod-
uct usually has to be 99.98% pure carbon dioxide with all sulfur removed
since trace sulfur is unacceptable for carbonated beverages, food process=
ing, and refrigeration uses.

Patterns of merchant consumption for carbon dioxide use is shown in
Table 4-8. The growth of the fast food industry has boosted carbon dioxide
usage in refrigeration and carbonation. The merchant market for carbon
dioxide is less tha, half of the :ital. Area production, chemical indus-
tries, and oil well stimulation account for about half of the total market.

Stean

Most industries use hot water, steam, or hot air in space heating,
process heating, or as a process feedstock. The nationwice utilization of
industrial process heat is shown on Table 4-9 (Reference 10). Steam usage
is projected to rise to about 22 percent of the total process heat utiliza-
tion by 1985. The big users of steam are the chemical, petroleum, and
textiles industries.

The value of steam is based on its utility, which is a function of
both its enthalpy and end-use. Most plants use several steam-pressure
levels, and in many plants, waste-heat boilers may supply steam at several
different levels. Placing a market price on steam is rather difficult.
Process steam from waste-heat recovery may have a low effective generation
cost because the heat wouuld otherwise be rejected to the surroundings.
Process steam from fossil or synthetic-fuel fired boilers will have a much
higher cost because of the high ccst of the imported fuel. The average
cos¢ of producing steam in a typical plant is estimated to be $5-6 per
MMSTU in 1980,

Because steam must be transported through insulated piping to conserve its
enerqgy, industries which might purchase the steam will have to be co-
located with the coal gasification facilitv. An industyial recerve site is
in fact located southwest of the pl:nned Murphy Hill site.

Tars

Coal tars are usually made from the higher-boiling fractions (cver
450°F) of the crude tar produced by coke ovens and coual retorts. The
available grades range from lYiquids at 30 sec. vicosity at iC0%F to a
pulverized pitch. Chemically, they are mixtures of hydrocarbons, phenols,
and heterocyclic nitrogen, oxygen, and sulfur compounds. They are much
more aromatic than petroleum fuels and burn with a luminous flame. Sulfur
and ash contents are usually low. The ash, unlike petroleum ash, is high

A-4-16




TABLE 4-8.

TRENDS IN MERCHANT CARBON DIOXIDE CONSUMPTION

{PERCENTAGES OF TOTAL BY MAJOR END USES)

1964 1967 1972 1977 1978
REFRIGERATION
000 ) 39 ' 40 30 30 30
INDUSTRIAL . |— Jo o 15
TOTAL REFRIG. 33 a0 a0 a0 a5
LARBONATION 20 20 20 35 34
TOTAL, MAJOR 59 60 60 75 80
USES
OTHER USES
CHEMICAL RAW 14 14 10 Y 1
MATERIAL
INERTING 2) 10 in 10 " N
PRESSURIZING 5 5 5 N n
0L WELL - — 1 T
STIMULATION
MISCELLANEDUS 12 n 18 o a0
TOTAL, OTHER a1 40 a0 25 20
usEs
TOTAL OTHER 100 100 100 100 100
USEs

1) BREAKDOWN OF “OTHER USES” NOT AVAILABLE

2) INERT ATMOSPHERES FOR FOOD PROCESSING. FIRE EXTINGUISHING ETC

SCUALLS CHEMICAL ECONOMICS HANDBOCK 1974 p 73158010 5,

CHEMICAL & ENGINEERING NEWS JUNE 26 378 p 13. JULY 14 1977 p 1
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TABLE 4-9. INDUSTRY PROCESS HEAT UTILIZATION (PROJECTED TO 1985, ]0]2
RTH/YFAR)

HOT WATER STEAM DIRECT HEAT/HOT AIR ROUNDED
INDUSTRY/SEGMENTY 212F 212-350 F JSOF M2F 212-350 350 F TOTALS
ALUMINUM 15 125 200
AUTOMOBILES AND TRUCKS 151 16 247 ne (K] 64
CEMENT 4%0 4%0
CERAMIC an 30
CONCRETE BLOCK AND BRICK 17 8 25
GYPSUM 18 " 55
CHEMICALS (INORGANIC) 286 5% 145 234 548
COAL MINING AND CLEANING 8 18
T COPPER "2 24 554 ”

T £000 PROCESSING 22 98 364 40 N 56 200 _

e GLASS 12 14 14 446 486 1
LUMBER 43 162 3t 8311t 32 551 165
MINING (FRASCH SULFUR) 51 51
PAPER AND PULP 645 130 s
PETROLEUM REFINING 150 as0 3200 3800
(‘ ~, PLASTICS/SELECTED POLYMERS 94 1s a1
: RUBBER, SBR MANVUFACTURE 83 8
! STEEL AND IRON 7 1926 2000
( ) TEXTILES 257 268 53 936 169 400
ROUNDED TOTALS 9] 1630 628 120 187 7072 91730

PERCENT OF TOTAL 10 168 65 12 19 726
i . C N O SO S . oo .
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in alkaline earth elements and usually full of vanadium. Typical analyses
(Reference 11, page 9-11) are shown on Table 4-10.

Because of natural gas curtailments and fuel cots, many industries are
driven to using No. 6 fuel oil. Fuel oil usage in northern Alabama and
south central Tennessee in 1977 was approximately 20 trillion BTU/year. If
the coal tar can be converted to a fuel oil, = significant market exists.
Table 4-10 illustrates a rough comparison betwan Lurgi-derived coal tars
and number 6 fuel oil,

Argon

Argon is an abundant member of the rare gas family, and is a color-
less, tasteless gas somewhat soluble in water. Argon is typically sold in
four commercial grades depending on purity, nitrogen, oxygen, hydrogen, and
carbon dioxide content (Reference 12).

Argon is used extensively in the incandescent lamp industry for the
filling of light buibs. It is used in arc welding as an inert gas shield
to prevent oxidation of the metals being welded. It is aiso used with
other rare gases in the filling of special bulbs and display tubes to
obtain special color effects in the neon-type bulbs. Many Geiger-counting
tubes contain argon or argon mixed with organic vapors and gases, par-
ticularly, 90% argon-10% methane which is used universaily as a propor-
tional counting gas.

Plasma jet torches, utilizing an argon-hydrogen mixture heated to
temperatures in excess of 10,000°K, are used for cutting operations and for
containing metals with refractory materials. The high-temperature prepara-
tion, refining, and fabrication of many materials must be carried out in an
argon (or helium) atmosphere. Most of the high-purity single crystals used
for semiconducting devices are grown in an argon (or helium) atmosphere.
In doping semiconductors with controlled amounts of impurities, the latter
are frequently introduced in a stream of argon (or helium). Argon (or
helium) is used extensively to carry a reactant to a reaction zone, to
modify the rate of a reaction by dilution, and to remove reaction products.

A-4-19
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TABLE 4-10. CHARACTERISTICS OF COAL TARS AND NO.6 FUEL OIL ‘
—
LURGI-DEVICE COAL-TARS (REF 12) FUEL OIL
COAL MONTANA ILLINDIS ILLINOIS PITTSBURGH NO.6 1
SUB BITIMINOUS #6 #5 "8 i
DENSITY, LB/US. GAL.. i
60 F . ... ... 88 85 98 103 : [i
WATER CONTENT. WT % 300 267 104 19 ':
ULTIMATE ANALYSIS. % 851 ]
CARBON . . ... . ... ... .. 83.06 8548 8585 85 51 847
HYDROGEN . . ... ... .. . ... 769 6.44 6.40 593 i1.02
OXYGEN. . .. .. ... ... ... 823 517 416 316 038
MITROGEN . .. ... ......... .. 65 118 1.19 87 0.18
SULFUR .. ... .. ... ... .. 28 1.70 239 152 397
CHLORINE . ... .. . ... ... .. 04 UNDETERMINED | UNDETERMINED | UNDETERMINED
ASH 05 03 0 01 02
C’HRATIO . . ... ... ... ... .. 108 133 134 149 162
GROSS CALORIFIC VALUE.
BYUB. ... .............. 15.830 15.900 15.900 16.120 16,000
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1.
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5.0 ALTERNATE PRODUCT ANALYSIS - TASK 5.1.4

Complete facility economic analysis requires the investigation of
possible alternate product options over the production of MBG. Methane,
methanol, hydrogen, and gasoline have been identified as possible candi-
dates and have been characterized as in Section 2.0 of this repcrt.

5.1 Approach

The approach taken in characterizing the alternate products options
was the same as was used in the MBG case. The primary difference was that
the references available to obtain information complete for this section
were far less. Appendix A of this report contains an identification of
references usad in this subtask.

5.2 System Identification

NASA-MARSHALL has 1identified alternate products as system 20.
Table 5-1 is the breakdown that has been used tn obtain cost and charac-
terization data for the alternate product options.

5.3 System Description

A brief description of each unit operation has been included in this
section. Each description addresses the cost and design drivers and any
critical technology issues identified thus far in the study.

5.4 System Characterization

The alternate product unit operations characterizations are reported
on the same basis as the MBG unit operations of Task 5.1.1. Appendix E
summarizes the stream characterizations and raw materials, and Appendix F
the system characterizations. The operation and maintenance costs are
reported in Appendix D. Table 5-2 is a summary of the component charac-
terization of the alternate products unit operations.

TABLE 5-1. ALTERNATE PRIDUCTS
UNIT OPERATION CATEGORIES

HowBER
90 SHIFT CONVERSION
91 HETHANATION
92 GAS DRYING

93 METHA%CL SYNTHESIS
94 GASQLINE SYNTHESIS
95 HYDROGEN RECOVERY
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E SYSTEM NUMBER 20
g UNIT OPERATION NUMBER Q0
DESCRIPTION SHIFT CONVERSION

The purpose of this unit is to adjust the hydrogen to carbon monoxide ratio
of the raw gas from Gasification for downstream processing. This adjust-
ment is accomplished catalytically by the exothermic "Shift Reaction:

co + H20 +> CO2 + H2 o
A number of catalysts are commercially available to promote this reaction.
Among them are the following:

. Cobalt-molybdate on alumina, high-temperature, 650°F, requires
HZS in feed.

. Iron-chrome, high-temperature, partially deactivated by sulfur in {
feed. !

. Copper-Zinc, low-temperature, cannot tolerate sulfur components
in feed.

These tolerances will dictate the placement of tiie Shift Conversion System
relative to the Acid Gas Removal System. A1l of these catalysts are used
in fixed-bed reactors. The process description which follows is for a
tvpical shift conversion system employing a high-temperature cobalt-
molybdate catalyst.

Feed gas to the Shift Conversion Unit is preheated by heat exchange against
converter effluent gas and the injection of high pressure process steam, to
a temperature of about 650°F.

Part of the gas is not preheated totally but bypasses the converters to
provide control of the total HZ/CO ratio in the gas leaving the system.

The preheated gas passes through the shift converters, where the shift
reaction takes place in a fixed bed of catalyst. The heat of reaction
causes the temperature of the outlet gas to rise to about 900°F. This hot
gas is then used to preheat the inlet gas and to heat other process
streams. At an appropriate point in the gas cooling sequence, the bypassed
gas is combined with the shifted gas.

€ —

The combined gas stream is further cooled against air or cooling water

Condensed water is separated from the vapor and sent to the water treating

systems in the main portion of the plant. The cocled gas then passes to
! downstream processing.

I A-5-3




Oepending on the catalyst selected, COS hydrolysis to H,S may occur. This
can reduce the cost of some downstream Acid Gas Removal firocesses if essen-
tially complete removal of sulfur is required. The bypass gas may also be
passed through catalytic hydrolysis for COS conversion to HZS'

The Design Drivers include:

1) H,/C0 ratio requirements in shifted gas
2) F8ed Gas Temperature, °F

3) COS hydrolysis requirements
4) Catalyst selection.

The Cost Drivers include:

1) CO moles shifted
2) CO0S moles shifted in bypass.

Critical Technology Issues which must be addressed are the amount of {0S
hydrolysis to be expected in commercially available cobalt-molybdate shift

catalysts, and the commercial availability of COS hydrolysis catalysts for
use on the bypass stream.
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SYSTEM NUMBER __20
UNIT OPERATION NUMBER 91

DESCRIPTION METHANATION

The purpose of the Methanation Section is to effect the requisite chemical
reactions for converting the purified synthesis gas into a high-Btu,
"pipeline quality” gas which is essentidlly equivalent to natural gas.
Nickel catalyst and temperature-controlled, fixed-bed reactors are used to
effect the reactions.

The essence of any methanation process is to control the heat of reaction
so that the process operates at the cesired temperatures and to recover the
exothermic heat of reaction so that a high thermal efficiency is reaiized.
The methanation process is a catalytic fixed-beld, adiabatic, gas-recycle
process. A highly active nickel catalyst is used to effect the methanation
reactions. Reaction temperatures are controlled by recycling a portion of
cooled product gas.

The process consists of three major subsystems:

() Methanation reactors
' Gas recycle to methanation reactors
] Waste heat recovery.

A large number of possible configurations are possible. Some of these
involve proprietary technology, others do not. The following process
description is based on a non-proprietary configuration using a commer-
cially available, but as yet unproven, catalyst. To date, no methanation
catalyst has been commercially demonstrated for high-BTU pipeline gas
production from coal-derived synthesis gas.

Feed gas is preheated by hot process gas and passes through sulfur guard
reactors which remove traces of sulfur from the gas. This is required to
avoid poisoning the methanation catalyst. The desulfurized feed gas passes
through a series of fixed-bed catalytic reactors, combining with portions
of fresh feed and recycle gas between reactors. The methanated effluent
gas is cooled, compressed, and split into product and recycle gas streams.

After each methanation reactor, heat of reaction is removed from the efflu-
ent by generating high-pressure steam in a shell-and-tube exchanger. After
being split from the recycle gas, the net product is cooled by preheating
the guard bed feed, then by cooling with water or air. Condensed water is
separated from the gas stream, which may then be compressed to pipelire
pressure.

A-5-5
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Design drivers for the unit are:

1) Type of feed/recycle splitting
2) Catalyst selection and properties
3) H,/CO ratio in feed
Fged Pressure
5) Utility of HP steam in the plant.

Cost drivers are:

1) Feed rate, ACFH

2) Feed pressure

3) Moles CH, produced
4) Feed sul?ur content.

A critical technology issue concerns the commercial availability of a
high-temperature recycle compressor. If such equipment were not available,
cold gas recyle would be used and a significant energy penalty would result
from the loss of latent heat in the water condensed from the recycle gas.
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SYSTEM NUMBER _ 20
UNIT OPERATION NUMBER _92
DESCRIPTION PRODUCT GAS DRYING

The purpose of this unit is to dehydrate the SNG product to the pipeline
specification using TEG (triethylene glycol).

This is a non=proprietary process.

The product gas is passed countercurrent against a TEG solution (lean
soiution) in a TEG absorber giving up water to the TEG solution. The dry
gas is routed to the pipeline.

The water-laden TEG solution (rich solution) leaves the TEG absorber after
being countercurrently contacted with the product gas stream. The rich
solution is depressurized and heated by coils in the TEG Storage Drum and
the TEG Regenerator. In the TEG Storage Drum, the rich glycol is heated up
by che hot, lean TEG in the storage drum. The coil in the regenerator
serves a dual purpose. It heats up the rich glycol solution before it
enters the regenerator, and it also serves as an overihead condenser for the
regenerator. The water vapor from the regenerator is vented to the
atmosphere.

The TEG regenerator is reboiled with 550 psig steam. Enough steam is used
to achieve proper concentration of the glycol solution.

The lean glycol solution leaves the reboiler and is cooled by the rich
glycol circulating in the coil of the storage drum. The lean solution is
then pumped above pipeline grid pressure to enter the top of the absorber.
A reciprocating pump is used for this purpose. The lean solution re-enters
the absorber after being cooled by a coil in the absorber near the vapor
outlet thus completing the TEG circuit.

The primary cost and design drivers are quantity of gas to be dried and the
water content of the product gas.

i




SYSTEM NUMBER _ 20
UNIT OPERATION NUMBER _9

DESCRIPTION T METHANOL SYNTHESIS

The purpose of this unit is to convert purified synthesis gas into methanol
using a catalytic reaction.

A number of proprietary processes are commercially available from several
licensors, including Lurgi and Davy-McKee, Inc. The following description
is for the Lurgi S50-atmosphere synthesis process, which has been commer-
cially demonsrated.

The synthesis gas entering the system is compressed to about 1100 psig and
mixed with a recycle gas stream. A recycle gas compressor then compresses
the mixture to overcome the pressure losses of the recyle loop. This loop
consists of a heat exchanger to heat syngas and recycle gas against
methano) and recycle gas, a fixed-bed catalytic reactor, condensers, and a
seperator in which the unconverted gas is separated from the methanol for
recycling.

In the reactor, the heat of reaction is transferred to boiler feed water
flowing outside the catalyst tubes, thereby generating medium pressure
steam. The reactor temperature is cont./olled by controlling the steam
pressure.

The high pressure methanol liquid product is reduced in pressure and flows
into a vessel for degassing; the methanol is sent to By-Product Storage,
Unit Qperation 82.

To eliminate the build-up of methane anc¢ inerts in the recycle gas, a
portion of the recycle gas is purged continuously and used for plant fuel
along with the gas from the metharol separation vessel.

The primary cost and design drivers are:

Capacity, TPD Methanol produced
Feed gas pressure
. Percent inerts (compcunds other than H2 and C0) in the feed gas.
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SYSTEM NUMBER __ 20
UNIT OPERATION NUMBER 94
DESCRIPTION GASOLINE SYNTHESIS (FROM METHANOL)

The purpose of this unit is to dehydrate crude methanol to LPG and gasoline
hydrocarbons which can be marketed directly without further processing.

Mobil has demonstrated a proprietary catalytic process to dehydrate
methanol to the stoichiometric yield of hydrocarbons (44%) and water (56%).
The reaction takes place over fixed-bed catalytic reactors. The reaction
is highly exothermic with the heat of reaction being about 740 Btu/1b of
methanol. Therefore, the principal problem in designing a reactor system
is heat removal. In the fixed bed reactor system, this problem is mini-
mized by dividing the above overall reaction (and reactor system) into two
steps. In the first, methanol is partially dehydrogenated to form an
equilibrium mixture of methanol, dimethyl ether and water. About 20% of
the heat of reaction is released in this first step without any recy ‘e for
temperature control. In the second step, where hydrocarbon conv:rsion
takes place, a large recycle gas stream (from 6/1 to 9/1 ratio) is used to
1imit the temperature rise across the bed to about 125°F.

While other systems, such as quenched reactor, tubular heat exchange
reactor, or fluidized bed reactor could be designed, the fixed bed, gas
recycle system has been well demonstrated and is readily scaleable to
higher throughputs.

Small amounts of CO, CO, and coke and trace amounts of formic acid and
acetone 1in the water product are formed as by-products. After fourteen
days on stream, enough coke accumulates on the catalyst to require regener-
ation. The catalyst is regenerated by coke combustion in a controlled
manner to limit the maximum temperature to 900°F. Since the catalyst
converts other oxygenates and is tolerant to water, crude methanol without
any purification can be charged directly, thereby simplifying the methanol
synthsis.

The produced hydrocarbons are predominantly in the gasoline boiling range
(C4 to CIO)’ and the gasoline is chemically conventional, consisting of
highly branched paraffins (51%), highly branched olefins (13%), naphthenes
(8%) and aromatics (28%). Its unleaded research octane number (RON) ranges
from 90 to 100. Essentially, no hydrocarbons larger than C]0 and no
oxygenates are produced.

Other minor subsystems are used to fractionate the hydrocarbon product and
to catalytically upgrade the fractionated products to export gquality.

The major cost and design driver for this system is the methanol feed rate,
tons per day.
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SYSTEM NUMBER _ 20
UNIT OPERATION NUMBER _95
DESCRIPTION HYDROGEN RECOVERY

The purpose of this unit is to separate hydrogen from other gases, to
produce the appropriate purity hydrogen for gas sales.

The Pressure Swing Absorption Process (PSA) is commercially available from
the Union Carbide Corporation.

The main equipment elements of this unit are parallel pressure-swing
absorption columns which alternate absorption and regeneration. During
operation, essentially all non-hydrogen elements and a portion of the
hydrogen are absorbed. The remaining hydrogen leaves the unit at a purity
of 98+%.

Regeneration is by pressure reduction in 3 stages with the final pressure
nearly atmospheric. The desorbed gases can be compressed and recycled to
an upstream shift conversion unit, or used for plant fuel.
The primary cost and design drivers are:

in feed gas and purity of product hydrogen

. % H
) Cap%city of the unit, gas throughput
. Pressure and temperature of fead.
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6.0 PRELIMINARY INTEGRATED FACILITY REQUIREMENTS DOCUMENT
{(PIFRD] - TASK 5.1.5

This document has been prepared in preliminary form using a draft
provided by NASA-MARSHALL and completed using industry experience and
reference literature. The two PIFRD's have been based on Koppers-Totzek
and Texaco gasifier technology and have been submitted, in DR-11 format,
separate from this document.
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SYSTEM NUMBER
UNIT OPERATION NUMBER
DESCRIPTION

APPENDIX B
SYSTEM CHARACTERIZATION

2
10
COAL KECEIVING, STORAGE AND TRANSFER

SHEET _1 or 2
REFERENCE/CASE 1/1-4 5/MXSC 13/B1CGAS 13/LURCE 6/MX 6/FX 6/EXI.
NU. OF PARALLEL TRAINS
OPERATING/SPARE 1/0
S5YSTEM COST, MM § 10. 749 14.905 12.00 12.00 12.44) 15.645 23.823
DATE OF MONEY Mid 76 Mid 76 216 /76 Mid 75 Mid 75 Mig 75
1. MAX CAPACITY, TONS /DAY 19,681 8,400 36,000
2 2. ST()RAGH, MTONS ¢ 760 226.4 255.64
[ RS
[ 3
O~ 4.
(O 4
n L4
o I
1. DELIVERY METHOD Unitrain bottlm
v dump
sm 2.
O
E':‘;‘; 3.
aon 4.
5.
1. ELECTRICITY, KW 1556
2. H.P. STEAM, MlbL/HR
rg 3. M.P. STEAM, Mlb/HK
HX 4. L.P. STEAM, MIL/MR(psIG
ﬁE 5. BOILER FEEDWATER, GPM
w
Z 6. COOLING WATER, GPM

* These cost drivers are

also design drivers.
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SYSTEM NUMBER
UNIT OPERATION NUMBER

2
10

APPENDIX B
SYSTEM CHARACTERIZATION

SHEET 2 OF_2

DESCRIPTION COAL. RECEIVING, STORAGE AND TRANSFER
REFERENCE /CASE 8/ 11/1 12/ 16/Bituminou
HO. OF PARALLEL TRAINS .
OPLRATING/SPARE 3/0
SYSTEM COST, MM § 36.712 8.780 23.0 96.240 ﬁ
UATE OF MONEY Mid 77 Apr 78 Ist Qtr 78 :
1. MAX CAPACITY, TOUNS/DAY 43,700 1,000 48,000 21,320
w 2. STORAGE, MTONS * 230 3 [/} 640 ‘
f&g 3. AVAILABLE AREA, SQ FT
3K «‘
a . 5
J
1. DELIVERY METHOD Unitrain 100T
GE 2. Bottom Dump
R R
R ;
5. ;
1. FIFCITRICITY, KW 14,000 8,400 L
i1.P. STEAM, M1L/HR i}
@ 3. M.P. SUCAM, MIL/HR 0
W 4. L.P. STEAM, MIL/HR(FSIG 3176.5(135) 0
“¥ 5. BOILER FLCEDWATER, GPM o
“% 6. COOLING WATER, GPM 1,120 (makeup] from c-1 bloddown

¢« These cost drivers are also design drivers

a:
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ATPENDIX B
SYSTEM CHARACTERIZATION

SYSTEM NUMBER 1
UNIT OPERATION NUMBER 11
UESCRIPTION COAL PREPARATION AND FEEDING SHEET ) OF }
FEFEPENCE /CASE 1/1 i/2 1 1/4 11/1 12/ 13/BIGAS
0. OF PARALLEL TRAINS 271 2/1 2/1 2/1 2/0 2/0 1/0
OPLRATING/SPARE
SYSTEM COST, MM § . 26.816 26.816 26.816 26.816 4.970 12.2 12.0
UATE OF MONEY " Mid 74 Mid 76 Mid_76 Nid_76 Apr 78 lat Qtr 7% 1116
1. CAPACITY, TONS/UAY 19, 681 20,272 19,993 22,783 975 30,000 38,400
o 2. COAL SOURCE (ROM 0K MASHED) ¢
* t+fi 3. FINES HINIMIZATION X
W .-
w e 4
& e s,
1. FINES MINIMIZATION
3;% 2. COAL PROPEWTIES
Wi 3. BLENDING REOUIREMUNTS
00 4. WASTE MEAT AVAILABILIYY
5.
[
1. LLECTRICITY, KW 1,601 1,603 1,603 1,603 564 8,100
2. MN.P. STEAM, lb/HR
@ 3. M.p. STEAM, 1b/HR
fj(é 4. L.P. STEAM, 1b/HR (PS1G) 140,000 (50)
4 5. BOILER FEEDWATLCH, GPM 67
m'?; 6. COULING WATER, 5PM
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APPENDIX B
SYSTEM CHARACTERIZATION
SYSTEM NUMBER 12
UNIT OPERATION NUMBER 20
DESCRIPTION GASTFICATION - KOPPERS-TOTZIEK SHEET 1 OF &
REVYERENCE/CASE 1/ 1an 1/2 1/3 1/4 4/ K-T 4 K-T 4 K-T
NO. OF PARALLEL TRAINS
OPERATINC/SPARE 4/1 4/1 4/1 4/1 41 4/1 4/1
SYSTEM COST, MM Sa 77.29%0 106.750 91.818 136.381 54.5 59.%5 54.5
OATE OF MONEY Mid 76 Mid 76 Mid 76 Mia 76 4th Otr 76 4th Otr 76 | 4th Qtr 76
1. CAPACITY, COAL FEED, TPD 3,552 4,256 3,019 5,431 3,400 3,400 3,400
w 2.0, FEED, 1b/HR 143,133 186,000 148,750 25,500 202,974 195,477 180,242
S;,§ 3. STEAM FPEED, IL/HR (PSIG) - - - - 39,151 75,248 38,530
D  A. GASIFIER PRESSURE (PS1G) 0.3 0.3 0.3
Y
L. GASIFIER TEMP, ©F 3,500 3,500 3,500 3,500 3, 300 3, 31:0 3,300
Gg 2. COAL TYIE 1L, M. 6 L, N 6 . NO. & i, o, 6 LicHItE BITUMINOUS SUB-BITUMINNS
IR
a8 ..
5.
L. ELECTRICITY, KW 31,981 51,165 42,295 72,071
2. H.P. STEAM, MIL/UIR(PSIG -303.2 (600 -352.8 (600J -303.2 (600)
zﬁ 3. M.P. STEAM, MIb/HR(PSIG) 332 .4 (600)| 422.7 (ev0)] 352.8 (600)] 591.5 (600)
i< 4. L.P. STEAM, MIL/HR(PSIG| 9.200 (60) 19.9  (60) $1.3 (60) 49.3 (60) -64.9 -56.7 -48.2
Y& 5. BOILER FEEDWATER, GPM 6,400 6,440 5,370 9,380
m?; 6. COOLING WATER, GPM
¢ Includes cooler, nolids bandliog and gastffer.
*& Includes cimpressor also.
. ' ' e bses Sl §
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SYSTEM NUMBER 12
UNIT OPLRATION NUMBER 20

AFPENDIX H
SYSTEM CHARACTERIZATION

DESCRIPTION GASIFICATION - KOFPEKS-TOTZEK SHEET 2 OF 6
PEFERENCE/CASE 1/2 l A
NO. OF PARALLEL TRAINS
OPERATING/SPARE 1/
SYSTEM COST, MM § 56.680
DATE OF MONEY Mid 75
1. CAPACITY, COAL FEED, TPD 8,254
w 20, FEED, 1b/0R 484,000
t+6i 3. STEAM FEED, 1b/nk sty 213,700 (25)
§§§ 4. GASIFIER PRESSUKE, PSIG
0 5.
1. GASIFIER TeMp, OF MAX 3, 300
55 %
rESAE B
a6 4.
5.
L. ELECTRICITY, YW 7,588
2. H.P. STEAM, MIL/BR(PSIG] 9%0.7 (1500
x§ 3. M.P. STEAM, MIL/HR(FSIC
W 4. L.P. STEAM, MIL/HR(PSIG] 451.4  (10)
©8& 5. BOILER FEEDWATER, GPM 323
“‘2 6. COOLING WATER, GPM 419

* Includes conler, nolide handling, snd gasiffer.
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SYSTEM NUMBFR
UKIT OFERATION NUMBER
DESCEIPTION

- e W

APPENDIX B

SYSTEM CHARACTERIZIATION

12
20
GASIFICATION ~ BGC/LURGI

REFERENCE /CASE 2/M51L. 2/m54 2/ms1 2/MSH 5/MXSC 11/
NO. (7 FARALLEL TRAINS
OFERATING/SPARE nA NA NA A 3/1 /1
SYSTEM COST, MM § 28.8)7 21,691 25.%04 25.519 49.62¢ 49.954
DATE OF MONEY Mid 75 mid 15 nid 75 nid 75 nid 76 1st Qtr 78
L. CAPACITY, COAL FLED, TPD 11,000 14,000 1,400 1,400 10,000
w 2.0, FIED, 1L/NK 534,496 418,272 534,496 478,272 383,934
o
:,;&.l 3. STEAM FEED, 1L/NK 146,070 Y, 715 346,070 3N%,715 248,59) 635,322
L 4. GASIFIER PRUSSURE, PSIG 285 285 285 203 400 %50
L9} .
1. GAsIrLer teme, O 3500
L]
som 2.
ty 5{
:'.u 4.
5.
1. ELECTRICITY, KW NA 1,303
2. H.P. STEAM, 1L/HR
;:C;‘ 3. M.P. STEAM, 1L UR(PSIG) 412,642 434,59 432,642 -134,59% -113,000 (400
P 4. L.P. STEAM, 1L/IRIPSIG) -512,800 (15)
2‘333 5. DOILLR FELIWATER, GUM 266 270 266 270 227 1574
vy g
T 6. COOLING WATER, GIM 12,900




SYSTEM NUMBER 12
UNIT OPERATION NUMBER 20

SYSTEM CHARACTERIZATION

APPENDIX B

DESCRIPTION GASIFICATION - BABCOCK & WILCOX SHEET ¢ OF
REFERENCE/CASE 4/B&W 4/B&V 4/Bew
NO. OF PARALLEL TRAINS Lignite Bituminous Sub~bituminous
OPERATING/SPARE NA HA NA
SYSTEM COST, MM §
DATE OF MONEY
1. CAPACITY, COAL FEED, TPD
2. 0, FEEUL (o] 0, .
;? 9 2 o 1b 0,700 CONy 4y 0-80 0.82 0.79
. bid 3. STEAM FEED Ib/hr  PSIG NIL NIL NIL
\ S 4. GASIFIER PRESSURE PSIG 15 15 15
O [a]
5.
1. GASIFIER TEMP, OF
2;& 2
&
M3,
u)
"N 1
oo 4.
5.
1. ELECTRICITY, KW
2. H.P, STEAM, 1lb/1b
- HoP, STEAM, / 2,44 2.37 2.40
=4 3. M.P. STEAM, lb/HR
gjg 4. L.P. STEAM, lb/HR
‘55 5. BOILER FEEOWATER, GPM
Z 6. COOLING WATER, GPM

e

Y |
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SYSTEM NUMBER 11
UNIT OFERATION NUMBER 21

GAS COOLING

APPENDIX B

SYSTEM CHARACTERIZATION

SHEET 1 OF 2

DESCRIPTION
REFERENCE/CASE 2/MXL 3/ /1 1/2 10/1 10/4
NO. OF PARALLEL TRAINS 3/1 3/1
OPERATING/SPARE
SYSTEM COST, MM § 53,793 19.3 5.655 51.063* 92.087 91.044
DATE OF MONEY Mid 75 Oct 77 Mid 75 Mid 75 mid 76 Mmia 76
1. CAPACITY, Mlb/HR 4,172 2,178.5 1,375 1,364 1,708 1,708
w 2. AGH TEMP, Op NA 86 267 105
sE 3. GAS TEMPERATURE, ¥ 1020 302 1100 160 394 394
O 4. TYPE GASIFIER BGC Lurgil Lurgi K-T Texaco Texaco
e s,
1. OIL & PARTICULATE RLMOVA NA NA NA NA NA
5:‘% 2. PRESSURE, PSIC 415 290 19.3
Ei; 3.
4.
5.
1. ELECTRICITY, KW NA NA 102 NA NA NA
2. H.P. STEAM, Mlb/NHR (PST§) NA -990.7 (150 NA NA
7§ 3. M.P. STEAM, Mlb/HR (P51d) NA NA NA
g;’; 4. L.P. STEAM, MIb/HR NA NA NA NA
EE‘! 5. BOILER FEEDWATER, GPM NA NA 2,080 NA NA
z 6. COOLING WATER, GPM NA NA 36,560 25,615 NA NA

« Includes Cooler, Solids Handling, and Gasifier

P
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| APPENDIX B
SYSTEM CHARACTERIZATION
SYSTEM NUMBER 14
} UNIT OPERATION NUMBER 22
1 DESCRIPTION ACID GAS REMOVAL - SELEXOI SHEET 1 OF & e
REFERENCE /CASE 6/MX 6/FX 10/1 10/4 10/5 11/1 '
\ NO. OF PARALLEL TRAINS 4 4 3 3 1
OPERATING/SPARE
SYSTEM COST, MM § 30.773 25.152 22.263 62.758 19.441 5.440 i
DATE OF MONEY Mid 75 nid 75 Mid 76 Mid 76 Mid 76 Apr 78
1. CAPACITY, FEEDFLOW, 1b/HR 1,557, 340 1,502,440 1,529,610 1,529,610 1,528,611 ; 3
w 2. ABSORPTION PRESS, PSIG 242 255 3315 335 1135 520 !
“h o w s{cos./co REMOVED, MoL| 95/28/74 87/43/59 92/38/52 9?1i93/97"6/ 92/36/48.4 99,"72/94
b wa 27y on’ FEBD . ;
! 8% 4. SOLUTION 1OSSES i
e S 5. REMOVAL OF H.5/C0S/CO 840/10.8/4522]794/15.2/1990835/20.4/1164 P07/52.9/3629 | 835/19.8/1018] 17/1.09/437.3p ‘
- FE T — 2
L 1. €0, CONTENT & HEMOVAL REQ
5‘5': 2. wiN M5 IN ACID GAS, % 17.64 27.26 37.3 17.9 39.7 3
A4 3. ABSORPTION TEMP, °F 103 103 105 57 105 91
HE 4. :
S. ! .
1. ELECTRICITY, KW NA NA NA 4873.2 nA NA
Z. H.P. STEAM, 1lb/HR (PSIC
Zg 3. M.P. STEAM, lb/HR (PSIG 374,700 (100)
‘;,E 4. L.P. STEAM, 1lb/HR (PSIG NA 209,000(100) | 102,300(115) | 326,10 0(15) | 5100(115) 36,500(145)
3!‘1 S. BOILER FEEDWATER, GPM
; Z 6. COOLING WATER, GPM 11220 31200 7200 76,480 3120
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APPENDIX B
SYSTEN CHARACTERIZATION

S e P

SYSTEM NUMBER 14
UNIT OPERATION NUMBER 22
DESCRIPTION ACID GAS REMOVAL - STRETFORD SIET 20° &
REPERENCE /CASE 8/
NO. OF PARALLEL TRAINS
OPERATING/SPARE
SYSTEM COST, MM § 8.0
DATE OF MONEY 4th Qtr 76
1. CAPACITY, TONS/DAY 3400
9 2. MOLES/HR OF SULFUR 59
4y 3. HCHW IN FPEED GAS,
32 4.
5.

1. COz IN FEED GAS,

(;-55 2. ABSORPYTION nzss,opsm

"> 3. ABSORPTION TEMP, °F

88 4. n,3 rErOVAL EPRICIENCY, 294
5. COS, 70
1. <LECTRICITY, KW
2. H.P. STEAM, 1b/WR

zﬁ 3. MK.P. STEAM, lb/HR

:js 4. L.P. STEAM, 1b/HR

A% 5. DOILER FEEDWATER, GPM

mE €. COOLING WATEs, GPM

1
;
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APPENDIX B

SYSTEM CHARACTERIZATION
r
i SYSTEM NUMBER 14
UNIT OPERATION NUMBER 22
DESCRIPTION ACID GAS REMOVAL - BENPIELD SHEET _4 OF 4
} REFERENCE/CASE 1*/1 1*/2 1273 10,74 2/mSL /1
F NO. OF PARALLEL TRAINS 1/0 1/0 170 1/0 1/0 1/0
’ OPERATING/SPARE
SYSTEM COST, M4 § 15.584 14.181 12.779 18.389 MA 5.396
DATY. OF MONEY Mig 76 nid 76 Mid_i¢ nid 16 —nia 25} _Mid 15
1. CAPACITY, SCFH $,206,250 7.631,670 6,319,170 10,402,080 34,949,000 17,490,000
2. GAS PRESS, PSIG 39% 395 395 395 265 275
L > Sg 3. H,8/C0S REMOVAL REQ, PPM £50 £50 650 £50
s Qi 4. SOLUTION LOSS
w 8 s,
- 1. W,8/C0S/CO, FEED, % 2.68/0.30/9. 44 1.89/9.3)/ 2.12/.3¥ 1.13/0.1376.7p 1.32/0.06/1.95 1.15/-/24.95
6"‘“ 2. SELECTIVITY
;g 3. CO, CONTENT, 1
W& 4. SULPUR RECOVERY METHOD
5.
I. ELECY#ICITY, KW 895 820 715 1245 NA 2,914
2. K.P. SCEAM, 1b/HR 0 [ 0 0 NA
’_;.'» 3. M.P. STEAM, lb/HR 0 0 0 0 A
gf 4. L.P. STEAM, 1b/HR (psic] 87,200 (66) | 76,810 (60) | €6,265 (60) 111,550 (60) WA
"% 5. BOILER FEEDWATER, GPM G 0 0 °
“% 6. COOLING WATER, GPM 110 100 90 150 78,390
* Renfield with -Amine Scrubber

P
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APPENDIX B
SYSTEM CHARACTERIZATION

SYSTEN NUNBER 10
UNIT OPERATION NUMBER 1
DESCRIPTION CROCESS CONDENSATE TREATMENT SHEETY 2 OF 2
REPERENCE/CASE 6/mx «/Fx 11/1 16/Blituminous
WO. OF PARALLEL TRAINS
OPERATING/SPARE NA NA NA »A
SYSTEM COST, Mt § 61.694 10.7806¢ 1.75 5.337
DATE OF MONEY nida 75 nid 75 Apr 70 ist Qtr 70
1. CAPACITY, GPW NA A 60 2644
2. (ON OF STRIPP
2 * SPIEN! e
GE 3. STRIPPING MEDIUN USEL
83 §. ANT OF STRIPPER REQ
s. .
1. mo. OF EFFLUENT STREAMS
58 >
-
a&
aa 4.
s.
1. ELECTRICITY, KW NA NA Prop 7Y
2. H.P. STEAM, 1b/HR NA NA Prop NA
§ 3. M.P. STZAM, 1b/RHR NA NA Prop 1Y
E= 4. L.P. BTEAM, 1b/HR HA NA Prop NA
E: S. BOILER FEEDMATER, GPN NA NA Prop NA
# 6. COOLING WATER, GPM MA HA Prop NA
* These cost drivers are also design drivers
rs
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APPENDIX B
SYSTEM CHARACTERIZATION

S FIPUNE 17. SUPE PR

i SYSTEM NUMBER 18 .
| UNIT OPERATION NUMBER 36 :
F : DESCRIPTION SULFUR RECOVERY SHEET 1 OF 2 ’
v REFERENCE/CASE 1/1 172 1/3 1/4 7/2 771
: NO. OF PARALLEL TRAINS
i OPERATING/SPARE 3/0 3/0
SYSTEM COST, MM § 14.331 14.895 14.895 21.665 7.708 7.708
DATE OF MONEY Mid 76 Mid 76 Mid 76 Mid 76 Mid 75 Mid 35
1. CAPACITY, LT/DAY SULFU 392 480 409 559 1298 917
2. N,8 IN FEED, % * 37 44.9 41 36.4 20.39 22.11
= 4 2 *
' 58 3. REQ EFFICIENCY
W 1ob 4, pFueL FOR INCINERATO
N -1 s bowTu/HR ‘
w ©  STEAM PRODUCED, 1b/hr,PS1h 44,000/60 39,200/60
1. AMT SOUR GAS AVAILABLE }
, t”,?, 2. SULFUR EMISSION REGULATIINS
i 4 3. ' 1
. v {
! ) =
oo 4. i
S.
1. ELECTRICITY, KW 542 614 788 1166 386 386 i
2. H.P. STEAM, 1b/NHR 0 0 0 0 o ' 3
L3 3. W.P. STEAW, 1b/HR (PSIQ ) 0 ) ) 0 0 it
ﬂg 4. L.P. STEAM, 1b/UIR (PSIG} 76,928(60) 93,900(60) | 102,000(60) 153,700(60) | (-44,000) (-39, 200) i
rﬁ 5':23 5. BOILER FEEDWATER, GPM 162 197 214 323 112 as .
Z 6. COOLING WATER, GPM 0 0 0 0 0 0 :
* These cost drivers are also desiyn drivers ;




APPENDIX B
SYSTEM CHARACTERIZATION

SYSTEM NUMBER 18
UNIT OPERATION NUMBER 36
DESCRIPTION SULFUR RECOVERY SHEEY 2 OF 2
REVERENCE /CASE 10/1 10/4
HO. OF PARALLEL TRAINS
OPERATING/SPARE 1/0 1/0
SYSTEM COST, MM § 8.26 13.546
DATE OFP MONEY nid 76 uid 76
1. CAPACITY, LT/DAY SULFU 9.64 12.7
o 2 1,S IN FEED, % * 1.0 0.8
::> tn§ 3, RRQ EFFICIENCY
o a9k A FUEL REQ FOR INCINERATOKS,
) o,
2 2. STEAM PRODUCED, lh/hr,PS
L. AT SOUR GAS AVAILABLE
;gg 2. SULFUR EMISSION m:cuuu'%ms
gg 3
no 4.
5.
1. ELECTRICITY, KW NA NA
2. H.P. STEAM, lL/HR NA NA
,-,_‘"”j 3. M.P. STEAM, 1b/HR (PSIG NA NA
55 4. L.P. STEAM, lb/HR (PSIG NA NA
a‘; 5. BOILER FEEDWATER, GPM NA NA
Z 6. COOLING WATER, GPM NA NA
* These cost drivers are also design drivers
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SYSTEM HUMBER 10
UNIT OPERATION NUMBER 37

APPENDIX B
SYSTEM CHARACTERIZATION

e Skl 1M am ks

DESCRIPTION BIOLOGICAL TREATMENT
REFERENCE/CASE 3/1 16/Bituminous
NO. OF PARALLEL TRAINS
OPERATING/SPARE
SYSTEM COST, MM S 25.4 5.657
DATE OP MONEY oct 77 1st Qtr 78
1. CAPACITY, Mib/MR 1,983 1,340 .
'Y 2. ZERO DISCIARGE REQ®
-'SE 1. CLARIPICATION REQ
95 4. SURFACE MECHANICAL
& AERATORS
i. DEGPEE OF REUSE
5:-:’: 2. POLLUTANT REMUVAL REQ .
an 3
us e
s.
1. ELECTRICITY, KW NA NA
2. H.P. STEAM, 1b/HR NA NA
’_ﬁ 3. M.P. STEAM, lb/HR NA NA
55 4. L.P. STFAM, 1b/HR NA NA
5{: 5. BOILER FEEDWATER, GPM NA NA
Z 6. COOLING WATER, GPM HA NA

S T

* These cost drivers are also design drivers
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SYSTEM NUMBER 9
UNIT OPERATION NUMBER 39

APPENDIX B

e

SYSTEM CHARACTERIZATION

DESCRIFTION COOLING WATER SHEET 1 OF 1
KEFERENCE/CASE 1/2 /1 9/1 9/2 11/1
NO. OP PARALLEL TRAINS 1/0 2/0
OPERATING/SPARE

SYSTEM COST, MM § 1.703 3.392 1.888 6€.371 5.06
DATE OF MONEY Mmid 75 mia 75 Mid 77 nia 77 APR 78

1. CAPACITY, gpm 38,000 92,000 25,940 173,190 55,100/15,0000

9 2.  CHEMICAL TREATHENT RECIVERY

8? 3. SIDE STREAM TREATMENT
[o 23]
82+ sumnigay e

1. MAKEUP WATER QUALITY Process Process - Clarified
2 ?. 2. CYCLES OF CONCENTRATION wA A nA
we 3
- P

s.

1. ELECTRICITY, KW 4,431 8,442 1,116 6,060 NA

2. H.P. STEAM, 1b/HR NA
’_ﬂ 3. M.P. STEAM, lb/HR NA
gﬁ 4. L.P. STEAM, 1b/HR L1
25 5. BOILER FEEDWATER, GPM NA

E 6. COOLING WATER, GPM NA
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SYSTEM NUMBER
UNIT OPERATION NUMBER

DESCRIPTION

19
11
INCINERATION

APPENDIX B
SYSTEM CHARACTERIZATION

REFERENCE/CASE
NO. OF PARALLEL TRAINS
OPERATING/SPARE
SYSTEM COST, M §

177

10.98
1st Qtr 78

DATE OF MONEY

4. HEAT RECOVERY
5.

08T
DRIVERS

1. caeaciry, Mib/KR 1,753
2. GAS PROPERTIES
3. INCINERATOR TYPE

3.
4.
5.

DESIGN
DRIVERS

1. Gas TeweERATURE, OF 1500
2. GAS FULL vALUE

SYSTEM
INTERFACES

1. ELECTRICITY, KW 980
2. H.P. STEAM, Mib/HR
3. M.P. STEAM, Mib/HR
4. L.P. STEAM, Mib/um =99.5 (15)
S. BOILER FEEDWATER, GPM 95

6. COOLING WATER, GPM
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SYSTEM CHARACTERIZATION

APPENDIX B

SYSTEM NUMBER 6
: UNIT OPERATION NUMBER 82
DESCRIPTION AY-PRODUCT STORAGE AND LOADING SHNEET L0F 1
REPERENCE /CASE /1 1 17/
; NO. OF PARALLEL TRAINS
: OPERATING/SPARE
SYSTEM COST, MM $ 1.685 22.5 5.26
DATE OF MONEY nid 75 oct 77 1st Otr 78
1. CAPACITY, Mlb/HR 30.8/29/3.1 ]1,320.5/11.4
9 2. NO. OF BY-PRODUCTS* TAR/NH,/Phen Mixed
> |HE
' Sn e
w va
[ S.
[ 98]
\a 1. QUANTITY STORED, MBBL 120.8
(]
2.
| S8 |
; R
i w e
i oa 4.
S.
1. ELECTRICITY, KW 13 NA 60
2. H.P. STEAM, MIb/HR NA
’ﬁ 3. M.P. STEAM, MIb/HR(PSIG NA 9.6(110)
BE 4. L.p. STEAM, MIb/HR NA
55 5. BOILER FEEDNATER, GPM NA
Z 6. COOLING WATER, GPM NA

® These cost drivers arc also design drivers

L m e Rm® imen
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SYSTLM NUMBER
UNIT OPLRATION HUMBER
AESCRIPTION

B8
a3

STEAM GENERATION

AVPPENDIX B
SYSTEM CHARACTERIZATION

SHEET 1 OF 2

FEUERENCL /CASE 5 /MACH 5 /MXSC 6/mX 7/2 10/1 10/4 10/5
0. OF PARALLEL TRAINS €/0 92/0 3 1
OPERATING/SPARE

SYSTEN COST, MM § 41.987 2.057 6R. 485 4.0 1.092 1.092 1.092
UATE OF MONEY Mid 76 Mid 76 nid 75 nid 76 nid 76 Mid 76

1. CAPACITY, MIb/HR 2261.2 2010.6 1711.0 990.7 1515.5 1460, 7 3295.2

o 2. STEAM PRESSURE, PSIG ® 1450 1450 14%0 NA 1450 1450 1450

._;E; 3. DEGRLE OF SUPERIEAT®
,E : % kgg.ny\s THREATHENT

‘e POTLER TYPE

L. STEAM REQUIREMENTS
lr’r‘ 2. COAL PROPERTIES
FESEIR D
BRI

5. ’

1. ELECTRICITY, KW =20 ,000

2. H.P. STEAM, NIL/BR 2261.2 <8306 A711.0 990.7 -1515.5 -3460.7 +1295.2)
:_,?5 3. M.P. STEAM, MIh/IIR 2083 -179.6 YO -15.0 -69.7 £9.7
i g L.P. STEAM, MIL/UR 47.% -1%9.6 -342.5
211 5. DOILER FLLDMATIR, GPN Rian 2211 yro0 2080 9296 9296 9765

:5 6. COOLING WATLK, GI'M

& These rost duivers

ar

also design deavers
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APPENDIX B
SYSTER CHARACTERIZATION
SYSTEN NUMBER 6
UNIT OPERATION NUMBER 84
UESCRIPTION STEAN GENERATION
E ‘ PEELRENCE/CASE 11/1
NO. OF PARALLE. TRAINS
OPERATING/SPARE
CYSTEM COST, MM § 3. 140
UATE OF MONEY 4/
1. CAPACITY, MIL/HR 167.¢
v, 2. STEAR PRESSURE (PSIG)® 175
> .§ 3. DEGREL OF SUPERREAT®
} E :‘E q “:.31.."1..5:. TREATMENT
; & o oIk TYEE
L. STEAM HEOUTREMENTS
| 3;.:'.: 2. COAL UHOPERTINS
| I
UE e
5.
1. ELECTRICITY, KW
2. N.P. STLAM, wib/ue ~447.6
L0 3. WP STEAM, bk EYRT
DY A e s1eaN, /e 9.0
“'§ 5. BOILER FLLULWATLR, GPM o
‘:"; 6. CODLILG WATER, CIXM
¢ TheSe cost drie o are altao design drivers
i
} |
}
S —— — S . . S o ST CHER St B dnsves SRS cosew NENES smoousiN SHESNDY
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APPENDIX B !
SYSTEN CHARACTERIZATION ;
SYSTEN NUMBER 7 :
; LUIT OPERATION NUMBER ' i
DLSCRIPTION WAW MATER THEATMENT SEEET _1 O 2
FEFERENCE/CASE (V4 1/2 [ VA 1/4 $/1 /2 1/
NO. OF PARALLEL TRAINS
OPERATING/SPARE ‘
SYSTEM COST, MM $ 17.801° 21.7180 18.07° 25.992¢ .09 20.562 4.9%0 1
DATE OF MONEY nid 76 Mid 76 Nid 76 nid 76 nid 77 nid 77 Apr 78
L. caraciTY, GPM 1,17 6,726 1,393
> v % .
[ oo 3.
A EE
L L1= 4.
w 5.
; L. STEAM PRESSUME, FSIG
. [
i HE 2. RAN WATER (AALLTY RIVER RIVER WELL WATER
. X4 3. DS )Dmb
: g Silica: 20ppb |
i aao 4. :
s.
1. FLECTRICITY, KW 21,000 30,400 25,900 39,600 62 350 208.4 :
2. H.P. STEAM, NIL/Hr(ESIGR(-159.4) (600) §(-1%5.) (60n) | (-415.8) (600)] (-1381.3) (600) |
B 3. W.P. STEAN, 1b/HR
;33 4. L.v. sTEAN, Mib/ueorsicle-n71. 0wy fi-1sasd e § i-t1a 1 1e0) | (-170. 1) t60) ‘
7‘3?. S. BOILER FELDWATER, GPM i
ae
&2 6. COOLING WATLR, GPM 210,506 215,27 217,108 166,65 J
* Cost am] Utilities uncled: Poaer Genevat ton y
{
| s
{
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APPENDIX B -
' SYSTEM CHARACTERIZATION ]
SYSTEM HUMBER 8
UNIT OPERATION NUMBER 86 ]
‘ DESCRIPTION FLUE GAS TREATMENT - WELLMAN LORD SHEET 1 OF 2 2
! “L.FERENCE/CASE l&/Bituminou ]
f HO. OF PARALLEL TRAINS |
OPERATING/SPARE ]
SYSTEM CUST, MM § 96.001 41
UDATE OF MONEY Ist Qtr 78
> 1. CAPACITY,* SCFH 61,420,000 :
' » 2. S0, REWWAL REO, % o !
B PG 3. AMT 50,750, REMOVAL 3
0 e
[V v ¢ LELE AT h? a,
] Ok AL GAS RENEAT aT REY n, %k *
G i
, | 1. snzfs;u‘ IN FLUL GAS, 314/9 ?
0 M/ :
P A . > SILOTIN: 4 /1 i
oEﬁ 2 l|(_l/A.;Il,0I=!!'k, FEN eens 0/19/0 '
win 30, !
o 2 ]
a0 4.
5. i
I
1. ELECTRICITY, KW g
2. H.P. STCAM, 1b/HR{PSIG) H
~tm} 3. M.P. STEAM, 1L/UR ]
SE 4. L.P. STEAM, 1L/HRIPSIG) j
%13 5. BOILER FECDWATER, GPM !
TH 6. CrOLING WATER, GPHM ’ ;
5
§
* Plue gar & vent gas (eed to anit 1
[ R4 j
i
. j
! 3
¢ x
|
:
H
|
i
i
!
L
3

B e TR
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APPENDIX B
SYSTEM CHARACTERIZATION
SYSTEM NUMBER 8 !
UHIT OPERATION NUMBER  B6
DESCRIPTION FLUE GAS TREATHENT - DOUBLE ALKALI SHEET 2 OF 2
! FEFCRENCE/CASE 21 ;
i 10O. OF PARALLEL TRAINS ‘J
OPERATING/SPARL 2/0 j
SYSTLM COST, MM § 17.2 |
DATE OF MONEY 1977 i
L. CAPACITY,* 5CHFH 2.0 x 10® ,‘
2. 80, REMOVAL KEu, 1 9.2 ii
3." {n?i 3. AMT 50,750, REMOVAL 184 Ih/MIN 34
o DA, GAS REMLAT AT REO'D, OF 50 ?
L. 80,/50, IN FLUL GAS, 41/t 1
» ! PEM/PIM ;
i 2. m.‘l/l\su/frl'"'!:"}:“ M PNy - |
: Ni?r' L 5.7 j
) i1 4. ;
5. 5‘
1. ELFCTRICLTY, ¥MW [ j
2. H.P. STEAM, 1L/HPIFSIC) NA - :
3. M.P. STEAM, 1b/HK NA j
4. L.P. STLAM, LL/NE HA i
S.  BOILER VLEINATER, GUM 5
6. CUDLING WATIR, GPM NA E j
i
1
j :
: 1
| '
! 1
%
i
e [ T S o e o L it ;:',;;, o Lo o T § - L= g et S %
. P N v £ N . el ik
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APPENDIX C

SYSTEM STREAM CHARACTERIZATION.
AND RAW MATERIALS

COAL RECEIVING, STORAGE AND TRANSFER

COAL PREPARATION AND FEEDING

" GASIFICATION

GAS COOLING
ACID GAS REMOVAL

* COMPRESSION

SOLIOS TREATMENT SYSTEM
TAR-OIL SEPARATION

PROCESS CONDENSATEZ TREATMENT
PHENOL RECOVERY

AMMONIA RECOVERY

SULFUR RECOVERY

BIOLOGICAL TREATMENT

COOLING WATER SYSTEM
INCINERATION

- AIR SEPARATION AND OXIDANT FEEDING

FINAL SOLIDS DISPOSAL
BY-PRODUCT STORAGE AND LOADING
SULFUR STORAGE AND LOADING
STEAM GENERATION

RAW WATER TREATMENT

FLUE GAS TREATMENT

PLANT ELECTRICAL SYSTEM
BUILDINGS AMD SUPPORT FACILITIES
CONTROL AND INSTRUMENTATION
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APPENDIX C _ ;
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

Cl ottt B

SYSTEM NUMBER - e |
l UNIT OPERATION NUMBER _10 , . 1
DESCRIPTION COAL RECEIVING, STORAGE, & TRANSFER '
u o , - suger ! op !
. NO. 1 NO. 2 NO. 3 NO. 4 |
- | pESCRIPTION | coAL :
ﬂ ORIGIN BATTERY LIMIT |
| MAJOR COMPONENTS C, H, S, 0, N
ﬁ § SIG. MINOR COMPONENTS | ASH, H0
P Z | TEMPERATURE, Op AMBIENT
B PRESSURE, PSIG ATMOSPHERIC
B NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION COAL REFUSE RUN-OFF
o DESTINATION UNIT OP. 11 [ UNIT OP. 81 | UNIT OP. 85
I i § MAJOR COMPONENT C, H, S, 0, N] ROCK H 0
_ 8| SIG. MINOR COMPONENT | ASH, WATER --- COAL DUST
| 3 | TEMPERATURE, °F AMBIENT AMBIENT AMBIENT
) | PRESSURE, PSIG ATMOSPHERIC | ATMOSPHERIC | ATMOSPHERIC|
\I_ NO. 1 NO. 2 NO. 3 NO. 4
« | DESCRIPTION
| § USES
- § 1MIAJOR COMPONENT
N ‘6 SIG. MINOR COMPONENT
' % | TEMPERATURE, °F
. PRESSURE, PSIG

1.
2.
3.
4.
5.
6.
7.
€.

RAW MATERIALS

A-C-)
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APPENDIX C c U
‘ ' SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS o ﬂ
E SYSTEM NUMBER | B _ -
' UNIT OPERATION NUMBER .11 » g
DESCRIPTION COAL PREPARATION AND FEEDING _ - ~
| SHEET | OF 1
. NO. -1 NO. 2 NO. 3 NO. 4
DESCRIPTION COAL ' . {
ORIGIN UNIT OP. 10 ﬂ
5| MAJOR COMPONENTS Co Ho Su O, N ) |
E SIG. MINOR COMPONENTS | ASH, Hp0 0]
% | rewpERATURE, OF | AMBIENT . : |
PRESSURE, PSIG ATMOSPHERIC | _ \ I
N0. 1 | wmo. 2 NO. 3 §O. 4
DESCRIPTION SIZED COAL | COAL FINES |DRYER OFF GAY ?.
DESTINATION UNIT OP. 20 | UNIT OP. 84 | ATMOSPHERIC | \
£ | MAJOR COMPONENT "1 ¢, H, S, 0, N| COAL DUST |AIR o )
f:| SIG. MINOR COMPONENT ASH, Hn0 ASH, H)0  |C0,, Hp0 ,_
3| remperaTURE, °F AMBIENT AMBIENT | 180°F r
PRESSURE, PSIG ATMOSPHERIC | ATMOSPHERIC | ATMOSPHERIC )
§ __No. 1 NO. 2 NO. 3 NO. 4 J]
‘ ' | DESCRIPTION COAL FINES
6| uses UNIT OP. 82 | ]
§ MAJOR COMPONENT COAL DUST L
&| SIG. MINOR COMPONENT | ASH, H 3
| TEMPERATURE, °F AMBIENT - : oL
PRESSURE, PSIG ATMOSPHERIC y
1
1. |
L : i
é 3. : .
Sle. - ||
Els. | -
| £ .
! £ 7. L
g.
| i
{

p
[}
©
[
~n
A -t
———e o}
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APPENDIX C
SYSTEM STREAM CHARACTE®IZATION AND RAN MATERIALS
SYSTEM NUMBER 12
i~ UNIT OPERATION NUMBER  _20_
DESCRIPTION ‘ GASIFICATION-KOPPERS-TOTZEK .
SHEET | OF §
- NO. 1 NO. 2 NO. 3 NO. 4
U DESCRIPTION SIZED COAL OXYGEN STEAM BFW _
Pl ORIGIN UNIT OP. 1 UNIT OP. 80 | UNIT OP. 84 [UNIT OP. 85
g | VAJOR COMPONENTS C, H, 5, 0, K]0, - H0 H,0
£ | s16. MINOR COMPONENTS | ASH, Hy0 Ny Ar ——- -
- %! TEMPERATURE, °F AMBIENT AMBIENT 250-900 250
! ] | prESsuRE, PsIG ATMOSPHERIC |15 15-1500 15-1500
| l . NO. 1 NO. 2 NO. 3 NO. 4
oL DESCRIPTION RAW GAS ASH & SLAG | STEAM
DESTINATION - UNIT OP. 21 | UNIT OP. 31 | UNIT OP. 84
! £ | MAJOR COMPONENT HpsC0,,C0,H,0 | SLAG H,0
[ £ | SIG. MINOR COMPONENT | H,S,C0;,N, H,0 ---
L 3| TEMPERATURE, °F 600 100-300 900
PRESSURE, PSIG 15 ATMOSPHERIC | 1450
l NO. 1 NO. 2 NO. 3 NO. 4
« | DESCRIPTION SLAG
by g | uses LANDFILL
: L §| HAJOR COMPONENT SLAG
l E' SIG. MINOR COMPONENT | H,0, ASH
R % | TEMPERATURE, °F AMBIENT
' ! PRESSURE, PSIG ATMOSPHERIC
. L.
’ , iz 2.
= g 3.
SR
v 5.
Z|7.
e,
A-C-3
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APPENDIX C ' I
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER J2. . L" |
UNIT OPERATION NUMBER .20 I |
DESCRIPTION GASIFICATION - TEXACO ' | LA
| SHEETZ OF 5 o
NO. 1 NO. 2 NO. 3 |
DESCRIPTION SIZED COAL  OXYGEN |sFW o
ORIGIN UNIT OP. 11 [UNIT OP. 80 NIT OP. 85 1| |
| MAJOR COMPONENTS3 C. H, S, 0. N [0, | 20 -
€| s1G. MINOR COMPONENTS [ASH, H,0 Ny, Ar --- i
& | TEMPERATURE, °F 100-200 300 250 o
"| pressure, PSIG 775 775
. b
NO. 1 NO. 2 NO. i
DESCRIPTION RAW GAS SH i
DESTINATION UNIT OP. 20 ‘:NIT oP. 31 -
€| MAJOR COMPONENT HpsC0,C0p,H,0 |ASH, WATER 1
€| SIG. MINOR COMPONENT H,S,C0S.Ny S00T Y
3| reMpERATURE, °F 300-400 150+ .o
PRESSURE, PSIG 635 ATMOSPHERIC ;
NO. 1 NO. 2 NO. .
- | DESCRIPTION i
51 uses .
8| 1AJOR COMPONENT 3
§| SIG. MINOR COMPONENT '
> | TEMPERATURE, °F
PRESSURE, PSIG
1. |
_ 2.
j g 3.
als.
} gls.
* Z|7 ‘a
X

A-C-4
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APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER 2
* ‘ ‘ UNIT OPERATION NUMBER .20
DESCRIPTION GASIFICATION - LURGI |
e SHEET 3 OF §
- NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION SIZED COAL OXYGEN STEAM . | RECYCLE LIQUOR
s ORIGIN UNIT OP. 11 UNIT OP. 80 |UNIT OP. 84 | UNIT OP. 21
’ , | MAJOR COMPONENTS C, By Sy N, 0 ] 0, H,0 PHENOL, TAR
& | sIG. MINOR COMPONENTS |ASH, H,0 Ny, Ar -- H)0, NH,
£ | TemPERATURE, °F AMBIENT | 200 650 200
~| prESsuRe, PsIG ATMOSPHERIC | 360 450 400
. NO. 1 'NO. 2 NO. 3 NO. 4
DESCRIPTION RAW GAS SLAG/ASH LOCK GAS
DESTINATION UNIT OP. 2 UNIT OF. 31 | UNIT OP. 21
:’ ‘g MAJOR COMPONENT HysCO,CHy M8 | Hy0, SLAG [ €O, .H,,H,0,C0
; £ SIG. MINOR COMPONENT |OILS,TAR,PHENOL ASH H,S, ASH
.'i 3| TEMPERATURE, °F 1100-800 AMBIENT 200
PRESSURE, PSIG 300 ATMOSPHERIC | ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
¢ | DESCRIPTION |
@ ‘g USES
“ S| H1AJOR COMPONENT
‘L ; SIG. MINOR COMPONENT
| > | TEMPERATURE, °F ‘.
PRESSURE, PSIG |
1.
2.
ala.
<|° NRIGINAL PAGE 18
o |4 I* POOR QUALITY
&ls.
1 Zlg.
‘ g 7.
> o g.
| Do

2 A-C-5
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SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER

UNIT OPERATION N{MBER

APPENDIX C

12

20 .

[ 5 d]
.

A

g,

DESCRIPTION GASIFICATION-BRITISH GAS CORP-LURGI
SHEET 4 OF 5 y
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION SIZED COAL OXYGEN STEAM RECYCLE LIQUO
ORIGIN UNIT OP. 11 UNIT OP. 80 | UNIT OP. 84 {UNIT OP. 21 .
| MAJOR COMPONENTS C. M, 0,5, N |0, H,0 PHENOL, TAR
£| SIG. MINOR COMPONENTS |ASH, H,0 Ny, Ar --- OIL, NHj, H.0]
g TEMPERATURE, OF AMBIENT 200 650 200
PRESSURE, PSIG ATMCSPHERIC 360 450 400 :
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION RAW GAS LOCK GAS | SLAG/ASH |
DESTINATION UNIT OP. 21 UNIT OP. 21| UNIT OP. 31
g MAJOR COMPONENT HpsCOLCH, Ho0 | Ky, €O, CO, | SLAG R
E: SIG. MINOR COMPONENT H,S, TAR, OIL H,0 ASH, H,0
8| TEMPERATURE, °F 800-350 200 AMBIENT o
PRESSURE, PSIG 300 ATMOSPHERIC | ATMOSPHERIC
' NO. 1 NO. 2 NO. 3 NO. 4 :
«» | DESCRIPTION SLAG !
§ USES CONSTRUCTION s
S | AAJOR COMPONENT SLAG 4
f;f SIG. MINOR COMPONENT |ASH, H,0
% | TEMPERATURE, °F AMBIENT
PRESSURE, PSIG ATMOSPHERIC
1.
2. “
ala.
= 4
M,
als.
E 7. '
g.
A-C-6 2




SYSTEM NUMBER
UNIT OPERATION NUMBER

APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

2.
20 ~
GASIFICATION - BABCOCK & WILCOX

e s o b

DESCRIPTION
SHEET 5 oF §
NO, 1 NO. 2 NO. 3 NO. 4
DESCRIPTION COAL OXYGEN BFW STEAM
ORIGIN UNIT OP. 11 UNIT OP. 80 | UNIT OP. 84 |UNIT OP, 85
. | MAJOR COMPONENTS C. Hy 0, S, N [0, HO0 H,0 |
£ SIG. MINOR COMPONENTS {ASH, H,0 Nys Ar - —ee
,% TEMPERATURE, °F AMBIENT AMBIENT 250 400
PRESSURE, PSIG ATMOSPHERIC 275 400-1509 225
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION RAW GAS STEAM SLAG
DESTINATION UNIT OP. 21 UNIT OP. 84 | UNIT OP. 31
§ MAJOR COMPONENT C0,, H, H,0 SLAG
G | SIG. MINOR COMPONENT |CO0,, H,0 --- ASH, H,0
3| TEMPERATURE, °F 1800 900 100
PRESSURE, PSIG 225 1500 ATMOSPHERIC
NO. 1 NO. 2 NO, 3 NO. 4
«» | DESCRIPTION SLAG ‘
§ USES CONSTRUCTION
S | IAJOR COMPONENT SLAG
E' SIG. MINOR COMPONENT |H,0, ASH
% | TEMPERATURE, °F AMBIENT
PRESSURE, PSIG ATMOSPHERIC
1.
2.
g 3.
= 4.
& 5.
2.
E 7.
A-C-7




APPENDIX C
SYSTEM STREAM CHAPRACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER A3 )
UNIT OPERATION NUMBER .21 _ - i
DESCRIPTION GAS COOLING - (NOTES) .
SHEET ! OF !}
NO. 1 NO. 2 NO. 3 NO. 4 «‘
DESCRIPTION RAW GAS KE UP WATER | ,
ORIGIN UNIT OP. 20 [UNIT OP. 85 y
| mazor conponEnzs HpsC0,C0,.H,0 1,0 N
£| SIG. MINOR COMPONENTE |HS, 0S, NHy —ae
g TEMPERATURE, °F 1800-400 IENT
PRESSURE, PSIG 15-650 15-650
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION RAW GAS PROCESS COND | GAS LIQUOR | STEAM
DESTINATION UNIT OP. 22  |UNIT OP. 31 JUNIT OP. 3} | UNIT OP. 84
g MAJOR COMPONENT HysC0,C0,.H,0 Ha H,0,ASH,01L. |H,0
g SIG. MINOR COMPONENT |H,S. COS, NHy |ASH PHENOL, iHy |-
3| TEMPERATURE, °F 100-200 100-200 280 598
PRESSURE, PSIG 5-600 100 210 1500
' NO. 1 NO. 2 NO. 3 NO. 4
«» | DESCRIPTION .
&1 UsEs
=§ {IAJOR COMPONENT
2‘; SIG. MINOR COMPONENT
> | TEMPERATURE, °F
PRESSURE, PSIG
1. SULFURIC ACID NOTES :
2. SODIUM HYDROXIDE STREAM Nos. 142 APP.Y TO K-T, TEXACO
al,. AND B&W.
<\, STREAM Hos. 143 APPLY TO LURGI AND
A0S 8GC LURGI.
&|5.
2|s.
g 7.
z.

A-C-8
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APPENDIX C , | _ :
i SYSTEM STREAM CHARACTEZIZATION AND RAW MATERIALS .
( SYSTEM NUMBER 4. A
{ UNIT OPERATION NUMBER  _22 . i
' DESCRIPTION ACID GAS REMOVAL - SELEXOL _ . :
. _ SHEET ! OF 4
" ' NO. 1 NO. 2 NO. 3 " NO. 4 [
ﬁ DESCRIPTION RAW GAS ?
- ORIGIN UNIT OP. 21 : : i
, | MAJOR COMPONENTS Hy,C0,C0,,H,0 . .
R £ | SIG. MINOR COMPONENTE | H,S, CO,, HC! o ]
3 g TEMPERATURE, °F 100-150 ' _ ;
: .| PRESSURE, PSIG 300-700 ]
; NO. 1 NO. 2 NO. 3 NO. 4 E
DESCRIPTION SWEET GAS ACID GAS | PURGE H,0
.; DESTINATION UNIT OP. 23 UNIT OP. 36 | UNIT OP. 33
g MAJOR COMPONENT Hy, €O, CO, | H)S, COS | H,0
: f4| SIG. MINOR COMPONENT |[CH, €0,, H,0 SOLVENT
: 3| TEMPERATURE, °F 100-150 150-200 150-200
PRESSURE, PSIG 300-700 10 ATMOSPHERIC
NO. 1 NO. 2° NO. 3 NO. 4
;| DESCRIPTION
51 uses
% MAJOR COMPONENT
f| SIG. MINOR COMPONENT
é TEMPERATURE, °F ]
é PRESSURE, PSIG 1
1. DIMETHYL ETHER OF POLYETHYLENE GLYCOL | , ‘
2. -
gl 2.
51 a.
&1 s. ,
Z 5. .
i Ve :

i A-C-9
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APPENDIX C 3
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER L
UNIT OPERATION NUMBER .22 o
DESCRIPTION ACID GAS REMOVAL - STRETFORD _ -
SHEET 2_OF 4 y
NO. 1 NO. 2 NO. 3 NO. 4 .
DESCRIPTION RAW GAS IAIR
ORIGIN UNIT OP. 21  IBATTERY LINIT [
| MAJOR COMPONENTS Hy,C0,C0,,H,0 (05, N, o
£ | SIG. MINOR COMPONENTS |HpS, COS, CHy - i,
& | TEMPERATURE, °F 120 AMBIENT |
“| pressure, psic 15-17 ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION . SWEET GAS VENT GAS PURGE LIQUOR
DESTINATION UNIT OP. 23  |ATMOSPHERE UNIT OP. 33
‘eg MAJOR COMPONENT Hy,C0,C0,,H,0 |0, Ny * | SOLVENT
£ | STG. MINOR COMPONENT |CH, NHy THIOCYANATE
S| TEMPERATURE, °F 120 100-150 150-300
PRESSURE, PSIG 1-2 ATMOSPHERIC |10
- NO. 1 NO. 2 NO. 3 NO. 4 :
., | DESCRIPTION SULFUR - ' f
51 uses SALES
§ MAJOR COMPONENT S : :
&1 SIG. MINOR COMPONENT -
> | TEMPERATURE, °F 280
N PRESSURE. PSIG ATMOSPHERIC
1. ANTHRAQUINONE DISULFURIC ACID o
2. VANADIUM PENTOXIDE 1o
‘é 3. ETHLYENE DIAMINE TETRA ACETIC ACID
M| 4. SODIUM CARBONATE ‘ o
£ | 5. SODIUM BICARBONATE "
Z | 5. IRON SALTS . ' ' |
% 7. ' R
o g

A-C-10
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VL - APPENDIX C
7 SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS
SYSTEM NUMBER 4
UNIT OPERATION NUMBER .22
DESCRIPTION _ACID GAS REMOVAL - RECTISOL
\ SHEET 3 OF 4
NO. 1 NO. 2 NO. 3| NO. 4
DESCRIPTION CRUDE GAS
ORIGIN UNIT OP. 21
) | MAJOR COMPONENTS Hy4€0,C0,,H,0
i £ | SIG. MINOR COMPONENTS |H,S, C0S, NHy
N ,% TEMPERATURE, °F 80-100
‘ PRESSURE, PSIG 300
| NO. 1 NO. 2 NO. 3 NO. 4
‘ DESCRIPTION SWEET GAS ACID GAS PROCESS COND
. DESTINATION UNIT- OP. 23 UNIT OP. 36 |UNIT OP. 33
b g MAJOR COMPONENT Hys €O, €O, | HpS, €S, | Hy0
5 g SIG. MINOR coz;xporsmm CHys H,0 coz.‘uzo st, co?_
“ 3| TEMPERATURE, °F
PRESSURE, PSIG
| NO. 1 NO. 2 NO. 3 NO. 4
- <3| DESCRIPTION
; § USES
‘ Q| IAJOR COMPONENT
I ﬁl SIG. MINOR COMPONENT
~ > | TEMPERATURE, °F
PRESSURE, PSIG
1. METHANOL
2. REFRIGERANT (FREON, AMMONIA, PROPYLENE)
é 3.
Hla,
g 5.
=16.
=17,
& ~

) A-C-11




APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER
UNIT OPERATION NUMBER

14
22

DESCRIPTION ACID GAS REMOVAL - S8ENFIELD
'SHEET 4_OF 4
A NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION CRUDE GAS
ORIGIN UNIT OP. 21
, | MAJOR COMPONENTS Hy4C0,CC,,H 0
£ | SIG. MINOR COMPONENTS |H,S, OIL, NHy
g TEMPERATURE, °F 200
.| PRESSURE, PSIG 270-650
: NO. 1 NO. 2 NO. 3 NO. 4
f DESCRIPTION SWEET GAS ACID GAS
DESTINATION UNIT OP. 23 | UNIT OP. 36
} :5;3 MAJOR COMPONENT H21€0,C0,,H,0 | H,S, COS
4] SIG. MINOR COMPONENT CHys HoS Co, , H,0
8| TEMPERATURE, °F
PRESSURE, PSIG
| NC. 1 NO. 2 NO. 3 NO. 4
« | DESCRIPTION
& | uses
§ IAJOR COMPONENT
‘c? SIG. MINOR COMPONENT
% | TEMPERATURE, °F
PRESSURE, PSIG

1. POTASSIUM CARBONATE
2. ACTIVATOR
3.
4,

.

RAV MATERIALS
~J v U

(94
.

A-C-12 .
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‘ l APPENDIX C
| I SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS
| SYSTEM NUMBER 6.
‘ UNIT OPERATION NUMBER .23 _
N DESCRIPTION COMPRESSION
SHEET ! OF 1
" NO. 1 NO. NO. 3 | No. 4
DESCRIPTION SWEET GAS
ORIGIN UNIT OP. 22
| MAJOR COMPONENTS Hy, €O, CO,
_ £ SIG. MINOR COMPONENTS | K0, H,S
,‘ % TEMPERATURE, °F 100-200 ‘
: PRESSURE, PSIG 15-300 i
z NO. 1 NO NO. 3 NO. 4
: DESCRIPTION SALES GAS
DESTINATION BATTERY LIMIT
‘é MAJOR COMPONENT Hy, €O, €O,
£.1 SIG. MINOR COMPONENT |H,0, HyS
3| TEMPERATURE, °F 100-150
PRESSURE, PSIG 600
| NO. 1 NO. NO. 3 NO. 4
| « | DESCRIPTION
O | USES
§ IAJOR COMPONENT
f-.;f SIG. MINOR COMPONENT
2 | TEMPERATURE, °F
PRESSURE, PSIG
i 1.
2.
Al 3.
1.
2|4
&l5.
2.
{ i 8.
e
!
|

A-C-13




APPENDIX C } ‘
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER 15 -
UNIT OPERATION NUMBER 31 | s S LA
DESCRIPTION SOLIDS TREATHENT SYSTEM =t
SHEET | OF!
NO. 1 " NO. 2 NO. 3 NO. 4
DESCRIPTION SLAG/ASH BI0. SLUDGE | LIME SLUDGE | BLOWDOWNS
ORIGIN UNIT OP. 20  JUNIT OP. 37 JUNIT OP. 85 |UNIT OP. 84,3
| MAJOR COMPONENTS SLAG, H,0 B0, SOLIDS |CaC0,,MgCO, | Ca, Mg, H,0
E| SIG. MINOR COMPONENTS |ASH H 0 11,0 In.Cr.C1,510,
g TEMPERATURE, °F AMBIENT AMBIENT AMBIENT AMBIENT .
PRESSURE, PSIG ATMOSPHERIC  JATMOSPHERIC | ATMOSPHERIC | ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION DEWATERED SLDS]TREAT. WATER
DESTINATION UNIT OP. 81  [UNIT OP. 33
g MAJOR COMPONENT SoL1DS H,0
| SIG. MINOR COMPONENT |H,0 TRACE SALTS
3| TEMPERATURE, °F AMBIENT AMBIENT
PRESSURE, PSIG ATMOSPHERIC  |ATMOSPHERIC
' ' NO. 1 NO. 2 NO. 3 N0, 4 .
«; | DESCRIPTION L
§ USES ,
5| MAJOR COMPONENT !
| sIG. MINOR COMPONENT
» | TEMPERATURE, °F
PRESSIIRE, PSIG »
1. OEWATERING AIDS
2. THICKENING CHEMICALS \
‘é 3. ANTIFOAM & SCALING CHEMICALS |
2le .
=15. i
§ 7. o »
- ; 31
§

A-C-14
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SYSTEM NUMBER
UNIT OPERATION NUMBER

APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

0
32

“TAR-OIL SEPARATION

DESCRIPTION
‘ SHEET 1 _OF 1
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION QUENCH H)0  [SOUR WATER o
ORIGIN UNIT OP. 21  |uNIT oP. 22
, | MAJOR COMPONENTS TAR, OIL PHENOL, H,0
£ SIG. MINOR COMPONENTS |H,0, DUST 0ILS
£| TEMPERATURE, °F 100-200 100-200
"| pressure, psic 0-300 200
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION TAR, OIL PHENOL, H,0
DESTINATION UNIT OP. 82,33{UNIT OP. 34
‘e__’_{ MAJOR COMPONENT OILS, TAR PHENOL
€] SIG. MINOR COMPONENT [H)0, HpS H,0
3| TEMPERATURE, °F AMBIENT 100-200
PRESSURE, PSIG ATMOSPHERIC  [100-300
- NO. 1 NO. 2 NO. 3 NO. 4.
& | DESCRIPTION TAR, OIL |
§ USES COMBUSTION
§| MAJOR COMPONENT TAR, OIL
f:'f SIG. MINOR COMPONENT |H,0
> | TEMPERATURE, °F AMBIENT
PRESSURE, PSIG ATMOSPHERIC
1.
2.
ala.
S a
Sl
ls.
25,
E 7.
g.
A-C-15
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SYSTEM NUMBER
UNIT OPERATION NUMBER

APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

~10
33

A-C-16

DESCRIPTION PROCESS CONDENSATE TREATMENT
SHEET !" OF }
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION SOUR CONDENSATE| SOLID TRT H.( ’
ORIGIN UNIT OP. 20,21} UNIT OP. 31
, | MAJOR COMPONENTS H 0, H)S H 0, H,S
€| 51G. MINOR COMPONENTS | NHy, OIL SOLIDS
& | TEMPERATURE, °F 100-200 AMBIENT
™! PRESSURE, PSIG 0-100 ATNOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION TREATED H20 ACID GAS
DESTINATION UNIT OP. 35,39 UNIT OP. 22
§ MAJOR COMPONENT H,0 H,S, NHs
£ | SIG. MINOR COMPONENT | ORGANICS
S| TEMPERATURE, OF 220 220
PRESSURE, PSIG 15-100 15-100
NO. 1 NO. 2 NO. 3 NO. 4
., | DESCRIPTION
o | USES
é IAJOR COMPONENT
f:;': SIG. MINOR COMPONENT
> | TEMPERATURE, °F
PRESSURE, PSIG
1. SULFURIC ACID
2. SODIUM HYDROXIDE
gl s.
S1a
= |4
&=15.
g 5.
5 7.



APPENDIX C
: ' SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER 10
E . UNIT OPERATION NUMBER .34 _
DESCRIPTION PHENOL RECOVERY
| SHEET | OF 1
| NO. 1 NO. 2 NO. 3 NO. 4
| DESCRIPTION PHENOLIC COND. | STEAM '
i ORIGIN UNIT OP. 21 | UNIT OP, 84 !
z , | MAJOR COMPONENTS PHENOL, H,0 | H,0 : ‘
: & | SIG. MINOR COMPONENTS |OIL, TAR ---
\ ,% TEMPERATURE, °F --- 400
| PRESSURE, PSIG --- 250
| NO. 1 NO. 2 NO. 3 NO. 4
i DESCRIPTION TREATED H,0 | CRUDE PHENOL
| DESTINATION UNIT OP. 21,35{ UNIT OP. 84
f § MAJOR COMPONENT H,0 PHENOL
£ | SIG. MINOR COMPONENT |PHENOL, NHy | H,0
L S| TEMPERATURE, °F 100-200 100-200
PRESSURE, PSIG —- 100
t ' . ‘ NO. 1 NO. 2 NO. 3 NO. 4
" | DESCRIPTION CRUDE PHENOL
g| uses SALES
‘ § [ {IAJOR COMPONENT PHENOL
E é' SIG. MINOR COMPONENT |H,0
: % | TEMPERATURE, °F AMBIENT
| PRESSURE, PSIG ATMOSPHERIC
1. SOLVENT
2.
a3l 2.
g4
2 5.
; =145,
t ' E 7.
t e

i‘ A-C-17




SYSTEM NUMBER
UNIT OPERATION NUMBER

APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

\

~10.
32

AMMONIA RECOVERY

PR " R § m———
S S [ET e ———

e

DCSCRIPTION
SHEET | OF !
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION NH, FEED STEAM
ORIGIN UNIT OP. 33,34 UNIT OP. 84
., | MAJOR COMPONENTS NH,, €O, H,0
£ | SIG. MINOR COMPONENTS |H,S, PHENOL | -
2| TEMPERATURE, °F --- 600
" PRESSURE, PSIG === 350
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION STRIPPER BT!S | SOUR GAS
DESTINATION UNIT OP. 39,37 UNIT OP. 36
:;;3 MAJOR COMPONENT H,0 H,$
f:| SIG. MINOR COMPONENT [NHy, H,S NHy
3| TEMPERATURE, °F 100-200 100-200
PRESSURE, PSIG --- ---
NO. 1 NO. 2 NO. 3 MO. 4
< | DESCRIPTION AMMONIA
&1 uses SALES
§ !IAJOR COMPONENT NH,4
ﬁlf SIG. MINOR COMPONENT |H,0
; TEMPERATURE, Cp AMBIENT
PRESSURE, PSIG --- N
1. PHOSPHORIC ACID
2. SODIUM HYDROXIDE
0 .
3| 3.
E 4.
&1]5.
E 7.

(97

L A - e ey

A-C-18
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APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

o e B o i Ay

. f

.

SYSTEM NUMBER 8
! UNIT OPERATION NUMBER  _36_

DESCRIPTION SULFUR RECOVERY
\, SHEET! OF |

NO. 1 NO. 2 NO. 3 NO. 4
. | bEscrIPTION SOUR GAS TAIL GAS

: ORIGIN UNIT OP 33,34,3% UNIT OP. 36
MAJOR COMPONENTS HyS, €OS S0,

SIG. MINOR COMPONENTS | C0ps NH, | HyS
TEMPERATURE, °F 100-200 200-300 -
PRESSURE, PSIG 1-10 1-5

INPUTS

NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION TAIL GAS SULFUR
DESTINATION ATMOSPHERE UNIT OP. 83
MAJOR COMPONENT Nys €O, Hy0 | SULFUR
SIG. MINOR COMPONENT |SO0, ---
TEMPERATURE, °F 280 240
PRESSURE, PSIG ATMOSPHERIC ATMOSPHERIC
. NO. 1 NO. 2 NO. 3 MO. 4
DESCRIPTION SULFUR
USES ' SALES
{IAJOR COMPONENT SULFUR
SIG. MINOR COMPONENT ---
TEMPERATURE, °F 240
PRESSURE, PSIG ATMOSPHERIC

oCTPuUTS

BY-PRODUCTS

1. CLAUS UNIT CATALYST
2. BEAVON UNIT CATALYST

(98]
.

. .

RAW MATERIALS
€ =~ OV v 5

.

‘ A-C-19
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: APPENDIX C ol
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER 0. !
UNIT OPERATION NUMBER .37 b
DESCRIPTION BIOLOGICAL TREATMENT | =
SHEET 1 OF 1 -
No, 1 NO. 2 NO. 3 No. 4 .. |
DESCRIPTION SANITARY WASTE [ SOUR WATER |NHj WATER  JOILY WATER
ORIGIN BATTERY LIMIT | UNIT OP. 33 |UNIT OP.. 35 |UNIT OP. 21,3
| MAJOR COMPONENTS SEWAGE H0 H,0 H,0, ASH, HpS
| SIG. MINOR COMPONENTS H,0 st. OIL st. NH3- PHENOL, OIL |
| TEMPERATURE, °F AMBIENT AMBIENT AMBIENT = |AMBIENT
"| PRESSURE, PSIG ATMOSPHERIC | ATMOSPHERIC |ATMOSPHERIC nAmospﬂemc
NO. 1 NO. 2 NO. 3 NO. 4 |
DESCRIPTION BIO SLUDGE TREATED H,0 |
DESTINATION UNIT OP. 31 UNIT OP. 39,B5
§ MAJOR COMPONENT SOLIDS | Hy0
& | SIG. MINOR COMPONENT |H,0 TRACE SALTS
3| TEMPERATURE, °F AMBIENT AMBIENT .
PRESSURE, PSIG ATMOSPHERIC | 0-100
' NO. 1 NO. 2 NO. 3 NO. 4
< | DESCRIPTION
§ USES
5| 1AJOR COMPONENT
& | SIG. MINOR COMPONENT
ﬁ TEMPERATURE, °F
PRESSURE, PSIG = ’
1. SULFURIC ACID
2. SODIUM HYDROXIDE
“1 3. PHOSPHORIC ACID
E 4. POLYMERS
03]
& 5.
z1|s.
E 7.
| g. y

A-C-20 -




APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

. SYSTEM NUMBER 3
E UNIT OPERATION NUMBER 39
DCSCRIPTION COOLING WATER SYSTEM |
| SHEET ! oF |
| NO. 1 NO. 2 NO. 3 NO. 4
| DESCRIPTION HOT WATER :
ORIGIN BATTERY LINIT f‘
u MAJOR COMPONENTS H,0
€| SIG. MINOR COMPONENTS |0ISS. SOLIOS
51| TEMPERATURE, °F 90-120 g
" pressure, Psic 30-60
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION COLD WATER
DESTINATION BATTERY LIMIT
‘g MAJOR COMPONENT H,y0
£ SIG. MINOR COMPONENT [ADDITIVES
3| TEMPERATURE, °F 70-90
PRESSURE, PSIG 60-100
NO. 1 NO. 2 NO. 3 NO. ¢
| DESCRIPTION CHROMATE
§ USES REUSE
5| tAJOR COMPONENT CHROMATE
2; SIG. MINOR COMPONENT |ZINC
> | TEMPERATURE, °F 90-120
PRESSURE, PSIG 60-100
1. SULFURIC ACID
2. CHLORINE
g 3. ALGECIDES
S 14, POLYPHOSPHATES
£ 5. ZINC INHIBITOR
Z 5. CHROME INHIBITOR
‘%_' 7.




[ APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER 9
UNIT OPERATION NUMBER  _4] _
DESCRIPTION _INCINERATION 4
SHEET 1
NO. 1 NO. 2 NO. 3 NO.
DESCRIPTION LOCK GAS TAIL GAS VENT GAS
ORIGIN UNIT OP. 20 UNIT 0P. 36 | UNIT oP. 82
, | MAJOR COMPONENTS HyS, €O HyS, SO, HYDROCARBON
£| SIG. MINOR COMPONENTS | HYOROCARBON e ---
g TEMPERATURE, °F AMBIENT AMBIENT AMBIENT
PRESSURE, PSIG 1-5 1-5 0.5-1.0
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION FLUE GAS
DESTINATION ATMOSPHERE
§ MAJOR COMPONENT H,0, S0, ii
{3 SIG. MINOR COMPONENT co, 4
8| TEMPERATURE, °F 280-400 ‘
PRESSURE, PSIG ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4 ;
<, | DESCRIPTION
§ USES
§ | iIAJOR COMPONENT
$ SIG. MINOR COMPONENT
2 | TEMPERATURE, °F
PRESSURE, PSIG -
1. FUEL GAS
2.
a1 3.
51 4.
| |
De
E 7. “
c.

A-C-22 ’
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APPENDIX C
1 SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

‘ SYSTEM NUMBER a7
f UNIT OPERATION NUMBER 80 _
‘ DESCRIPTION AIR SEPARATIO!N & OXIDANT FEEDING
| SHEET 1 OF 1
. NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION . AIR :
ORIGIN | BATTERY LIMIT
i “ MAJOR COMPONENTS 0,, N,
g & SIG. MINOR COMPONENTS |Ar -
| % | TEMPERATURE, °F AMBIENT g i
PRESSURE, PSIG ATMOSPHERIC
: NO. 1 NO. 2 NO. 3 NO. 4
? DESCRIPTION OXYGEN NITROGEN
DESTINATION UNIT OP. 20 YARIOQUS
% MAJOR COMPONENT 0, N,
* €1 SIG. MINOR COMPONENT [Nj, Ar 0,, Ar
» 3| TEMPERATURE, °©F 106 to -298 | 100 to -320
PRESSURE, PSIG 15-675 0-100
' NO. 1° NO. 2 NO. 3. NO. 4
.| DESCRIPTION ARGON :
& | uses SPECIALTY SALES
’ § {IAJOR COMPONENT Ar
3 ? SIG. MINOR COMPONENT [N,
N > | TEMPERATURE. °F AMBIENT
| , PRESSURE, PSIG AS REQUIRED
1. MOLECULAR SIEVES
2.
gl a.
Sl
AT
£l
[ BN
E 7.
|

A-C-23
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SYSTEM NUMBER

UNIT OPERATION NUMBER

DESCRIPTION

S TR T B T TR R

APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

-3
8i

FINAL SOLIDS DISPOSAL

SHEET | OF

DESCRIPTION
ORIGIN

MAJOR COMPONENTS
TEMPERATURE, °F
PRESSURE, PSIG

INPUTS

NO. 1

NO.

2

NO.

3| wo.

4

§ap—.

€

SIG. MINOR CQOMPONENTES

WASTE SOLIDS
UNIT OP. 3
ASH,SLAG,LIME
H,0

AMBIENT
ATMOSPHERIC

DESCRIPTION
DESTINATION
MAJOR COMPONENT

o

ourTruTS

TEMPERATURE,
PRESSURE, PSIG

F

NO. 1

NC.

NO.

3 NO.

4

SIG. MINOR COMPONENT

DESCRIPTION
USES

JAJOR COMPONENT

TEMPERATURE, °F

PRESSURE, PSIG

BY-ERODUCTS

NO. 1

NO.

NO.

3 NO.

4

SIG. MINOR COMPONENT

1.
2.
3.
4.
5.
3.
7.

CAW MATERIALS

R
Ve

FIXATION CHEMiZALS

A-C-24
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APPENDIX C
SYSTEM STREAM CHARACTERIZATION  AND RAW MATERIALS

SYSTEM NUMBER 6
UNIT OPERATION NUMBER .82 _
DESCRIPTION RY-PRODUCT STORAGE & ! OADING :
| SHEET ] _OF 1
: NO. 1 NO. 2 NO. 3| NO. 4
DESCRIPTION CRUDE PHENOL | AMMONIA TAR COAL FINES
ORIGIN UNIT OP. 34 | UNIT OP. 35] UNIT OP. 32 |UNIT 0P. 11
. | MAJ' C.MPONENTS PHENOL NH, TAR, OIL  {COAL
£| SIC .INOR COMPONENTS |H,0 --- N3, HyS  [ASH, H,S
% TEMPERATURE, °F AMBIENT AS T | AMBIENT AMBIENT
PRESSURE, PSIG ATMOSPHERIC | REQUIRED | ATMOSPHERIC |ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION CRUDE PHENOL | AMMONIA TAR COAL FINES
DESTINATION SALES SALES SALES SALES
g MAJOR COMPONENT PHENOL NH, TAR, OIL  |cOAL
f4{ SIG. MINOR COMPONENT H,0 —— NH., st HoS, ASH
3| TEMPERATURE, °F AMBIENT AS AMBLENT AMBIENT
PRESSURE, PSIG ATMOSPHERIC | REQUIRED | ATMOSPHERIC |ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
- | DESCRIPTION '
51 uses
:é :1AJOR COMPONENT
&1 SIG. MINOR COMPONENT
é TEMPERATURE, °F
PRESSURE, PSIG
1. NATURAL GAS
2.
a1 a.
S1a
Hla.
& |s.
2.
g 7.

A-C-25




' SYSTEM NUMBER
1 UNIT OPERATION NUMBER
. DESCRIPTION

-
83

APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SULFUR STORAGE AND LOADING
SHEET 1_OF |
: NO. 1 NO. 2 NO. 3 NO. 4
| DESCRIPTION SULFUR
ORIGIN UNIT OP. 36
, | MAJOR COMPONENTS SULFUR
E| SIG. MINOR COMPONENTE |H,S
% TEMPERATURE, °F 280-320
PRESSURE, PSIG ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION SULFUR VENT GAS
DESTINATION BATTERY LIMIT | UNIT OP. .41
g; MAJOR COMPONENT SULFUR 0,5 N,
£1| SIG. MINOR COMPONENT .- HoS
3| TEMPERATURE, °F 280-320 280-320
PRESSURE, PSIG ATMOSPHERIC | ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
< | DESCRIPTION SULFUR
§ USES SALES
§ | /AJOR COMPONENT SULFUR
5' SIG. MINOR COMPONENT “e-
> | TEMPERATURE, °F 280-320
PRESSURE, PSIG ATMOSPHERIC
1.
2.
g 3.
E 4.
E S.
Zls.
-
5|7

A-C-26




APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER 8
UNIT OPERATION NUMBER .84
" DESCRIPTION STEAM GENERATION °
SHEET | _ OF 1
NO. L i NO. 2 NO. 4+
DESCRIPTION ' BFW ' 186 COAL
ORIGIN UNIT OP. 85 UNIT OP. 23 UNIT OP. 10
, | MAJOR COMPONENTS H,0 Hy»C0,C0, COAL
& SIG. MINOR COMPONENTS DISS. SOLIDS | Hy0 AsH, H,0
&| TEMPERATURE, °F 250 100-20C AMBIENT
m PRESSURE, PSIG 400-1500 600 ATMOSPHERIC
NO. 1 NO. 2 NO. 4
DESCRIPTION STEAM FLUE GAS
DESTINATION BATTERY LIMIT UNIT OP. 86
g MAJOR COMPONENT Hy0 50,, H,S '
&1 SIG. MINOR COMPONENT |DISS. SOLIDS H,0, NH,
3| TEMPERATURE, °F 450-900 200-600
PRESSURE, PSIG 400-1500 ATMOSPHERIC
‘ ' NO. 1 NO. 2 NO. 4
‘| DESCRIPTION
&1 uses .
§ :IAJOR COMPONENT
? SIG. MINOR COMPONENT
> | TEMPERATURE, °F
PRESSURE, PSIG

RAW MATERIALS

. ETHYLENE OIAMINE TETRAACETIC ACID
OCTYLDECYLAMINE

. ANTIFOAM AGENT

SO0IUM SULFITE

HYDRAZINE

= W N

€3 ~1 Oy Wn
. *

A-C-27

* These inputs & output streams relate

to coal fired boilers.




APPENDIXZ C

SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER
UNIT OPERATION NUMBER

7

85

A-C-28

‘DESCRIPTION RAW WATER TREATMENT
' SHEET ! oF !
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION RIVER WATER ,
ORIGIN BATTERY LIMIT ¥
,, | MAJOR COMPONENTS H,0,0,,SOLIDS
&| SIG. MINOR COMPONENTS [ [RON, SILICA
% TEMPERATURE, °F AMBIENT
PRESSURE, PSIG 30-100
NO. 1 NO. 2 NO. 3 ' NO. 4
DESCRIPTION FILTERED H,0 | BFW REGEN WASTE [LIME SLUDGE
DESTINATION BATTERY LIMIT | UNIT OP. 84 UNIT OP 33,31JUNIT OP. 31
‘ci:? MAJOR COMPONENT H,0 H,0 H,0, SOLIDS [Ca(OH),, Mg
S SIG. MINOR COMPONENT |DISS. SOLIDS {SiO, H,S0,,NaOH |MINERAL SALT
& | TEMPERATURE, °F AMBIENT 250 120 AMBIENT
PRESSURE, PSIG 30-100 400-1500 50 2-10
NO. 1 NO. 2 NO. 3 MO. 4
«; | DESCRIPTION
‘g USES
S| MAJOR COMPONENT
f:lf SIG. MINOR COMPONENT
> | TEMPERATURE, °F
PRESSURE, PSIG *
1. SULFURiL ACID, SODIUM HYDROXIDE
2. LIME, ALUM, CHLORINE
g 3. POLYELECTROLYTE
H14. NaCl, FeCl
2 5. 10N EXCHANGE RESIN
Z | 5. REVERSE OSMOSIS & ULTRAFILTRATION ELEMENT
E 7. COAGULANT AIDS |
3. FILTER SAND, ACTIVATED CARBON
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SYSTEM NUMBER

. UNIT OPERATION NUMBER

APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

&
86

A-C-29

DESCRIPTION: FLUE GAS TREATMENT
SHEET 1 OF |
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION FLUE GAS
ORIGIN UNIT OP. 84
“ MAJOR COMPONENTS SOZ’COZ'HZO
€| SIG. MINOR COMPONENTS |N,.0,H,S
% TEMPERATURE, °F 300-600
PRESSURE, PSIG 1-2
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION VENT GAS WASTE SOLID | PURGE LIQUOR
DESTINATION ATMOSPHERE UNIT OP. 81 | UNIT OP. 33
g MAJOR COMPONENT Hy0,0,,C0,,N, |SODIUM SALT | SODIUM SALT
| SIG. MINOR COMPONENT |S0,, S0, CALCIUM SALT| - ===
- 3| TEMPERATURE, °F 125-150 70-110 150-200
PRESSURE, PSIG ATMOSPHERIC | ATMOSPHERIC | ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
<, | DESCRIPTION
§ USES
5| 11AJOR COMPONENT
5| SIG. MINOR COMPONENT
;' TEMPERATURE, °F
PRESSURE, PSIG
1. LIME
2. SODIUM CARBONATE
a1 a.
Sl a
= |-
el s.
=ls.
% 7.
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APPENDIX C
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER _5
UNIT OPERATION NUMBER 87
DESCRIPTION : PLANT ELECTRICAL SYSTEM

SHEET ! _OF ]

NO. 1 NO. 2 NO. 3 NO. 4

DESCRIPTION
ORIGIN NO PROCESS RELATED DATA
MAJOR COMPONENTS

SIG. MINOR COMPONENTS
TEMPERATURE, °F
PRESSURE, PSIG

INPUTS

NO. 1 NO. 2 NO. 3 NO. 4

DESCRIPTION
DESTINATION

MAJOR COMPONENT

SIG. MINOR COMPONENT
TEMPERATURE, °F
PRESSURE, PSIG

OUTPUTS

NO. 1 NO.. 2 NO. 3 NO. 4

DESCRIPTION

USES

MAJOR COMPONENT

SIG. MINOR COMPONENT
TEMPERATURE, °F
PRESSURE, PSIG |

BY-PRODUCTS

*

.

.

RAW MATERIALS

[ JERENS N v B 54
. .

A-C-30
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APPENDIX C

SYSTEM STREAM CHARACTERIZATIOM AND RAW MATERIALS

SYSTEM NUMBER
UNIT OPERATION NUMBER

1

88

DESCRIPTION BUILDINGS & SUPPORT FACILITIES :
SHEET | OF 1
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION POTABLE H,0
ORIGIN UNIT OP. 85
| MAJOR COMPONENTS H0
E| SIG. MINOR COMPONENTS | CHLORINE
g TEMPERATURE, °F AMBIENT
PRESSURE, PSIG 0-20
NO. 1 NO. 2 NO. 3 NC. 4
DESCRIPTION INST. AIR SAN. WASTES
DESTINATION BATTERY LIMIT [UNIT 0P. 37
§ MAJOR COMPONENT AIR WASTES
&| SIG. MINOR COMPONENT --- ---
3| TEMPERATURE, °F 100 AMBIENT
PRESSURE, PSIG 125 ATMOSPHERIC
NO. 1 NO. 2 NO. 3 NO. 4
< | DESCRIPTION
§ USES
5| i/AJOR COMPONENT
& 5IG. MINOR COMPONENT
é TEMPERATURE, °F
PRESSURE, PSIG
1.
2.
a1 3.
51 a
=1
=15.
215,
: |5

S d L. e e
SRS

A-C-31
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SYSTEM NUMBER

SYSTEM STREAM CHARACTERIZATION AND RAW

UNIT OPERATION NUMBER

DESCRIPTION

e+ - A——————— N A Y R b

APPENDIX C

4

omm—

89

O——

CONTROL & INSTRUMENTATION

MATERIALS

SHEET | _oOF 1

INPUTS

NO. 1 NO. 2

NO.

3

NO.

4

DESCRIPTION

ORIGIN

MAJOR COMPONENTS

SIG. MINOR COMPONENTS
TEMPERATURE, °F
PRESSURE, PSIG

NO DATA REPORTED

OUTPUTS

NO. 1 NO. 2

NO.

No.

DESCRIPTION
DESTINATION

MAJOR COMPONENT

SIG. MINOR COMPONENT
TEMPERATURE, °F
PRESSURE, PSIG

BY-PRODUCTS

NO. 1 NO. 2

NO.

DESCRIPTION

USES

{IAJOR COMPONENT

SIG. MINOR COMPONENT
TEMPERATURE, °F
PRESSUFE, PSIG

RAW MATERIALS

1.
2.

3.
)

5.
5
7
g

L e ——n—t————
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APPENDIX D
SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

. ' SHEET _J OF 1
REFERENCE EPRI AF-741 1 1 1 1
- CASE ' 1 2 k] 4
COAL FEED, TON/DAY 19,680 20,270 20,000 22,783
TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS 810.736 907.566 867.257) 1,067.870
: DATE OF MONEY Mid-76 Mid-76 Mid-76 Mid-76
! Pt rrr—— e
: OPERATING LABOR
MANHOURS /MANPOWER /204 /213 /209. /226
MM DOLLARS/YR 4.567 4.873 4.782 5.171

OPERATING MATERIALS
MM OOLLARS/YR

(4]

=

3 g ANNUAL USAGE

© [ 2R3}

g §§ MM DOLLARS/YR 19,650 33.193 17,500 34.63
& | STIINITIAL CHARGE

3| &°

n (3=

& | = z|MM DOLLARS 3.190 4.786 3,375 6.015

UTILITY COSTS

MM DOLLARS/YR

-

MAINTENANCE LABOR

MANHOURS /MANPCWER

MM DOLLARS/YR 12.945 14.243 13.746 16.514
&
8 MAINTENANCE MATERIALS
3] MM DOLLARS/YR 17.408 19.028 18.499 22.068
3
W | LABOR TO MATERIAL RATIQO 43/57 43/57 43/57 43787
z (NOTE 1)

TOTAL MAINTENANCE
MM DOLLARS/YR 30.353 iz.2n 32.245 38.612

NOTES: (1) L/M Ratio was SC/S0 for some units: others wers 40/60.
L/ shown is calculated.

| A-D-1

- ~nunrat——
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APPENDIX D

SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

SHEET _L0F J
REFERENCE EPRI AF-416 2 2 2 2
CASE MXL MXH MAL MAH
COAL FEED, TON/DAY 12,000 12,000 12,000 12,000
TOTAL INSTALLED CAPITAL
(TTC) MM DOLLARS €8.071 456.009 608.687 416.078
PATE OF MONEY Mid-75 Mid-78 Mid-75 |- Mid-7%
OPERATING LABOR
MANHOURS /MANPOWER
MM DOLLARS /YR 8.616 5.768 7.7¢00 5.263
OPERATING MATERIALS
MM DOLLARS/YR
0
8| «
G| 3|ANNUAL USAGE
[
Q g‘g MM DOLLARS/YR 0.548 0.367 0.500 0.335
= ot
5 55 INITIAL CHARGE
g Ug MM DOLLARS 3,916 2.622 3.500 2. 392
UTILITY COSTS
MM DOLLARS/YR 0.159 3.225 0.082 c.140
MAINTENANCE LABOR
MANHOURS /MANPOWER
MM DOLLARS/YR 12.923 8.653 11.550 7.895
&
G | MAINTENANCE MATERIALS
w MM DOLLARS/YR 18.014 12.061 16.100 11,905
@ | LABOR TO MATERIAL RATIO 42,58 258 4338 4258
=
2| rorar sarxTENANCE
MM DOLLARS/YR 30.937 20.714 27.630 18.900
A- D=2




APPENDIX L
SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

SHEET 2 OF 2
5 l REFERENCE EPRI AF-416 2 2 2 2
. CASE MSL MSH EXL EXH
’ COAL FEEC, TON/DAY 12,000 12,000 12,000 12,000
‘. TOTAL INSTALLED CAPITAL
. (TIC) MM DOLLARS 407.216 391.961 425.951 425.852
‘ DATE OF MONEY Mid-7$ Mid-45 Mid=7$ Mid=75
. OPERATING LABOR
? MANHOURS /MANPOWER
MM DOLLARS/YR 5,151 4.958 s.388 5,387
} OPERATING MATERIALS
MM DOLLARS/YR 52,882 51.564 5, 360 $3.275
n
Gl w
8 .<.: ARNUAL USAGE
-0
Q gs MM DOLLARS/YR 0.328 9. 316 0.243 0.343
= -
5 Es INITIAL CHARGE
%‘ “g MM DOLLARS 2,341 2.:2%4 2.449 2.449
UTILITY COSTS
MM DOLLARS/YR 0.035 0.028 0.043 0.262
MAINTENANCE LABOR
MANHCURS /MANPOWER
MM DOLLARS/YR 7,727 7.437 8.28.2 8.080
[72]
s
S | MAINTENANCE MATERIALS
w MM DOLLARS,/YR 10.771 19,367 11.266 11.264
E:
5 | LABCR TO MATERIAL RATIO 42,58 427¢8 42 %8 42,58
z
2| TOTAL MAINTENANCE
MM DOLLARS/YR 18.498 17. 804 19.348 19.344
¢ A" 0-3
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APPENDIX D

SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

SHEED * or i
REFERENCE FE-2447-13 3 3 3
CASE 1=A 1«8 1=
COAL FEED, TON/DAY 27, 30¢ 27,300 27,400 27,300
TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS 1,084 991 1,242 1,050
DATE OF MCMEY Qect 77 Qee 77

Get 77 Cct 77
Pr———
CPERATING LABOR

MANHOURS /MANPOWER R61 /241 RS7 /289
MM DOLLARS/YR 6.9 6.9 6.9 6.9
OPERATING MATERIALS
MM DOLLARS/YR 1.7 1.7 1.7 1.7
2
g Fg ANNUAL USAGE
g ES MM DOLLARS/YR 5,160 4.600 6.000 5,160
E Es INITIAL CHARGE
:‘:s‘ “g MM DOLLARS 6.000 6.000 8.0C0 6.007
UTILITY COSTS
MM DOLLARS/YR 1.4 1.4 1.4 1.4

_—m

MAINTENANCE LABOR

MANHOURS /MANPOWER

MM DOLLARS/YR 29.52 29.52 29,52 29,82
" -
s
8 MAINTENANCE MATERIALS
S MM DOLLARS/YR 19,68 19.68 19.68 19.68
ﬁ LASUR TO MATERIAL RATIO 60,40 60,/40 €0/42 63730
z
i TOTAL MAINTENANCE

MM DOLLARS/YR 49.2 49.2 49.2 49.2

A= D=4




APPENDIX D
SUMMARY OF PACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE
SHEET 1 OF 1

REFERENCE PB-264-702 4 4

CASE KT B&W

COAL FEEC, TON/DAY 3,400 NO COST

TOTAL INSTALLED CAPITAL DATA
(TIC) MM DOLLARS 173.2

DATE OF MONEY 4th Q\urceF )

OPERATING LABOR

MANHOURS/MANPOWER 169,128/ : I
MM DOLLARS/YR 1.285 3
.
OPERATING MATERIALS ’
MM DOLLARS/YR 0.386
7]
&
8 g ANNUAL USAGE
=g
g gg MM DOLLARS/YR 0.133
E ézixuzrzan CHARGE
21 “2|m poLrars
o <

UTILITY COSTS

MM DOLLARS/YR 6.917
+.‘____—====,===_======m

MAINTENANCE LABOR

MANHOURS /MANPOWER

MM DOLLARS/YR 2.598
(/]
5
S | MAINTENANCE MATERIALS
u MM DOLLARS/YR 2.598
2
& | LABOR TO MATERIAL RATIO 50/50
Z
2| ToTAL MAINTENANCE

MM DOLLARS/YR 5.196

) A-D-5

;
;
¢
1
?




APPENDIX D

SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

spr yon

REFERENCE EPRI AF-642 L] S H S
CASE MACW MXSC EAHC EXHC
COAL FEED, TON/DAY 10,000 10,000 10,000 10,000
TOTAL INSTALLED CAPITAL

(TIC) MM DOLLARS $88.725 $66.630 $42.122 $43.800
DATE OF MONEY Migd-76 Mid-76 Mid-76 Mid-76

OPERATING LABOR
MANHOURS /MANPOWER
MM DOLLARS/YR

3.653

2.984

2.590

2.692

OPERATING MATERIALS
MM DOLLARS/YR

ANNUAL USAGE
MM DOLLARS/YR

0.373

0.344

0.429

0.391

INITIAL CHARGE

CATALYST
AND CHEMICALS

MM DOLLARS

OPERATING COSTS

1.072

0.800

1.351

0.846

UTILITY COSTS

MM DOLLARS/YR 1.150 1.197 1.179 1.189

MAINTENANCE LABOR

MAINTENANCE COSTS

MANHOURS /MANPOWER

MM DOLLARS/YR 8.088 7.580 7.531 7.289
MAINTENANCE MATERIALS

MM DOLLARS/YR 12.132 11.370 11.296 10.934
LABOR TO MATERIAL RATIC 40/60 40/60 40/60 40./60
TOTAL MAINTENANCE

MM DOLLARS/YR 20.220 18.950 18.827 18,223
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APPENDIX D

SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

REFERENCE EPRI AF-642 s s s
CASE EALC EXTC EXTC
COAL FEED, TON/DAY 10,000 10,000 10,000
TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS 68%.133 619.470 6€39.632
DATE OF MONEY Mid 76 Mid 76 Mid 76
OPERATING LABOR
MANHOURS /MANPOWER
MM DOLLARS/YR 2.596 2.692 2.692
OPERATING MATERIALS
MM DOLLARS/YR
L]
b «
o J{ANNUAL USAGE
Ol 8§
g gg MM DOLLARS,/YR 0.344 0.262 0.284
[=] »d
5 S S|INITIAL CHARGE
g 62 MM DOLLARS 0.528 0.515 0.515

UTILITY COSTS

MM DOLLARS/YR 1.272 1.354 1.440
MAINTENANCE LABOR

MANHOURS /MANPOWER

MM DOLLARS/YR 9.798 7.882 8.229
0
&
8 MAINTENANCE MATERIALS
3] MM DOLLARS/YR 14.697 11.822 12,343
k4
{2 | LABOR TO MATERIAL RATIO 40/60 40/60 40,60
5
§ TOTAL MAINTENANCE

MM DOLLARS/YR 24.495 19.704 20.572

A-D-7
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SUMMARY OF FACILITY RELATED COSTS

APPENDIX D

OPERATIONS AND MAINTENANCE

A A

SHEET 1 OF 2

OPERATING COSTS

MAINTENANCE COSTS

OPERATING LABOR

- r— e
REFERENCE EPRI AF~244 6 6 6 6
CASE MA MX FA X
COAL FEED, TON/DAY 10,000 10,000 10,000 10,000
TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS 334.905 408.758 258.531 252.289
DATE OF MONEY Mid 'S Mid 7S Mid 75 Mid 75

MANHOURS /MANPOWER

MM DOLLARS/YR 4.028 4. 400} 3.284 3.567
OPERATING MATERIALS

MM DOLLARS/YR 1.629 1.127 .800 .578

3 ANNUAL USAGE

[ 4
g§ MM DOLLARS/YR 0.314 0.334 0.238 0.165
éa INITIAL CHARGE
°§ MM DOLLARS 2.345 1.558 2,386 1.299

UTILITY COSTS
MM DOLLARS/YR

MAINTENANCE LABOR

MANHOURS /MANPOWER

MM DOLLARS/YR 6.302 7.655 4.903 4.856
MAINTENANCE MATERIALS

MM DOLLARS/YR 8.788 10.718 6.850 6.862
LABOR TO MATERIAL RATIO 42/58 42/58 42/58 42/58
TOTAL MAINTENANCE

MM DOLLARS/YR 15.090 18.370 11.75% 11.725

!—r—-—: §em—
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APPENDIX O
SUMMARY OF FACILITY RELATED COSTS
‘ OPERATIONS AND MAINTENANCE

susst g or 2

REFERENCE EPRI AF-244 6 6
CASE EAL EXL
COAL FEED, TON/DAY - 10,000 10,000

TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS

209.729

202.767

Mid 75 Mid 7%

DATE OF MONEY

OPERATING LABOR

MANHOURS /MANPOWER

MM DOLLARS/YR 3.244 3.1

OPERATING MATERIALS

MM DOLLARS/YR .608 .506
¢, ]
&
3 g ANNUAL USAGE

[ 2

9 g% MM DOLLARS/YR 0.198 0.181
-4
5 é{-‘, INITIAL CHARGE
g ”g MM DOLLARS 0.527 0.527

UTILITY COSTS

MM DOLLARS/YR

MAINTENANCE LABOR

e . -
pa——
€ Y

MANHOURS /MANPOWER

MM DOLLARS/YR 4,388 4.325%
0
@
8 MAINTENANCE MATERIALS
3 MM DOLLARS/YR 6.176 6.386
2
‘(3 LABOR TO MATERIAL RATIO 42/58 «0/60
=S
5 TOTAL MAINTENANCE

M4 DOLLARS/YR 10.564 10.711

A-D-9




APPENDIX D
SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

OPERATING LABOR

Mid 7%

SHEET T s
REFERENCE EPRI AF-331 7 7
CASE 1 2
COAL FEED, TON/DAY 7,820 8,250
TOTAL INSTALLED CAPITAL
(TIC} MM DOLLARS 121.98 133.338
DATE OF MONEY Mid 75

MANHOURS /MANPOWER 91,700/ |91,700/
MM DOLLARS/YR 0.7336]  0.7336
OPERATING MATERIALS
MM DOLLARS/YR
&
21  4Q|awnuaL usace
METL
| @x2|sm DOLLARS/YR .081 .085
[ ]
5 < 5|INITIAL CHARGE
g 6% MM DOLLARS 1.655 .069

UTILITY COSTS

MM DOLLARS/YR

MAINTENANCE LABOR
MANHOURS /MANPOWER
MM DOLLARS/YR

MAINTENANCE MATERIALS
MM DOLLARS/YR

LABOR TO MATERIAL RATIO

MAINTENANCE COSTS

TOTAL MAINTENANCE
MM DOLLARS/YR

4,2332

4.624

A-D-10
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APPENDIX D
SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

SHEET A or L

REFERENCE FE 1778-11 8
CASE Base
COAL FEED, TON/DAY 43,700

TOTAL INSTALLED CAPITAL
(TIC) MM DOLLAR3 (NOTE 1) 1,866.547]

Mid 77
| — — 2

OPERATING LABOR

DATE OF MONEY

MANHOURS/MANPOWER /1468
(NOTE 2)
MM DOLLARS/YR 30.04

OPERATING MATERIALS

MM DOLLARS/YR 16.048
é
§ hg ANNUAL USAGE
g gg MM DOLLARS/YR 7.250
5 §3 INITIAL CHARGE
‘é’ °§ MM DOLLARS 8.846 ‘

UTILITY COSTS

M4 DOLLARS/YR

MAINTENANCE LABOR

MANHOURS /MANPOWER /988
(NOTE 3)
MM DOLLARS/YR (NOTE 4) 46.131
7 <
a .
o MAINTENANCE MATERIALS 53,488
© (NOTE $)
3 MM DOLLARS/YR
g
E LABOR TO MATERIAL RATIO 46/54
Z
£ | roraL maINTENANCE
MM DOLLARS/YR 99.619
NOTES: (1) Includes $MM 231.310 for coal mine
(2) 887 for coal mine
(3) 308 for coal mine .
(4) $6/280 x 106/yr for coal mine

(5

I

$19.612 x 105/yr for coal mine equipment operation included in
Maintenance Materials

A-D-11
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APPENDIX D
SUMMARY OF TACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

SHEET ) OF 1
REFERENCE FE 1775-18 9 9
CASE 1 2
COAL FEED, TON/DAY 1,800 2,250
TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS 83.666 250.451

DATE OF MONEY Mid 77 Nid 77
OPERATING LABOR (NOTE 1)

MANHOURS/MANPOWER 738 /62
MM DOLLARS/YR 0.545 0.965
OPERATING MATERIALS
MM DOLLARS/YR 0.165 0.290
[--]
9
2 g ANNUAL USAGE
g §§ MM DOLLARS/YR 0.830 0.380
-y
5 gs INITIAL CHARGE
[~ va
& | 3| oozass 0.364 0.06S

UTILITY COSTS

MM DOLLARS/YR
MAINTENANCE LABOR 75 lo8

MAINTENANCE COSTS

MANHOURS /MANPOWER

MM DOLLARS/YR 1.520 4.545
MAINTENANCE MATERIALS

MM DOLLARS/YR 3.070 9.19%
LABOR TO MATERIAL RATIO 33/67 33/67
TOTAL MAINTENANCE

MM DOLLARS/YR 4.590 13.740

NOTES: (1) Includes Supervision

A-D-12
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APPENDIX D
SUMMARY OF PACILITY RELATED COSTS
OPERATIONS AND MAINTENANCE

surst ) or ),
REFERENCE EPRI Ar-316 10 10 10
CASE 1 4 )
COAL FEED, TON/DAY 10,000 19,000 10,000
TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS 634,622 669.223 632.511
DATE OF MONEY Mid 76 Mid 76 Mid 76

ORERATING LABOR
MANHOURS /MANPOWER
MM DOLLARS/YR 2.974 2.974 2.974

OPERATING MATERIALS
MM DOLLARS/YR

w0

g A|annuarL usace

g gg MM DOLLARS/YR 0.371 0.458 0.249
E ga INLTIAL CHARGE

g g MM DOLLARS 0.530 0.654 0.356

UTILITY COSTS
MM DOLLARS/YR 2.718 2.951 2.701

e e —————————

MAINTENANCE LABOR

MANHOURS/MANPOWER
MM DOLLARS/YR 6.487 6.748 6.480
e
§ MAINTENANCE MATERIALS
3 MM DOLLARS/YR 9.731 10.122 9.720
2
g LABOR TO MATERIAL RATIO 40/60 40/60 40/60
2 | rorar marnTENANCE
MM DOLLARS/YR 16.218 16.870 16.200
UR]
A-D-13  op OIVAL p,
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APPENDIX D
SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

A

MANHOURS/MANPOWER
MM DOLLARS/YR

smeer ) or)
REFERENCE EPRI AF-880 i 1 11 '
(NOTE 1)
CASE 1 2 3
COAL FEED, TON/DAY 1,100 1,100 1,100
TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS 233.980 258,710 | 266.680
DATE OF MONEY April 78 |April 78 | april 78

OPERATING LABOR

OPERATING MATERIALS

MM DOLLARS/YR
£
g g ANNUAL USAGE
[
g gs MM DOLLARS/YR
&1 SElmrriar caarce
] 6“'
] Q
& | ~ 3| poLLARs

UTILITY COSTS

MANHOURS /MANPOWER
MM DOLLARS/YR

MM DOLLARS/YR
MAINTENANCE LABOR

MAINTENANCE MATERIALS
MM DOLLARS/YR

LABOR TO MATERIAL RATIO

MAINTENANCE COSTS

TOTAL MAINTENANCE
MM DOLLARS/YR

NOTES: (l) No cost breakdown provided

A-D-14
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APPERDIX D
SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

supzT § ori
REPERENCE TFE 1773-7 12
case 1
COAL FEED, TON/DAY 30,000
TOTAL INSTALLED CAPITAL
(TIC) MM DOLLARS (NOTE 1) | 1,376.3
DATE OF MONEY 4th ger
OPERATING LABOR
MANHOURS /MANPOWER /978
(NOTE 2)
)t DOLLARS/YR 18.92

OPERATING MATERIALS

MM DOLLARS/YR .72
5

8 g ANNUAL USAGE

o EE MM DOLLARS/YR 5. 178
-t -

5 .35 INITIAL CHARGE

5‘3‘ “g MM DOLLARS 10.668

UTILITY COSTS

MM DOLLARS/YR

MAINTENANCE LABCR

MANHOURS /MANPOWER /796
(NOTE 3)
MM DOLLARS/YR 34.340
MAINTENANCE MATERIALS ﬂ
MM DOLLARS/YR 34.348

LABOR TO MATERIAL RATIO 50/50

MAINTENANCE COSTS

TOTAL MAINTENANCE b
MM DOLLARS/Y¥R 68.688 1

NOTES: (1) Includes $MM 164.3 for coal mine
(2) %98 for coal mine
(3) 217 for coal mine

A-D-15
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APPENDIX D
SUMMARY OF FACILITY RCLATED COSTS
OPERATIONS AND MAINTENANCE

b

SHEET )1 OF )

P —

REFERENCE PROCON 16 16 .

CASE srTuanous| LiGwrTe [

COAL FEED, TON/DAY 21,321 24,641

TOTAL INSTALLED CAPITAL ,i {
(TIC) MM DOLLARS 770.660 634.383 iy

1st Qer 78] lst Qtr 78

DATE OF MONEY

OPERATING LABOR (NOTE 1)

MANHOURS /MANPONER 8,76V 8,760/
MM DOLLARS/YR s.326 $.326
OPERATING MATERIALS

MM DOLLARS/YR (NOTE 2) 1.60 1.60
g
8 g ANNUAL USAGE
0 55 MM DOLLARS/YR 4.584 4.861 -
g 23 INITIAL CHARGE -
g 6; MM DOLLARS 10. 328 11.383 B

UTILITY COSTS
MM DOLLARS /YR

MAINTENANCE LABOR
MANHOURS /MANPOWER
M DOLLARS/YR

MAINTENANCE MATERIALS
MM DOLLARS/YR ; i

LABOR T0 MATERIAL RATIO

MAINTENANCE COSTS

TOTAL MAINTENANCE -
MM DOLLARS/YR 39.246 32,113

NOTES: (1) Includes super-:sion
(2) Operating supp..es & 108 of operating labor

A-D-16 I
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SUMMARY OF PACILITY RELATED COSTS
OPERATION3 AND MAINTENANCE

APPENRDIX D

OPERATING LABOR

REFERENCE FE 2342-10 1?7
CASE
COAL FEED, TON/DAY 29,000
TOTAL INSTALLED CAPITAL

(TIC) MM DOLLARS 735,036
DATE OF MONEY lst Qer 7

OPERATING COSTS

MAMHOURS/MANPOWER 1276
MM DOLLARS/YR 5.200
OPERATING MATERIALS
Mt DOLLARS/YR
g‘nmuu;uaun
§§ MM DOLLARS/YK 15.278
30 INITIAL CHARGE
62 MM DOLLARS 14.338

MAINTENANCE LADNOR

MARHOURS /MANPOWER /220

MM DOLLARS /YR 917
MAINTENANCE MATERIALS
(NOTE 1)

MM DOLLARS/YR 25.17%

LABOR TO MATERIAL RATIO

MAINTENANCE COSTS

TOTAL MAINTENANCE
MM DOLLARS/YR

NOTES: (1) Includes maintenance contracts

A=n=17




APPENDIX D
SUMMARY OF FACILITY RELATED COSTS

OPERATIONS AND MAINTENANCE

F P Vu—

P ———

OPERATING LABOR
MANHOURS /MANPOWER
MM DOLLARS/YR

2.692

2.987

SHEET ] OF 1
REFERENCE EPRI AF-753 ' 19 19
CASE EXTC EATC
. COAL FEED, TON/DAY 10,000 10,000
TOTAL INSTALLED CAPITAL f
(TIC) MM DOLLARS 619.470 604.752 g
DATE OF MONEY Mid 76 Mid 76

—_—ee | §

OPERATING COSTS

OPERATING MATERIALS
MM DOLLARS/YR

€

ANNUAL USAGE
MM DOLLARS/YR

0.262

0.358

INITIAL CHARGE

CATALYST

AND CHEMICALS

MM DOLLARS

0.515

1.285

R

UTILITY COSTS
MM DOLLARS/YR

MAINTENANCE LABOR

1.354

1.589

h—-p——--=====—==-—-=-=—P==Q

MANHOURS/MANPOWER
MM DOLLARS/YR 7.882 8.480 .
o i
a
9 | MAINTENANCE MATERIALS
) MM DOLLARS/YR 11.822 12.721 i
Z !
& | LABOR TO MATERIAL RATIO 40/60 40/60
=z P
3 }
TOTAL MAINTENANCE !
MM DOLLARS/YR 19.704 21,201
. H
I
A
I
A-D-18 7
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APPENDIX D
SUMMARY OF FACILITY RELATED COSTS
OPERATIONS AND MAINTENANCE

suzEr o

REFERENCE EPRI AF-1227 22
CASE 1
COAL FEED, TON/DAY 22,2%0
TOTAL INSTALLED CAPITAL

(TIC) MM DOLLARS 1.270

DATE OF MONEY 1977
_—-——————,eeeeeeeeee e e e e

QRERATING LABOR
MANHOURS /MANPOWER
MM DOLLARS/YR 7.1

OPERATING MATERIALS
MM DOLL}RS/YR

w

g gtmmmu.umum

g gé MM DOLLARS/YR 11.4
E Es INITIAL CHARGE

& ‘“g MM DOLLARS : 23.4

UTILITY COSTS

MM DOLLARS/YR

MAINTENANCE LABOR

MANHOURS /MANPOWER
MM DOLLARS/YR 18.9
0
a
8 MAINTENANCE MATERIALS
u MM DOLLARS/YR 26.8
2
2’. LABOR TO MATERIAL RATIO 40/60
5
§, TOTAL MAINTENANCE
MM DOLLARS/YR 45.7
A-D-19
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APPENDIX E

ALTERNATE PRODUCTS
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

UNIT

OPERATION - PAGE
NUMBER
90 SHIFT CONVERSION E-1
91 METHANATION E-2
92 PRODUCT GAS DRYING . E-3
93 METHANOL SYNTHESIS : E-4

94 GASOLINE SYNTHESIS £-5
95 HYDROGEN RECOVERY E-6




SYSTEM NUMBER
UNIT OPERATION NUMBER

APPENDIX E
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

90

SHIFT CONVERSION

bl

DESCRIPTION
SHEET | OF |
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTICN FEED GAS STEAM
ORIGIM UNIT OP 22 UNIT OP 84
| MAJOR COMPONENTS C0,H,,C05.H,0 | Hy0
| SIG. MINOR COMPONENTS |H,S, COS ---
E PEMPTPATURE, °F 350-400 600
PRESSURE, PSIG 400 400-1500
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION SHIFT GAS SOUR H,0
DESTINATION UNIT OP 91,92 | UNIT OP 33
g MAJOR COMPONENT Hy»C0,,C0,H0 | Hy0
6| SIG. MINOR CONPONENT [HpS, C0S H,S, COS
3| TEMPERATURE, OF 100 230
PRESSURE, PSIG 375 375
NO. 1 NO. 2 NO. 3 NO. 4
., | DESCRIPTION
O | uses
§ {IAJOR COMPONENT
E. SIG. MINOR COMPONENT
> | TEMPERATURE, °F
PRESSURE, PSIG
1. HIGH TEMP. CATALYST
2. LOW Teiie. CATALYST
[9)]
5 3.
E 4.
=15,
2.
217
g.
A-E-]




SYSTEM NUMBER

APPENDIX E
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

| Snm

UNIT OPERATION NUMBER 91
DESCRIPTION METHANATION
SHEET 1 OF |
NO. 1 NO.. 2 NO. 3 NO. 4
DESCRIPTION FEED GAS
ORIGIN UNIT OP 22
| MAJOR COMPONENTS €0, H,
&| STIG. MINOR COMPONENTS | H,S, C0,
g TEMPERATURE, °F 100
PRESSURE, PSIG
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION SNG CONDENSATE
DESTINATION UNIT OP 93 | UNIT OP 85 :
f§ MAJOR COMPONENT CH, H,0 '
£ SIG. MINOR COMPONENT |CQ. Hp. CO, | CO,
3| TEMPERATURE, °F 100 100
PRESSURE, PSIG
NO. 1 NO. 2 NO. 3 NO. 4
- | DEScrIPTION STEAM
§ USES MOTIVE PWR
S| HAJOR COMPONENT H,0
E' SIG. MINOR COMPONENT | -
> | TEMPERATURE, °F 598
PRESSURE, PSIG 1500
1. METHANATION CATALYST - NICKEL OXIDE
2. SULFUR ¢OLISH - ZINC OXIDE
1]
g 3.
= 4.
e|s.
Zls.
Z11.

A-E-2




APPENDIX E
SYSTEM STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER
UNIT OPERATION NUMBER 92

DESCRIPTION PRODUCT_GAS DRYING ,
SHEET | OF |
NO. 1 NO. 2 NO. 3| NO. 4
DESCRIPTION SYN. NAT. GAS
ORIGIN UNIT OP 92
HMAJOR COMPONENTS CHy
§ SIG. MINOR COMPONENTS {H,0, H,
: TEMPERATURE, °F 100
PRESSURE, PSIG 600
| NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION DRY SNG
DESTINATION PIPELINE
£ | MAJOR COMPONENT CH,
61 SIG. MINOR COMPONENT |C0, H,
8| TEMPERATURE, °F 100
PRESSURE, PSIG 600
NO. 1 NQ. 2 NO. 3 NO. 4
., | DESCRIPTION
&1 uses
?g MAJOR COMPONENT
f}f SIG. MINOR COMPONENT
> | TEMPERATURE, °F
PRESSURE, PSIG
1. TRIETHLYENE GLYCOL
2.
al 3.
5 a
= |-
&15.
£1s.
=7
g.

A-E-3




APPENDIX E
SYSTE™ STREAM CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER

§ et b
. ———y R 4

UNIT OPERATION NUMBER 93
DESCRIPTION METHANOL SYNTHESIS
SHEET 1 oF !
NO. 1 NO. 2 No. 3] No. 4
DESCRIPTION FEED GAS ' '
ORIGIN UNIT OP 22
“ MAJOR COMPONENTS €0, H,
E| SIG. MINOR COMPONENTS | COp. CH,
% TEMPERATURE, °F 300+
PRESSURE, PSIG
NO. 1 NO. .2 NO. 3 NO. 4
DESCRIPTION METHANOL PURGE GAS
DESTINATION BATTERY LIMIT | BATTERY LIMIT j
g MAJOR COMPONENT CHOH €0, CH, '
f ! SIG. MINOR COMPONENT | Hy0 co
3| TEMPERATURE, °F 100 200
PRESSURE, PSIG ATMOSPHERIC | 200
NO. 1 NO. 2 NO. 3 NO. 4
«; | DESCRIPTION ]
&1 uses
{?; MAJOR COMPONENT
Slf SIG. MINOR COMPONENT
> | TEMPERATURE, °F
PRESSURE, PSIG 4
1. SYNTHESIS CATALYST - COPPER BASE
2.
gl 3.
51 a
2|
els. -
Z1ls.
E 7. .
g.

A-E-4
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APPENDIR

SYSTEM STREAN CHARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER
UNIT OPERATION NUMBER

38

DCSCRIPTION GASOLINE SYNTHESIS
SHEET 1 OF |
NO. 1 NO. 2 NO. 3 NO. 4
DESCRIPTION METHANOL
ORIGIN UNIT OP 92
MAJOR COMPONENTS CH,OH
(9]
E | SIG. MINOR COMPONENTS |H,0
E TEMPERATURE, - °F 100
PRESSURE, PSIG 5
NO. 1 | NO. 2 NO. 3 NO. 4
DESCRIPTION GASOLINE ALKYLATE BUTANES LIGHT GAS
DESTINATION BLENDING BLENDING BLENDING PLANT FUEL
“ .
£ | MAJOR COMPONENT Cet Ce* Cq CHy »CoHe
fu] s16G. MINOR COMPONENT --- === -~ ---
3| TEMPERATURE, °F 100 100 100 100
PRESSURE, PSIG |
NO. 1 NO. 2 NO. 3 MO. 4
< | DESCRIPTION LPG
§ USES FUEL, FEED
5| MAJOR COMPONENT PROPANE
? SIG. MINOR COMPONENT |BUTANE
> | TEMPERATURE, °F 100
PRESSURE, PSIG 100-250
1. SYNTHESIS CATALYST - ZEOLITE
2.
a1 3.
o
: 4.
B115.
3
Z1s.
::_: []
=17.
44
g.

A-g-5
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SYSTEM STREAM CAARACTERIZATION AND RAW MATERIALS

SYSTEM NUMBER

APPENDIX E

UNIT OPERATION NUMBER 95 . .
DESCRIPTION HYOROGEN RECOVERY
SHEET 1 OF |
NO. i NO. 2 NO. 3 NO. 4
DESCRIPTION SHIFT GAS b
ORIGIN UNIT OP 90 -
| MAJOR COMPONENTS €0, Hy, €O,
f:| SIG. MINOR COMPONENTSE [H,0
g TEMPERATURE, °F 100
PRESSURE, PSIG 100
NO. 1 | No. 2 NO. 3 NO. 4
DESCRIPTION HYDROGEN PURGE GAS
DESTINATION BATTERY LIMIT
§ MAJOR COMPONENT H,
& | SIG. MINOR COMPONENT |CO
3| TEMPERATURE, °F 100
PRESSURE, PSIG . ATMOSPHERIC
NO. 1  NO. 2 NO. 3 NO. 4
« | DESCRIPTION |
§ USES |
§ | {AJOR COMPONENT -
£ sIG. MINOR COMPONENT '
> | TEMPERATURE, °F ;.
PRESSURE, PSIG '
'
1.  MOLECULAR SIEVES
2. o
a1 3. A
=1 a ;
1 1
1 "
; 5. H :
5 7. ot
g.

A-E-§
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SYSTEM NUMBER -
UNIT OPERATION NUMBER 90

APPENDIX F
SYSTEM CHARACTERIZATION

SHEET 10P 1

DESCRIPTION SHIFT CONVERSION
REFERENCE/CASE 3/1 11/ 22/1 13/8YCAS 13/81688 13/5TTHANE
NG. OF PARALLEL TRAINS 3/1 2/0 2/0 2/0 2/0
OPERATING/SPARE
SYSTEM COST, MM § 12.8 51.776 66.0 27.0 2.0 31.0
OATE OF MONEY 10-77 ist Qtr 78 1977 177 2176 1/76
1. u,/CO ratio in feed 2.07/1 0.439 NA 1.2 1.02 1.8
9 2. MOLE 8 § IN FEED 0.8 0.12 NA 0.61 0.9 1.2
L 3. moLE CO SHIFTED 2824 N 5456 7142 3862
Sn 4. rRESSURE, PSIA 413 420 1166 1200 113
S 5. swirr FEED MMLE/MR 36,303 39,018 39,328 57,154 42,321
L. STEAR/URY GAS RATIO 0.59 0.47 0.6? 0.63% 0.6%
5'&‘ 2. FEED GAS TEMPERATURE, OF 367 m NA 462 a62 5%}
ne
He o
s.
1. ELECTRICITY, KW NA 10 500 o ° ]
2. H.P. STEAM, MIb/HR(PSIC 0 914.91(550) -500 (600) BFY REATED BV MIATED B NEATED
g 3. M.P. STEAM, MIL/HR(PSIG 0 0 -835 (150)
,-’5& 4. L.P. STEAM, MIb/HR [} (] 0
32‘. 5. DOILER FEEDWATER, GPM NA 0 0
g 6. COOLING WATER, GPM HA % 9905 2478 2911 209

%
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APPENDIX P
! SYSTEMN CHARACTEPIZATION

SYSTEN NURBER -
UNIT OPERATION WUMBER 93

DESCRIPTION WETHANOL SYNTHESIS SuERT 1 0f 3 |
] Jdor |
REFERENCE /CASE /1 2271 ?
NO. OF PARALLEL TRAINS 3
i OPERAT ING/SPAF-Y 270
SYSTEM COST, MM § s4.4 1n2
DATE OF MONEY 10-77 1977
L. N /CO RATIO IN FEED 2.54 2
2. FEED GAS PRESSURE, PSIG 348 400
g .
: 2% .
o 88
i > s.
L. CAPACITY, MIL/hr 258.0 1,29%.8
83 2. FEED GAS PURITY NA <1 ppm 8
[ S R
0 "
("X 3
oa J.
s.
1. E.ECTRICITY, KW wA 1,6%
2. N.P, STEAM, N!b/0R A o ‘
g 3. N.P. STEAN, mb/uncnlcﬁ ETY (-1704.6) (15 1
E,. 4. L.P. STEAM. NIb/NR NA M ;
"{.'ﬁ .. BOILEN FEEDMATER, GPV A ° 1
% 6. COOLING WATER, GPM NA 5,726 ‘
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APPENDIX F
SYSTEM CHARACTERIZATION
SYSTEM NUMBER -
UNIT OPERATION NUMBER 95
DESCRIPTION HYDROGEN RECOVERY SHEET ] OF 1
REFLERENCE/CASE 3/1
NO. OF PARALLEL TRAINS
OPERATING/SPARE 3
SYSTEM COST, MM § 2.6
DATE OF MONLY 10-72
1. % 0, IN GAS 35.46
o 2.
- [ 3.
Oia
O m 4'
8 s,
w |7 CAPACITY, MSCED 1495. 8
e 2
(& 2]
[ 3
“e
an A4
5
1. ELECTRICITY, NA
2. H.P. STEAM, 1b/HR NA
L83 3. M.P. STEAM, 1b/UR NA ’
-,
gfg 4. L.P. STEAM, 1lb/HR NA
5& 5. BOILER FEEDWATER, GPM NA
£ 6. COOLING WATER, GPM NA
L ) L l F [y € g § ~nmaert
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