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I.D. 1238A
1.0 EXECUTIVE SUMMARY

In response to a 1980 Department of Energy solicitation, the General
Refractories Company submitted a Proposal for a feasibility study of a low Btu
gasification facility for its Florence, KY plant. The proposed facility would
substitute low Btu gas from a fixed bed gasifier for natural gas now used in the
manufacture of insulation board.

The Proposal from General Refractories was prompted by a concern over the rising
costs of natural gas, and the anitcipation of a severe increase in fuel costs
resulting from deregulation.

The proposed feasibility study consisted of the following tasks:

o Perform preliminary engineering of a gasification facility, inciuding
cooling, tar removal, and desulfurization. The facility would replace the
existing natural gas requirement of the Florence plant with low Btu gas from
coal.

o Provide a definitive cost estimate base upon the preliminary engineering
design.

o Investigate potential sources of supply to determine the preferred source of
coal.

o Investigate potential sources of supply to determine the preferred source of
coal.

o Determine the potential for the disposition of, and income from, by-products
resulting from the gasification process.

o Develop a health and safety program for the proposed facility.

o Perform an analysis of the risks involved in constructing and operating such
a facility, and,

o Prepare a Financial Analysis of the impact of the proposed facility based
upon a compilation of capital costs, operating costs, maintenance costs, and
the cost of capital.

The intent of this Proposal is to provide General Refractories with the basis
upon which to determine the feasibility of incorporating such a facility in
Florence.

To perform the work of this study, a Grant for which was awarded by the DOE,

General Refractories selected Dravo Engineers and Constructors. This selection
was based upon the qualifications of Dravo in the field of coal conversion, and
the fact that Dravo has acquired the rights to the Wellman-Galusha® technology.
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To ensure maximum responsiveness to the requirements of General Refactories,
Dravo retained as consultants the manufacturers of the principal pieces of
equipment used in the insulation board fabrication process. These manufacturers
were retained to select and qualify the retrofit equipment to be used to convert
their equipment to low Btu gas. In addition, Dravo retained Gibbs and Hill to
perform the required environmental and socioeconomic analyses for the study.

The primary function of the feasibility study is to provide General Refractories
with sufficient engineering and financial information to permit its Management
to make an informed decision as to the potential of a gasification facility to
enhance the profitability and future growth of the Florence plant.

The proposed gasification facility would be located on GREFCO property behind
insulation board plant and near the east end. The plant will be designed to be
aesthetically pleasing, consistent with high standards of the Northern Kentucky
Industrial Park. The facility will produce a cool, cleaned and desulfurized
fuel gas, and be designed and operated so as to meet all local, state and
federal requirements, including those of EPA and OSHA. The LBG will be used to
fuel the perlite expander furnaces and the dryers in the insulation board plant.

This study is based on a gasification facility capable of producing 6 billion
Btu's per day from producer gas. The facility would provide all of GREFCO's
current energy needs and would provide for future expansion. To produce 6
billion Btu's per day requires five Wellman-Galusha gasifiers. However,
because the insulation board plant now uses just half that amount, it was
proposed to stage the design of the complete plant. General Refractories
requested a design for a two stage installation which would first utilize two
gasifiers and then the remaining three. This plan was suggested to accommodate
potential future expansion plans at GREFCO. An initial installation of only one
or two gasifiers would minimize initial capital expenditure. At the same time,
the initial but partial installation could be used to iron out process problems
and improve operational experience. Since Dravo or its agent is willing to
build, own and operate LBG facilities and sell the gas "over the fence" it was
decided that the study would consider both a GREFCO-own and operate and
Dravo-own and operate case. The study therefore addresses four alternatives,
i.e., five-gasifier installation vs. a two-gasifier installation for each
ownership option.

One of the disadvantages in replacing natural gas as a fuel is that the most
obvious substitutes, 0il or coal, have significantly higher sulfur contents. 1In
the initial design requirements for this feasibility study, it was decided that
an optimum gasification facility would be one in which commercially available
coal, having a sulfur content of 2% or more, would be gasified in a manner so as
to reduce the sulfur content in the product gas to levels approaching that of
natural gas, that is 5 ppm of sulfur or less.

The initial process design was based on this requirement, and a process system
having the capability of reducing high sulfur coal to very Tow sulfur gas was
developed. When the cost estimates of the capital and operating expense for
this process were analyzed, it became obvious that the resultant gas costs were
prohibitive.
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Before the technical feasibility of an alternative process could be determined
attempts were undertaken to establish the cause of the corrosive attack in the
dryer. Tests on gas samples and metal specimens, which were obtained from the
dryer, indicated that agents other than sulfur could be responsible for the
problem. However, further tests will have to be made to substantiate this
inference. These tests should also be designed to pinpoint the corrosive
elements in the dryer and the portion of each attributable to fuel, process
chemistry, product content and operating procedure. Any such program,
unfortunately, is beyond the scope of this study.

From the results of the gas chromatograhic analysis it was inferred that the
single largest contributor to the sulfur content in the atmosphere was the
composition of the product itself, and that the sulfur content of the fuel used
had minor effect upon the total sulfur level. Considerably more testing is
required to support this conclusion.

As a result of this new knowledge, the sulfur treatment process was redesigned
with a more cost effective goal of reducing the sulfur level of the LBG to 150
ppm. This level is still far below the environmental requirement for the
process.

To provide an environmental analysis federal and state requirements were
reviewed. Of the two major requirements it appears that the Prevention of
Significant Deterioration (PSD) air permit would apply to this project but the
Environmental Assessment Report (EAR) would not. Final decisions will be made
on both after more specific project information is supplied to the permitting
agency.

The net increase in S02 emissions for the proposed modification is classified
under Prevention of Significant Deterioration (PSD) Regulations as significant,
i.e., greater than 40 tons/yr, therefore a PSD Permit would be needed. The
permit would require demonstration of Best Available Control Technology (BACT)
for all pollutants emitted in significant amounts on an annual basis; this would
include SO2 because it is emitted at a rate greater than 40 tons/yr and H2S04
because it is emitted at a rate greater than 7 tons/yr. PM emissions are less
than the 25 tons/yr significant PM emissions cutoff and therefore require no
BACT review. Air quality impacts during construction will be minimal. Impacts
on meterology, though insignificant, will be from dust generated during project
construction and from cooling tower drift during operation.

Only minor construction or operational impacts are expected on rare, threatened,
or endangered species, physiography, soil, geology, surface water, and ground
water.

In Chapter 8 the potential effects of project construction and operation are
presented. Unemployment in the county will be reduced as a result of
construction and operation. The construction payroll will add $4.3 million to
the local economy. Operational impacts will include the addition of 35 new
jobs, producing an additional $1 million annually for labor. Traffic in the
project area will increase but impacts are expected to be minimal as roadways
are not currently used to capacity.
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The safety and health hazards associated with the Wellman-Galusha gas plant are
anticipated to be not greater than operations typical of the chemical processing
industries.

A safety and health program is included to provide guidance for operators of the
Wellman-Galusha Gas Producer System in dealing with the associated occupational
safety and health hazards. The program is site-specific because it is based on
a feedstock (Ohio sub-bituminous coal) and operating parameters particular to
the GREFCO project design.

The program presents a conceptual Occupational Safety and Health (OSH)
adminstation guide, OSHA compliance requirements and training and accident
prevention plans. Also included is applicable support information on industrial
hygiene, system safety, traditional industrial safety, and loss prevention. The
intent is to assist safety and health professionals as well as line management
in dealing with the subject.

The total installed value for a five-gasifier installation owned and operated by
Dravo, including distribution pipeline and all retrofit expense is estimated to
be $33,007,000. If the facility is owned by GREFCO the office/change house
planned for Dravo personnel would be eliminated with a capital cost reduction of
approximately $400,000 and resulting in a total installed cost of $32,607,000.

A two-gasifier installation owned and operated by Dravo is estimated to cost
$24,316,000. This includes the total battery limits plant, the distribution
main and the retrofit costs. The total installed cost of a two-gasifier
installation owned and operated by GREFCO would be $23,916,000.

Using a 20 percent return on investment or discount rate in the financial
analysis, a Dravo owned and operated five-gasifier installation would yield a
1984 current dollar gas price of $7.94 per million Btu's. Current dollar
analysis is the method preferred by General Refractories; 1984 prices were used
as a base since this is the scheduled year for gasification plant start-up. The
equivalent 1981 constant dollar price for the gas is $6.08 per million Btu's. A
20 percent discount factor was used in light of today's prevailing inflation and
interest rates. For the same gasification plant and 20 percent discount rate, a
GREFCO owned and operated gas price would be $7.58 per million Btu's in 1984
current dollars and $5.88 in 1981 constant dollars. Again with the same
discount rate, an initial two-gasifier installation owned and operated by Dravo
would require a gas price of $12.38 per million Btu's. This price is
economically unattractive and is due to a lessened economy of scale and, to a
lesser extent, to the influence of the design requirements for the future
addition of the three gasifiers.

Sensitivity analyses were performed on the capital costs and operating costs. A
variation of 15 percent in the capital costs caused the gas prices to vary by
only about 3.5 percent to 5.5 percent. The operating costs were varied by the
same 15 percent, and result on gas prices was considerably more -- in the range
of 9 to 12 percent. Finally, a sensitivity analysis was performed for the
five-gasifier case with a utilization rate of 345 days per year instead of the
base 279 days per year. This high utilization rate reduced the gas price by 13
to 14 percent. Higher utilization of the facility is recommended
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The gas prices produced in the financial analyses for a two-gasifier case were
not at all attractive. The two gasifier LBG prices would not become competitive
with natural gas until after 1990 if at all. The LBG prices for the
five-gasifier case are much more encouraging. Given the various natural gas
forecasts available, there seems to be a reasonable possibility that the
“five-gasifier LBG prices will break even with natural gas prices somewhere
between 1984 and 1989. General Refractories recognizes that there are many
uncertainties in developing these natural gas forecasts, and if the present
natural gas decontrol plan is not fully implemented some financial risks occur
in undertaking the proposed gasification facility. Because of this, General

Refractories has decided to wait for more substantiating evidence that natural
gas prices will rise as is now being predicted.

1-5



2.0 INTRODUCTION

The General Refractories Company is interested in the feasibility of
substituting low Btu industrial fuel (IFG) gas, made via coal gasification, for
the natural gas now in use at its Florence, Kentucky, insulation board plant.

Dravo Engineers and Constructors was retained to perform a site-specific
detailed engineering evaluation and to provide an estimate for a battery-limits
low-Btu commercial-scale coal gasification facility, including the required
retrofit and peripheral work, to be constructed at the plant. The design of the
proposed low-Btu plant would incorporate several Wellman-Galusha fixed-bed,
atmospheric gas producers and a complete downstream cleanup train, providing the
required energy output for GREFCO's roofing insulation plant.

The plant would use a highly volatile, bituminous coal containing about 4.1
percent sulfur, which would necessitate particulate and tar removal and
purification of sulfur-bearing compounds from the product gas stream.

Therefore, the gasification plant would be designed to meet all existing
environmental safety requirements. Related factors such as coal supply, waste,
and by-product disposal, and their impact on the industrial fuel gas price, were
also addressed. The Kentucky Center for Energy Research assisted in
coordinating and expediting the State agencies' reviews and licenses.

It is GREFCO's opinion that the best approach for implementing the installation
of a coal gasification system at Florence would be to initially install a single
gas producer unit providing only a portion of the plant's total required

energy. As soon as operational confidence and long-term reliability data for a
low-Btu gas supply have been established, and evaluation of product quality
confirmed, then GREFCO could elect to complete the full-size installation.

Thus, the plant would be designed to permit the initial installation of one or
two gasifiers and later installation of the remaining gasifiers.

The feasibility study was performed with the intention of developing capital
cost information for the total number of gasifiers and cleanup equipment
required for providing the total alternate energy requirement for all
anticipated equipment that would be converted.

The definitive cost estimate developed from the engineering performed during the
course of this study will enable GREFCO to make a decision regarding the
economic viability of constructing an alternate energy supply plant. GREFCO
must be assured that a decision to build a plant entails minimal financial risk
with a reasonable guarantee of continuing productive operations utilizing this
alternate energy mode, and that the IFG cost be competitive with the cost of the
existing fuels that it expects to replace. If the process is not economically
viable, IFG will not be considered as an acceptable alternate energy replacement.
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3.0 BACKGROUND

Projections for availability and cost of natural gas and petroleum based fuels
indicate that domestic coal, in comparison, will most likely be the least
expensive fossil fuel available for industry. GREFCO intends to assure itself
of a non-curtailable source of energy to continue its perlite manufacturing
operations by utilizing coal in a Gasification Facility. Preliminary economic
evaluations indicate that a low Btu fuel gas made from coal could be the lowest
cost fuel due to the rapidly escalating cost of natural gas and the future
prospect of even higher cost gas under the provisions of the incremental pricing
structure for industrial natural gas users. This pricing situation results from
the Natural Gas Policy Act (NGPA) now in effect which will have much of the
natural gas wellhead prices completely decontrolled by 1985. Gas prices have
been and will continue to rise. Some believe that under the present decontrol
system, natural gas will reach parity with fuel oil after 1985 and a huge,
almost unbearable, increase in the price for natural gas will occur then. This
has spawned a push for immediate or more rapid decontrol of natural gas by the
administration. In any event, most forecasts predict natural gas prices after
1985 at extremely high levels. (See Natural Gas Forecasts in the Appendix
Section of Financial Analysis 12.0.)

Considering the above and the fact that GREFCO's major cost in manufacturing
insulation board at its Florence, Kentucky plant is for natural gas, General
Refractories decided to undertake the preliminary design/engineering and
feasibility study outlined in this report. The majority of this work was
accomplished by Dravo Corporation and its subsidiary, Gibbs and Hil1l, Inc. -
both noted experts in the field of alternate fuels. Dravo was instructed to
begin their work by establishing a base energy requirement of 6.0 billion
Btu's/day - 5 days per week for the first six months of the calendar year and 6
days per week during the remainder of the year. This would accommodate not only
GREFCO's present needs but also any future energy demands due to expansions.

3.1 Technology

The energy requirements and proximity of Ohio and Kentucky coals as the fuel for
the proposed gasification plant indicate that the Wellman-Galusha fixed bed,
stirred, atmospheric gas producer is the most logical technical and economic
choice for this project.

The high free swelling index of these coals (typically 7-8 FSI) categorize them
as "caking type" and generally rule out other types of gasifiers because of
inherent operational problems with these coals. Also, there have been more
commercially operating Wellman-Galusha installations, with highly caking coals
than any other gas producers. The Wellman-Galusha producer with its high
turndown capability, is ideally suited for low-demand operation expected to be
typically of the GREFCO plant.

Since an integrated system will be designed to include removal of particulate,
tar, and sulfur removal, the clean gas produced will be environmentally
acceptable. The plant will be designed to meet all EPA requlations. An
environmental impact assessment will be made and a comprehensive report will be
prepared. The environmental impacts associated with constuction, operation and
maintenance of the proposed facility will be described in this report. The
process to be used for this facility is described in Section 4.0.
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The proposed gasification system for the Florence plant will utilize a single
stage Wellman-Galusha fixed bed, atmospheric gasifier to produce 150 Btu/SCF
industrial fuel gas. This gasifier has performed in commercial situations with
proven reliability for over forty years in many industrial applications such as
normalizing, annealing, smelting, firing of kilns, iron ore processing, etc.
This gasifier is considered to be a viable process for the production of low Btu
gas because of its demonstrated ease of operation and demonstrated reliability.
330 days per year or more of operation are typical. The process will require
minimum development effort for commercial application. It is anticipated that
all process elements in the proposed installation are commercially available.

The low Btu gas produced in the gasification facility will be used to fuel
expander ovens and tunnel dryers used in the production of a perlite based
roofing insulation board. The fuel gas is burned and the combustion gases flow
into the expander ovens at a temperature of 30200F. The flow of hot gases
produces an expansion of the siliceous raw material. Gas also provides heat for
drying the formed perlite board. The substitution of low Btu gas for higher
heating value natural gas is not expected to affect the structural
characateristics of the manufactured product in any manner nor harm production.
It is expected that the increased flow of combustion products will improve dryer
efficiency.

3.2 Study Objectives

The objectives of this proposal study are:

A. General Refractories Company has engaged Dravo Engineers and Constructors to
perform all preliminary design and engineering required in the evaluation of
its roofing board plant to determine whether onsite production of industrial
fuel gas will be economically viable for GREFCO to implement to guarantee
future energy requirements for continued production of perlite-cellulose
roof insulation.

B. To determine whether LBG can be produced in sufficient quantity and with
proper characteristics to maintain GREFCO's present level of productive
capacity without detriment to product quality.

C. To provide assurance by means of substantive data that a coal gasification
ptant can be located and operated by GREFCO in an environmentally and
sociologically acceptable mode at Florence, Kentucky.

D. To do the preliminary design and berform engineering sufficient to allow
detail design and construction of a completely integrated gasification
facility suitable for GREFCO's Florence Plant.

This work will necessitate the provision of a definitive capital cost
estimate for a battery-limits plant and an estimated annual operating and
maintenance cost for same of sufficient accuracy to permit GREFCO to arrive
at a decision point for construction of a plant to produce its own energy
supply.

E. To determine the extent and magnitude of retrofit required to accomplish the

conversion of existing equipment to utilize the LBG fuel and provide
associated costs necessary to accomplish this conversion.
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F. Determine through investigation that a contract for the purchase of a base
coal fuel supply can be secured at reasonable cost to assure its continued
use.

G. Determine what market exists for the sale of the resultant sulfur by-product
and tars or alternately determine the most environmentally acceptable
disposal method.

3.3 Statement of Work

Dravo Engineers and Constructors, the study contractor, will provide all
preliminary design and engineering work requisite for the detailed design and
construction of a battery-limits coal gasification facility on land owned by
General Refractories Company at Florence, Kentucky.

3.3.1 Retrofit

Investigation of the conversion of burners on this equipment to accommodate this
natural gas replacement, including a detailed study of the required distribution
system, will be performed.

There are two services included in this study: 1) Perlite expanders and

2) perlite board dryers. This retrofit study will investigate the technical and
economic feasibility of the use of a low Btu IFG for these services. The use of
IFG for space heating is not included.

The technical feasibility will consist of an in-depth check with the furnace and
burner manufacturers to determine if the system is indeed retrofittable and, if
so, what changes are required to the system, as follows:

3.3.1.1 General

a. Determination of loads and operating requirements of the existing
installation to determine design basis.

b. Process review of users including determination of heat and material
balances.

¢. Review of existing process controls, flame safety, blowers, gas trains,
ducting, etc.

d. Design of the gas distribution piping in sufficient detail for a + 15
percent estimate.

e. The retrofitted services are viewed as requiring backup-feed for reliability
of supply. Retention of the existing natural gas supply lines and installed
propane system will be considered as the backup.

3.3.1.2 Perlite Expanders

a. Determination of required burner modifications for small scale test in
furnace manufacturer's facilities.
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b. Procurement of three-element gas mixture, hydrogen-carbon monoxide-nitrogen,
for test of expander in the manufacturer's shop.

c. Development and execution of a test to determine final design and
configuration for input to the capital cost estimate.

3.3.1.3 Board Dryer

a. Determination of scope of design work or test program required to define
modification to burners and combustor of the existing dryer.

b. Execution of test or design work to determine final design basis.

c. Development of design in sufficient detail for input to the capital cost
estimate.

3.3.1.4 Documentation

The above will be initiated, checked and coordinated by Dravo. The following
documentation will be provided:

a. Ladder diagram - Industrial fuel gas users with design gas flow rate.

b. Engineering flow diagram - A schematic indicating piping, gas train and
burner components with sizes and a tabular bill-of-materials for major
components.

c. Service description - A brief description of the existing service and status
of design with respect to retrofit. For example, service name, burner and
furnace manufacturer, available vendor information and summary of changes
required to the system.

d. Routing of distribution header - Preliminary routing of the distribution
header and individual service drops in sufficient detail for estimating.

e. Piping and instrument specifications - Preliminary specifications to
indicating the piping system design features and describing major components
in the gas trains.

f. Preliminary equipment specifications - At Dravo's option, preliminary
specifications may be included if major equipment items require
replacement. (For example, combustion air fans, total burner system
replacement, building exhaust system modifications.)

g. General specifications - Dravo will prepare general specifications as
required for the preparation of the estimate.

The capital cost estimate for the retrofit will be based on the above listed
documents, with an expected accuracy of + 15 percent. Vendor quotations on
furnace modification, burner rebuilds or replacements, and gas train components
will be obtained. Pricing of piping and piping components will also be
obtained. A preliminary take-off for piping items will be made and their cost
estimated. (NOTE: It is assumed that used components of present gas trains
have no scrap value.)
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3.3.1.5 GREFCO's Work Scope

GREFCO's responsibility in the retrofit area will be as follows:

a. Load requirements - GREFCO will provide load requirements, including
variation with respect to time for each service.

b. Service information and description - Information on each service, including
location, area, access, firing system, auxiliaries and any unusual features
of the services to be studied will be provided by GREFCO.

3.3.1.6 Items Not Included

Dravo has not included engineering and preparation of such documents as:
a. Instrument item lists

b. Equipment requisitions

c. Electrical one-lines

d. Completed, detailed engineering drawings and specifications beyond that
indicated above.

e. Piping supports and stress analysis

f. Any special testing, such as testing for sensitivity of processes to sulfur
or other trace elements.

g. Individual metering of gas flows, either by building or service.
h. Establishment of insurance requirements.

3.3.2 Battery Limits Gasification Plant

Dravo will define the major elements of the battery-limits gasifier plant
including the gas distribution line from the gasification plant to the intended
users and the necessary piping to bring water to the plant and take waste water
away.

Dravo will prepare a preliminary capital cost estimate for the design and
construction of the facility within defined battery limits by quotations for
major equipment items and from bulk takeoffs of major materials. The expected
accuracy is within +10 to 15 percent. Sufficient information for a plant
specification suitable for construction bids will be developed.

Plant operating labor and maintenance cost estimates, raw material and chemical
costs, purchased supplies and utilities will also be furnished. Pricing of
piping and piping components for the distribution of the fuel gas will also be
obtained and a typical cost analysis and delivered cost of coal to the
battery-1imits plant will be furnished.
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3.3.2.1 Design Basis

The Battery Limits of the Industrial Fuel Gas Facility includes the following
components:

Coal Unloading System - from trucks
On Site Coal Storage and Feed System
Gasification System

Coal Tar Removal and Storage System
Sulfur Removal System

Process Wastewater Treatment
Product Gas Compression

Sanitary Waste Sewers

Flare

Cooling Water System

Air Supply System

Steam Generation

Electrical Substation

Electrical and Motor Control Center
Office and Change House

3.3.2.2 Design Standards

The facility will be designed in accordance with Dravo's normal commercial
practice using current codes and standards.

The preliminary design includes the following items:

a. Process flow diagrams and material balances. These are pictorial
presentations of the process with the equipment shown and identified, as
well as a tabular listing of the major components of each process stream
shown on the drawing. Items such as pressure, temperature and flow rate are
listed.

b. The overall thermal efficiency will be indicated.

c. Description of the sulfur removal system is included.

d. Preliminary engineering (P&I) flow diagrams.
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e. Process equipment specifications for major equipment quotations. Included
are the type, size, capacity and major features of equipment in the
battery-limits plant.

f. A conceptual battery-limit plot plan for the gasification plant developed by
studying the process areas and having layed out the plant to scale in block
form to determine the overall area requirements. Offsite buildings and
facilities will also be shown on the plot plant.

g. A plot plan of existing facilities showing proposed location of retrofitted
equipment, routing of distribution header outside of the buildings and the
primary supply to services inside the building. (Piping supports and
individual burner piping, etc. will not be detailed.)

h. Preliminary specifications indicating the piping system design features and
describing major components in the gas trains.

i. General specifications for civil, architectural, electrical and HVAC work.
Also included is a motor list.

j. The utility requirements as shown in block diagrams of the major equipment
components of the utility systems.

k. A bar chart schedule for the engineering, procurement, construction and
start-up of the plant.

3.3.2.3 Items Not Included

This study will not include the following systems and components in the Design
Basis:

Electrical Power Generation
Access Roads
Raw Water Treatment Facilities

Laboratory or pilot testing, such as testing for sensitivity of processes to
sulfur or other trace elements.

3.3.2.4 Site Evaluation, Selection

The selected site for the gasification facility is directly adjacent to GREFCO's
existing manufacturing operation. A rail spur behind the plant services the
production area and will divide the property set aside for the proposed
gasification facility. Several acres of cleared level land are available, and
if necessary, an existing outside product storage area can be relocated slightly
to provide additional space. A large settling pond in this area will also be
filled in to enlarge the area for coal storage. The proximity of this location
to the intended LBG users is ideal with regard to final gas distribution and
should provide an efficient workable system.
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3.3.3 Other Work

3.3.3.1 Environmental and Socioeconomic Analysis

The environmental assessment will have three major goals. These are (1) to
determine whether the proposed facility can meet federal, state and local
statutory requirements (2) to identify the principal regional and local concerns
which might arise if the facility were to be constructed, and (3) to ensure that
environmental, health, safety and socioeconomic considerations are an integral
component of all subsequent planning and decisions.

3.3.3.2 Health Program

Health protection, both public and occupational, will be a major concern in the
preparation of the feasibility study. The first step is to review applicable
regulations and standards on a federal, state and local basis. From this review
a set of exposure levels will be established. Engineering activities will be
coordinated to include control measures to meet these health considerations.

The feasibility study will include a plan to ensure required health and safety
objectives are met.

The carcinogenic aspects of coal products have been well studied and documented
from early work in coke ovens where coal-derived liquids are present. The most
hazardous environment, from the standpoint of carcinogenicity, is liquified coal
conversion products. In the process, the raw liquids are limited to the vapor
quench and oil condensing area. The systems handling these products are
essentially hermetic. Other systems involving chemicals and catalysts will be
studied for carcinogenic properties. Where found, substitutions will be made.
Where this is not possible, engineering precautions will be included. Where
personnel contact is unavoidable, protective clothing and administrative
surveillance of exposure times will be utilized.

3.3.3.3 System Safety

Safety will be an on-going consideration in all engineering and operational
activities of the coal conversion plant. The aspects of system safety originate
in the engineering phase and are carried out in the plant operation.

A Hazards Committee will publish a Hazard Specification defining hazardous
conditions on an area basis. This analysis is made from flow diagrams and
layouts so that control techniques can be introduced early in the engineering
stages of the project.

In addition to these considerations, the General Design Specifications will
specify mandatory and voluntary codes, which incorporate safe design of
equipment and piping. As a normal step in the engineering, the process
operating conditions are analyzed and design conditions of temperature and
pressure are specified.

3.3.3.4 Risk Analysis

The risks involved in any commercial plant are technical, operating,
environmental and financial. Technical risks are posed when inadequate design
information is available for reliable design and operation.

3-8



Operating risks, which could affect the economic viability of the proposed
project, are, typically; control of the integrated plant, yield of product,
overall thermal efficiency and quality of product. A1l of the above risks will
be considered during in the development of this project.

3.3.3.5 Financial Analysis

Input from the Market Analysis, Coal Supply, Engineering and Estimating will be
used for financial analyses of the proposed commercial project. Analyses will
be made of the following two project alternatives as predicted from the Market
Analysis:

a. Gasification facility owned and operated by GREFCO.

b. Gasification facility owned and operated by Dravo and GREFCO purchasing
output "over-the-fence" on a long term take or pay type contract.

3.3.3.6 Commercial Project Management Plan

The commercialization program will include a Management Plan for the execution
of the project. The plan will encompass Project Mobilization, Project Execution
and Procedural Outlines.

3.4 Optional Schemes Analyzed

During this preliminary study, it was necessary to identify and analyze a number
of design basis options. In a project of this size and complexity, there is no
single design path which can be followed to the exclusion of all other
considerations. Rather, various engineering and economic options will arise,
and will require analysis and selection.

The extent to which design basis options were analyzed varied considerably.

Some fairly obvious options, such as ash handling and storage, required only
moderate review. The several options available were listed, and the preferred
configuration was selected based upon Dravo engineering judgement and experience.

In other cases, notably determination of the extent of sulfur removal,
considerable engineering effort was required to provide the basis for
selection. It was necessary to identify and design several processes, and
prepare a cost estimate of each before a final selection could be made.

Finally, the selection of the construction phasing option which best meets the
future energy needs of General Refractories required maximum design effort. To
make sufficient economic information available to General Refractories to allow
a corporate decision as to the construction option which best meets their needs,
it was necessary to do a complete design and cost estimate of the two options.

In this section the several design basis options are identified and explained.
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3.4.1 Phasing Options

The design basis fuel requirement of the GREFCO gasification facility was
established at 6.0 billion Btu/day. The energy output of the gasification
facility would supply an insulating board dryer, and several perlite expander
furnaces.

The design basis of 6.0 billion Btu/day was predicated upon the assumption that
the Florence, KY plant would expand, and approximately 40% of the 6.0 billion
Btu/day would be utilized in the newly expanded plant.

The nominal energy output of a 10.0' diameter Wellman-Galusha gasifier
operating on bituminous coal is 1.5 billion Btu/day. The energy output is
significantly affected by the quality and size of the feedstock and the extent
to which subsequent cleanup reduces overall thermal efficiency.

Considering the extent of cleanup, the anticipated coal characteristics, and
provision for reliability by providing extra coal gasification capability, it
was decided that the total plant requirement of 6.0 billion Btu/day would best
be supplied by five 10' diameter Wellman-Galusha gasifiers. These gasifiers
would produce hot raw gas which would then be processed to remove tar, moisture,
and sulfur.

While five gasifiers will satisfy the ultimate energy requirements of the
proposed expanded GREFCO plant in Florence, two gasifiers would be adequate to
satisfy the present energy usage.

The first major decision confronting GREFCO management, therefore, is to
determine whether to construct a full scale 6 billion Btu/day gasification
facility now, in anticipation of future needs, or to construct an expandable
gasifier facility which would include two gasifiers in the initial phase, and
eventually expand to five gasifiers. This expansion would occur if and when the
Florence plant expanded.

The choice of building a five gasifier plant at the outset, or building a two
gasifier plant with provision for expansion, is a difficult one. To begin with,
while the Wellman-Galusha gasifier module is a basic building block, and can be
replicated at will, the cleanup systems can not. The cost and complexity of a
sulfur cleanup system for two gasifiers is almost the same as that required for
five gasifiers.

In terms of installed gasification capacity, therefore, the capital cost and gas
cost per million Btu will be Towest if the total five gasifier plant were built
initially.

This approach, however, necessitates a high initial capital outlay to build a
gasification facility for 6 billion Btu/day which may not be fully utilized for
some time pending the expansion of the Florence plant.

An additional argument for constructing a smaller two gasifier facility

initially is that it would permit a more gradual familiarization with low Btu
gasifier operating techniques.
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The final construction option must be decided by GREFCO. The design basis
selected for the purpose of this study is a gasification facility initially
comprising two gasifiers, and having an energy output adequate to replace the
current usage of natural gas.

The initial installation would include sufficient capacity in ancillary systems
to accomadate future expansion to a five gasifier facility. These ancillary
full capacity systems include:

coal handling

tar separation and storage
sulfur processing and storage
wastewater treatment

gas distribution piping

00000

The remainder of the phase one equipment, including scrubbers, precipitators,
gas compressors, and heat exchangers, would be sized for two gasifiers to reduce
initial capital expenditure.

In this study, a cost estimate is presented for the five gasifier case as well
as the two gasifier case. Apparent in the cost figures is a considerable
reduction in initial capital for the two gasifier expandable option. Also
apparent is the considerable increase in gas cost imposed on the initial
installation by including the full capacity ancillary systems.

Sufficient engineering data and cost analysis have been presented in this report
to allow the management of General Refractories to select a final engineering
design basis from one of three options:

o Construct a facility for 6 billion Btu/day initially.

o Construct a 2.4 billion Btu/day gasification facility with built in expansion
features as listed above.

o Construct a 2.4 billion Btu/day gasification facility with no provision for
expansion.

A reasonable preliminary cost of the third option can be obtained by selectively
factoring the five gasifier case.

Finally, it is possible to reduce the total cost of the five gasifier facility
slightly by designing for five gasifier capacity only, and not considering
phasing options.

Dravo is prepared to discuss these phasing options with GREFCO and assist in
determining the design basis for final design.

3.4.2 Sulfur Removal Considerations

Early in the project it was decided that the sulfur concentration ir the LBG
should not exceed 5 parts per million (ppm). This decision was based on process
considerations imposed by GREFCO. As the design work on the sulfur removal
system proceeded, it became obvious that exorbitant capital costs would be
incurred resulting in a prohibitive gas cost. Consequently, an economical
alternative had to be developed or the financial penalty for the low sulfur
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level could result in termination of the project. Before the technical
feasibility of an alternative process could be determined, attempts were
undertaken to establish the cause of the corrosive attack in the dryer. Samples
of the gas were obtained from the dryer internal atmosphere which were
representative of steady state conditions during normal operation.
Simultaneously, specimens of corroded metal were removed from the dryer for
analysis.

Results of the gas chromatographic analysis showed that the total sulfur level
in the dryer atmosphere was higher than in the fuel. From this it was inferred
that a portion of the sulfur in the dryer's atmosphere was produced from the
drying operation itself (most probably from the raw materials used to make the
product) rather than from the combustion. The analysis of the corroded metal
specimens did not substantiate the belief that the dryer corrosion was caused by
sulfur compounds. As a result of this it was thought that the problem could be
caused or aggravated by two other possible mechanisms:

(1) Metal deterioration due to extended periods of high operating temperatures
in the dryer, and (2) weekend shutdowns which allowed metal surfaces to cool,
causing vapor to condense and absorb carbon dioxide, thereby producing corrosive
attack.

As a result of these considerations, the sulfur treatment process was redesigned
with a more cost effective goal of reducing the sulfur level of the LBG to 150
ppm. This level is still far below the environmental requirement for the
process.

The level of sulfur in a given fuel is a misleading index on which to base a
determination of environmental or process impact, the more significant
consideration is the concentration of sulfur in the combustion products, and in
the stack gases. To obtain the stoichiometric combustion of low Btu gas
requires the addition of approximately one volume of air for every volume of gas
burned. Thus the level of sulfur present in the gas is diluted by the added air
during combustion. This same process occurs for every fuel in different ratios
of air/fuel mixture.

To evaluate properly the impact of sulfur, or any other contaminant in a fuel
requires an analysis of the contaminant level in the stack gases.

Such an analysis was made for various fuels which might be burned in an
appliance such as a board dryer. The results of this analysis are shown on
Table 3-1. For each fuel considered, an evaluation was made on both a
stoichiometric ratio of air and fuel, and an air/fuel ratio with 10 to 20%
excess air.

Note the low Btu gas which has been desulfurized to 150 ppm has an impact on
SO, release less than No. 2 Fuel Qil.



The initial process design was based on this requirement, and a process system
having the capability of reducing high sulfur coal to low sulfur gas was
developed. When the cost estimates of the capital and operating expense for

this process were analyzed, it became obvious that the resultant gas costs were
prohibitive.

As a result, the sulfur treatment process was redesigned with a more cost
effective goal of reducing the sulfur level of the LBG to 150 ppm. This level
is still far below the environmental requirement for the process.

The level of sulfur in a given fuel is misleading indice on which to base a
determination of environmental or process impact, the more significant
consideration is the concentration of sulfur in the combustion products, and in
the stack gases. To obtain the stochiometric combustion of low Btu gas requires
the addition of approximately one volume of air for every volume of gas burned.
Thus the level of sulfur present in the gas is diluted by the added air during
combustion. This same process occurs for every fuel in different ratios of
air/fuel mixture.

To evaluate properly the impact of sulfur, or any other contaminant in a fuel
requires an analysis of the contaminant level in the stack gases.

Such an analysis was made for various fuels which might be burned in an
appliance such as a board dryer. The results of this afalysis are shown on
Table 3-1. For each fuel considered, an evaluation was made on both a
s@ochiometric ratio of air and fuel, and an air/fuel ratio with 10 to 20% excess
air.
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Fuel Name

Natural Gas (6 ppm)

Propane(1) (7 ppm)

LBG (5 ppm)
LBG (50 ppm)

No. 2 Fuel 0i1
(1% S)

LBG (150 ppm)
No. 2 Fuel 071l

LBG (7,300)

TABLE 3-1
SO2 IN FLUE GAS FOR

COMBUSTION OF VARIOUS FUELS
TO PRODUCE 1 MILLION BTU'S

302 Released

(ppm)

. L]
8, Ke))

Yy

]‘
1

L]
w w oM

38.
36.
58.
49.

[0
N~

94.4
89.5

176
149

4,100
3,635

.30720

8.92160

Excess Air
%

10

0
20

0
10

(1) propane diluted with air from 2,590 Btu/scf to 1,000 Btu/scf to be fired.



3.4.3 Material Handling and Processing Options

The quantity and quality of fuel supplied to the proposed gasification facility,
the means by which fuel is delivered, monitored, and stored, and the form and
disposition of waste and byproduct discharges from the facility are all
essential components of the overall facility design. Each of these material
hand1ling and processing options has a significant impact upon the economic
viagility of the GREFCO coal gasification plant, and each was analyzed in this
study.

In this section, the material handling and processing options are identified and
the basis for selection of the chosen option is presented.

3.4.3.1 Coal Delivery

The GREFCO plant in Florence is accessible by rail, truck, and a combination of
barge and truck. A preliminary analysis eliminated rail transportation for two
reasons:

o There is insufficient space at the site to accommodate a rail unloading
system.

o The transporation cost for rail delivery was significantly higher than truck
delivery, partly because of rail interchange rates.

Based upon the lower cost and greater convenience of truck transport, this means
of coal delivery was selected as the design basis for incoming fuel (refer also
section 3.5).

In addition to selecting the means of transporting incoming coal, the degree to
which the purchased coal was processed was also addressed.

For this facility, coal which has been washed and sized (by double screening) is
the preferred fuel, but is also the most expensive coal. Delivery of unwashed
unscreened coal to this facility will result in lower delivered price, but will
require additional capital investment in coal handling equipment and coal
storage space (refer section 3.5).

3.4.3.2 Coal Handling

The cost and control effectiveness of an onsite weigh station were considered.
It was decided that the purchase price of an onsite weigh scale was more than
justified by the improved control of inventory and verification of coal delivery
amounts that the scale would provide.

3.4.3.3 Coal Storage

Three on-site storage systems with various feed systems were analyzed: 1) an
open coal pile with either a tunnel conveyor, a silo with two bucket elevators,
or a front end loader with a bucket elevator, 2) three different types of
enclosed buildings utilizing either a distribution conveyor, an underpile
recovery system, or a front end loader with a bucket elevator, and 3) coal silos
using either a front end loader and bucket elevator, an incline loading conveyor
or a feeder and conveyors (recovery). The exposed coal pile is the most
economical choice.



The coal would be sprayed with a coal pile-de-icer solution prior to leaving the
mine. Once stored the coal would be treated with antidust suppressant. The
tunnel conveyor system was considered the most convenient and economical
transporter of coal from the pile to the gasifiers.

The problem of ash should be collection was analyzed. The alternative studied
were to collect ash directly into trucks, or into dumpsters. the most
economical method would be to collect the ash in dumpsters which could then be
hauled away by trucks. Dumpsters would also offer versatility. If collected in
dumpsters, the dumpsters could be taken to a central storage pile for dewatering
prior to removal.

The option of storing the sulfur in liquid or solid form was examined. Although
it is more expensive to store sulfur in the liquid state, the marketability of
liquid sulfur indicates that the sulfur be stored in this manner. (See
by-product credits, Section 11.3.)

The necessity of providing a separate office and change house was evaluated. It
was determined that for a Dravo-owned and -operated gasification plant this
building would be required. However, if GREFCO were to own and operate the
facility, the existing plant could accommodate the new requirements.

The question of whether to provide a separate ground flare or to use the
standard gasifier flares was addressed. The cost of the ground flares made them
uneconomical.

The by-products of coal tar, sulfur and ash will have to be disposed of in some
manner. Either they would have to be hauled away for disposal, or sold. Sale
of these by-products is economically attractive (See Section 11.3).

The sludge from the wastewater treatment plant poses a similar problem. It
could be hauled away for use as land fill, incinerated, or pyrolyzed in the
gasifiers. The last alternative would be the most economical.

The use of debt financing was studied as well as the sensitivity of the gas
price to capital costs, operating costs and discount factor (rate of return
used). An analysis of these options is presented in Section 12.0.

3.5 Fuel (Coal) Supply

3.5.1 Coal Requirements

The Wellman-Galusha gasifier can easily accommodate almost any kind of coal
found in the United States. Coal ranging from lignite to anthracite can be
gasified, provided certain design and operating features are implemented for
proper gasification and clean up. However all available coal within a
reasonable distance from Florence will perform equally well with the same
gasifier design. Any one coal within this area may require minor modifications
of operating procedures, and although the gas characteristics may vary slightly
when using different coals, the gasifier's performance and capacity rating will
remain essentially constant. Because of this versatility the Wellman-Galusha
will meet the objective of operating on a coal with the lowest available price.
This is important when considering that the cost of coal is one of, if not the
most important component, of the gas price.
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Coal can be selected on the basis of dollars per million Btu's. As a general
rule the higher quality coals retain a premium when priced on an equivalent
million Btu basis. These coals, low in sulfur, ash, moisture and volatiles
usually have a concomitant high heating value and are used primarily by electric
utilities and coking industry. Conversely, in the gasification of coal using
the Wellman-Galusha process, it is usually to the benefit of the user to employ
Tow cost coals. Given comparable heating values, coals with high sulfur,
volatiles and ash levels will usually be priced lower than coals with lower
levels of these characteristics. There are some trade-offs, however; higher
levels of sulfur and ash will produce slightly higher operating costs. Also,
since all the volatiles are not gasified but a certain percentage are entrained
in the gas in the form of tars, gas produced per pound of coal is slightly less
with higher volatile coals. On the whole the lower cost for lower cost coals
coupled with a market for sulfur, tars and ash as by-products, creates a
trade-off in favor of lower cost coals.

3.5.2 Coal Source

The cost of shipping the coal from the mine to the customer is a large portion
of the total coal cost and care should be taken to limit consideration to those
mines that are close to the final user. Because of this and the fact that
Florence is surrounded by coal mines to the west, east, and south, coal found
outside of the states of Ohio, Kentucky, and Indiana were excluded from the coal
search. Knowing that there are coals in other states which are cheaper, it was
decided that the additional transportation charges to move the coal to Florence,
Kentucky would more than offset any price advantage. Additionally, it is
realized that the further a coal source is from the user the less control one
has over its availability. It should be noted that although distance is
important, another main determinant of the transportation cost is the number of
shipping agencies handling the coal. In other words, if one mine is further
from the plant site than another, yet a railroad servicing that mine also
services the gasification plant user, and the second mine requires two or more
railroads to ship coal to the gasification plant, it may be that the total
transportation cost will be lower for the first mine. Also, when selecting a
coal source, all modes of coal transportation to the final user should be
considered. More will be said about the transportation aspect in the following
section.

In se]ectihg which coal companies to contact for a coal source, the following
guidelines should be used:

1. The coal companies should be of sufficient size to be able to mine the
volume of coal required. Also companies with a proven record of experience
in mining these volumes are preferred.

2. The coal company should possess sufficient reserves to be able to supply
coal of consistent quality over a long period of time thereby negating the
possibility of having to constantly switch suppliers.

3. The company should be large enough to supply creditable information on its
coal -- both prices and coal characteristics.



4. Some offsetting influences on the selection of larger coal companies are
that the smaller mines, as a general rule, offer lower prices due to lower
overhead. Also, the larger a coal supplier the higher the probability that
all of its coal from a certain mine is committed.

With the above guidelines in mind a list of was complied of all the coal
suppliers in the states of Indiana, Kentucky, and Ohio. The list was culled
using the above guidelines, and the remaining coal companies were contacted. Of
those companies contacted, 19 mines were able and willing to provide the coal
and pricing information for the proposed GREFCO requirement of approximately
120,000 tons per year. These companies and the prices for their coals in
dollars per million Btu's are listed in Table 2 at the end of this section.

Table 3 Tists many of each coal's characteristics for use in the selection
process. Except for a few random deviations, most coals fall in a very narrow
band when considering each characteristic. This is good in that it indicates
how suitable these groups of coals are for the gasification process and that no
one coal offers a great advantage, aside from price, over the other. Therefore
even though one coal is selected for design and engineering of the proposed
project if a switch to another coal source becomes necessary it can be made with
little modification of the gasification facility or operations.

Of the coals listed all but four are considered high sulfur coals, which is
typical of this region of the country. The other four are labeled as medium to
low sulfur coals and can only be found in the southeastern part of Kentucky.

The grindability index is a measure of coal friability or fracturing
capability. This affects the ease with which fines are created during the
coal's transportation, storage, and handling. A Tow index produces less fines
than a high index and its coal is therefore considered better for use in coal
gasification.

Only nine mines were able and/or willing to offer coal of the right size
consist, which is accomplished by double screening. Five of these mines quoted
prices on both ROM 2" x 0" and sized 2" x 1/2", and the premium attached to
sized coal ranged between $4 and $8 per ton. This low turnout of sized coal
suppliers should not be construed as final. Based on discussions with the coal
companies, some simply do not currently have the capability to provide sized
coal, but may once the project becomes more firm and visible. These same
discussions have confirmed the going premium for sized coal will most probably
stay close to the $4-to-3§8-per-ton range.

As previously stated the F.0.B. mine costs are given in Table 2 (in some cases
the mine gave the price for coal loaded in a barge on the Ohio River and is so
indicated?. Next to the F.0.B. mine cost is the delivered cost in dollars per
million Btu's to the gasification facility in Florence. In those cases where
prices for two coal size consists were obtained, delivered prices are also
reported. Delivered cost is the most important of the two since a large
transportation cost could easily offset a low F.0.B. mine coal price. It was
this delivered coal price that was used in the selection of a coal supply
source. In developing the delivered cost, the cheapest available mode of
transportation was used (rail, truck or barge and truck) even though, as will be
seen, the transportation of coal by railroad was effectively ruled out.



Nine quotations on coal for another project Dravo was working on at about the
same time this project was undertaken were obtained for the same general area --
Ohio, Kentucky, West Virginia, Indiana, and I11inois. These coals were very
similar to the coals that are given in Tables 2 and 3 and as such could have
been included in this study. However almost all of the mines were owned by
large coal companies and the quotations were as high or higher than the highest
prices given in Table 2. Because of this and the fact that the quotations
applied to a specific project which required considerably more annual tonnage,
it was decided that these prices should not be included in this report.

3.5.3 Coal Pricing Results and Selection

Table 2 shows that only four coal prices fall below $1.45 per million Btu's.
However, they are all of the "unsized variety" and should not be considered for
selection. The United Coal Company gave a delivered price of $30 per ton, which
included stated delivery charge by truck of $6 per ton. This delivery charge is
quite low and therefore questionable, and this is the reason why the F.0.B. mine
cost was marked estimated in Table 2. A1l other delivered costs given in Table
2 include total delivery charges with the mine cost, even if it required adding
a truck delivery charge and loading fee into a barge.

The basic coal cost is lower in Ohio than it is in Kentucky. This can readily
be seen by comparing all the F.0.B. mine costs for the two states. Comparing
the run-of-mine 2" x 0" coals, six Ohio coals ranged between $.80 and $1.01 per
million Btu's with one Ohio mine offering it at $1.09. In Kentucky the same
unsized coals ranged between $1.01 to $1.17 for seven mines. Although this
demonstrates a trend, it is not the unsized coal or the F.0.B. mine price that
is important. The selection must be made from coals meeting the sized
requirements on a delivered basis. Two coals, one in eastern Kentucky and one
in Ohio, offered the lowest price of $1.47 per million Btu's. Of the two it was
decided to select the coal offered by Sands Hill Coal Company in Hamden, Ohio
for the following reasons:

1. The Paul Coffee Construction Company said that it can meet the sizing
specification without screening because of the coal's low grindability index.

2. It further stated that even if their coal did not meet this specification,
it would install screening facilities and supply the properly sized coal at
the same price.

3. This same coal supplier did not follow up its quotation in writing.

4. Sands Hill Coal Company already has screening facilities.

5. It stated that their ability to sell their coal delivered at such a low
price was due to their inability to market it elsewhere because of its high
sulfur content.

6. If necessary, there are numerous other coal suppliers in this same

geographical area of Ohio which could offer coal with the same
characteristics at relatively low prices.



The coal being offered by the Sands Hill Coal Company was used to begin design
and engineering of the proposed gasification facility. A more complete analysis
of Sands Hill coal characteristics than was given in Table 3 is found below:

Proximate Analysis Ulimate Analysis
11,350 Btu/1b C - 64.0%
4.1% Sulfur H - 5.3
21800F Ash Softening Temp. N - 1.2
1.5 FSI 0 - 7.4

S - 4.
10.2% Ash Ash - 10.2
7.8% Moisture Moist - 7.8
39.0 Vols 100%
43.0 F.C.
100%
Sizing - Top 2" or 3" Suflur (Organic) 0.93%
Sizing - Bottom 1/2" (Pyritic) 2.82%
Sizing - w/ 10% 1/2" (Sulfate) 0.35%

TOTAL 4.1%

3.5.4 Coal Transportation

Approximately 120,000 tons of coal per year are to be delivered to the proposed
gasification plant, which is located in an industrial park with excellent
highway access. The plant is located on the Southern Railway, but does not have
an available siding nor a hopper car unloading facility. It is located
approximately 10 miles due south of Cincinnati or about 8 miles below the Ohio
River where a few barge unloading terminals can be used for unloading and
storage of coal. Dravo's Transportation Department was asked to conduct a
transportation study on delivering the required coal to the plant. Three modes
of transportation were analyzed -- truck, rail, and barge/truck combination.

Delivery by truck would not require a major truck unloading facility but would
significantly 1imit the area from which coal could be economically hauled. As a
general rule, truck rates beyond a 150-mile-radius are considered noncompetitive
with other modes of shipping. When transporting by truck, all coal stockpiling
would be at the plant.

Delivery by railroad would require significant expenditures for a siding and
unloading facility. Also, it is doubtful whether there would be space available
for these facilities as there is barely enough ground available to accommodate
the rest of the gasification plant. Again all coal stockpiling would be at the
plant using the railroad for shipping coal. Coal sources would be limited since
there are relatively few mines on the Southern, and more than one line would be
involved for most of the coal mines that have rail capability.
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Shipment of coal by barge and then truck would involve minimum expenditures for
installation and operation of coal unloading and stockpiling facilities. There
are a few barge terminals with storage capability in the Cincinnati area. Two
of these unloading terminals have been contacted for pricing. Using this
method, principal stockpiles would be maintained at the off-loading river
terminals with surge or emergency stocks only at the plant. Because of
relatively lower barge rates, mile for mile, coal could be obtained from a wider
range of sources with small cost differentials for the added mileage from
distant mines.

Dravo's analysis of the estimated delivery cost by the above methods is given in
Table 4. The following comments are pertinent:

1. ATl costs reflect use of public facilities only and do not include cost data
for delivery by the vendor.

2. As noted, certain costs were estimated because published data did not
reflect the appropriate basis. For example: A rail rate of $10 per net ton
is shown from Oak Hill which could be negotiated versus the current actual
rate of $22.34, which is a published combination of rates using a circuitous
route from Oak Hill to Florence.

3. For bulk materials, rates are negotiable and could vary considerably,
depending on economic and physical conditions.

Table 4 reveals the following relationships. From the Ohio area the barge/truck
rates are about the same as those for trucking only. The transportation charge
from the mine to the dock and loaded into the barge must be added to the rate
shown in the table. This charge is on the order of $3 to $4 per ton and was
already included in the coal price by those mines in Table 2 which listed their
prices "in the barge". The barge/truck rates are actually cheaper than the
truck rates when shipment is made from the farther mines in western and
northeastern Kentucky and Indiana.

Even though the rail rates are slightly cheaper than barge/truck and more so
when compared with truck rates, it is felt that rail is the less preferred mode
of transportation because of the following:

1. Rail capability will require considerably more ground space which is not
available at the proposed plant site.

2. Large additional capital expenditures for siding and unloading facilities
which are not necessary when shipment is made by truck or barge/truck.

3. The railroad rates are estimated and subject to error. A more exact figure
cannot be reported until negotiations are made with the individual carriers
during later stages of the project .

4. There are limited coal mines having rail capability. Of the 19 listed in
Table 2 and 3, only seven are served by rail. If the plant were designed
for sole use of rail transportation, it would restrict competition from many
other mines not served with a railroad and consequently eliminate many more
economical coal sources.
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From Table 4, truck rates appear to be the least competitive mode of
transportation. Paradoxically, Sands Hill Coal Company has offered its own
truck delivery service at a cost which is lower than any rate of any kind given
in Table 4. A1l truck rates given in Table 4 are public; because the truck rate
given by Sands Hill is so much lower than the rest, it is felt that the mines
closer to Florence in southern Ohio and northeast Kentucky may offer better
rates if they can provide their own transportation. Again this possibility
cannot be determined until serious negotiations are entered with individual coal
companies. These lower truck rates from the individual mines would not be
possible for coal coming from southern or western Kentucky and Indiana where
barge/truck or railroad are the preferred modes of transportation.

If barge/truck delivery is used, there is a capability of reducing the rates
given in Table 4 further by GREFCO operating its own fleet of trucks between the
gasification plant and the barge terminal. This would also give them a certain
and reliable surge capability for coal storage through use of the barge terminal
storage area.

3.5.5 Other Coal Supply Options

It should be noted that 2" crushed run-of-mine (ROM) coal has a fraction of 1/2"
and below which ranges between 40 percent to 65 percent of the total. Also,
analyses of the 2" ROM versus the sized coal reveals that the sized coals have a
higher heating value than that of the 2" run-of-mine. It follows, and it has
been proven, that the fraction 1/2" x 0" has an even lower heating value than
the crushed 2" x 0" run-of-mine. The reason for this is the fines, a great
majority of which are much smaller than 1/2", are composed of particles which
are of a much lower grade coal. These particles have a much higher
concentration of ash and water as well as sulfur. An inspection of Table 3
shows the difference between the heating values, which are listed for the five
mines offering sized and unsized coals. The difference between these two coals
ranges between 300 to 900 Btu's per pound. The difference between the 1/2" x 0"
versus the sized 2" x 1/2" can be as great as 1,000 to 2,000 Btu's per pound.

Most coal goes to the utility market, and it is sold as "nut and slack" or 2"
crushed ROM, Most utilities are very particular about the quality and
specifications of the coal they are receiving. Once the specifications are set,
any deviations may cause the buyer or power company to refuse delivery. It can
easily be understood that when a miner screens his coal the screened portions
will deviate somewhat from his typical coal being sold. Depending on the market
and the particular requirements of the customer, the screenings from screened
coal can create a problem. Either he has to dispose of it as unsaleable coal
(which is rarely the case), sell the fines as is, or more likely blend these
fines in with his normal coal production which, although minmizing the problem,
still yield a blended product different from typical 2" ROM,

It is readily apparent, then, why some coal miners refuse to sell sized coal.
(More than 50 percent of the miners contacted for this study refused to supply a
sized coal.) These miners either did not have a screening capability or they
did not want to encounter the problem of marketing the screenings. A few of the
miners stated that the only way that they would supply a sized coal was to
charge approximately double their regular 2" ROM price (based on the theory that
they may be forced to "swallow" the portion below 1/2", and that this fraction
approximates half of the 2" ROM).
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Of those coal operators who stated that they could supply sized coal, the
premium attached to the sized coal, as stated before, ranged between $4 and $8
per ton. This is roughly equivalent to 1/4 to 1/3 the price of their 2" ROM.
Apparently they feel that they would be able to market these screenings but
through a discount -- the discount approximating the premium that GREFCO would
be paying for sized coal.

The question addressed was whether GREFCO should buy 2" ROM at a price cheaper
than if can buy sized coal, screen it themselves, and market the fraction 1/2"
and below. This is not a very practical option since: 1) GREFCO is not in the
business nor does it have experience in the marketing of coal let alone the sale
of fines, 2) GREFCO has no other coal sales with which it could blend the
fines, and 3) the purchaser of fines from a mine (either as is or blended with
another coal product) incurs only one transportation cost, e.g. the freight
charge from the coal mine to the coal consumption point; if GREFCO were to
market its fines it would have to sell it to a customer who would incur not only
the transportation cost from the mine to GREFCO's plant but also the cost in
transferring the fines to this ultimate consumer.

An example can be used to illustrate the infeasibility of buying 2" ROM and
marketing its fines after screening. GREFCO can purchase a ton of sized coal
from Sands Hill Coal Company at a delivered price of $33.20. If it were to
purchase 2" ROM, it would have to buy roughly two tons of unscreened coal to
yield one ton of 2" x 1/2". At a delivered price of $25.20 per ton of 2" ROM
and a very nominal screening cost of $1 per ton, the total cost for one ton of
screened coal is $54.40. This ignores any costs involved in the sale of these
fines and any concomitant overhead and general administrative costs. Taking the
delivered cost credit of $33.20 for the sized coal, GREFCO would have to sell
the coal fines at $19.20 to break even. It is not realistic to expect GREFCO to
be able to easily sell these fines which incidently have a much lower heating
value than the original 2" ROM Sands Hill is offering. Here GREFCO would be
competing with Sands Hill and other coal companies with an inferior product at
higher price. Also, it should be pointed out that the 2" x 0" coal is easier to
transport and handle than the fines.

A brief investigation was made into the possiblity of purchasing strictly

run-of -mine coal which has not been crushed. Coal of this nature has a top size
ranging from 6" to 12". There are a few larger pieces, but they are
insignificant. The cost savings in purchasing this uncrushed coal, where
possible, is only of the order of $1 to $2 per ton. However, it should be
remembered that Grefco would have to pick up this same cost if they were to
purchase the coal like this and then crush and double screen it. The resulting
fraction of coal 1/2" and below may be slightly less than if a 2" ROM were
purchased, but certainly not enough to make a difference.

Another coal purchasing option would be to buy washed coal versus raw or
unwashed coal. The washed coal is of a higher quality, but a premium of $2 to
$7 per ton is attached to this washing operation. The washing of coal not only
improves its heating value but also reduces other undesirables such as sulfur,
ash and moisture. The reduction of these parameters is not as critical to
GREFCO's intended use of the coal as it is to most washed coal purchasers
(utilities and coke oven operators). On the whole the premium does not match
the increase in heating value on a dollar-per-million-Btu basis. During the
course of this search for a coal source, three coal operators gave prices for
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their coal on both a washed and unwashed basis; they were the R & F Coal
Company, The Blue Diamond Coal Company, and the B & M Coal Company. When their
prices were converted to an equivalent Btu basis, in all three cases the washed
version was considerably more expensive. There were a few coal suppliers
contacted which were unwilling to supply their coal unwashed. Since the premium
for washed coal is not offset by the improvement in quality, it is considered
not worthwhile to purchase washed coal where there is a choice or even to seek
out washed coal suppliers.

The choice of purchasing a coal with a low sulfur content versus one with a high
sulfur loading follows the same philosophy. The increase in premium here is
even more out of line with the improvement in the quality of coal than is the
case with the washed versus unwashed. This premium can range from $5 per ton to
$15 per ton depending on how low a sulfur level is provided. Obviously the
Tower the sulfur level, the higher the premium. In some cases lower sulfur
coals with their higher premiums had lower heating values than some of their
higher sulfur counterparts.
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4.0 BATTERY LIMITS COAL GASIFICATION PLANT

4,1 Overall System Description

A coal gasification installation consisting of five Wellman-Galusha fixed-bed
atmospheric gasifiers with agitation has been designed to provide 6,000 MM
Btu's/day of low Btu gas (LBG) for GREFCO's, industrial insulation board plant.
It includes all auxiliary process equipment needed to deliver coal to the
gasifiers, remove particulates from the raw product gas, quench the gas and
remove its tars, and then scrub the gas to extract the hdydrogen sulfide (H5S)
and ammonia (NH3). Equipment for the removal and storage of coal tar is
provided. In addition, facilities have been designed to convert the hydrogen
sulfide to liquid elemental sulfur. Clean, cool, and pressurized LBG of 130
Btu/SCF higher heating value is delivered to the main gas distribution header
for GREFCO's internal consumption.

The five-gasifier plant was designed for initial installation of two gasifiers,
with provision for the later addition of three gasifiers. Certain pieces of
process equipment, common to both facilities, have been designed to accommodate
five gasifiers.

Process flow diagrams CPD-2994-100-001 through 003 were developed to depict the
processing sequence from coal delivery to clean LBG, tar and sulfur removal and
storage. Process flow diagrams CPD-2994-100-004 through 009 show the auxiliary
support systems necessary for the five-gasifier system.

Equipment which is duplicated for a two- and three-gasifier operation is so
indicated and is given separate item numbers in the equipment 1list.

4,2 System Components

4,2.1 Coal Receipt, Storage and Preparation

Sized coal at 1/2" x 2" will be delivered to the gasification installation by
truck and weighed on Weigh Scale (48001). The coal will be inventoried on an
open 10-foot-high coal pile of approximately 5400 tons, which is sufficient for
13.5 days of continuous operation at full capacity. A Front End Loader (49001)
moves the coal from the main storage pile to a smaller pile of 70 tons of live
storage located over a Vibrating Discharger (43003).

Coal is passed from this smaller pile by the vibrating discharger via Knife Gate
(43004) and Vibrating Feeder (43005) onto a horizontal troughed Coal Reclaim
Conveyor (43006). The coal feed is weighed by Weigh Belt (48002) and cleaned of
tramp iron by a Magnetic Separator (45001) located in the head pully of the
reclaim conveyor. The reclaim conveyor brings the coal to the Coal Distribution
Bucket Elevator (43007) for delivery to the enmasse-type Coal Distribution
Conveyor (43003).



Controls provide for the proper sequencing of equipment such that all downstream
equipment must be operating or in proper position to permit the operation of
each preceding piece of upsteam equipment. Coal is delivered to the upper
compartment of the coal storage bin of any gasifier by placing that gasifier's
slide gate in the open position, permitting the coal to drop down through the
feed pipe. As a precaution, an interlock on the coal distribution conveyor is
provided to permit its operation only if one gasifier feed gate is open and that
gasifier's feed bin is less than full.

4,2.2 Coal Gasification

Coal is supplied from a two-compartment fuel bin which forms the top of the
Gasifier (33001-1,5A). The upper compartment serves as a storage bin and has a
capacity of approximately 15 tons. The lower compartment is separated from the
upper by disc valves through which the coal is fed as required. Similar valves
cover the entrance to each of the heavy steel feed pipes connecting the lower
compartment with the gasifier. Coal from the lower compartment flows
continuously through these feed pipes to fill the gasifier.

The fuel feed pipe valves are arranged and interlocked in such a manner as to
permit continuous fuel feed to the gasifier and still maintain a gas seal even
during the charging of fuel to the upper compartment.

This system, besides being simple in design and operation, contributes greatly
to the efficiency of the gas producing facility by constantly feeding fuel to
the fire chamber where it is continuously pre-heated.

An agitator keeps the coal in the gasifier bed uniformly distributed and helps
prevent caking. As the coal moves down through the bed it is dried, partially
volatilized and eventually gasified as it contacts the rising stream of hot gas.

The consumed coal ash rests on a revolving grate. The grate is made of circular
flat plates without perforations. The plates are eccentric with the center of
the support and are rotated very slowly, which gradually dumps the ash to an
integral cone-shaped ash hopper at the bottom of the gasifier. Once a day these
ashes are dumped and sluiced out with water to a dumpster located on the ground
floor. The dumpster is then either hauled away to a suitable land fill and/or
sold as a by-product.

The gas producing chamber of the gasifier is completely water-jacketed. Waste
heat in the water jacket evaporates a portion of the water supplied to it.

The air necessary for gasification is supplied by the penthouse Conveyor Dust
Collector Exhaust Blower (50001), and this clean air is delivered to each
gasifier by its own Air Blower (33001-1,5C). The air passes over the water
Jjacket picking up sufficient moisture to saturate it before entering the
gasifier. Saturation is automatically controlled by regulating the rate of
supply of jacket water to obtain and sustain the desired saturation
temperature. A live steam connection is provided in the saturation air pipe
should additional steam be required. The saturated air introduced into the
gasifier under the motorized ash grate and through the ash layer helps moderate
the combustion temperature thereby avoiding the formation of ash clinkers.
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The exiting gases at 7559F contain entrained coal and ash particles of which
approximately 60 percent is removed in a Cyclone (33001-1,5B), which is close
coupled to each gasifier. The gases also contain tar which may be present as
either a vapor or a mist. The removal of this tar and its eventual recovery
will be discussed in subsequent sections.

A flare is provided between the gasifier and cyclone for use during start ups to
burn off specification gas or excess gas generated during process upsets.

4,2.3 Fuel Gas Processing

4.2.3.1 Gas Quench

The hot LBG stream, after exiting the Cyclone, enters Quench Tank (35002-1,5).
In the Quench Tank, the filtered raw gas is cooled to 138°F by direct contact
with a recirculating stream of 1209F guench water sprayed from two rows of
non-clogging nozzles.

Most of the tar in the product gas is scrubbed out in the Quench Tank. The
quench water underflow from the tank enters the Gasifier Tar Separator (45004).
After the tar is removed, the quench water is delivered by Recycle Pumps (41004
and 41005-1,2) through shell and tube Recycle Coolers (31001 and 31002) back to
the Quench Tanks. The exchangers cool the recycle water back to 1200F from
approximately 1560F.

Since there is a net gain of water in this operation, a bleed stream or blowdown
is provided to the waste water treatment system. This waste treatment facility
will be discussed in Section 4.2.4.

Should there be for any reason a requirement for additional water, a connection
is provided for the injection of city water.

From this point onward the product gas enters two similar but separate and
parallel conditioning trains. One system is designed to handle the combined
production of two gasifiers while the other will process that of three.

4.2.3.2 Tar Removal and Recovery

As mentioned in Section 4.3.2.1, the tars are removed in bulk from the product
gas in the quench tanks. The quench water underflow is drained by gravity to
the steam-heated concrete tar separator. Here the two liquid phases are allowed
to dissociate, with the slightly heavier tar settling to the bottom. Tar
fluidity, and hence, transferability, is maintained by a steam coil in the
separator. Tar Transfer Pumps (41006-1,2 and 41007) deliver the separated tar
to a 50,000 gallon Tar Storage Tank (34001). This tank is also heated by a
steam coil. The tar is continuously recirculated around the storage tank by Tar
Loading Pumps (41003-1,2) to aid in keeping the tar sufficiently warm. The
loading pump is also used to fill tank trucks. A1l lines in the tar removal,
recovery and storage area are steam-traced.
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Connections are supplied on the separator for the additional flows of water and
tar from the Electrostatic Precipitators (45002 and 45003) and Gas Coolers
(31003 and 31004). The entire system is designed to handle the production of
all five gasifiers.

4,2.3.3 Gas Compression

As mentioned in Section 4.2.3.1 there are two distinct parallel conditioning
systems from this point onward. For the ease of explanation, the two systems
will be described as if they were one.

Quenched gas at approximately 1570F is compressed from essentially atmospheric
pressure to 3 psig by the ESP Compressors (42004 and 42005). The gas now flows
through the electrostatic precipitators where approximately 99 percent of the
entrained solids and residual tar left from the quench operation is removed.

After leaving the electrostatic precipitators, the warm, moist gas then enters
the ESP Aftercoolers (31003 and 31004). These one pass shell and tube heat
exchangers cool the gas from the heat of compression temperature (180°F) down

to 100°F. This cooling step lowers the inlet volume to the System Compressors
(42006 and 42007) thereby lowering the required horsepower. The condensate from
this operation is returned to the tar separator for the removal of any possible
tar carry over.

The gas, having been cooled and the bulk of its moisture removed, is now ready
for final compression to about 8 psig in the system compressors. These two
staged intercooled compressors supply sufficient pressure to drive the product
gas through the System Aftercoolers (31005 and 31006) and the Absorber Reactor
Columns (32005 and 32006) and on through the distribution main to the
retrofitted burners in the board plant. The system aftercoolers drop the
temperature from the heat of compression at 1399F down to 100°F, which is in
the middle of the operating range for the sulfur removal system selected.

4,2.3.4 Sulfur Removal and Recovery

Sulfur Removal Requirements

To meet the air quality standards of the Environmental Protection Agency, and to
satisfy the requirements of GREFCO, Inc. (that is, minimization of the corrosive
atmosphere in the dryer), it is necessary to reduce the level of sulfur in the
LBG stream. The sulfur in the gas is derived from pyritic and organic sulfur in
the fuel feed stock, and occurs in the gas primarily as hydrogen sulfide, H5S,
with small amounts of sulfur dioxide and carbonyl sulfide.

The extent to which sulfur must be removed, and the equipment and capital costs
required for various levels of sulfur removal, are described in Section 3.4.2.
It was decided that a total sulfur level of 150 ppm in the LBG would be well
within environment constraints.
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Process Overview

The sulfur removal process selected for this facility is a proprietary system
known as the Stretford Process. Basically, this process uses a counter current
flow of a dilute solution of aqueous alkaline reagent to scrub the gas stream in
an absorber where the HsS is oxidized to produce elemental sulfur. The
oxidation of the HpS causes a concomitant reduction of the solvent. The

reduced solvent or reagent is subsequently re-oxidized and, after this
regeneration, made available for continued use.

Gas Pre-Treatment

Prior to the removal of the sulfur, the coal gas must first be stripped of tar,
compressed and cooled. These operations are described in Sections 4.2.3.2 and
4,2.3.3 respectively.

Gas Clean-Up Description

As mentioned earlier, the gas clean-up facilities consist of two separate
parallel trains, one for handling the production of two gasifiers the other for
three.

The first step in sulfur removal occurs when the feed gas to be cleaned enters
the bottom of the Absorber Reactor Columns (32005 and 32006) while the
regenerated alkaline Stretford solution is being recirculated to the top by
Liquor Pumps (41013-1,2 and 41019-1,2). As the gas contacts the solution the
H2S, NH3, HCN, and SO, are removed. Upon absorption, the HpS is

oxidized to elemental sulfur by the vanadic salt in the solution which causes a
concomitant reduction of the salt to the vanadous form, from the pentavalent to
quadrivalent state.

The solution then enters the reactor section at the base of the absorber where
the ionized HpS is provided additional liquid hold-up to insure the total
conversion HoS to elemental sulfur. As the clean, HpS-free LBG rises to the
top of the absorber, its entrained liquid is removed by a wire mesh demister
before exiting for eventual combustion in GREFCO's commercial insulation board
drier and perlite expander.

The ammonia will dissolve in the solution, but does not chemically degrade it.
The HCN and SOp react irreversibly with the Stretford reagent chemicals
forming sodium thiocyanate, sodium thiosulfate and sodium thiosulfite. The
method of handling this degradation is discussed under Side Reactions and
Treatment.

Solvent Regeneration

The spent solution from the reactor section of the absorbers flows to the
Oxidizer Tanks (35012 and 35013) for the introduction of air supplied by the Air
Blowers (42008-1,2 and 42009-1,2).
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In reoxidizing the quadrivalent vanadium complexes to sodium ammonium
isopolyvanadate, the anthraquinone disulfonic acid (ADA), originally present in
the Stretford solution is reduced to hydroquinone disulfonate. The air
delivered by the air blowers supplies the oxygen necessary to reoxidize the
hydroquinone disulfonate back to ADA, thereby reactivating the solution. The
reactivated solution overflows from the oxidizers to the Liquor Tanks (34003 and
34004) for recirculation by the liquor pumps.

Excess air beyond that required for the regeneration of ADA is provided to
facilitate the formation of a sulfur froth. This froth also overflows from the
oxidizers, but is piped to the Slurry Tanks (36001-1,2 and 36002-1,2).

Solvent Recirculation

The Tiquor tanks supply a reservoir of solution from which the liquor pumps
draw. The pH of the solution is an important parameter to monitor since at low
pH the thiosulfate formation is minimized while at high pH the rate of
absorption is favored. Yet at pH values above 9.5 the rate of conversion of
absorbed hydrogen sulfide is adversely affected. Thus the process is best
operated within a pH range of 8.5 to 9.5 for pH control and solution makeup. A
Reagent Mixing Tank (36003) and Reagent Pump (41022-1,2), each common to both
Stretford trains, are provided for the addition of fresh solution makeup.

The fresh solution and that which is recirculated is maintained at about 10Q0F
by steam coils located in the mixing and liquor tanks.

A continuous blowdown, or purge stream is required to control the total
dissolved solids. Not doing so results in precipitation of the thiosulfate
causing blockage in the lines and equipment. This purge stream is taken off
after the discharge of the liquor pumps and is piped to the common Effluent
Purge Tank (35016).

Sulfur Recovery

The sulfur froth from the oxidizers which has overflowed to the slurry tank is
kept agitated at a temperature of 1200F. The slurry is transferred by the
Slurry Pumps (41024-1,2 and 41025-1,2) to the Sulfur Filters (45013 and 45019).
Here the sulfur is washed of the residual Stretford solution with water. The
resultant cake is dropped into the refractory-lined concrete Sulfur Melters
(44001-1,2 and 44002-1,2).

The sulfur cake is held in one of the two melting compartments for about a day
before the actual melting by steam coils. As the cake is heated, steam is
driven off and vented through the Exhaust Heads (43010-1,6). The cake is then
heated to a temperature of 2600F. Next the liquid sulfur is allowed to flow
into the transfer compartment of the melter where its temperatue is raised by
another set of steam coils to 280°F. The vertical type Liquid Sulfur Transfer
Pumps (41036-1,2 and 41037-1,2) deliver the sulfur to the Liquid Sulfur Storage
Tank (35033) which is also equipped with a steam coil for maintaining the

2800F temperature. The Liquid Sulfur Loading Pumps (41034-1,2) recirculate

the liquid sulfur around the storage tank as well as deliver it to tank trucks.
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Side Reactions and Treatment

As mentioned in earlier sections there are irreversible reactions between the
Stretford solution and the gas which lead to the formation of by-product sodium
salts of thiocyanate, thiosulfate and thiosulfite during the absorption and
regeneration operations. The concentrations of these undesirable salts can
build up to unacceptable levels. It is necessary therefore to purge a portion
of the solution as effluent. There are several ways to treat this effluent and
a number of proprietary methods have been developed. Reductive incineration is
one of these methods and has been selected for this design. Effluent is pumped
from the purge tank by the Effluent Purge Pumps (41020-1,2) to Reductive
Incinerator Package (47003) on a batch basis. Here is it decomposed under a
reducing atmosphere in a vertical furnace (47003-B). The resultant gas is
cooled in Quench Tank (47003-C) and then scrubbed in a Venturi Scrubber
(47003-D). Scrubbing water is delivered from a sump under the venturi's stack
(47003-F) by a Recirculation Pump (47003-G). Circulation Pump (47003-E)
transports the recovered dissolved salts back to the top of the furnace
downcomer tube so that a falling film of liquid is always present on the inner
surface of the tube. This prevents clogging due to salt deposits. The
circulation pump can also deliver the recovered salts back to the reactor
section of the absorber reactor column.

Since the products of this process can be recycled, the process results in no
effluent discharge.

4.2.4 MWater Treatment

4,2.4.1 Raw Water Treatment

"Raw water" is city water. Water as received from the city distribution system
is stored in the Deionizer Makeup Tank (35038). This water is treated for
cooling water use and for low pressure (65 psig) boiler water use.

Cooling Water Treatment

To prevent scaling, upper limits on cooling water hardness and alkalinity
exist. The city water hardness and alkalinity exceed these limits.

To reduce hardness to the acceptable level requires pumping two thirds of the
cooling water makeup requirement through a cation exchanger. In this vessel
hardness-producing calcium and magnesium ions are captured on an ion exchange
resin. Sodium, an ion which does not cause water hardness, is displaced from
the resin by the calcium and magnesium.

The second step in preventing scale is the reduction of alkalinity. This is
accomplished by adding sulfuric acid to the circulating cooling water.
Equipment used in the above processes is the following:

ITEM NUMBER PURPOSE

Carbon Adsorber Feed Pump 41043-1,2 Pump water through Carbon
Adsorber, Cation Exchanger
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Raw Water Carbon Adsorber 45020-1,2 Dechlorination, Suspended solids

removal
Cation Exchanger 47009-1,2 Remove hardness
Cooling Water Makeup Tank 35036 Store cooling makeup water for use
Cooling Water Acid Pump 41047-1,2 Pump acid for alkalinity reduction
Cooling Water Makeup Pump 41046-1,2 Pump makeup water to the cooling

water circulation system

Boiler Water Treatment

Water used in 65 psig boilers requires the removal of virtually all hardness.
Also required is the reduction of alkalinity to an acceptable level.

To accomplish the first requirement of near-zero hardness, water is diverted
(directly from the cation exchanger) to the Condensate Receiver. This water is
at near-zero hardness.

To nleet the second requirement of alkalinity reduction, sulfuric acid is added
to the boiler makeup water. Sulfuric acid is pumped by the Boiler Water Acid

Blowdown and Regenerant Disposal

The cooling water and boiler water blowdowns are accumulated in a sump along
with periodic regenerations of the cation exchanger. The combined flows are
pumped at an equalized rate to the sanitary sewer collection system by the Spent
Water Disposal Pump (41044-1,2). Constituent concentrations in the equalized
flow do not violate effluent limitations.

4.2.4.2 Wastewater Treatment

Since water temperature is critical to the biotreatment process, the feed stream
is cooled from 1579F to 1009F in Quench Tank Blowdown Cooler (31007) prior
to entering the treatment facility.

Emergency Storage

Influent flow may be diverted to the Emergency Storage Tank (34010) for the
following reasons:

1. Reacclimation of the Wastewater Treatment System during periods of
inadequate wastewater treatment.

2. Extreme pH fluctuations.
3. Toxic spill.
4, Major phenolic loading surge.

5. Extreme hydraulic fluctuation.
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The tank has sufficient volume to hold seven days of flow. This time is chosen
for reacclimation of the biosystem.

After whatever corrective action is taken with the diverted flow, it is returned
to the treatment system at the Tube Settler.

Primary Clarification, Equalization, Centrifugation

The Tube Settler (45021) removes the bulk of the suspended solids from the
influent flow. A Primary Coagulant (47013) is added to the flow to enhance
suspended solids removal through charge destabilization and particle bridging.

The flow enters the Equalization Tank (36010) from the Tube Settler by gravity.
The water level in this tank is allowed to fluctuate in accordance with the
influent flow. The tank also stores two days of flow. This is the quantity
required to keep the bioplant operating when the main plant is shut down for two
days a week. The Equalization Tank Agitator (39010) mixes the wastewater,
preventing the settling of suspended solids which remain in the wastewater.

Sludge from the Tube Settler is pumped to the Primary Sludge Centrifuge (45022)
by the Centrifuge Feed Pump (41050-1,2). The inert discrete solids present are
amenable to dewatering by centrifuge. The concentrated solids are disposed of
by others; the centrate is sent to the equalization tank for subsequent
biological treatment.

Biotreatment and Clarification

Flow is pumped from the Equalization Tank to the Aeration Tank (43011) by the
Aeration Tank Feed Pump (41060-1,2). Here phenolics are biologically converted
to carbon dioxide and water. Oxygen for this reaction is provided through a
diffused air system by the Aeration Blower (42016-1,2).

Influent phenolics are diluted to a biologically amenable treatment level of
about 500 Mg/1. This is done by recycling flow from the Biosludge Clarifier
(45023) with the Dilution Recycle Pump (41051-1,2).

Since the aeration tank contains a completely mixed solution, an amount of
biologically activated sludge must be recycled to maintain equilibrium. Also, a
net increase in biosludge in the aeration tank must be wasted. This net
increase is the result of the phenolic conversion. Both sludge wasting and
sludge recycle are accomplished by the Biosludge Pump (41052-1,2). Sludge is
pumped from the Biosludge Clarifier (45023).

Any odor from the bio-treatment system is controlled by the Aeration Tank Carbon
Adsorber (45028-1,2) as received from the Exhauster (42017-1,2).

Pressure Filtration, Carbon Adsorption

Flow is pumped from the sump after the Biosludge Clarifier to the Pressure
Filter (45024-1,2) by the Pressure Filter Feed Pump (41053-1,2). Pressure
filters are used because of the nominal flow quantity. The filter removes
residual suspended solids prior to carbon adsorption. The filters are
periodically backwashed. The backwash is sent to the head end of the bioplant.



The final treatment step of carbon adsorption (by 45025-1,2) removes the
residual phenolics from the flow. Carbon is replaced when it becomes
exhausted. After carbon adsorption, the flow has received the pretreatment
required and is discharged to the municipal sewer system.

Biosludge Treatment

Biosludge is pumped from the Biosludge Clarifier to the Biosludge Thickener
(47011) by the Biosludge Pump (41052-1, 2). Sludge is thickened by dissolved
air flotation. Sludge is pumped by the Digester Feed Pump (41055-1, 2) from the
thickener to the Aerobic Digester Tank (34009). Here it is biologically
stabilized. Air is provided to the tank by the Aerobic Digester Aerator (45026)
for use in sludge stabilization. Stabilized sludge flows by gravity from
digester to the Biosludge Press Feed Tank (36009). The sludge is conditioned in
this tank and mixed by the Biosludge Tank Mixer (39009). Sludge is pumped from
the tank to the Biosludge Press (45027) by the Biosludge Press Feed Pump
(41061-1, 2). Here the sludge is dewatered. The dewatered sludge solids are
disposed of by others. Underflow from the thickener and water from the belt
press are sent to the aeration tank.

Chemical Feed Systems

Sulfuric acid is pumped to three locations from the Sulfuric Acid Storage Tank
(35037). Pumping of acid to the cooling water system and boiler makeup water is
explained in the treatment descriptions for these waters. The third location is
to the head end of Aeration Tank (34011). Pumping to this location is
controlled by the pH of the water in this tank. The acid is pumped by the
Wastewater Acid Pump (41062-1, 2).

Caustic is pumped to the head end of the Aeration Tank by the Aeration Tank
Caustic Metering Pump (41049-1, 2). Pumping of caustic is controlled by the pH
of water in the Aeration Tank. Caustic is also pumped by the Coal Pile Runoff
Caustic Metering Pump (41059-1, 2) to neutralize the coal pile runoff. The
caustic is dispersed by the inline Coal Pile Runoff Static Mixer (48012).

Phosphoric acid is pumped by the Phosphoric Acid Metering Pump (41056-1, 2) to
the head end of the Aeration Tank. Phosphorus is a nutrient required in the
bio-oxidation process.

Mixing of chemicals added upstream of the Aeration Tank is done by the Aeration
Tank Static Mixer (48013).

The Primary Sludge Conditioning System (47010) makes possible a greater
percentage solids in the centrifuge cake.

The Tube Settler Feed Conditioning System (47012) enhances suspended solids
removal.

The Coagulant Aid System (47013) agglomerates sludge particles to achieve higher
percentage solids in the thickened sludge from the Biosludge Thickener. The
Filter Aid System (47014) helps in the removal of particles through the Pressure
Filter.



The Biosludge Conditioning System (47015) makes possible a greater percentage
solids in the Biosludge Press cake.

4,2,5 Utilities and Facilities

4,2.5.1 Cooling Water

Cooling water required for the plant exchangers and coolers will be supplied at
850F from the Cooling Tower (44003). Warm cooling water from the gasifier
jackets and the plant exchangers and coolers will be returned to the cooling
tower at 1080F. The recirculating cooling water, pumped by Cooling Water

Pumps (41038-1,2 and 41039), will be treated with chlorine and slug-fed biocides
to control algae growth, and with scale formation and corrosion inhibitors to
control heat exchanger fouling. The pH of the water will be adjusted by manual
addition of sulfuric acid through a drip pot delivery system to hold the
required pH for good scale formation inhibition and corrosion protection,
without tower delignification. Acid is supplied to the drip pot from the
Sulfuric Acid Storage Tank (35037) by the Cooling Water Acid Pump (41047-1,2).
The continuous blowdown required to Timit the build up of dissolved solids in
the system is discharged to the plant sewer and then to the municipal waste
water treatment system.

4,2.5.2 Steam System

Required plant steam will be provided by a package fire tube Utility Boiler
(47004) capable of supplying 25,000 pph of 65 psig saturated steam. The boiler
will be fired on product LBG, or propane at start-up, and be forced-draft.
Boiler feed water will be mostly condensate return from the plant uses listed
below, with the remainder softened city water. This feed water will be
deaerated and treated with sodium sulfite and a chelating agent prior to
entering the boiler.

Steam is used in heat jacketed vessels and in steam heating coils in the
desulfurization and tar removal areas, in line heat tracing, to pressurize the
gasifier rodding nozzles, to purge tar lines, and to provide space heating for
the various buildings.

4,2.5.3 Plant Air Supply

One positive displacement oil-free package Plant Air Compressor (42014) will be
used to supply an instantaneous peak demand of 700 SCFM of plant air for the
flame front generators with the gasifier and system flares and for utility
stations. The package will be complete with all the necessary controls and
instrumentation, aftercooler, separator, receiver and all interconnecting pipe
required for normal operation. An interconnection will also be supplied for the
use of plant air as a backup to the instrument air supply.



4,2.5.4 Instrument Air Supply

One positive displacement oil-free package Instrument Air Compressor (42015)
will be used to supply 450 SCFM of dry instrument air for process control
instruments and control valve operators. The package will be complete with all
necessary controls and instrumentation, aftercooler, separator, receiver, two
driers with electric heaters, oil filter and all interconnecting pipe required
for normal operation. An interconnection will be supplied for the use of plant
air as a backup to this system.

4,3.0 PROCESS EQUIPMENT ITEM LIST

4.3.1 Vessels

ITEM NO. NO. REQ'D DESCRIPTION EFD

31001 1 2-Gasifier Recycle Cooler 100-11
31002 1 3-Gasifier Recycle Cooler 100-111
31003 1 2-Gasifier ESP Gas Cooler 100-104
31004 1 3-Gasifier ESP Gas Cooler 100-105
31005 1 2-Gasifier System Aftercooler 100-106
31006 1 3-Gasifier System Aftercooler 100-107
31007 1 Quench Tank Blowdown Cooler 100-111
32005 1 2-Gasifier Absorber Column 100-106
32006 1 3-Gasifier Absorber Column 100-107
33001-A 5 Gasifier 100-103
33001-8 5 Cyclone 100-103
33001-C 5 Air Blower 100-103
33001-C1 5 Filter for Air Blower 33001C 100-102
34001 1 Tar Storage Tank 100-111
34003 1 2-Gasifier Liquor Tank 100-106
34004 1 3-Gasifier Liquor Tank 100-107
34006 1 2-Gasifier Oxidizer Tank 100-106
34007 1 3-Gasifier Oxidizer Tank 100-107
34009 1 Aerobic Digester Tank 100-122
34011 1 Aeration Tank 100-120



4.3.1 Vessels (Cont'd)

35002
35002
35016
35018
35019
35020

35021
35024
35025
35032
35033

35034
35035
35036
35037
35038

36001
36002
36003
36009
36010
36011

39001
39002
39003
39009
39010
39011
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4.3.2 Mechanical Equipment

ITEM NO.

41001
41002
41003
41004
41005

41006
41007
41008
41018
41019

Quench Tank

Quench Tank

Eff luent Purge Tank
2-Gasifier Filtrate Tank
3-Gasifier Filtrate Tank
2-Gasifier Wash Tank

3-Gasifier Wash Tank
2-Gasifier K.0. Drum
3-Gasifier K.0. Drum
Condensate Receiver

Liquid Sulfur Storage Tank -

Sulfuric Acid Feed Tank

Cooling Tower Chemical Feed Tank

Cooling Water Make-Up Tank
Sulfuric Acid Storage Tank
Deionizer Make-Up Tank

2 Gasifier Slurry Tank

3 Gasifier Slurry Tank
Reagent Tank

Biosludge Press Feed Tank
Equilization Tank
Emergency Storage Tank

2 Gasifier Slurry Mixer

3 Gasifier Slurry Mixer

Reagent Mixer

Biosludge Press Feed Tank Mixer
Equilization Tank Agitator
Emergency Storage Tank Agitator

Coal Receiving Sump Pump
Coal Reclaiming Sump Pump

2 Gasifier Recycle Pump
3 Gasifier Recycle Pump

2 Gasifier Tar Pump

3 Gasifier Tar Pump
Gasifier Building Sump Pump
2 Gasifier Liquor Pump

NO. REQ'D.  DESCRIPTION
2

2

2 Tar Loading Pump
1

2

2

1

2

2

2

3 Gasifier Liquor Pump

100-104
100-105
100-108
100-109
100-110
100-109

100-110
100-109
100-110
100-112
100-109

100-114
100-114
100-126
100-125
100-126

100-108
100-108
100-108
100-123
100-120
100-118

100-108
100-108
100-108
100-123
100-120
100-118

EFD

100-101
100-101
100-111
100-111
100-111

100-111
100-111
100-103
100-106
100-107



4.3.2 Mechanical Equipment (Cont'd)

41020
41022
41024
41025
41030

41031
41032
41033
41034
41035

41036
41037
41038
41039
41040

41041
41042
41043
41044
41046

41047
41048
41049
41050
41051

41052
41053
41055
41056
41058

41059
41060
41061
41062
41063

42004
42005
42006
42007
42008

N =M MN N NN NN NN NN N NN - N N — N NN N NN NN NN PN
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Eff luent Purge Pump
Reagent Pump

2 Gasifier Slurry Pump

3 Gasifier Slurry Pump

2 Gasifier Filtrate Pump

3 Gasifier Filtrate Pump

2 Gasifier Wash Pump

3 Gasifier Wash Pump
Liquid Sulfur Loading Pump
Tar Separator Sump Pump

2 Gasifier Liquid Sulfur Transfer Pump
3 Gasifier Liquid Sulfur Transfer Pump
2 Gasifier Equipment Cooling Water Pump
3 Gasifier Equipment Cooling Water Pump
Condensate Pump

Utility Boiler Feed Water Pump
Chlorinator Water Booster Pump
Carbon Adsorber Feed Pump
Spent Water Disposal Pump
Cooling Water Make-Up Pump

Cooling Water Acid Pump

Boiler Water Acid Pump

Aeration Tank Caustic Metering Pump
Centrifuge Feed Pump

Dilution Recycle Pump

Biosludge Pump

Pressure Filter Feed Pump
Digester Feed Pump
Phosphoric Acid Feed Pump
Emergency Storage Pump

Coal Pile Caustic Metering Pump
Aeration Feed Tank Pump
Biosludge Press Feed Pump

Waste Water Acid Pump

Filter Back Wash Water Pump

2 Gasifier E.S.P. Compressor
3 Gasifier E.S.P. Compressor
2 Gasifier System Compressor
3 Gasifier System Compressor
2 Gasifier Air Blower with Filter

100-108
100-108
100-108
100-108
100-109

100-110
100-109
100-110
100-109
100-111

100-109
100-110
100-114
100-114
100-112

100-112
100-114
100-126
100-124
100-126

100-125
100-125
100-119
100-118
100-121

100-121
100-121
100-122
100-120
100-118

100-119
100-120
100-123
100-125
100-126

100-104
100-105
100-106
100-107
100-106



4.3.2 Mechanical Equipment (Cont'd)

42009 2 3 Gasifier Air Blower with Filter
42012 2 2 Gasifier Vacuum Pump

42013 2 3 Gasifier Vacuum Pump

42014 1 Plant Air Compressor

42015 1 Instrument Air Compressor

42016 2 Aeration Blower

42017 2 Aeration Tank Exhauster

43003 1 Vibrating Discharger

43004 1 Knife Gate

43005 1 Vibrating Feeder

43006 1 Coal Reclaim Conveyor

43007 1 Coal Distribution Bucket Elevator
43008 1 Coal Distribution Conveyor

44001 1 2 Gasifier Sulfur Melter

44002 1 3 Gasifier Sulfur Melter

44003 1 Equipment Water Cooling Tower
45001 1 Magnetic Separator

45002 1 2 Gasifier Electrostatic Precipitator
45003 1 3 Gasifier Electrostatic Precipitator
45004 1 Gasifier Tar Separator

45018 1 2 Gasifier Sulfur Filter

45019 1 3 Gasifier Sulfur Filter

45020 2 Raw Water Carbon Adsorber

45021 ] Tube Settler

45022 1 Primary Sludge Centrifuge

45023 1 Biosludge Clarifier

45024 2 Pressure Filter

45025 2 Waste Water Carbon Adsorber

45026 1 Digestor Aerator

45027 1 Biosludge Press

45028 2 Aeration Tank Carbon Adsorber
47003 1 Reductive Incinerator System
47004 1 Utility Boiler System

47005 1 Boiler Feed Water Treatment System
47008 1 Utility Boiler Deaerator

47009 3 Cation Exchanger

100-107
100-109
100-110
100-115
100-116

100-120
100-120

100-101
100-101
100-101
100-101
100-102

100-102
100-103

100-109
100-110
100-114

100-102
100-104
100-105
100-111
100-109

100-110
100-126
100-118
100-118
100-121

100-124
100-124
100-122
100-124
100-120

100-117
100-113
100-113
100-112
100-127

ige Conditioning System
1ickener

~ Feed Conditioning System
id System

system
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er Exhaust Head

er Exhaust Head
Generator

un Off Static Mixer
nk Static Mixer
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st Collector Exhaust
bution Conveyor Dust

Exhaust Fan
. Dust Collector

1ilding Make-Up Air Unit
| Air Supply Blower

100-119
100-122
100-119
100-123
100-121

100-123

100-101
100-102
100-103
100-114
100-114

100-109
100-110
100-106
100-101
100-120

100-101

EFD

100-102
100-102
100-102
100-102
100-102
100-102

100-102
100-102
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4.3.4 HVAC Equipment Item List (Cont'd)

51104
51105
51106
51111
51112
51113
51204
51205
51301
51401
51402
51405
51406
51407
51408
51409
51410
51411
51412
51413

51500
51501
51502
51503
51504

51505
51601

51602
51605

1
1
6

2

—t ot d o d

—

Control Lab & Office A/C Unit
H & V Equipment Room Unit Heater
Sulfur Recovery Building Unit Heater

Waste Water Treatment Building Roof
Ventilator

Waste Water Treatment Building Make-Up
Air Unit

Waste Water Treatment Building Make-Up
Air Unit

Gasifier Building Cabinet Unit Heater
Gasifier Building Cabinet Unit Heater

Gasifier Building Filter Unit

Gasifier Building Wall Louver
Gasifier Building Wall Louver
Gasifier Building Wall Louver
Gasifier Building Wall Louver
Electric Equipment Room Wall Shutter

Waste Water Treatment Building Wall
Louvers

Gasifier Building Electric Equipment
Room Intake Louvers

Gasifier Building Electric Equipment
Room Intake Louvers

Sulfur Recovery Building Wall Louvers
Waste Water Treatment Building Wall
Louvers

Waste Water Treatment Building Relief
Damper

Gasifier Building Sidewall Exhaust Fan
Gasifier Building Supply Air Fan
Sulfur Recovery Building Wall Fan
Sulfur Recovery Building Wall Fan
Sulfur Recovery Building Exhaust Fan

Sulfur Recovery Building Exhaust Fan
Gasifier Building Roof Ventilator

Gasifier Building Roof Ventilator
Gasifier Building Gravity Roof Vent



Item No. 31002 - Three Gasifier Recycle Cooler

Type - Vertical shell and tube exchanger, with
fixed tube sheets for the cooling of
recycled quenching water

Material
Shell Side - Carbon steel with 1/8" corrosion allowance
Tube Side - Stainless steel Type 304

Duty - 14,105,900 Btu/hour

Item No. 31003 - Two Gasifier ESP Gas Cooler

Type Vertical shell and tube exchanger, fixed
tube sheets and integral separator head for
the cooling of coal gasification products
after electrostatic precipitation

Material
Shell Side - Carbon steel with 1/8" corrosion allowance
Tube Side - Stainless steel Type 304 '

Duty - 8,547,136 Btu/hour

Item No. 31004 - Three Gasifier ESP Gas Cooler

Type - Vertical shell and tube exchanger, fixed
tube sheets and integral separator head for
the cooling of coal gasification products
after electrostatic precipitation

Material
Shell Side - Carbon steel with 1/8" corrosion allowance
Tube Side - Stainless steel Type 304

Duty - 12,820,704 Btu/hour

Item No. 31005 - Two Gasifier System Aftercooler

Type - Vertical shell and tube exchanger, fixed
tube sheets and integral separator head for
the cooling of compressed coal gas

Material
Shell Side - Carbon steel with 1/8" corrosion allowance
Tube Side - Stainless steel Type 304

Duty - 1,368,092 Btu/hour

Item No. 31006 - Three Gasifier System Aftercooler

Type - Vertical shell and tube exchanger, fixed
tube sheets and integral separator head for
the cooling of compressed coal gas

Material
Shell Side - Carbon steel with 1/8" corrosion allowance
Tube Side - Stainless steel Type 304

Duty - 2,052,137 Btu/hour



Item No. 31007 - Quench Tank Blowdown Cooler

Type

Material

Duty

- Horizontal shell and tube exchanger, with
fixed tube sheets for cooling of blowdown
from recycle quench water.

- Shell side- Carbon steel with 1/3"
corrosion allowance

- Tube side - Stainless steel Type 304

- 493,410

Item No. 32005 - Two Gasifier Absorber Column

Item No. 32006 - Three Gasifier Absorber Column

Item No. 33001-1A, thru 5A - Gasifiers

No. Required
Type

Capacity

Materials of Construction
HP - 6.5 HP total per gasifier

Item No. 33001-1B thru 5B - Cyclones

- Five (5)

- Wellman-Galusha low Btu gasifier (10 ft.
I.D.) with water jacketed combustion
chamber, motor driven water cooled fuel
agitator assembly, powered rotating grate
assembly, ash cone and pit assembly with
manually operated slide gate, motor operated
fuel feed valves, fuel feed pipes, upper and
lower fuel bins, agitator counterweight
assembly, saturation piping and gate
assembly, gas discharge elbow, vent and
relief ducting, instrumentation and various
valves and interconnecting piping

- 3.25 TPH max. (est. 65% efficiency) using
Southern Ohio high sulfer bituminous coal at
12,174 Btu/# (dry basis) gas

- Mfr.'s standard

No. Required
Type

Design Pressure

Working Pressure

Design Temperature
Materials of Construction

- Five (5)

- 8'-0" internal diameter by 15'-6" tall
steel cylindrical refractory lined assembly
consisting of a low conical roof, conical
bottom dust collector with discharge valve,
gas inlet and outlet, water flushing ring
for bottom cone, various valves and fittings
- 20 psi

- 6 to 10" WG

- 1200°F

- Mfr.'s standard



Item No. 33001-1C thru 5C

- Air Blowers

No. Required
Type

Capacity

Discharge Pressure
Materials of Construction
HP - 50 HP/3500 RPM

- Five (5)

- Single stage scroll turbo-compressor
complete with common base for machine and
motor, flange adapter, motor silencer and
outlet sleeve with clamps

- 5600 ACFM

- 24 oz.

- Mfr.'s standard

Item No. 33001-1C) thru 1C5 - Filter for Air Blower

No. Required
Type

Materials of Construction
Volume Capacity

- Five (5)

- Integral filter-silencer for air blowers
inlet, tubular type with leg support

- Mfr.'s standard

- 6500 CFM

Item No. 34001 - Tar Storage Tank

Type

Size

Material
Tank
Heating Coil

- Vertical, insulated, cylindrical tank with
flat bottom and self supported cone roof and
internal coil for the storing of tars
produced from the gasification of Bituminous
Coal

- 20'-0" 0.D. x 22'-0" straight side (50,000
gal. capacity)

- Carbon Steel with 1/8" corrosion allowance
- Stainless steel, Type 304

Item No. 34003- two - Gasifier Pumping Liquor Tank

Item No. 34004- three -

Gasifier Pumping Liquor Tank

Item No. 34006 - Two Gasifier Oxidizer

Item No. 34007 - Three Gasifier Oxidizer

Item No. 34009 - Aerobic

Digestor Tank

Type
Size

Material

- Vertical, cylindrical tank with flat
bottom and open top

- 20'-0" 0.D. x 14'-0" straight side (32,000
gal. capacity)

- Carbon steel with 1/8" corrosion allowance
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CONCRETE VESSELS

Item No. 34011 - Aeration Tank

No. Required - One (1)

Type - Rectangular concrete tank with wood framed
FRP cover and steel air headers and laterals

Capacity - 120 GPM

VESSELS ’

Item No. 35002-1 to 5 - Quench Tanks

Type - Vertical, insulated, cylindrical direct
contact spray cooler for quenching low Btu
gas produced from Bituminous Coal Gasifiers

Size - 10'-0" 0.D. x 43'-0" straight shell and
dished heads

Material
Tank - A516 Gr.70 carbon steel with 1 4" C.A.
Internal Sprays - Carbon steel

Item No. 35016 - Effluent Purge Tank

Type - Vertical, insulated, cylindrical tank with
internal coil for the collecting of the
effluent purge from the Stretford Process.

Size - 5'-6" 0.0. x 6'-0" straight shell and
dished heads (1,000 gal. capacity)

Material
Tank - A516 Gr. 70 carbon steel with 1/8"
corrosion allowance
Heating Coil - Stainless steel Type 304

Item No. 35018 - Two Gasifier Filtrate Tank

Part of Stretford package
Item No. 35019 - Three Gasifier Filtrate Tank

Part of Stretford package
Ttem No. 35020 - Two Gasifier Wash Tank

Part of Stretford package
Item No. 35021 - Three Gasifier Wash Tank

Part of Stretford package
Item No. 35024 - Two Gasifier KO Drum

Part of Stretford package
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Item No.

35025 - Three Gasifier KO Drum

Part of Stretford package

Item No.

35032 - Condensate Receiver

Type
Size

Materia]

Item No.

- Vertical, insulated, cylindrical tank

- 5'-0" 0.D. x 9'-4" straight shell and
dished heads (1,500 gal. capacity)

- Carbon steel with 1/8" corrosion allowance

35033 - Liquid Sulfur Storage Tank

Type

Size

Material
Tank
Coil

Item No.

- Vertical, insulated, cylindrical tank with
flat bottom and dished roof with internal
heating coil for the storing of liquid sulfur
- 11'-6" 0.0. x 13'-0" straight side (10,000
gal. capacity)

- Carbon steel with 1/8" corrosion allowance
- Stainless steel Type 304

35034 - Sulfuric Acid Feed Tank

Type
Size
Material

Item No.

- Vertical, insulated, cylindrical tank to
store sulfuric acid

- 1'-0" 0.D. x 4'-0" straight shell with
dished heads

- Carbon steel with 1/8" corrosion allowance

35035 - Cooling Tower Chemical Feed Tank

Type
Size

Material

Item No.

- Vertical, insulated, cylindrical tank

- 1'-0" 0.D. x 4'-0" straight shell with
dished heads (30 gal. capacity)

- Carbon steel with 1/8" corrosion allowance

35036 - Cooling Water Make Up Tank

Type
Size

Material

Item No.

- Horizontal, cylindrical tank

- 10'-0" 0.D. x 30'-6" straight shell with
dished heads (15,000 gal. capacity)

- Carbon steel with 1/16" corrosion allowance

35037 - Sulfuric Acid Storage Tank

Type
Size

Material

- Horizontal, cylindrical tank for storing
sulfuric acid

- 4'-6" 0.D. x 8'-0" straight shell,
supported on saddles (1,000 gal. capacity)

- Carbon steel with 1/8" corrosion allowance
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Item No. 35038 - Deionizer Make Up Tank

Type - Vertical, cylindrical tank

Size - 11'-6" 0.D. x 13'-0" straight side with
flat bottom and dished head (10,000 gal.
capacity)

Material - Carbon steel with 1/16" corrosion allowance

Item No. 36001-1, 2 - Two Gasifier Slurry Tank

Item No. 36002-1,2 - Three Gasifier Slurry Tank

Item No. 36003 - Reagent Mixing Tank

Item No. 36009 - Biosludge Press Feed Tank

Type - Vertical, cylindrical tank

Size - 3'-0" 0.D. x 4'-0" straight side with flat
bottom and dished head which supports an
agitator (200 gal. capacity)

Material - Carbon steel with 1/16" corrosion allowance

Item No. 36010 - Equilization Tank

Type - Vertical, cylindrical tank

Size - 21'-0" 0.D. x 25'-0" straight side with
flat bottom and self-supporting dome roof
which supports an agitator (60,000 gal.
capacity)

Material - Carbon steel with 1/16" corrosion allowance

Item No. 36011 - Emergency Storage Tank

Type - Vertcial, cylindrical tank

Size - 33'-0" 0.D. x 35'-0" straight side with
flat bottom, open top and support for a top
entering agitator (202,000 gal. capacity)

Material - Carbon steel with 1/16" corrosion allowance

Item No. 39001-1, 2 - Two Gasifier Slurry Mixers

Type - Vertical mount mixer with 7-1/2 HP
electric motor

Purpose - Maintain sulfur froth in suspension

Material - 304 stainless steel impeller. Stainless
clad shaft

Item No. 39002-1, 2 - Three Gasifier Slurry Mixers

Type - Vertical mount mixer with 10 HP electric
motor

Purpose - Maintain sulfur froth in suspension

Material - 304 stainless steel impeller. Stainless

clad shaft
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Item No. 39003 - Reagant Mixing Tank Agitator

Type - Vertical mount direct drive mixer with 1
HP electric motor

Purpose - Mix reagent into solution

Material - 304 stainless steel impeller and lined
shaft

Item No. 39009-Biosludge Press Feed Tank Agitator

Type - Top entering agitator with propeller
Purpose - Maintain a homogeneous solution
Material - Wetted parts to be carbon steel with 1/16"

corrosion allowance

Item No. 39010-Equalization Tank Agitator

Type - Top entering agitator with axial turbine
impellers

Purpose - Prevent settling of solids

Material - Wetted parts to be carbon steel with 1/16"

corrosion allowance

Item No. 39011 - Emergency Storage Tank Agitator

Type - Top entering agitator with axial turbine
impellers
Purpose - Prevent settling of solids

Material - Wetted parts to be carbon steel with 1/16"
: corrosion allowance

4.4.2 Mechanical Equipment

Item No. 41001-1, 2 - Coal Receiving Sump Pump

Type - Volute type vertical centrifugal pump
complete with motor, coupling, coupling
guard, support plate, above support plate
flanged discharge, water lubricated steady
bearings, suction strainer and float switch

- 316 SS pump

Flow 70 GPM of coal pile run-off with coal fines
at ambient temperature

Head - 50 ft.

Pit Depth - 14 ft.

Motor HP -2
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Item No. 41002-1, 2 - Coal Reclaiming Sump Pump

Type

Flow

Head
Pit Depth
Motor HP

- Volute type vertical centrifugal pump
complete with motor, coupling, coupling
guard, support plate, above support plate
flanged discharge, water lubricated steady
bearings, suction strainer and float switch
- 316 SS pump

- 10 GPM of coal pile run-off with coal
fines at ambijent temperature

- 20 ft.

- 4 ft.

- 1/2

Item No. 41003-1, 2 - Tar Loading Pump

Type

Flow
Discharge Pressure
Motor HP

- Horizontal, rotary, positive displacement
gear pump complete with built in relief
valve, metal shaft packing, external
lubricator, coupling, coupling guard, gear
speed reducer, motor and baseplate -
Colmonoy and hardened steel pump

- 225 GPM of coal tar with coal ash at 200 F
30 psig

- 20

Item No. 41004 - Two Gasifier Recycle Pump

Type

Flow

Head
Motor HP

End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - 316 SS pump

- 580 GPM of quench water with coal ash and
tar at 200 F

- 140 ft.

- 40

Item No. 41005-1, 2 - Three Gasifier Recycle Pump

Type

Flow

Head
Motor HP

- End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - 316 SS pump ‘

- 840 GPM of quench water with coal ash and
tar at 200 F

- 150 ft.

- 40
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Item No. 41006-1, 2 - Two Gasifier Tar Pump

Type - Horizontal, rotary, positive displacement
gear pump complete with built in relief
valve, metal shaft packing, external
lubricator, coupling, coupling guard, gear
speed reducer, motor and baseplate.
Colmonoy and hardened steel pump

Flow - 5 GPM of coal tar with coal ash at 200 F
Discharge Pressure - 15 psig
Motor HP -1

Item No. 41007 - Three Gasifier Tar Pump

Type - Horizontal, rotary, positive displacement
gear pump complete with built in relijef
valve, metal shaft packing, external
lubricator, coupling, coupling guard, gear
speed reducer, motor and baseplate -
Colmonoy and hardened steel pump

Flow - 5 GPM of coal tar with coal ash at 200 F
Discharge Pressure - 15 psig
Motor HP -1

Item No. 41008-1, 2 - Gasifier Building Sump Pump

Type - Volute type vertical centrifugal pump
complete with motor, coupling, coupling
guard, support plate, above support plate
flanged discharge, water lubricated steady
bearings, suction strainer and float switch
- Carpenter-20 pump

Flow - 50 GPM of coal ash sluice water at 80 F
Head ~ 75 ft.

Pit Depth : - 6 ft.

Motor HP -5

Item No. 41018-1, 2 - Two Gasifier Liquor Pump

Type - Horizontal centrifugal pump complete with
motor, coupling, base and guard

Flow - 2100 GPM

Head - 160 ft.

Motor HP - 125 HP at 1800 RPM

Item No. 41019-1, 2 - Three Gasifier Liquor Pump

Type - Horizontal centrifugal pump complete with
motor, coupling, base and quard

Flow - 3160 GPM

Head ' - 160 ft.

Motor HP - 200 HP at 1800 RPM
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Item No. 41020-1, 2 - Effluent Purge Pump

Type - Controlled volume plunger pump complete
with packing, inlet and discharge check
valves, manual capacity adjustment,
coupling, coupling guard, motor and
baseplate - 304 SS pump

Flow - 1 GPM of Stretford purge liquor at 100 F

Discharge

Pressure - 40 psig

Motor HP - 1/2

Item No. 41022-1, 2

Reagent Pump

Type - End suction stainless steel horizontal
centrifugal pump

Flow - 250 GPM

Head - 30 ft.

Motor HP - 5 HP at 1200 RPM

Item No. 41024-1, 2

Two Gasifier Slurry Pump

Type - Progressive cavity single screen positive
displacement pump, stainless steel lined.
Complete with electric motor, coupling and
base

Flow - 300 GPH

Discharge Pressure - 4 psig

Motor HP - 3 HP

Item No. 41025-1, 2

Three Gasifier Slurry Pump

Type - Progressive cavity single screw positive
displacement pump, stainless steel lined.
Complete with electric motor, coupling and
base

Flow - 450 GPH

Discharge Pressure - 4 psig

Motor HP - 5 HP

Item No. 41030-1, 2 - Two Gasifier Filtrate Pump

Part of Stretford package
Item No. 41031-1, 2 - Three Gasifier Filtrate Pump

Part of Stretford package
Item No. 41032-1, 2 - Two Gasifier Wash Pump

Part of Stretford package
Item No. 41033-1, 2 - Three Gasifier Wash Pump

Part of Stretford package
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Item No. 41034-1, 2 - Liquid Sulfur Loading Pump

Type - End suction, radially split, steam
Jjacketed horizontal centrifugal pump
complete with mechanical seal, coupling,
coupling guard, motor and baseplate - 316 SS

pump
Flow - 100 GPM of molten sulfur at 300 F
Head - 35 ft.
Motor HP -2

Item No. 41035-1, 2 - Tar Separator Sump Pump

Type - Volute type vertical centrifugal pump
complete with motor, coupling, coupling
guard, support plate, above support plate
flanged discharge, water lubricated steady
bearings, suction strainer and float switch
- Cast iron pump

Flow - 10 GPM of rainwater at ambient temperature
Head - 20 ft.

Pit depth - 4 ft.

Motor HP -1

Item No. 41036-1, 2 - Two Gasifier Liquid Sulfur Transfer Pump

Type - Volute type steam jacketed vertical
centrifugal pump complete with motor,
coupling, coupling guard, support plate,
above support plate flanged discharge,
product Tubricated steady bearings and
suction strainer - 316 SS pump

Flow - 85 GPM of molten sulfur at 280 F.
Head - 25 ft.

Pit Depth - 10 ft.

Motor HP -3

Item No. 41037-1, 2 - Three Gasifier Liquid Sulfur Transfer Pump

Type - Volute type steam jacketed vertical
centrifugal pump complete with motor,
coupling, coupling guard, support plate,
above support plate flanged discharge,
product lubricated steady bearings and
suction strainer - 316 SS pump

Flow - 125 GPM of molten sulfur at 280 F
Head - 25 ft.

Pit Depth - 10 ft.

Motor HP -2
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Item No. 41038-1, 2 - Two Gasifier Equipment Cooling Water Pump

Type - Turbine type vertical centrifugal pump
complete with motor, coupling, coupling
guard, support plate, above support plate
flanged discharge, water lubricated steady
bearings and suction strainer - Bronze
fitted cast iron pump

Flow - 3300 GPM of cooling tower water at 85 F
Head - 250 ft.
Pit Depth - 12 ft.

Motor HP - 300

Item No. 41039 - Three Gasifier Equipment Cooling Water Pump

Type - Turbine type vertical centrifugal pump
complete with motor, coupling, coupling
guard, support plate, above support plate
flanged discharge, water lubricated steady
bearings and suction strainer - Bronze
fitted cast iron pump

Flow - 3300 GPM of cooling tower water at 85 F
Head - 250 ft.

Pit Depth - 12 ft.

Motor HP - 300

Item No. 41040-1, 2 - Condensate Pumps

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast iron pump

Flow - 65 GPM of condensate water at 215 F
Head - 60 ft.
Motor HP -3

Item No. 41041-1, 2 - Utility Boiler Feedwater Pumps

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast Iron pump

Flow -~ 65 GPM of boiler feedwater at 260 F
Head - 145 ft.
Motor HP - 7=-1/2

Item No. 41042-1 - Chlorinator Water Booster Pump

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast iron pump

Flow - 10 GPM of water at ambient temperature
Head - 100 ft.
Motor HP - 15

4-29



Item No. 41043-1, 2 - Carbon Adsorber Feed Pump

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast iron pump

Flow - 20 GPM of waste water at ambient
temperature

Head - 100 ft.

Motor HP -5

Item No. 41044-1, 2 - Spentwater Disposal Pump

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast iron pump

Flow - 50 GPM of waste water at ambient
temperature

Head - 100 ft.

Motor HP -5

Item No. 41046-1, 2 - Cooling Water Make-Up Pump

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast iron pump

Flow - 210 GPM of water at ambient temperature
Head - 100 ft.
Motor HP - 10

Item 41047-1, 2 - Cooling Water Acid Pump

Type - Controlled volume diaphragm pump complete
with inlet and discharge check valves,
manual capacity adjustment, coupling,
coupling guard, motor and baseplate -
Carpenter-20 pump

Flow - 5 GPM of sulfuric acid at ambient
temperature

Discharge Pressure - 25 psig

Motor HP -1

Item 41048-1, 2 - Boiler Water Acid Pump

Type - Controlled volume diaphragm pump complete
with inlet and discharge check valves,
manual capacity adjustment, coupling,
coupling guard, motor and baseplate -
Carpenter-20 pump

Flow - 5 GPM of sulfuric acid at ambient
temperature

Discharge Pressure - 25 psig

Motor HP -1
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Item No. 41049-1, 2 - Aeration Tank Caustic Metering Pump

Type - Controlled volume diaphragm pump complete
with inlet and discharge check valves,
manual capacity adjustment, coupling,
coupling guard, motor and baseplate -
Carpenter-20 pump

Flow - 5 GPM of sodium hydroxide solution at
ambient temperature

Discharge Pressure - 25 psig

Motor HP -1

Item No. 41050-1, 2 - Centrifuge Feed Pump

Type - Rotary, positive displacement progressive
cavity pump complete with packing, coupling,
coupling guard, variable pitch sheave drive,
manual capacity adjustment, motor and
baseplate - Cast iron pump

Flow - 5 GPM of biosludge at ambient temperature
Discharge Pressure - 25 psig
Motor HP -1

Item No. 41051-1, 2 - Dilution Recycle Pump

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast iron pump

Flow - 80 GPM of waste water at ambient
temperature

Head - 100 ft.

Motor HP -5

Item No. 41052-1, 2 - Biosludge Pump

Type - Rotary, positive displacement progressive
cavity pump complete with packing, coupling,
coupling guard, variable pitch sheave drive,
manual capacity adjustment, motor and
baseplate - Cast iron pump

Flow - 5 GPM of biosludge at ambient temperature
Discharge Pressure - 25 psig
Motor HP -1

Item No. 41053-1, 2 - Pressure Filter Feed Pump

Type - Rotary, positive displacement progressive
cavity pump complete with packing, coupling,
coupling guard, variable pitch sheave drive,
manual capacity adjustment, motor and
baseplate - Cast iron pump

Flow - 2 GPM of biosludge at ambient temperature

Discharge Pressure ' - 75 psig

Motor HP -1
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Item No. 41055-1, 2 - Digester Feed Pump

Type - Rotary, positive displacement progressive
cavity pump complete with packing, coupling,
coupling guard, variable pitch sheave drive,
manual capacity adjustment, motor and
baseplate - Cast iron pump

Flow - 2 GPM of biosludge at ambient temperature
Discharge Pressure - 25 psig
Motor HP -1

Item No. 41056-1, 2 - Phosphoric Acid Metering Pump

Type - Controlled volume diaphragm pump complete
with inlet and discharge check valves,
manual capacity adjustment, coupling,
coupling guard, motor and baseplate -
Carpenter-20 pump

Flow - 5 GPM of phosphoric acid at ambient
temperature

Discharge Pressure - 25 psig

Motor HP -1

Item No. 41058-1, 2 - Emergency Storage Pump

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast iron pump

Flow - 20 GPM of waste water at ambient
temperature

Head - 100 ft.

Motor HP -5

Item No. 41059-1, 2 - Coal Pile Caustic Metering Pump

Type - Controlled volume diaphragm pump complete
with inlet and discharge check valves,
manual capacity adjustment, coupling,
coupling guard, motor and baseplate -
Carpenter-20 pump

Flow - 5 GPM of sulfuric acid at ambient
temperature

Discharge Pressure - 25 psig

Motor HP -1

Item No. 41060-1, 2 - Aeration Tank Feed Pump

Type - Rotary, positive displacement progressive
cavity pump complete with packing, coupling,
coupling guard, variable pitch sheave drive,
manual capacity adjustment, motor and
baseplate - Cast iron pump

Flow - 5 GPM of waste water at ambient temperature
Discharge Pressure - 25 psig
Motor HP -1
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Item No. 41061-1, 2 - Biosludge Press Feed Pump

Type - Rotary, positive displacement progressive
cavity pump complete with packing, coupling,
coupling guard, variable pitch sheave drive,
manual capacity adjustment, motor and
baseplate - Cast iron pump

Flow - 5 GPM of biosludge at ambient temperature.
Discharge Pressure - 25 psig
Motor HP -

Item No. 41062-1 - Waste Water Acid Pump

Type - Controlled volume diaphragm pump complete
with inlet and discharge check valves,
manual capacity adjustment, coupling,
coupling guard, motor and baseplate -
Carpenter-20 pump

Flow - 5 GPM of sulfuric acid at ambient
temperature

Discharge Pressure - 25 psig

Motor HP -1

Item No. 41063-1, 2 - Filter Backwash Water Pump

Type - End suction, radially split horizontal
centrifugal pump complete with mechanical
seal, coupling, coupling guard, motor and
baseplate - Cast iron pump

Flow - 75 GPM of water at ambient temperature
Head - 100 ft.
Motor HP -5

Item No. 42004 - Two Gasifier ESP Compressor

Type - Single stage centrifugal compressor
complete with coupling, guard, speed
increaser gear, motor, baseplate,
lubrication system and vibration probes -
Material-fabricated steel

Material Handled - Cooled raw product gas from a coal gasifier
Inlet Conditions - 18,000 acfm at 14.2 psia and 138 F
Discharge Pressure - 17.2 psia

Motor HP - 350

Item No. 42005 - Three Gasifier ESP Compressor

Type - Single stage centrifugal compressor
complete with coupling, guard, speed
increaser gear, motor, baseplate,
lubrication system and vibration probes -
Material-fabricated steel

Material Handled - Cooled raw product gas from a coal gasifier
Inlet Conditions: - 27,000 acfm at 14.2 psia and 138 F
Discharge Pressure - 17.2 psia

Motor HP - 500
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Item No. 42006 - Two Gasifier System Compressor

Type - Multistage centrifugal compressor complete
with coupling, guard, gear, electric motor,
baseplate, lubrication system, vibration
monitoring system and control system
- Materials - Cast iron case, stainless
steel impellers

Material Handled - Cooled, detarred gas from a coal gasifier
Inlet Conditions - 15,000 acfm @ 15.7 psia and 100 F
Discharge Pressure - 22.0 psia

Speed - 6284 RPM

Motor HP - 700

Item No. 42007 - Three Gasifier System Compressor

Type - Multi-stage centrifugal compressor
complete with coupling, guard, gear,
electric motor, baseplate, lubrication
system, vibration monitoring system and
control panel. Materials-cast iron case,
stainless steel impellers

Material Handled - Cooled, detarred gas from a coal gasifier
Inlet Conditions - 22,000 acfm at 15.7 psia and 100 F
Discharge Pressure - 22.0 psia

Speed - 6284 RPM

Motor HP - 1000

Item No. 42008-1, 2 - Two Gasifier Air Blower

Type - Rotary positive lobe blower complete with
coupling, motor, baseplate, guard, and
intake filter

Material Handled - Atmospheric air

Inlet Conditions - 1900 ACFM at atmospheric pressure and
temperature

Discharge Pressure - 15 psig

Motor HP - 150 HP at 1800 RPM

Item No. 42009-1, 2 - Three Gasifier Air Blower

Type - Rotary positive lobe blower complete with
coupling, electric motor, baseplate, gquard,
and intake filter

Material Handled - Atmospheric air

Inlet Conditions - 2800 ACFM at atmospheric pressure and
temperature

Discharge Pressure - 15 psig

Motor HP - 200 HP at 1800 CFM

Item No. 42012-1,2 - Two Gasifier Vacuum Pump

Part of Stretford package
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Item No. 42013-1,2 - Three Gasifier Vacuum Pump

Part of Stretford package

Item No. 42014 - Plant Air Compressor

Type - Plant compressed air system complete with
inlet filter silencer, two stage, water
cooled, nonlubricated reciprocating
compressor, intercooler, aftercooler,
separator, receiver, V-belt drive, drive
guard, motor, control panel, interconnecting
piping and wiring and baseplate

Capacity - 500 cfm of free air at 14.2 psia and 93 F
Discharge Pressure - 125 psig ‘
Motor HP - 125

Item No. 42015 - Instrument Air Compressor

Type - Instrument compressed air system complete
with inlet filter silencer, two stage, water
cooled, nonlubricated reciprocating
compressor, intercooler, aftercooler,
separator, receiver, V-belt drive, drive
guard, motor, control panel, interconnecting
piping and wiring and baseplate

- Air drying system shall be included
complete with prefilter, dual tower
electrically heated desiccant type air
dryer, afterfilter, moisture monitor,
control panel, interconnecting piping and
wiring and baseplate

Capacity - 500 cfm of free air at 14.2 psia and 93 F
Discharge Pressure - 125 psig

Outlet Dewpoint - Minus 40 F at 125 psig

Motor HP - 125

Item No. 42016-1, 2 - Aeration Blower

Type - Package air blower system complete with
rotary positive lobe type blower, V-belt
drive, drive guard, electric motor, base,
discharge relief valve, flexible connections
for inlet and discharge, inlet filter, inlet
silencer and discharge silencer

Material Handled - Atmospheric air

Inlet Conditions - 1540 cfm at 14.2 psia and 93 F
Discharge Pressure - 24.2 psia

Motor HP - 150
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Item No. 42017-1,2 - Aeration Tank Exhauster

Type - Rotary positive displacement lobe type
blower complete with V-belt drive, drive
guard, electric motor, base, discharge
relief valve, flexible connections for inlet
and discharge and silencers for inlet and
discharge

Material Handled Atmospheric air

Inlet Conditions 200 scfm at 14.2 psia and 93 F

Discharge Pressure 16.2 psia

Motor HP -5

Item 43003, 43004 - Vibrating Discharger and Knife Gate

Type - Circular vibrating storage pile discharger
complete with mounting ring, suspension
system, baffle, dust seal, bottom cone,
gyrator, motor and outlet transition with
adjustable gate - Contact materials abrasion
resistant steel

Material Handled: - 1-1/2 in. x 1/2 in. coal
Bulk Density - 50 1b./ft.3
Capacity - 70 tons per hr.

Pile Height 10 to 15 ft.
Discharge To Vibratory feeder
Motor HP -3

Item No. 43005 - Vibrating Feeder

Type - Fixed rate heavy duty electromechanical
vibrating feeder complete with trough, AR
liner, cover frame, springs, gyrator and

motor
Material Handled - 1-1/2 in. x 1/2 in. coal
Bulk Density - 50 1b./ft.3
Capacity - 70 tons per hr.

Feed Method Vibratory storage pile discharge
Discharge To 24 inch belt conveyor
Motor HP -2
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item No. 43006 - Coal Reclaim Conveyor

Type

Material Handled
Bulk Density
Capacity
Centers
Incline Angle
Belt Width/Speed
Trough Angle
Motor HP

- Troughed idler rubber belt conveyor
complete with screw take-up, feed skirt
boards, discharge hood with outlet flange
and dust pickup connection, V-belt drive,
motor, zero speed switch, drive support,
frame and legs suitable for mounting on
buyer's concrete floor

- 1-1/2 in. x 1/2 in. coal

- 50 #/ft.3

- 70 tons/hr.

- 62 ft.

- Q0

- 24 in./200 fpm

350

3

Item No. 43007 - Coal Distribution Bucket Elevator

Type

Material Handled
Bulk Density
Capacity

Base to Bottom

of Discharge Spout

Method of Feed
Motor HP

- Self supporting continuous chain type
bucket elevator complete with feed hopper,
boot section with gravity take up, welded
casing with flanged, gasketed connections,
head section with split removable hood,
discharge spout, inspection doors, drive,
motor, drive support, drive platform, ladder
and cage

1-1/2 in. x 1/2 in. coal

50 1b./ft.3

70 TPH

83 ft. 0 in.

Belt conveyor
- 15

Item No. 43008 - Coal Distribution Conveyer

Type

Material Handled
Bulk Density
Capacity

Length

Size
Speed
Motor HP

- Redler Type conveyer for conveying coal
from a bucket elevator to gasifier feed bins
unit shall be complete with chain, dust
tight housing, screw take-up, intermediate
discharge openings, drive, drive guard and
electric motor - Material of construction
shall be carbon steel

- 1-1/2 in, x 1/2 in. coal

- 50 #/ft.3

- 70 tons/hr.

- 44 ft. (two gasifiers)

- 106 ft. (five gasifiers)

- 7 in. x 11 in.

- 87 fpm

- 20 (5 gasifiers)
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CONCRETE VESSELS

Item No. 44001- Two - Gasifier Sulfur Melter

No. Required - One (1)

Type - Rectangular underground concrete tanks
with refractory lining and raised pattern
steel plate cover

Capacity - 22,000 1bs. cake/day

Item No. 44002 - Three Gasifier Sulfur Melter

No. Required - One (1)

Type - Rectangular underground concrete tanks
with refractory lining and raised pattern
steel plate cover

Capacity - 34,000 1bs. cake/day

Mechanical Equipment

Item No. 44003 - Equipment Water Cooling Tower

Type - Field erected mechanical induced draft
crossflow cooling tower complete with fir
framing, distribution boxes and fan deck,
FRP casing and louvers, PVC film-type fill
and drift eliminators, stainless steel
hardware, FRP fan and fan stack, 2 speed
motor, gearbox, fir ladder and fir stairs

Capacity - 5335 GPM
Inlet Temperature - 108 F
Outlet Temperature -8 F
Design Wet Bulb -79F

Non-hazardous
2
75 (leach cell)

Area Classification
No. of Cells
Motor HP

Item No. 45001 - Magnetic Separator

Type - Suspended manual cleaning permanent
magnetic separator for removing tramp iron
from a belt conveyer handling coal - Unit
shall be complete with suspension cable and

hardware
Material Handled - 1-1/2 in. x 1/2 in. coal
Belt Width - 24 inch
Burden Depth - 6 inch max.
Belt Speed - 150 fpm
Rate - 70 tph
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Item No. 45002 - Two Gasifier Electrostatic Precipitator

Type

Material Handled
Inlet Flow
Pressure
Temperature
Solids
Tar
Qutlet Pressure
Solids
Tar
Removal Efficiency
Power Consumption

- Electrostatic precipitator for removal of
dust and liquid tar from cooled low BTU coal
gas. Equipment shall be complete with
carbon steel vessel, flanged inlet and
outlet connections, discharge electrodes,
carbon steel pipe type collection
electrodes, insulators, insulator
compartment, insulator heating system, power
supply system and control panel

- Support steel, ladders, platforms, piping
and installation by buyer

- Cooled low Btu coal gas

16,000 acfm

3 psig

180 F

0.139 grains/acf

3.853 grains/acf

2.5 psi

- 0.001 grains/acf

0.031 grains/acf

99%

100 kW each

Item No. 45003 - Three Gasifier Electrostatic Precipitator

Type

Material Handled
Inlet Flow
Pressure
Temperature
Solids
Tar
Qutlet Pressure
Solids
Tar
Removal Efficiency
Power Consumption

- Electrostatic precipitator for removal of
dust and liquid tar from cooled low BTU coal
gas. Equipment shall be complete with
carbon steel vessel, flanged inlet and
outlet connections, discharge electrodes,
carbon steel pipe type collection
electrodes, insulators, insulator
compartment, insulator heating system, power
supply system and control panel

- Support steel, ladders, platforms, piping
and installation by buyer

- Cooled low Btu coal gas

24,000 acfm

3 psig

180 F

0.139 grains/acf

3.853 grains/acf

2.5 psi

0.001 grains/acf

0.031 grains/acf

99%

100 kW each
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CONCRETE VESSELS

Item No. 45004 - Gasifier Tar Separator

No. Required - One (1)

Type - Rectangular underground concrete tank with
steel plate cover

Capacity - 1,200 GPM

Mechanical Equipment

Item No. 45018 - Two Gasifier Sulfur Filter

Item No. 45019 - Three Gasifier Sulfur Filter

Item No. 45020-1,2 - Raw Water Carbon Adsorber

Type - Dual tank, vertical, cylindrical activated
carbon adsorber complete with vessels, inlet
distributors, carbon media, underdrain
system, face piping, control panel and skid

Unit shall be arranged for manual backwash

Capacity - 30 GPM

Vessel Size - 4 ft. dia. by 6 ft. shell

Bed Volume - 50 cu. ft.

Ttem No. 45021 - Tube Settler

Type - Tube settler complete with rectangular

housing, tubular settling elements and
flanged connections

Capacity - 30 GPM

Size - 4 ft. sq. by 6 ft. high

Item No. 45022 - Primary Sludge Centrifuge

Type - Horizontal, solid bowl, scroll type
centrifuge complete with conveyer, bowl,
cover, gear box, eddy current speed control,
feed tube, V-belt drive, drive guard, motor,
slide base, baseplate and forced feed
lubrication system - Stainless steel with
Tungsten carbide wear surfaces

Capacity - 20 GPM of 5% by weight biosludge
Cake Moisture - 15%
Motor HP - 20 centrifuge

3 Lube 011 pump
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Item No. 45023 Biosludge Clarifier

Type - Side feed, bottom sludge drawoff bridge
supported, rotating type clarifier mechanism
complete with feedwell, center cage, bottom
plow assembly, surface skimmer assembly,
scum trough, center drive assembly, drive
guard, drive controls, bridge, maintenance
platform and walkway - Buyer's basin to be a
steel sided, concrete bottom type complete
with influent pipe, peripheral baffle and
overflow weir, and inlet, sludge drawoff,

: scum outlet and overflow connections

Capacity - 20 GPM

Size - 20 ft. dia. by 13 ft. side water depth
Motor HP ' - 1-1/2

Item No. 45024-1, 2 - Pressure Filter

Type - Dual tank, vertical, cylindrical pressure
sand filter complete with vessels, inlet
distributors, filter, underdrain system,
face piping, control panel and skid - Unit
shall be arranged for automatic backwash
initiated by high differential pressure

Capacity - 20 GPM
Vessel Size - 3 ft. dia. by 5 ft. shell
Bed Volume - 20 cu. ft.

Item No. 45025-1, 2 - Waste Water Carbon Adsorber

Type - Dual tank, vertical, cylindrical activated
carbon adsorber complete with vessels, inlet
distributors, carbon media, underdrain
system, face piping, control panel and skid
- Unit shall be arranged for manual backwash

Capacity - 30 GPM
Vessel Size - 4 ft, dia. by 6 ft. shell
Bed Volume - 50 cu. ft.

Item No. 45026 - Aerobic Digestor Aerator

Type Mechanical, low speed surface aerator for
flotation mounting in an aerobic digester
basin complete with electric motor driver,
coupling, gear reducer, floating platform,
impeller and deflector ring

Basin Size 14 ft. by 20 ft. by 15 ft. deep

Motor HP 100
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Item No. 45027 - Biosludge Press

Type

Feed Rate
Filtering Surface
Cake Capacity
Motor HP

Item No. 45028-1, 2 - Aeration Tank

Fully automatic plate and frame pressure
filter press compete with filter media,
plates and frames, support frame, plate
shifter and quide rail assembly, hydraulic
closing device, hydraulic system, infra-red
safety curtain and control panel

5 GPM
650 sq. ft.
28 cu. ft.

5 hydraulic pump

Carbon Adsorber

Type

Capacity
Vessel Size
Bed Volume

Dual tank, vertical, cylindrical activated
carbon adsorber complete with vessels, inlet
distributors, carbon media, underdrain
system, face piping, control panel and skid
- Unit shall be arranged for manual backwash
30 GPM

4 ft. dia. by 6 ft. shell

50 cu. ft.

Item No. - 47003 Reductive Incinerator System

Consisting of the following:

47003-A
47003-B
47003-C
47003-D
47003-E
47003-F

Type

Material Handled
Liquor Flow

Fuel

Turndown Ratio
Thermal Capacity
Motor HP

Air Blower
Furnace

Quench Tank
Venturi Scrubber
Circulation Pumps
Stack

- Reductive thermal incineration system for
thermal decomposition of purge liquor from a
Stretford plant - Equipment shall be
complete with burner, burner pipe trains,
combustion air blower, thermal oxidizer,
quench tank, venturi scrubber, mist
eliminator, stack, interconnecting flue gas
ducting, scrubber circulating pumps and
controls

- Stretford blowdown liquor

50 GPM

Low Btu coal gas @ 138 Btu/ft.3

4:1

3 mm Btu/hr.

30 - Combustion blower

5 - Scrubber recirculation pumps
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Ttem No. 47004 - Utility Boiler System

Type - Packaged firetube boiler system complete
with LBG, NG, pilot and air pipe trains,
burner, boiler trim, gage glass assembly,
blowdown separator, insulation, skid base
and control panel

Capacity - 25,000 1b. per hr.
Pressure - 65 psig
Motor HP - 40 HP combustion fan

Item No. 47005 - Boiler Feedwater Treatment System

Type - Chemical metering system complete with
tank, dual controlled volume diaphragm
metering pumps and mounting stand - Tank to
include dissolving basket, cover, motor
driven agitator and level gage - Pumps to be
furnished with motor, suction piping, relief
valve, discharge piping and manual capacity
adjustment - 316 SS construction

Tank Capacity - 100 gal.

Pump Capacity - 5 gph

Discharge Pressure - 25 psig

Motor HP - 3/4 HP agitator

1 HP pump
Item No. 47008 - Utility Boiler Dearator

Type - Spray type deaerating feedwater heater
complete with vertical deaerating section,
make-up control valve, steam pressure
control valve, relief valve, storage
section, level controller, overflow control
valve, instruments and connections -
Stainless steel deaerator with carbon steel

vessels
Outlet Capacity - 25,000 1b./hr.
Storage Capacity - 600 gal.
Operating Conditions - 5 psig and 260 F

Item No. 47009-1, 2, 3 - Cation Exchanger

Type - Packaged, automatic, skid mounted three
train cation exchanger unit complete with
exchanger vessels, face piping,
interconnecting piping, regenerant feed
system and control panel

Capacity - 75 GPM each exchanger

Operation - 2 exchangers on line, 1 stand by
Operating Pressure - 75 psig

Exchanger Size - 3 ft. dia. by 5 ft. shell

Bed Volume - 32 cu. ft.
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Item No. 47010 - Primary Sludge Conditioning System

Type

Tank Capacity

Pump Capacity
Discharge Pressure
Motor HP

- Chemical metering system complete with
tank, dual controlled volume diaphragm
metering pumps and mounting stand - Tank to
include dissolving basket, cover, motor
driven agitator and level gage - Pumps to be
furnished with motor, suction piping, relief
valve, discharge piping and manual capacity
adjustment - 316 SS construction

- 100 gal.

- 5 gph

25 psig

3/4 HP agitator

1 HP pump

Item No. 47011 - Biosludge Thickener

Type

Capacity
Size
Motor HP

Rectangular factory assembled electrolytic
flotation thickener complete with flotation
tank, float scraper with drive, bottom
scraper with drive, electric busway,
electrodes, effluent discharge sump, sludge
hopper, access platforms and rectifier

- 20 GPM

30 ft. by 5 ft. by 5 ft. high

1 HP float scraper

1 HP bottom

24 kW electrodes

Item No. 47012 - Tube Settler Feed Conditioning System

Type

Tank Capacity

Pump Capacity
Discharge Pressure
Motor HP

- Chemical metering system complete with
tank, dual controlled volume diaphragm
metering pumps and mounting stand - Tank to
include dissolving basket, cover, motor
driven agitator and level gage - Pumps to be
furnished with motor, suction piping, relief
valve, discharge piping and manual capacity
adjustment - 316 SS construction

- 100 gal.

- 5 gph

25 psig

3/4 HP agitator

1 HP pump
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Item No. 47013 - Coagulant Aid System

Type - Chemical metering system complete with
tank, dual controlled volume diaphragm
metering pumps and mounting stand - Tank to
include dissolving basket, cover, motor
driven agitator and level gage - Pumps to be
furnished with motor, suction piping, relief
valve, discharge piping and manual capacity
adjustment - 316 SS construction

Tank Capacity - 100 gal.
Pump Capacity - 5 gph
Discharge Pressure - 25 psig
Motor HP - 3/4 HP agitator
- 1 HP pump
Item No. 47014 - Filter Aid System
Type - Chemical metering system complete with

tank, dual controlled volume diaphragm
metering pumps and mounting stand - Tank to
include dissolving basket, cover, motor
driven agitator and level gage - Pumps to be
furnished with motor, suction piping, relief
valve, discharge piping and manual capacity
adjustment - 316 SS construction.

Tank Capacity - 100 gal.

Pump Capacity - 5 gph

Discharge Pressure - 25 psig

Motor HP - 3/4 HP agitator
- 1 HP pump

Item No. 47015 - Biosludge Conditioning System

Type - Chemical metering system complete with
tank, dual controlled volume diaphragm
metering pumps and mounting stand - Tank to
include dissolving basket, cover, motor
driven agitator and level gage - Pumps to be
furnished with motor, suction piping, relief
valve, discharge piping and manual capacity
adjustment - 316 SS construction

Tank Capacity - 100 gal.

Pump Capacity - 5 gph

Discharge Pressure - 25 psig

Motor HP - 3/4 HP agitator
- 1 HP pump
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Item No. 48001 - Truck Scale

Type

Nominal Capacity
Accuracy
Platform Size

Item No. 48002 - Weigh Belt

Type

Material Handled
Rate
Conveyer Size

- Heavy duty, 4-section, cast lever,
electronic truck scale - Scale shall be
complete with solid state digital readout
and printer, load cell weigh transmitter
assembly and steel package - Carbon steel
scale

- 100,000 1bs.

- Plus or minus 0.1% of live load

- 34 ft. x 10 ft.

- Belt scale for weighing coal on a belt
conveyer complete with lever system, idlers,
load cell, speed sensor, rate readout,
accumulated total readout, 24-hour chart
recorder, test chain and test chain reel -
Carbon steel scale

- 1-1/2 in. x 1/2 in. coal

- 70 tph

- 24 inch

Item No. 48005-1, 2, 3, 4, 5 - Flame Front Generator

Type

Fuel

Compressed Air

Pipe Size to Pilot
Distance to Pilot Head

Flame front generator for igniting a flare
stack pilot - Equipment shall include gas
shutoff valve, gas pressure gage, air
shutoff valve, air pressure gage, ignition
chamber, spark plug, transformer, pushbutton
and mounting plate - Carbon steel
construction

Bottled propane

100 psig

1 in.

10 ft. horizontal, 75 ft. vertical

Item No. 48008 - Cooling Tower Chlorinator

Type

Chlorine Rate
Water Available

- Duplex chlorinator for feeding chlorine
solution into a cooling tower basin -
Equipment shall include dual chlorine tank
scales, tank mounted vacuum regulators, vent
tubing, chlorine gas tubing and fittings,
automatic switchover valve, rate control
valve, flowmeter, ejector with water
shut-off valve, strainer and pressure gage,
chlorine solution tubing, chlorine solution
diffuser and chlorinator house with heating
and ventilation system

- 5 to 30 1b./day

- 100 psig from cooling tower pump
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Item No. 48009 - Acid Dilution Trough

Type

Size

- Rectangular redwood box with baffles,
glass drip tray and outlet weir
- 24 in. long by 6 in. wide by 6 in. high

Item No. 48010-1, 2, 3, 4, 5, 6, - Exhaust Heads

Type

Size

- Steam exhaust head complete with steam
inlet connection and water drain connection
- 10 inch

Item No. 48011 - Flame Front Generator

Type

Fuel

Compressed Air

Pipe Size to Pilot
Distance to Pilot Head

- Flame front generator for igniting a flare
stack pilot - Equipment shall include gas
shutoff valve, gas pressure gage, air
shutoff valve, air pressure gage, ignition
chamber, spark plug, transformer, pushbutton
and mounting plate

- Bottled propane

- 100 psig

- 1in.

- 10 ft. horizontal, 75 ft. vertical

Item No. 48012 - Coal Pile Run-off Static Mixer

Type

Capacity
Size

- Inline static mixer for mixing of caustic
solution and coal pile run-off water
complete with mixing elements, housing and
flanged connections 316 SS construction

- 50 GPM

- 2 in. dia. by 16 in. length

Item No. 48013 - Aeration Tank Static Mixer

Type

Capacity
Size

Item No. 49001 - Front End Loader

Type

Bucket Capacity
4,4,3 PROCESS - HVAC

- Inline static mixer for mixing of caustic
solution and waste-water complete with
mixing elements, housing and flanged
connections 316 SS construction

- 20 GPM

- 2 in. dia. by 16 in. length

- Diesel engine driven front end loader
complete with material handling type bucket,
ROPS cab with heaters, power shift
transmission, instrument gages and lights

- 1.5 yds.3
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Item No. 50001 - Conveyor Dust Collector Exhaust Blower

Type - Centrifugal, forward curved vertical
discharge blower complete with TEFC motor,
belt drives, sparkproof type AMCA "B",
clockwise rotation, single width, single
inlet

Flow - 5850 SCFM @ 1049F max.

Pressure - 8.0" W.C.

Motor HP - 20 at 1750 RPM

Item No. 50002 - Coal Distribution Conveyor Dust Collector

Type - Bag house dust collector, with polyester
bags, inlet and outlet flanges, access
manway, inspection doors, relief vent,
explosion vent, rotary valve, Class I, Group
D, Division 2 electrical classification

Flow - 5850 SCFM at 1049F max.

Pressure Drop - 6.0" W.C.

Material of Construction - Carbon Steel

Item No. 50003 - Coal Tunnel Exhaust Fan

Type - Centrifugal, forward curved, vertical
discharge blower complete with TEFC motor,
belt drives, sparkproof type AMCA "B",
clockwise rotation, single width, single
inlet, integral base, and vibration isolators

Flow - 2800 SCFM at 1040F max.

Pressure - 8.0" W.C.

Motor HP - 15 at 1750 RPM

Item No. 50004 - Coal Tunnel Dust Collector

Type - Bag house dust collector with polyester
bags, inlet and outlet flanges, access
manway, inspection door, relief vent,
explosion vent, rotary valve, Class I, Group
D, Division 2 electrical classification

Flow - 2800 SCFM at 1049F max.

Pressure Drop - 6.0" W.C.

Material of Construction - Carbon Steel

Item No. 51101 - Gasifier Building Make Up Air Unit

Type - Packaged make up air and heating unit
complete with centrifugal fan, belt drive,
steam heating coil, face and by pass
dampers, throw-away filter section, integral
base and vibration isolators.

Flow - 9000 SCFM at 1049F max.

Pressure - 1.5" total static pressure

Motor HP - 7.5 at 1750 RPM

4-48



Item No. 51110 - Coal Tunnel Air Supply Blower

Type - Packaged make up air and heating unit
complete with centrifugal fan, belt drive,
steam heating coil, face and by pass
dampers, throw-away filter section, integral
base and vibration isolators

Flow - 3000 SCFM at 10490F max.
Pressure - 1.5" total static pressure
Motor HP - 1.0 at 1750 RPM
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4.5 Plot Plans & Layout

A conceptual plot plan & layout drawings were developed for the

Wellman-Galusha Gasifier installation along with all accessories required.
This installation includes coal storage and handling facilities, gas quench and
tar removal facilities, sulfur removal facilities, waste water treatment
facilities, utility facilities and optional office and change house. The
drawings listed as follows can be found in Volume II-Engineering Drawings:

Drawing No. Description

2994-200-101 Plot Plan-Coal Gasification Plant
2994-200-102 Gasifier Building First Floor Plan
2994-200-103 Gasifier Building Mezzanine Plan

2994-200-104 Gasifier Building Second Floor Plan
2994-200-105 Gasifier Building Third Floor Plan
2994-200-106 Layout Open Coal Pile Plan and Sections
2994-200-107 Gas Quench & Tar Removal Area Plan
2994-200-108 Gas Quench & Tar Removal Area Plan
2994-200-109 Sulfur Removal and Recovery-First Floor Plan
2994-200-110 Sulfur Removal and Recovery-Second Floor Plan
2994-200-111 Cooling Tower Plan and Section

2994-200-112 Waste Water Treatment Building

2994-200-117 Sulfur Removal and Recovery Plan

2994-200-118 Sulfur Removal and Recovery Plan

2994-200-119 Liquid Sulfur & Tar Storage Tanks Plan
2994-200-120 Waste Water Treatment System Plan
2994-200-201 Gasifier Building Sections

2994-200-202 Gasifier Building Sections

2994-200-203 Gas Quench & Tar Removal Area Section "“A-A"
2994-200-204 Gas Quench & Tar Removal Area Sections "B-B", “C-C" & "D-D"
2994-200-205 Sulfur Removal and Recovery Sections "A-A" & "B-B"
2994-200-206 Sulfur Removal and Recovery Section
2994-200-208 Sulfur Removal and Recovery Section
2994-200-209 Liquid Sulfur & Tar Storage Tanks Sections
2994-200-210 Sulfur Removal and Recovery Section
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5.0 RETROFIT

The General Refractories plant contains several perlite expander furnaces and an
insulation board dryer. These units are the major users of natural gas and must
be converted to burn low Btu gas when the coal gasification plant is completed.

In order to ensure maximum flexibility for production of insulation board and
minimum dependence upon any single fuel source, it has been decided to convert
all burners to triple-fuel devices capable of burning low Btu gas, natural gas
or propane.

5.1 Expander Furnaces

5.1.1 Description

There are several perlite expander furnaces in the General Refractories plant
which convert finely ground perlite "sand" to expanded insulation beads.

The expander furnaces are vertical cylinders fired from the bottom. The perlite
sand is fed into the furnace near the top and flows downward. The
countercurrent flow of hot gases serve not only to expand the high density
perlite sand grains into lightweight perlite beads, but also to convey the Tow
density beads upwards through the furnace into a plenum chamber. The plenum
terminates in an air/perlite separator.

The expander furnaces are equipped with a commercially available burner.

Combustion air is provided by a primary air blower. Gas and air flows are
monitored and controlled at a central station which provides temperature control
by modulating gas flow. Also incorporated in the control station are
temperature recorders and manual control devices for varying primary combustion
air and furnace shell cooling air.

The gas and air supply piping, including gas valves, pressure regulators, high
and low pressure shut-off devices and gauges are supplied by the furnace
manufacturer, and are approved by GREFCO's Insurance Company.

Existing piping consists of a two inch diameter gas line and a six inch diameter
air supply manifold.

Fuel Design Conditions:

Natural Gas Producer Gas
High Heating Value (HHV), Day - Btu/SCF 1000 138
Heat Release MM Btu/hr 10 10
Fuel Flow, Dry SCFM 167 1207
Combustion Fan HP 20 20
Products of Combustion @
15% excess air, SCFM 2029 2447
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5.1.2 Process

Expander furnaces serve a dual role. First the thermal input is used to convert
a high density perlite mineral "sand" into a low density perlite "bubble or
bead" having a very low thermal conductivity. Second, the hot combustion gases
passing upward through the furnace are used to separate the light density
"bubbles" which have been expanded from the perlite "sand". The insulating
perlite "bubbles" are carried upward by the hot combustion gases to the plenum
chamber above the furnaces.

In the GREFCO plant, perlite sand is fed to a center firing tube at the top of
the perlite expander furnace. The "sand" grains drop downward through the hot
gases produced by the burner at the bottom of the furnace. As the sand grains
are heated, they expand, greatly increasing the ratio of surface area to weight.

The expanded perlite "bubbles" are light enough to be borne aloft in the stream
of hot combustion gases. These gases convey the expanded perlite into the upper
plenum chamber. Water sprays in the chamber cool the perlite and also cool the
hot gases, causing sufficient contraction so that the gases can no longer convey
the expanded perlite. The gas/perlite flow passes through a separator; the
cooled combustion gases are discharged to the atmosphere through a vent stack,
and the expanded perlite beads are stored in the perlite bin for use in
insulating boards at a subsequent step in the process.

5.1.3 Expander Furnace Experiment

Since the perlite expander furnace not only provides the thermal input to the
perlite mineral conversion process, but also is the source of conveying the
expanded beads, it was considered necessary to conduct a test of an expander
furnace fired with a synthesis gas approximating low Btu gas from the
Wellman-Galusha process.

An expander furnace experiment was conducted by the furnace manufacturer using a
standard expander furnace. The standard burner was removed, and replaced with a
nozzle mix burner designed for low Btu gas. The burner was fired with a
synthesis gas supplied by Union Carbide. The synthesis gas was a mixture of
nitrogen, carbon monoxide and hydrogen in a ratio similar to that expected of
gas from a Wellman-Galusha gasifier operating on bituminous coal.

After preliminary combustion tests, perlite sand was fed into the furnace. The
manufacturer reported that the expander operated very well using the low Btu
gas. There was no problem in obtaining the proper product density or obtaining
the required production rate. Fuel usage appeared to be the same as when
natural gas was used.

During the test it was reported that there was an increase in noise level when
low Btu gas was burned and suggested that ear protection or noise partitions
might be required. It was suggested by Dravo that changing the burner
configuration slightly would reduce noise levels.
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5.1.4 Expander Furnace Retrofit Equipment

Based upon the results of the expander furnace experiment conducted the
following changes would be required to permit use of producer gas:

It would be necessary to remove some material from the burner pot at the
bottom of the furnace and install an adaptor plate to accommodate the new
burner.,

The existing premix burner would need to be replaced with a multifire nozzle
mix burner having three nozzles. This burner will burn producer gas, natural
gas or propane.

Existing air and gas manifolds would need to be replaced with a
two-inch-diameter natural gas pipe, a six-inch air pipe, and an eight-inch
producer gas pipe.

A new control station would have to be installed. This station would include
safety controls, and a temperature recorder/controller which would
automatically maintain temperature by modulating gas flow. Also included
would be an electronic air ratio controller/recorder for modulating
combustion air flow and a "fuel change" system which would allow changing
from producer gas to natural gas or vice versa without interrupting
production.

A1l conversion equipment is readily available manufacturers' standard equipment.

5.1.5 Expanded Furnace Retrofit Cost

The cost of labor necessary to remove the existing burners, fire tube adapters,
and pipe trains, and the cost of labor and equipment to install new fire tube
adapters, burners, pipe trains and instruments has been estimated by Dravo to be
$32,600. GREFCO has been furnished with detailed retrofit data.

5.2 Board Dryer

5.2.1 Description

The board dryer at the GREFCO plant is an insulated structure configured to meet
the production needs of the plant.

Wet insulating board is conveyed into the dryer via live roller conveyors.

The dryer tunnel is separated into several zones. The first zone is a feed area
which has an air-sealed curtain and an exhaust stack. The feed zone is followed
by several drying zones, each zone having its own burner system, exhaust and
temperature control. Burners above each zone are used to heat air circulated
through an upper plenum chamber. A circulating air fan pulls hot air from the
plenum, forcing it down and around the insulating board in the dryer. Hot,
saturated air is vented to the atmosphere, and make-up air is provided.

After leaving the dryer tunnel, dried insulating board is conveyed through a
cooling zone.
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5.2.2 Burner Configuration

To prevent direct flame impingement on the insulation board, the burners are
installed in the dryer air recirculation plenum and are positioned to provide a
downblast of hot gases across the top of the plenum chamber. Each dryer zone
has premix burners which use natural gas as fuel. Combustion air is supplied by
a primary air fan.

5.2.3 Auxiliary Systems

The dryer temperatures and flows are preset and monitored at a central control
station which includes low and high pressure gas cut off devices, other safety
controls and a recording temperature controller.

5.2.3.1 Dryer Specifications

The dryer has the following fuel design conditions:

Natural Gas Producer Gas

High Heating Value (HHV), Dry - Btu/SCF 1000 138

Heat Release, MM Btu/hr 60 60

Fuel Flow, Dry SCFM 1000 7246
Combustion Air Flow (15% excess air)

Dry SCFM 10,994 8252
Combustion Fan HP 60 60
Products of Combustion,

15% excess air - SCFM 12,149 14,643

5.2.4 Board Dryer Retrofit Requirements

It is possible to use the existing burners on producer gas. To do so, however,
would require supplying the producer gas at a pressure of 20 psig. Additional
burners would have to be added to each of the dryer sections to provide adequate
total thermal input.

A preferred alternate is to replace the existing burners with burners designed
for use with producer gas; suitable burners for dual-or triple-fuel usage are
manufactured by North American, Bloom, Coe, Peabody, Zinc, Zurn and others. The
manufacturer of the dryer states that a dual-fuel burner using commercial
natural gas or low Btu gas is perfectly feasible and will function as required.

To accommodate the increased volume of combustion products, it would be
necessary to enlarge a section of the recirculating air plenum above the dryer.
The central section of the dryer air plenum would have to be rebuilt to
accommodate the triple-fuel burners. The rebuild would consist of installing a
new plenum insulated with ceramic fiber blanket on the top and sides. Block
insulation rated for high temperatures would be used to line the bottom of the
plenum. A new wide burner support platform would be installed at the top of the
plenum. The platform would serve as a mounting surface for the new burners as
well as provide access.

It is expected that the new installation would improve dryer efficiency.
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5.2.5 Dryer Retrofit Cost

The cost of labor to remove those sections of the dryer which are to be rebuilt
and to remove burners, the air blower, pipe trains and existing control panels
is estimated by Dravo to be $46,600. GREFCO has been provided with specific
retrofit details.

The cost of rebudeing the dryer and purchasing and installing new burners, new
blowers, controls, pipe trains and platforms is estimated to be $567,600.

5.3 Distribution Piping

5.3.1 Design Requirements

As part of the design of the General Refractories gasification facility, a new
gas distribution system has been developed. This distribution system would
supplement the existing natural gas and propane/air system, not replace it.

Due to the large volume of gases which the LBG system must handle and the
relatively low pressure of the gas, the distribution piping would be Targe. The
main distribution pipe from the gasification plant to the existing GREFCO
building is thirty-inch-diameter carbon steel. The remainder of the
distribution system would be designed to accommodate the new triple-fuel burners
which would be installed on the dryer and under the expander furnaces.

5.3.2 LBG Main Distribution Piping

Cool, clean, compressed, and de-sulfurized gas from the Wellman-Galusha
gasifiers would exit at the top of the absorber columns for distribution to the
GREFCO plant. A thirty-inch-diameter gas line from the gasification facility
would cross a railroad spur diagonally on an elevated pipe rack and meet the
existing building on column 3-J. The gas pipe would be supported outside the
building south of column line J for about 50 feet and then would enter the
building at J-5.

Newly installed eight-inch-diameter posts would support the gas pipe through the
building adjacent column line 5.

The overhead distribution pipe would be routed adjacent the laboratory to column
5-C, next to the asphalt storage tanks. The thirty inch distribution pipe would
then run along column line C parallel to the dryer for approximately 250 feet.
The thirty-inch line would then be reduced to fourteen inches and would continue
for an ?dditional 75 feet before terminating in a blanked end (refer Drawing
200-116).

5.3.3 Distribution Piping at Expander Furnaces

To service the four expander furnaces, a twelve-inch-diameter branch line would
be connected to the main thirty-inch header near column 4-J (refer Drawing No.
200-116). This twelve-inch branch would form a header running parallel to the
expander furnaces and close to the existing air and natural gas manifolds.
Six~-inch-diameter gas pipes from the twelve-inch header would supply each of the
four new burners. The header would be capped to allow for future expansion (see
Detail 1, Drawing No. 200-207).



5.3.4 Distribution Piping at Dryer

There are two fourteen-inch-diameter manifolds connected to the thirty-inch
distribution pipe, one each at Zone 1 and 2. The thirty-inch distribution pipe
would be reduced to fourteen inches at column line 15 (just past Zone 2) and a
third fourteen-inch-diameter manifold connected to the fourteen-inch
distribution pipe at Zone 3 (refer Detail 2, Drawing 200-207). Six 4-inch LBG
pipes would branch off the fourteen-inch manifolds at each location supplying
gas to the new burners. New control stations described in a preceeding section
would complete the dryer/distribution retrofit.

5.3.5 Distribution Piping Drawings

Layout drawings of the Distribution Piping System were developed as follows.
They can be found in Volume I[I-Engineering Drawings.

Drawing No. Description

2994-200-116 Coal Gasification Plant-Distribution Header-Plan

2994-200-207 Coal Gasification Plant-Distribution Header-Sections &
Details
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SPECIFICATION

PITTSBURGH, PA 0Q-01
CONTRACT NO.: CPD-2994 OUTLINE - PLUMBING,
FIXTURES, MATERIAL AND
CLIENT: GENERAL REFRACTORIES COMPANY WORKMANSHIP
PAGE 1 OF 6
LOCATION: FLORENCE, KY
REVISIONS: A) 08-21-81
MADE :
CHECKED: A. F. COLOSI
APPROVED:
APPROVED:
APPROVED: [.D. 0037D
1.0 INTENT

1.1  This specification establishes the quality and type characteristics of
materials to be used in the furnishing, fabricating and installation of plumbing
fixtures.

2.0 DESIGN

2.1 Potable water, soil waste and vent piping for sanitary facilities shall be
installed in accordance with local Governing Codes, and with the National Plumbing
Code ASA A40.8, latest edition, as the minimum requirement.

2.2 A1l potable water supply lines to plumbing fixtures shall be disinfected
according to AWWA Specification C601.

2.3 A1l supply lines to plumbing facilities shall have a shut-off valve before
each fixture.



SPECIFICATION
PITTSBURGH, PA 0Q-01
CONTRACT NO.: CPD-2994 PAGE 2 OF 6
GENERAL REFRACTORIES COMPANY

LINE DESIGNATION SERVICE SPECIFICATION PAGE
SAN SANITARY SOIL AND WASTE P1.600 3
WPC COLD WATER, POTABLE (TO FIXTURES) P1.601 4

WPH HOT WATER, POTABLE (TO FIXTURES) P1.60] 4



Piping Materials

STANDARD SPECIFICATION NO.___P1,600

REV.
PRESSURE AND TEMPERATURE LIMITATIONS: 50 psiGe_ AMB DEG. F
CONSTRUCTION: ALL SIZES: BELL & SPIGOT (PUSH-ON GASKET)
ITEM SIZE {TEM DESCRIPTION
PIPE 2" TO 12" INCL. | P65 C.I. SOIL PIPE, A74, BELL AND SPIGOT, EXTRA
HEAVY.
FITTINGS 2" 70 12" INCL. | FTG65| C.I. SOIL PIPE FITTINGS, A74, BELL AND SPIGOT
EXTRA HEAVY.
UNIONS &
FLANGES
SHUT-OFF
THROTTLE
it
>
-
<
>
CHECK
JOINT MAT'L.
GASKE TS ALL SIZES G27 | PREFORMED NEOPRENE GASKET, C-564, FOR EXTRA
HEAVY C.I. BELL & SPIGOT PIPE.
BOLTS
NOTES:

2994-0Q-01 - PAGE 3
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Piping Materials

STANDARD SPECIFICATION NO.__ P1.601

REV.
PRESSURE AND TEMPERATURE LIMITATIONS: 125  psice_ 150  DEG. F
CONSTRUCTION:  3/8" TO 2" - SOLDER JOINT
ITEM SIZE ITEM DESCRIPTION
PIPE 3/8" TO 2" INCL.] P42 COPPER WATER TUBING, B88, HARD, TYPE K.
FITTINGS

3/8" TO 2" INCL.| FTG45; WROUGHT COPPER, B75, SOLDER JOINT B16.18.

UNIONS &

FLANGES 3/8" TO 2" INCL.| UN42 | BRASS AND IRON DIELECTRIC UNION, SOLDER JOINT
TO FEMALE IRON CONNECTION.
SHUTOFF | 3/g 70 2v INCL.| WPLA2| BRONZE, BALL OR PLUG, WRENCH OPERATED, SOLDER
JOINT ENDS B16.18, 125 LB. SSP.
@ | THROTTLEL 378" T0 2" INCL.| VGL43| BRASS OR BRONZE, GLOBE, INSIDE-SCREW RISING
> - | STEM, SOLDER JOINT ENDS B16.18, 150# SSP.
s
CHECK | 3/8" TO 2" INCL. VCH44| BRONZE OR BRASS, CHECK, SWING TYPE, SOLDER
- | JOINT ENDS B16.18, 125 LB. SSP.

JOINT MAT'L. JT7 SOFT SOLDER, 50-50 TIN-LEAD B32 GR. 50A.
GASKETS

BOLTS

*IOTES:

2994-0Q-01 - PAGE 4
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PITTSBURGH, PA

SPECIFICATION

0Q-01

CONTRACT NO.: CPD-2994 PAGE 5 OF 6

GENERAL REFRACTORIES COMPANY

PLUMBING FIXTURES
ITEM NO.

MP2

MP3

MP4

MP5

MP8

MP12

WATER CLOSET TO BE WALL MOUNTED, SIPHON JET ACTION, ELONGATED
VITREOUS CHINA BOWL, WASHDOWN TYPE, TO PASS 2-1/4" BALL, 1-1/2"
BACK SPUD, OPEN FRONT SEAT LESS COVER, FLUSH VALVE WITH
SCREWDRIVER STOP AND VACUUM BREAKER AND OFF THE FLOOR CLOSET
CARRIER WITH ADJUSTABLE FEET. FEDERAL SPECIFICATION WW-P-5418
PARAGRAPH 10.5 OQUTFIT NO. VW 20.

URINAL:  WALL HANGING WASHOUT URINAL OUTFIT, VITREQUS CHINA,
EXPOSED FLUSH VALVE COMPLETE WITH SUPPLY AND FLUSH PIPING ADD TO
INCLUDE CARRIER, TO BE IN ACCORDANCE WITH FEDERAL SPEC.
WW-P-541B, PARA. 10.6 OUTFIT VUI3W.

LAVATORY: CARRIER HUNG, VITRIOUS CHINA PLAIN BACK BOWL, CHROME
PLATED COMBINATION POP-UP WASTE FIXTURE WITH STOPS AND SUPPLIES
TO WALL, CHROME PLATED TAIL PIECE AND 1-1/4" "P" TRAP. TO BE IN
ACCORDANCE WITH FEDERAL SPECIFICATION WW-P-541B, PARA. 10.7,
OUTFIT NO. VL20P, EXCEPT TO INCLUDE CHAIR TYPE CARRIER.

SERVICE SINK: CAST IRON ACID RESISTING ENAMELED, RIM GUARD,
COMBINATION FAUCET, "P" TRAP TO WALL. UNIT TO INCLUDE CARRIER
AND TO BE IN ACCORDANCE WITH FEDERAL SPECIFICATION WW-P-541B,
PARA. 11.10 OUTFIT NO. ES24G.

FLOOR DRAIN (FINISHED AREA): TRIUMPH FLOOR DRAIN WITH BOTTOM
OUTLET INSIDE CAULK, DURA-COATED CAST IRON BODY AND POLISHED
BRONZE STRAINER ADJUSTABLE VERTICALLY TO FLOOR LEVEL. ZURN ITEM
Z-415 OR EQUAL.

DRINKING FOUNTAIN: REFRIGERATED DRINKING WATER COOLER, PRESSURE
BUBBLER TYPE WITH STATIC AIR OR FAN COOLED CONDENSING UNIT,
MINIMUM CAPACITY 4 GALLONS PER HOUR, GENERAL PURPOSE TYPE FOR
120 VOLTS, SINGLE PHASE, 60 HZ. POWER SUPPLY, STAINLESS STEEL
TOP WITH DUAL FOOT AND PUSHBUTTON OPERATED BUBBLER.  CABINET
SHALL BE FLOOR MOUNTED, OF HEAVY GAUGE STEEL WITH TWO COATS OF
BAKED ENAMEL FINISH. UNIT SHALL BE WESTINGHOUSE MODEL WFCO4LB
OR EQUAL.

CAPACITY - SHALL BE BASED ON 90 DEG. F. AMBIENT, 80 DEG. F.
INLET WATER AND 50 DEG. F. WATER OUTLET TEMPERATURE, AND ON 60%
WASTE THROUGH DRAIN FOR PRECOOL ING.



SPECIFICATION

PITTSBURGH, PA 0Q-01
CONTRACT NO.: CPD-2994 PAGE 6 OF 6
GENERAL REFRACTORIES COMPANY
CONDENSING UNIT - HERMETICALLY SEALED. GUARANTEED AGAINST

MP18

MS7

DEFECTS IN WORKMANSHIP FOR A PERIOD OF 5 YEARS FROM DATE OF
FINAL ACCEPTANCE.

DESIGN AND CONSTRUCTION - COOLER SHALL MEET ALL APPLICABLE
HEALTH AND SANITARY REGULATIONS, AND SHALL BE CERTIFIED UNDER
ARI ~ STANDARD 1010. COOLER SHALL ALSO BE LISTED BY THE
UNDERWRITER'S LABORATORY, INC.

WATER  HEATER: AUTOMATIC  ELECTRIC,  STORAGE  TYPE,  SELF
SUPPORTING, COMPLETE WITH DRAIN VALVE, RELIEF VALVE, THERMOSTAT
OVER TEMPERATURE SAFETY CONTROL, MAGNESIUM ROD, GLASS LINED
STORAGE TANK. RUUDGLAS "POINT-OF-USE", OR EQUAL.

SERVICE CONDITIONS AND PERFORMANCE REQUIREMENTS:

TANK CAPACITY: 30 GALLONS

OUTLET WATER TEMP.: 140 DEG. F.

HEATING ELEMENT: 2000 WATTS

ELECTRIC POWER: 120 VOLTS, SINGLE PHASE,
60 HZ.

RATED PRESSURE: 150 PSI

DESIGN AND CONSTRUCTION:

MANUFACTURER'S STANDARD WITH 5 YEAR WARRANTY ON THE TANK. TANK
SHALL BE  ADEQUATELY INSULATED AND BEAR AN UNDERWRITER'S
LABORATORIES APPROVAL LABEL.

FREE STAND COMBINATION FROST PROOF EMERGENCY SHOWER AND EYEWASH,
FURNISHED COMPLETE INCLUDING PIPING, 3'-6" DEPTH OF BURY UNLESS
NOTED OTHERWISE. SPEAKMAN SE-618 OR EQUAL.



PITTSBURGH, PA

CONTRACT NO.: CPD-2994

CLIENT: GENERAL REFRACTORIES COMPANY

LOCATION: FLORENCE, KY

MADE: A. F.
CHECKED:
APPROVED:
APPROVED:
APPROVED:

COLOSI

SPECIFICATION
0oP-01

OQUTLINE - PIPING MATERIALS
PAGE 1 OF 20

REVISIONS: A) 08-21-81

1.0. 0036D

1.0 INTENT

1.1 This specification establishes the quality and type characteristics of the
materials to be used for all the utility and process piping shown on the flow

diagrams.
1.2 Pressure piping

Code, latest edition.

LINE DESIGNATION

material, quality and characteristics shall fulfill the
minimum requirements of ANSI B31 3, Chemical Plant and Petroleum Ref1nery Piping

SERVICE

AA
ANA
BD
BI
BR
CA
CG
CGW
CLS
COA
CS
CST

CiB

Aeration Air
Anhydrous Ammonia
Boiler Blowdown
Bioeffluent
Biosludge Recycle
Combustion Air
Chlorine Gas (Dry)
Chlorine Gas (Wet)

Clarifier Sludge

Coagulant Aid "“Polymer"

Chelate Solution
Caustic

Cooling Tower Blowdown

SPECIFICATION PAGE

2 5
6 6
1 4
.31 19
.31 19
2 5
.21 10
.28 16
.31 19
.28 16
.29 17
15 78&9
.2 b



PITTSBURGH, PA
CONTRACT NO.: CPD-2994
GENERAL REFRACTORIES COMPANY

SPECIFICATION
oP-01
PAGE 2 OF 20

CTC Cooling Tower Chemicals
DW Potable Water

DR Dilution Recycle

ECW Equipment Cooling Water
ESP ESP Gas

FA Filter Aid "Polymer"
FLG Flue Gas

FG Filtered Raw Product Gas
GCP Clean Product Gas

GQ Quenched Gas

IA Instrument Air

LBG Clean LBG

LC Condensate

LS Steam (75 psia)

LSU Liquid Sulfur

PA Plant Air

PC Process Condensage

PFB Pressure Filter Backwash
PRA Process Air

PHA Phosphoric Acid

PP Propane

PSU Process Sewer U/G

PW Process Water

P1.20 9
P1.16 8
P1.20 9
P1.2 5
P1.9 17
P1.28 16
P1.29 17
P1.22 1
P1.29 17
P1.9 17
P1.2 5
P1.29 17
P1.1 4
P1.1 4
P1.24 13
P1.2 5
P1.2 5
P1.31 19
P1.2 5
P1.30 18
P1.26 15
P1.32 20
P1.2 5



PITTSBURGH, PA
CONTRACT NO.: CPD-2994
GENERAL REFRACTORIES COMPANY

SPECIFICATION
0P -01
PAGE 3 OF 20

SA Sulfuric Acid

SCF Sulfur Cake Filtrate
SFW Service & Flush Waters
SP Stretford Purge

SR Stretford Reagent

SS Sulfur Slurry

5SS Sodium Sulfite Solution
STS Stretford Solution

SW Seal Water

TR Tar

VA Ventilation Air

VAC Vacuum

WAS Ash Sluicing Water

WBF Boiler Feed Water

WCG Chlorine In Water

WCP Coal Pile Run-0ff

WCT Cooling Tower Make-Up
WGB Gas Quench Water Blowdown
WQG Gas Quench Water

WR Rain Water

WT Water & Tar Mixture

AWS Sulfur Cake Wash Water

P1
P1
P1
P1
P1
P1
P1

P1

P1.

P1

P1.

P1

P1.
P1.
P1.
P1.

P1.

P1.
P1.
P1.
P1.

.23 12
.25 14
.20 9
.20 9
.20 9
.25 14
.20 9
.20 9
2 5
.20 9
2 5
.21 10
2 5
1 4
28 16
2 5
2 5
] 4
1 4
2 5
1 4
2 5



LC BD
LS

WQG  WT
WBF  WGB

Piping Materials

STANDARD SPECIFICATION NO. P1.1

REV.

PRESSURE AND TEMPERATURE LIMITATIONS:

125

Psic e 400 pec. F

CONSTRUCTION:

2" AND UNDER-SCREWED; 2-1/2" AND QVER-FLANGED AND WELDED

ITEM SIZE ITEM DESCRIPTION
PIPE 1-1/2" AND UNDER | P114 C.S., A106 GR. A OR B SEAMLESS - SCH. 80
2" SIZE P16 C.S., A53 TYPE S OR E - SCH. 80
2-Y2"T010" INCL. P15 C.S., AS3 TYPE S OR E - SCH. 40
FITTINGS 2" AND UNDER FTG617 | M.I. SCREWED 300 LB. SSP
2-1/2" 70 10" INCL.| FTG11 | C.S. BUTT WELD SCH. 40
UNIONS & 2" AND UNDER UN62 M.I. SCREWED UNION - 300 LB. SSP
FLANGES
2-1/2" 70 10" INCL.|{ FSO11 | C.S., 150 LB. SLIP-ON ANSI B16.5 R.F.
Fso12 | C.S., 150 LB. SLIP-ON ANSI B16.5 R.F.
sHuT-oFF | 2" AND UNDER VGA41 | BRONZE GATE, INSIDE-SCREW RISING STEM, SCREWED,
125 LB. SSP
2-1/2" 70 10" INCL.| VGA62 | C.I. GATE, IBBM, 0.S. & Y., FLANGED 125 LB.
ANSI B16.1 AND B16.10
THROTTLE| 2" AND UNDER VGL44 | BRONZE GLOBE, INSIDE-SCREW RISING STEM, SCREWED,
g 125 LB. SSP
P 2-1/2" 10 6" vGLes | C.I., GLOBE, IBBM, 0.S. & Y., FLANGED 125 LB.
> i ANSI B16.1 AND B16.10
CHECK 2" AND UNDER VCH41 | BRONZE CHECK, SWING TYPE, SCREWED 125 LB. SSP
2-1/2" T0 10" INCL.| VCH63 | C.I., CHECK, IBBM, SWING TYPE, FLANGED, 125 LB.
ANSI B16.1 AND B16.10
JOINT MAT'L. | FOR SCREWED JOINTS | JT11 CYL.-SEAL OR EQUAL
GASKETS Gl COMPRESSED WHITE ASBESTOS 1/16" THICK
BOLTS B1 MACHINE BOLTS WITH HEX NUTS A307 GR. B.
NOTES: 1} USE ITEM FSO12 AT CAST IRON VALVES AND EQUIPMENT.

2)

USE ITEM N16, C.S. A106 SCH. 80 NIPPLES, AT INSTRUMENT CONMECTIONS.

2994-0P-01 PAGE 4
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PA
IA
CA
ECW

WCT WWS
WR CT8
WCP AA
WAS VA

PRA Piping Materials
SW

PW STANDARD SPECIFICATION NO._P1.2

PC

REV.

PRESSURE AND TEMPERATURE LIMITATIONS: _ 145 PSIG e 180 DEG. F

CONSTRUCTION:

2" AND UNDER SCREWED: 2-1/2" AND QOVER - FLANGED AND WELDED

ITEM SIZE ITEM DESCRIPTION
PIPE 1-1/2" AND UNDER|P114 C.S., A106 GR. A OR B, SEAMLESS SCH. 80
2" SIZE P16 C.S., A53 TYPE S OR E SCH. 80
2-1/2" 1O 10" P15 C.S., A53 TYPE S QR E SCH. 40
INCL.
FITTINGS 2" AND UNDER FTG617 | M.I. SCREWED, 300 LB. SSP
2-1/2" TO 10" FTG1 C.S., BUTT WELD SCH. 40
INCL.
UNIONS & 2" AND UNDER UN62 M.I. SCREWED UNION 300 LB. SSP.
FLANGES 2-1/2" T0O 10" FSO11 C.S., 150 LB. SLIP-ON ANSI B16.5 R.F.
INCL. :
FS012 C.S., 150 LB. SLIP-ON ANSI B16.5 F.F.
SHUT-OFF | o" AND UNDER VBL42 BRONZE BALL VALVE, SCREWED, 150 PSI
2-1/2" TO 10" VBY61 D.I. BUTTERFLY, TAPPED LUG TYPE BODY, BUNA N
INCL. SEAT, GEAR OPERATED 10" AND OVER, 150 LB.
., | THROTTLE! 2" AND UNDER VGL44 BRONZE GLOBE, INSIDE-SCREW RISING STEM,
u SCREWED, 125 LB. SSP.
3 2-1/2" T0 10" VGL65 C.1. GLOBE, IBBM. 0.5.& Y., FLANGED 125 LB.
> INCL. ANSI B16.1 AND B16.10.
CHECK 2" AND UNDER VCH41 BRONZE CHECK, SWING TYPE, SCREWED 125 LB. SSP.
2-1/2" TO 10% VCHG5 C.1. CHECK, WAFER TYPE, SPRING LOADED, RATED
INCL. 125 LB. PSIG.
JOINT MAT'L. |FOR SCREWED JOINTS JT11 CYL. - SEAL OR EQUAL.
G8 RED RUBBER, 1/2" THICK
GASKETS B1 MACHINE BOLTS WITH HEX NUTS A307 GR. B.
B15 CAP SCREWS, HEX HEAD A307 GR. B
BOLTS

NOTES: 1) USE ITEM FSO12 AT CAST IRON VALVES AND EQUIPMENT.
USE ITEM B15 WITH ITEM VBYe61.
3) USE ITEM N16, C.S. A106 SCH. 80 NIPPLES AT INSTRUMENT CONNECTIONS.

2)

2994-0P-01 PAGE 5
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ANA Piping Materials

STANDARD SPECIFICATION NO. P1.6
REV.

PRESSURE AND TEMPERATURE LIMITATIONS: 190  psice_ 350 peg. F

CONSTRUGCTION: 2" AND UNDZR - SOCKETWELD; 2-1/2" AND OVER - FLANGED AND WELDED

ITEM SIZE ITEM DESCRIPTION
PIPE 1-1/2" AND UNDER P114 C.S., A106 GR. A OR B SEAMLESS X-STRONG
2" TO 10" INCL.| P15 C.S., A53 TYPE S OR E, SCH. 40

FITTINGS 2" AND UNDER FTG17 | F.S., A105 SOCKETWELD, 3000 LB. WOG
2-1/2" 10 10" FTG11 C.S., BUTT WELD, SCH. 40
INCL.

UNIONS & 2" AND UNDER UN13 F.S., A105 SOCKETWELD UNION, 3000 LB WOG

FLANGES 2-1/2" TO 10" FSO11 C.S., 150 LB., SLIP-ON ANSI B16.5 R.F.
INCL.

SHUT-OFF | 2" AND UNDER VPL124| C.S. NON-LUBRICATED PLUG, WRENCH OPERATED,
: SOCKETWELD 150 LB. RATING
2-1/2" 10 6"

INCL. VPL616| D.I. NON-LUBRICATED PLUG, WRENCH OPERATED 3"
AND SMALLER, GEAR OPERATED 4" AND LARGER,
FLANGED 150 LB, ANSI B16.5 AND B16.10.

THROTTLE] 2" AND UNDER VGL14 F.S. GLOBE, INSIDE-SCREW RISING STEM,

§ SOCKETWELD, 600 LB.

:

>

CHECK .
JOINT MAT'L. | FOR SCREWED VIRR! CYL. - SEAL OR EQUAL
JOINTS

GASKETS Gl COMPRESSED WHITE ASBESTOS, 1/16" THICK
B1 MACHINE BOLTS WITH HEX NUTS A307 GR. B

BOLTS

NOTES: 1) USE ITEM N16 C.S. A106 SCH. 80 NIPPLES, AT INSTRUMENT CONNECTIONS.
2) USE ITEM VNE11, F.S. NEEDLE VALVE, SCREWED, 600#, AT INSTRUMENT P.1.5,

2994-0P- 1)1 VALY

EC-358



(ST Piping Materials
STANDARD SPECIFICATION NO.__P1.15

REV.
PRESSURE AND TEMPERATURE LIMITATIONS: __ 100 psice_ 120 DEeG. F :
CONSTRUCTION: 3/4" AND UNDER-SCREWED: 1"-1-1/2"- SOCKETWELD; 2"g& QVER-FLANGED & WELDED |
ITEM SIZE ITEM DESCRIPTION
PIPE 3/4" AND UNDER | P118 C.S., A106 GR. B SEAMLESS, X-STRONG
1" 70 1-1/72" P113 C.S., A106 GR. A OR B SEAMLESS SCH. 40
INCL.
2" TO 6" INCL. | P15 C.S., A53 TYPE S OR E, SCH. 40
FITTINGS 3/4" AND UNDER | FTG19 F.S., Al105, SCREWED, 3000 LB. WOG
1" 70 1-1/2"
INCL. FTG17 F.S., A105, SOCKETWELD, 3000 LB. WOG
2" TO 6" INCL. | FTG11 C.S., BUTT WELD, SCH. 40
2"“2§L§ 3/4" AND UNDER | UN12 F.S., A105 SCREWED UNION, 3000 LB. WOG
LA 1" TO 6" INCL. | FSO11 C.S., SLIP-ON, 150 LB. ANSI B16.5 R.F.
SHUT-OFF

3/4" AND UNDER | VPL615| D.I. NON-LUBRICATED PLUG, WRENCH OPERATED
SCREWED, 150 LB. RATING

1" TO 6" INCL. |{VPL616| D.I. NON-LUBRICATED PLUG, WRENCH OPERATED
3" AND SMALLER GEAR OPERATED 4" AND LARGER,
FLANGED 150 LB. ANSI B16.5 AND B16.10.

THROTTLE
&
>
<
>

CHECK
JOINT MAT'L. | FOR SCREWED JTi12 TEFLON TAPE

JOINTS

GASKETS Gl COMPRESSED WHITE ASBESTOS 1/16" THICK
BOLTS B1 MACHINE BOLTS WITH HEX NUTS A307 GR. B.
NEEDLE 3/4" AND UNDER | VNEN C.S., A108 600# SCREWED
VALVE @ _INST. P1's
NOTFS- 1Y {SF YTTEM NYD 0 € AIAE Crir o of NTPDEEC AT TNSTORIIMENT CONNFTTTONS
| 0994.-0p- 01 PAGE 7
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Piping Materials

STANDARD SPECIFICATION NO. P1.16
REV.

PRESSURE AND TEMPERATURE LIMITATIONS: __125 PsIG e __1580 DEG. F

CONSTRUGTION: 2" AND UNDER - SCREWED; 2-1/2" AND QVER - FIANGED AND COUPLED

ITEM SIZE { TEM DESCRIPTION
PIPE 10" AND UNDER | P12 GALV. C.S. A120, SCH. 40
FITTINGS 2" AND UNDER FTG620 | GALV. M.I. SCREWED, 300 LB SSP.
2-1/2" 10 10" FTG611| GALV. M.I. VICTAULIC GROOVED TYPE
INCL.
UNIONS & 2" AND UNDER UN68 GALV. M.I. UNION SCREWED, 300 LB. SSP
FLANGES 2-1/2" TO 10" |MC8 M.I. STYLE 77 VICTAULIC COUPLING
INCL.
SHUT-OFF | v AND UNDER VGA41 BRONZE GATE, INSIDE-SCREW, RISING STEM, SCREWED
125 LB. SSP.
2-1/2" TO 10" |VGA62 | C.I. GATE, IBBM, 0.S.& Y., FLANGED 125 LB.
INCL. ANSI B16.1. -
THROTTLE
ﬁ .
3
<
>
CHECK
JOINT MAT'L. | FOR SCREWED JT11 CYL-SEAL OR EQUAL.
JOINTS
GASKETS G8 RED RUBBER, 1/8" THICK
BOLTS B1 MACHINE BOLTS WITH HEX NUTS A307 GR. B.

NOTES: 1) USE ITEM N19, GALV. A120 SCH. 80 NIPPLES, AT INSTRUMENT CONNECTIONS.

2994-0P- 01 PAGE 8
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TR CST DR DI i
L Piping Materials

SP cTC STANDARD SPECIFICATION NO.__P1.20
SR REV.

PRESSURE AND TEMPERATURE LIMITATIONS: _100 _ PSIG @ 200 DEG. F

CONSTRUCTION: 2" AND UNDER - SCREWED; 2-1/2" AND OVER - FLANGED AND WELDED.

ITEM SIZE ITEM DESCRIPTION

PIPE 1-1/2" AND UNDER P114 C.S. A106 GR. A OR B, SEAMLESS, SCH. 80
2" SIZE P16 C.S. A53 TYPE S OR E, SCH. 80
2-1/2" T0 10" P15 C.S. A53 TYPE S OR E, SCH. 40
INCL.

FITTINGS 2" AND UNDER FTG617! M.I. SCREWED, 300# SSP.
2-1/2" 10 10" FTG11 C.S. BUTT WELD, SCH. 40
INCL.

UNIONS & 2" AND UNDER UN63 M.I. SCREWED UNION, 300# SSP.

FLANGES 2-1/2" 70 10" FSO11 C.S., 150 LB. SLIP-ON, ANSI B16.5 R.F.
INCL. FSO12 C.S., 150 LB. SLIP-ON, ANSI B16.5 F.F.

SHUT-OFF | 2" AND UNDER VGAG1 C.I. GATE VALVE, ALL IRON TRIM, CLAMP BONNET,
WEDGE DISC, 150# SWP.

2-1/2" 10 10" VGA63 C.I. GATE VALVE, ALL TRON TRIM, WEDGE DISC,
INCL. 0.S. & Y., FLANGED 125#.

THROTTLE| 2" AND UNDER VGL610| C.I. GLOBE VALVE, ALL IRON TRIM UNION BONMET,

. SCREWED, 150# SWP.
2 2-1/2" TO 6" VGL64 | C.I. GLOBE VALVE, ALL IRON TRIM, PLUG DISC,
> INCL. 0.5. & Y., FLANGED 125#.

cHeck . | 2" AND UNDER VCH615] C.I. CHECK VALVE, ALL IRON TRIM, SWING TYPE,
SCREWED, 125# SWP.

2-1/2" 10 10" VCH64 C.I. CHECK VALVE, ALL IRON TRIM, SWING TYPE,
INCL. FLANGED 125#.

JOINT MAT'L.

GASKETS

BOLTS

NOTES:

2994-0p-01 PAGE 9
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VAC - VACUUM Piping Materials

CG-(DRY)
STANDARD SPECIFICATION NO._ P1.21
FULL VACUUM @ 300 DEG. F. REV.
PRESSURE AND TEMPERATURE LIMITATIONS: 150 PSIG @ 200 peq. F
CONSTRUCTION: 2" AND UNDER - SCREWED; 2-1/2" AND OVER - FLANGED AND WELDED
ITEM SIZE ITEM DESCRIPTION

PIPE 1-1/2" AND UNDER P114 C.S., A106 GR. A OR B SEAMLESS SCH. 80.

2" SIZE P16 C.S., A53 TYPE S OR E, SCH. 80.

2-1/2" 10 10" P15 C.S., A53 TYPE S OR E, SCH. 40

INCL.
FITTINGS 2" AND UNDER FTG617{ M.I. SCREWED, 300 LB. SSP

2-1/2" 10 10" FTGI1 C.S., BUTT WELD, SCH. 40

INCL.
UNIONS & 2" AND UNDER UN63 SCREWED UNION, 300 LB. SSP

M.I.
FLANGES 2-1/2" T0 10" | FSO11 | C.S., 150 LB., SLIP-ON ANSI B16.5 R.
C.S. F.

F.
INCL. FS012 » 150 LB., SLIP-ON ANSI B16.5 F.F.

SHUT-OFF | 2" AND UNDER VPL615| D.I. NON-LUBRICATED PLUG, WRENCH OPERATED,
SCREWED 150 LB. RATING

2-1/2" 10 6" VPL616| D.I. NON-LUBRICATED PLUG, WRENCH OPERATED 3"
INCL. AND SMALLER, GEAR OPERATED 4" AND LARGER,
FLANGED 150 LB. ANSI B16.5 AND B16.10.

THROTTLE| 2" AND UNDER VGL61 M.I. GLOBE, INSIDE-SCREW RISING STEM, SCREWED

g 300 LB. SSP.

.(J

>

CHECK | 2" AND UNDER | VCH61 | C.I. CHECK, BALL TYPE, SCREWED, 125 LB. SSP.

2-1/2" T0 6" | VCH67 | C.I. CHECK, WAFER TYPE, SPRING LOADED, RATED
INCL. 1254.

JOINT MAT'L. | FOR SCREWED JTIT | CYL. - SEAL OR EQUAL
JOINTS

GASKETS 61 COMPRESSED WHITE ASBESTOS, 1/16" THICK

BOLTS B1 MACHINE BOLTS WITH HEX NUTS A307 GR. B

NOTES: 1) USE ITEM N16, C.S. A106 SCH. 80 NIPPLES, AT INSTRUMENT CONNECTIONS.

2994-0P-01 PAGE 10
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FG

Piping Materials

STANDARD SPECIFICATION NO._P1.22

REV.
PRESSURE AND TEMPERATURE LIMITATIONS: 5 PSIG @ ]400 DEG. F
CONSTRUCTION: 1-1/2" AND UNDER SOCKETWELD; 2" AND OVER FLANGED AND WELDED
{TEM SIZE ITEM DESCRIPTION
PIPE 1/2"T0 1-1/2" INCL | P235 |S.S. A312 TP304 SMLS., SCH. 40S.
(SEE NOTE 12" TO 16" INCL P23 |S.S. A312 TP304 SMLS., OR WLD., SCH. 10S.
2) 18" TO 24" INCL | P241 |S.S. A312 TP304 SMLS., OR WLD., 0.250" WALL.
30" AND 36" SIZES| P242 {S.S. A312 TP304 SMLS., OR WLD., 0.312" WALL.
FITTINGS  |1/2" TO 1-1/2"INCLl FTG262!S.S. A182 GR. F304, SOCKETWELD, 3000#.
2" to 16" INCL FTG25 |S.S. A403 GR. WP304 BUTT WELD, SCH. 10S.
18" 70O 24" INCL | FTG259|S.S. A403 GR. WP304, BUTT WELD, 0.250" WALL.
30" AND 36" SIZES| FTG263|S.S. A403 GR. WP304, BUTT WELD, 0.312" WALL.
Snions & 1/727 70 1-1727INCL| UNZTT | 5.S. UNION AT82 GR. F304 SOCKETWELD, 3000%.
FLANGES  |1/2" TO 1-1/2" INCL FSW26 |S.S. A182 GR. F304, SOCKETWELD 300# ANSIB16.5RF
2" TO 24" INCL FS022 |S.S. A182 GR. F304, SLIP-ON, 300# ANSI B16.5 R.F.
30" AND 36" SIZES| FS0220!S.S. A182 GR. F304, SLIP-ON 300# MSS-SP-44 DRILL-
: ING RATED 740# @ AMB. TEMP.
GATE 3" TO 12" INCL VGA261]| CAST STAINLESS GATE A351 GR. CF8M, 0.S. & Y.,
' : - 300# RATED, BUTT WELD ENDS BORED SCH. 10S, GEAR
OPERATED, WITH PURGE CONNECTIONS IN BODY AND
BONNET.
o | THROTTLE ou AND UNDER VGL229| FORGED STAINLESS STEEL GLOBE FOR HIGH TEMPERATURH
> SERVICE, A182 GR. F316, 0.S. & Y., SOCKETWELD,
< RATED 500# @ 1500°F.
CHECK
JOINT MAT'L.
GASKETS G23  |STAINLESS STEEL SPIRAL WOUND ASBESTOS FILLED,
3/16" THICK.
BOLTS B19 | STAINLESS STEEL STUD BOLTS WITH HEX NUTS, A193
GR. B8M (316) CLASS 1.
NoTes: 1) IN GENERAL, FLANGED JOINTS IN THIS SERVICE ARE TO BE USED ONLY WHERE

NECESSARY FOR CONNECTIONS TO EQUIPMENT, CONTROL VALVES ETC.
2) PIPE WALLS INCLUDE A MINIMUM CORROSION ALLOWANCE OF 0.03".
3) USE ITEM N25 TP304 SCH. 80 NIPPLES AND ITEM VGL229 GLOBE VALVES AT INSTRU-

MENT CONNECTIONS.

2994-0P-01 PAGE 11

EC-358



SA

Piping Materials

STANDARD SPECIFICATION NO. P1,23

REV.

PRESSURE AND TEMPERATURE LIMITATIONS: _100  _PsiG ¢ _100 DEG. F

CONSTRUCTION:

3/4" AND UNDER-SCREWED,

1" AND OVER-FLANGED AND WELDED

ITEM SIZE ITEM DESCRIPTION
PIPE
1-1/2" AND UNDER| P114 C.S., A106, GRADE B SEAMLESS, SCH. 80
2" TO 4" INCL. P16 C.S., A53 TYPE S OR E, SCH. 80
FITTINGS 3/4" AND UNDER | FTG19 F.S., A105 SCREWED, 3000 LB. WOG
1" T0 4" INCL. FTG12 | C.S., BUTT WELD, SCH. 80
UNIONS & 3/4" AND UNDER | UN12 F.S., A105 SCREWED UNION 3000 LB. WO0G
FLANGES 1" TO 4" INCL. FSO11 C.S., 150 LB. SLIP-ON ANSI B16.5 R.F.
SHUT-OFF | 3/4" AND UNDER | VPL615| D.I. NON-LUBRICATED PLUG WRENCH OPERATED
SCREWED, 150 LB. RATING
1" TO 4" INCL. VPL616| D.I. NON-LUBRICATED PLUG, FLANGED 150 LB. ANSI
B16.5 & B16.10 WRENCH OPERATED 3" & UNDER,
GEAR OPERATED 4" AND LARGER
8 THROTTLE
b
<
>
CHECK
JOINT MAT'L. | FOR SCREWED JT12 TEFLON TAPE, SCOTCH #48
JOINTS
GASKETS G4 COMPRESSED BLUE ASBESTOS, 1/16" THICK
BOLTS B MACHINE BOLTS WITH HEX NUTS A307 GR. B

NoTeEs: 1) USE ITEM N16 C.S. A106 SCH. 80, NIPPLES AT INSTRUMENT CONNECTIONS.
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LSU Piping Materials
STANDARD SPECIFICATION NO. _P1.24

REV.
PRESSURE AND TEMPERATURE LIMITATIONS: A0 PSIG e 328 DEG. F
CONSTRUCTION: FLANGFD AND WEIDED (JACKETED)
ITEM SIZE ITEM DESCRIPTION
PIPE 2" AND UNDER P114 C.S. A106 GR. A OR B SMLS, SCH. 80.
(SEE NOTE | 3" TO 8" INCL. P15 C.S. A53 TYPE S OR E, SCH. 40.
1)
FITTINGS 2" AND UNDER FTG11 C.S. BUTT WELD, SCH. 80.
3" TO 8" INCL. FTG12 | C.S. BUTT WELD, SCH. 40.
UNIONS &
FLANGES 8" AND UNDER FSO11 F.S. SLIP-ON, 150# ANSI B16.5 R.F.
(SEE NOTE
2) _
SHUT-OFF | 3/4" TO 6" INCL.| VBL210| S.S. BALL, A35]1 GR. CF8M, JACKETED BODY,

TEFLON SEATS AND SEALS, FLANGED 150# ANSI
B16.5, FLANGE SIZE TO BE ONE SIZE LARGER
THAN BODY.

THROTTLE| 3/4" TO 6" INCL. | VGL211| S.S. GLOBE, A351 GR. CF8M, JACKETED BODY

g 0.S. & Y., FLANGED 1504 ANSI B16.5 FLANGED
z SIZE TO BE ONE SIZE LARGER THAN BODY.
>
CHECK 3/4" TO 6" INCL. | VCH210[ S.S. CHECK, A351 GR. CF8M, JACKETED BODY,
0.S. & Y., LIFT TYPE, FLANGED 150# ANSI
B16.5, FLANGE SIZE TO BE ONE SIZE LARGER
THAN BODY.
JOINT MAT'L.
GASKETS 61 COMPRESSED WHITE ASBESTOS, 1/16" THICK.
BOLTS B1 MACHINE BOLTS WITH HEX NUTS, A307 GR. B.
NoTes: 1) ALL PIPE SHALL BE JACKETED; JACKET/CORE SIZE COMBINATIONS TO BE AS
FOLLOWS: 1-1/2" WITH 3/4", 2" WITH 1", 2-1/2" WITH 1-1/2", 3" WITH
2", 4" WITH 3", 6" WITH 4", AND 8" WITH 6". FITTINGS SHALL BE JACKETED
TO MATCH PIPE.
2) FLANGES SHALL BE SLIP-ON REDUCING TYPE, NOMINAL SIZE SAME AS JACKET,
REDUCED BORE TO MATCH CORE PIPE OR FITTING.
3) ALL FITTINGS SHALL BE JACKETED WITH LARGER SIZE FITTINGS; WHEREVER

POSSIBLE, PIPING SHALL BE DESIGNED SUCH THAT PIPE AND FITTING JACKETS ARE

CONTINUOUS. FLANGED JOINTS ARE TO BE AVOIDED AT FITTINGS UNLESS ABSOLUTELY
NECESSARY, 2994-0P-01 PAGE 13
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o3 Piping Materials

STANDARD SPECIFICATION NO. P1.25
REV.

PRESSURE AND TEMPERATURE LIMITATIONS: 100 _ PsiGe_ 130 DEG. F

CONSTRUCTION: pu AND UINDFR-SCREWED: 3" AND QVFR-F| ANGED AND WELDED

ITEM SIZE ITEM DESCRIPTION
PIPE 1-1/2" AND UNDER | P114 C.S., A106 GR. A OR B SEAMLESS, SCH. 80
2" SIZE P16 C.S. A53 TYPE S OR E, SCH. 80.
3" TO 10" INCL. | P15 C.S. A53 TYPE S OR E, SCH. 40.
12" SIZE P17 C.S. A53 TYPE S OR E, 0.375" WALL.
FITTINGS 2" AND UNDER FTG19 F.S. A105 SCREWED, 3000# WOG.
. 3" TO 10" INCL. | FTGI1 C.S. BUTT WELD, SCH. 40.
12" SIZE FTGI3 | C.S. BUTT WELD, 0.375" WALL.
gN'CLNS & 2" AND UNDER UN12 .S. UNION, A105, SCREWED, 3000#
LANGES 3" TO 12" INCL. | FSO11 F.S. SLIP-ON, 150#, ANSI B16.5 R.F.
FSO12 | F.S. SLIP-ON, 150#, ANSI B16.5 F.F.
SHUT-OFF | 5 AND UNDER VPL615| D.I. NON-LUBRICATED PLUG, A395, WRENCH

OPERATED, SCREWED, 150# RATING.

13" TO 12" INCL. | VPL616{ D.I. NON-LUBRICATED PLUG, A395, WRENCH
OPERATED 3" AND SMALLER, GEAR OPERATED 4"
AND LARGER. FLANGED 150# ANSI B16.5.

2 THROTTLE
>
-
<
>

CHECK
JOINT MAT'L. | FOR SCREWED JT CYL-SEAL OR EQUAL.

JOINTS

GASKETS G1 COMPRESSED WHITE ASBESTOS, 1/16" THICK.
BOLTS B1 MACHINE BOLTS WITH HEX NUTS A307 GR. B.

NOTES: 1) USE ITEM FSO12 AT CAST IRON VALVES AND EQUIPMENT.
2) USE ITEM N16, A106 SCH. 80 NIPPLES AT INSTRUMENT CONNECTIONS.
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op Piping Materials
STANDARD SPECIFICATION NO.__P1.26
REV.

PRESSURE AND TEMPERATURE LIMITATIONS: 150 PSIG e _500 DEG. F

CONSTRUCTION: _ 1_1/2" AND UNDER-SOCKETWELD; 2" AND-FLANGED AND WELDED
ITEM SIZE ITEM DESCRIPTION
PIPE 1-1/2" AND UNDER| P118 | C.S. A106 GR. B SMLS., SCH. 80.
2" TO 10" INCL. | P19 C.S. AS3, GR. B SMLS, SCH. 40.
FITTINGS 1-1/2" AND UNDER| FTG17 | F.S. A105 SOCKETWELD, 3000%.
2" 70 10" INCL. | FTGI1 | C.S. BUTT WELD, SCH. 40.
UNIONS &
FLANGES 1-1/2" AND UNDER| UN13 F.S. SOCKETWELD, 3000# WOG B16.5 R.F.
2" TO 10" INCL. | FWN146| F.S. WELD NECK, A105, 150# ANSI B16.5 R.F.,
BORED SCH. 40.
SHUT-OFF | 2" AND UNDER VGA142| F.S. GATE, A105,0.S. & Y., SOCKETWELD, 800%.
2-1/2" 10 10" VGA143| C.S. GATE A216 GR. WCB, 0.S. & Y., FLANGED
INCL. 1504 ANSI B16.5 AND B16.10
« | THROTTLE 2" AND UNDER VGL144| F.S. GLOBE, A105, 0.S. & Y., SOCKETWELD, 800%.
4 2-1/2" 10 6" VGL145] C.S. A216 GR. WCB. 0.S. & Y., FLANGED 150%
2 ANSI B16.5 AND B16.10.
CHECK | 2" AND UNDER VCH148| F.S. CHECK, A105, SPRING LOADED PISTON TYPE,
SOCKETWELD, 600%.
2-1/2" 10 10" VCH151| C.S. CHECK, A216 GR. WCB, SWING TYPE, FLANGED
INCL. 150# ANSI B16.5 AND B16.10.
JOINT MAT’L. | FOR SCREWED JTh CYL-SEAL OR EQUAL
| JOINTS
GASKETS 61 COMPRESSED WHITE ASBESTOS, 1/16" THICK.
BOLTS B1 MACHINE BOLTS WITH HEX NUTS A307 GR. B.
NOTES: 1) USE ITEM N16 A106 SCH. 80 NIPPLES AT INSTRUMENT CONNECTIONS.
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CGW (WET)  COA Piping Materials

WCG FA
STANDARD SPECIFICATION NO.__P1.28
REV.
PRESSURE AND TEMPERATURE LIMITATIONS: 50 PSIG e 100 DEG. F
CONSTRUCTION: 1-1/2" AND UNDER-SCREWED
ITEM SIZE ITEM DESCRIPTION
PIPE 1/72" 70 1-1/2" P810 CPVC, TYPE IV GRADE 1 SCH. 80
INCL.
FITTINGS 1/2" 70 1-1/2" | FTG84 | CPVC, TYPE IV GRADE 1, SCREWED, SCH. 80
INCL.
UNIONS &
FLANGES 1/2" 70 1-1/2" UN81 CPVC UNION, TYPE IV GRADE 1, SCREWED, SCH. 80
INCL.

SHUT-OFF | 1/2" TO 1-1/2" VBL87 CPVC BALL VALVE, SCREWED, 150 PSI
INCL.

THROTTLE
&
3
<
>
CHECK 1/2" 10 1-1/2" VCH83 CPVC BALL CHECK, SCREWED, 100 PSI
JOINT MAT'L. | FOR SCREWED Jm2 TEFLON TAPE
JOINTS
GASKETS
BOLTS
NOTES:
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CsS GCP FLG
GQ ESP LBG

Piping Materials

STANDARD SPECIFICATION NO.__P1.29
REV.

PRESSURE AND TEMPERATURE LIMITATIONS: _1580 PSIGe_ 200 DEG. F

CONSTRUCTION:

1" AND UNDFR - SCRFWFDs 1-1/2" TO 4" FIANGFD AND WELDED
ITEM SIZE ITEM DESCRIPTION
PIPE 1" AND UNDER P210 S.S., A312 TP 316, SEAMLESS OR WELDED, SCH. 40
1-1/2" 70 4" P212 S.S., A312 TP 316L, SEAMLESS OR WELDED, SCH. .
INCL. 10S.
FITTINGS 1" AND UNDER FTG221| S.S., A182 GR. F316 SCREWED, 150 LB. SSP.
1-1/2" TO 4" INCY FTG214| S.S., A403 GR. 316L, BUTT WELD, SCH. 10S.
UNIONS & 1" AND UNDER UN23 S.S., UNION GR. A403 316, SCREWED, 150 LB. SSP
FLANGES 1-1/2" T0 4" INCY FS0210{ S.S., 150 LB. SLIP-ON, A182 F316L, ANSI
B16.5 R.F. '
SHUT-OFF | 1" AND UNDER VPL21 S.S., PLUG A351 GR. CF8M (316), SCREWED,
150 LB
1-1/2" TO 3" INCY VvPL22 S.S., PLUG A351 GR. CF8M (316), FLANGED,
150 LB ANSI B16.5 AND B16.10.
o | THROTTLE| 1" AND UNDER VGL21 S.S. GLOBE, A351 GR. CF8M (316), RISING
S STEM, SCREWED, 200 LB. AT 500°F.
b 1-1/2" T0 4" INCY VGL26 S.S., GLOBE, A351 GR. CF8M (316), RISING
> STEM, FLANGED 150 LB AND B16.5 AND B16.10.
CHECK 1" AND UNDER VCH21 S.S., CHECK A351 GR. CF8M (316), SWING
TYPE, SCREWED, 150 LB. SSP.
1-1/2" TO 4" INCL VCH23 S.S., CHECK, A351 GR. CF8M (316), SWING
TYPE, FLANGED 150 LB, ANSI B16.5 AND B16.10.
JOINT MAT'L. | FOR SCREWED JT12 TEFLON TAPE
JOINTS
GASKE TS Gl COMPRESSED WHITE ASBESTOS 1/16" THICK
BOLTS Bl MACHINE BOLTS WITH HEX NUTS A307, GR. B.
NoTes: 1) USE ITEM N23, S.S. SCH. 40 NIPPLES, AT INSTRUMENT CONNECTION.
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PHA Piping Materials

STANDARD SPECIFICATION NO. P1.30
REV.

PRESSURE AND TEMPERATURE LIMITATIONS:

150  psice_ AMB  DEG. F

CONSTRUCTION:  A1| SI7ES - F

NGFD (NOTES 1 & 2)

1) MINIMUM LINE SIZES TO BE 1",
2) THE USE OF SCREWED INSTRUMENTS SHALL BE PROHIBITED.

ITEM SIZE ITEM DESCRIPTION
PIPE 1" 70 3" INCL. | P77 C.S., SCH. 40 POLYPROPYLENE LINED F492
WITH 150# D.I. LAP JOINT FLANGE EACH END.
FITTINGS
1" T0 3" INCL. | FTG76 | D.I. POLYPROPYLENE LINED F492 FLANGED 150%.
UNIONS &
FLANGES
SHUT-OFF | 1" TQ 3" INCL. | VPL73 | D.I. NON-LUB PLUG VALVE, POLYPROPYLENE LINED
BODY AND PLUG, WRENCH OPERATED, FLANGED 150%.
THROTTLE
&8
>
-4
<
>
CHECK | 1" TO 3" INCL. | VCH78 | C.I. CHECK VALVE, BALL TYPE, POLYPROPYLENE
LINED, FLANGED 125#.
| JOINT MAT'L.
GASKETS
8OLTS ALL SIZES B3 ALLOY STEEL STUD BOLTS WITH HEX NUTS A193
GR. B7.
NOTES:
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BI
BR
CLS
PFB

Piping Materials

STANDARD SPECIFICATION NO.__ P1.31

REV.

PRESSURE AND TEMPERATURE LIMITATIONS: __125 PSIGe_ 200 DEG. F

CONSTRUCTION: 2" AND UNDFR-SCREWED; 2-1/2" AND QVER-FLANGED AND WELDED
{TEM SIZE ITEM DESCRIPTION
PIPE 1-1/2" AND UNDER | P114 C.S., A106 GR. A OR B, SEAMLESS, SCH. 80.
2" SIZE P16 C.S., A53 TYPE S OR E, SCH. 80.
2-1/2" 10 10" P15 C.S., A53 TYPE S OR E, SCH. 40.
INCL.
FITTINGS 2" AND UNDER FTG617 .I. SCREWED, 300 LB. SSP.
2-1/2" 10 10" FTG11 C.S., BUTT WELD, SCH. 40.
INCL.
UNIONS & 2" AND UNDER UN63 M.1. SCREWED UNION, 300 LB, SSP.
FLANGES 2-1/2" 10 10" FSO11 C.S., 150 LB, SLIP-ON, ANSI B16.5 R.F.
- INCL.
FS012 C.S., 150 LB, SLIP-ON, ANSI B16.5 F.F.
SHUT-OFF | 2" AND UNDER VPL610| C.I. NON-LUBRICATED ECCENTRIC PLUG
VALVE, WRENCH OPERATED, SCREWED, 175 LB. WOG
2-1/2" 10 10" VPL611| C.I. NON-LUBRICATED ECCENTRIC PLUG VALVE,
INCL. WRENCH OPERATED, FLANGED 125 LB ANSI B16.1.
THROTTLE
m
>
P
<
>
CHECK 12" AND UNDER VCH615| C.I. CHECK VALVE, ALL IRON TRIM, SWING TYPE,
: SCREWED 150 LB. SWP.
2-1/2" TO 10" VCH64 C.I. CHECK VALVE, ALL IRON TRIM, SWING
INCL. TYPE, FLANGED 125 LB.
JOINT MAT'L.
GASKETS
BOLTS
NOTES:
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PSU Piping Materials
STANDARD SPECIFICATION NO.__P1,32

REV.
PRESSURE AND TEMPERATURE LIMITATIONS: _]5_0_PSIG ] |QQ DEG. F
CONSTRUCTION: o« AND QVER - FLANGED AND WFIDED
ITEM SIZE ITEM DESCRIPTION
PIPE 2" TO 10" INCL. | P150 C.S. A53 TYPE S OR E, SCH. 40 COATED
AND WRAPPED
FITTINGS 2" TO 10" INCL. | FTGI C.S. BUTT WELD, SCH. 40
UNIONS & " "
s 2" TO 10" INCL. | FSO12 C.S. 150 LB. SLIP-ON, ANSI B16.5 R.F.
SHUT-OFF
THROTTLE
&
2
L.
>
CHECK -
JOINT MAT'L.
GASKETS
BOLTS
NOTES:

1) ALL COATING AND WRAPPING OF PIPING SHALL BE IN ACCORDANCE WITH AWWA C-203

SECTION Al.2.
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SPECIFICATION

PITTSBURGH, PA 0J-01

CONTRACT NO.: CPD-2994 THERMAL INSULATION
CLIENT: GENERAL REFRACTORIES COMPANY PAGE 1 OF 3

LOCATION: FLORENCE, KY REVISIONS: A) 08-20-81
MADE: A. F. COLOSI

CHECKED: D. L. FAZIO

APPROVED:

APPROVED:

APPROVED: [.D. 0030D

1.0 SCOPE

1.1 Thermal insulation shall be provided on piping, vessels, ducts, and equipment
in accordance with the Mechanical Flow Diagrams and the following specifications.

1.2 Insulation of building is not included in this specification.

2.0 PRIMARY INSULATING MATERIALS ARE IDENTIFIED AS FOLLOWS:

2.1 CLASS "A": Calcium Silicate ASTM G533 molided pipe insulation and segmental
or flat block insulation (for service on piping and equipment, for temperatures of
1200 deg. F).

2.2 CLASS "B": Fiberglas ASTM (547 molded pipe insulation, 6 pcf density (for
service on piping and circular equipment 30" diameter and under, for temperatures
to 450 def. F).

2.3 CLASS "C": Fiberglas rigid board equipment insulation, 3 pcf density (for
service on piping and circular equipment over 30" diameter and flat equipment, for
temperatures to 450 deg. F).

3.0 JACKET AND FINISH MATERIALS ARE IDENTIFIED AS FOLLOWS:

3.1  CLASS "1": Aluminum jacket 0.010", corrugated, with integral moisture
barrier (for service on Class "A" and "B" piping and circular equipment 30"
diameter and under). :

3.2 CLASS "2": Aluminum jacket 0.016", corrugated, with integral moisture
barrier (for service on vessel shells and piping over 30" diameter).

3.3 CLASS "3": Weather coating, 1/8" dry film thickness, aluminum colored vinyl
acrylic mastic reinforced with glass fabric (for service or Class "A", "“B" and "C"
pipe fittings and vessel heads).

4.0 GENERAL

4.1 Valves and flanges are to be insulated for 1lines in steam or traced
services. Personnel protection for exposed hot valves and flanges is not required.
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4.2 A1l banding shall be stainless steel.

4.3  Weatherproofing shall be applied at each junction of insulated and
uninsulated surfaces. A1l aluminum shall be sealed with a weather and heat
resisting coating.

5.0 INSULATION FOR PERSONNEL PROTECTION

Insulation for protection of personnel against burns of bodily contact with heated
surfaces shall extend at least 7 feet above working level of operating floors,
platforms and walkways.

6.0 THICKNESS SCHEDULE

6.1 CLASS "A" (CALCIUM SILICATE)

6.1.1 Piping

NOMINAL PIPE SURFACE TEMPERATURE (DEG. F)
PIPE SIZE 1200

(INCHES) INSULATION THICKNESS (INCHES)
1/2 2-1/2

3/4 2-1/2

] 3

1-1/2 3

2 3-1/2

3 3-1/2

4 4

6 4-1/2

8 5

10 5

12 5-1/2

14 5-1/2

16 6

18 6

20 6-1/2

24 6-1/2

30 7

36 7-1/2

6.1.2 Equipment

SURFACE TEMPERATURE (DEG. F) INSULATION THICKNESS (INCHES)

1200 8
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6.2 CLASS "B" (FIBERGLAS)

6.2.1 Piping

NOMINAL PIPE SURFACE TEMPERATURE RANGE (DEG. F)
PIPE SIZES 71 T0 250 251 T0 350 351 TO 450
(INCHES) INSULATION THICKNESS (INCHES)

1/2 1 1 1

3/4 1 1 1

1 1 ] 1

1-1/2 1 1 1

2 1 1 ]

3 1 1-1/2 1-1/2

4 1 1-1/2 1-1/2

6 1 1-1/2 1-1/2

8 1 1-1/2 2

10 1-1/2 1-1/2 2

12 1-1/2 1-1/2 2

14 1-1/2 1-1/2 2

16 1-1/2 2 2-1/2

18 1-1/2 2 2-1/2

20 1-1/2 2 2-1/2

24 1-1/2 2 2-1/2

30 2 2 2-1/2

6.3 CLASS “"C" (FIBERGLAS)

6.3.1 Equipment

SURFACE TEMPERATURE RANGE (DEG. F) INSULATION THICKNESS (INCHES)
70 to 150 1

151 to 250 1-1/2

251 to 350 2

351 to 450 2-1/2



6.2 Electrical

Appendix A - Electrical Motor List



SPECIFICATION

PITTSBURGH, PA OE-01
CONTRACT NO.: CPD-2994 ELECTRICAL
CLIENT: GREFCO INCORPORATED PAGE 1 OF
COAL GASIFICATION PLANT
LOCATION: FLORENCE, KY REVISIONS: A) 11-05-81
MADE : A. DALAL
CHECKED: H. KOWNACKI
APPROVED:
APPROVED:
APPROVED: I.D. 0025D

1.0 GENERAL

This general specification contains information related to the preparation of
electrical design documents for the subject project.

1.1 Design Methods

The electrical design for this project utilizes Dravo Engineers and Constructors
design methods, calculation techniques and electrical symbols.

1.2 Codes and Standards

1.2.1 Codes: Design and installation will comply with the National Electrical
Code (NEC), National Electrical Safety Code (NESC), National Fire Protection
Association (NFPA) & Local Codes.

1.2.2 Standards: Where applicable, equipment and installation shall conform to
the requirements of the American National Standards Institute (ANSI), National
Electrical Manufacturers Association (NEMA), Occupational Safety and Health Act
(OSHA) Insulated Power Cable Engineers Association (IPCEA), American Petroleum
Institute (API), Institute of Electrical & Electronic Engineers (IEEE), and
Underwriters' Laboratories, Inc. (UL) list of inspected equipment. (Where UL
approved is not available, the material or equipment will conform to other
recognized established standards).

1.3 Hazard Classification

For electrical hazard classification see the Hazard Specification C-10 which can
be found in Section 6.6.

1.4 Voltage Levels

1.4.1 The incoming power line at 66 KV, 3 phase, 60 hertz shall be furnished
and terminated at customer's pedestal mounted circuit switcher by Union-Light,
Heat and Power Company (utility company). The utility company shall provide new
metering for the Coal Gasification Plant.
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1.4.2 Plant Power Utilization

Motors sized 250 HP thru 1000 HP shall be 4.16 KV, 3 phase, 60 hertz. Motors
sized 1/4 HP thru 200 HP (Process) shall be 460 volt, 3 phase, 60 hertz unless
otherwise noted. Motors sized 1/2 HP and below (non-process) shall be 120 volt,
1 phase, 60 hertz unless otherwise noted.

Indoor HID 1ighting shall be 277 volt, 1 phase, 60 hertz. Floodlighting and
roadway lighting shall be 480 volt, 1 phase, 60 hertz. The Tlighting fixtures
shall be fed from 480/277 volt, 3 phase, 60 hertz, 4 wire solidly grounded
neutral lighting panels located at the various locations.

Motor control system shall be 120 volt, 1 phase, 60 hertz via separate control
power transformer for each motor starter. Instrumentation system shall be 120
volt, 1 phase, 60 hertz fed from 208/120 volt, 3 phase, 60 hertz power panels.

1.5 66 KV Primary Sub-Station

One primary sub-station shall be furnished, rated 66 KV-4.16 KV and shall
consist of an incoming line section with 1200 amps, unfused, out-door, air,
pedestal mounted circuit switcher, 7500 KVA, o0il filled, 559/65°C temp.
rise, 7% impedence, 66 KV-4.16 KV, 3 phase, 60 hertz Delta-Wye connected with
resistance grounded neutral transformer. The protective relaying shall be
provided as indicated on the master single line diagram (drawing # 2994-900-111
Rev. A). 125 VDC power source shall be provided for the circuit switcher.

1.6 Metalclad Switchgear

4.16 KV 3 phase, 60 hertz switchgear shall be located out-door and shall consist
of an incoming line section with metering as shown on the master single line
diagram, & four (4) 600 amps electrically operated fusible load break switches
with ground fault protection assembled in NEMA-3R enclosure.

1.7 480 Volt Load Center Unit Substations

1.7.1 Two (2) unit substaions shall be furnished outdoors, rated 4.16 KV-480
volt and shall consist of the following major components assembled in NEMA 3R
enclosure:

2000 KVA, 011 filled, 5.75% impedance transformer, 4.16 KV-480 volt, 3 phase, 60
hertz, Delta-Wye connected, with solidly grounded neutral.

Metal-enclosed switchgear close coupled to the transformer, consisting of feeder
breakers with solid-state protective devices and metering as shown on the
Master-single line diagram. Each feeder breaker will have shunt trip operable
from the corresponding motor control center.



SPECIFICATION
PITTSBURGH, PA 0E-01
CONTRACT NO.: CPD-2994 PAGE 3 OF 6
GREFCO INCORPORATED

1.8 4.16 KV Motor Control Centers

1.8.1 Medium voltage motor controllers shall be 4.16 KV, magnetic full voltage
high interrupting capacity, units completely assembled and wired in rigid, free
standing, NEMA Type I enclosures. The controllers shall be no more than
two-high construction. Controllers shall be wused to control motors 250
horsepower and larger and shall be located indoor.

1.9 480 Volt Motor Control Centers

1.9.1 Low voltage starters for 460 volt, 3 phase, 60 hertz induction motors
shall be fusible switch combination type with 3 thermal overload devices and
shall be for full-voltage starting. Starters shall be NEMA size one minimum and
provided with individual 120 volt control power transformers with primary
unfused and with secondary having one side fused and the other side grounded.
Starters shall be front mounted and back-to-back mounted. The centers shall be
free standing NEMA type 1A enclosures. Design shall be NEMA Class I with NEMA

wiring type B. Horizontal main bus shall be copper rated 800 amps continuous
and braced for 42000 amps RMS symmetrical short circuit current. The motor
control centers shall also contain fusible switches for power feeders and relay
sections as required.

1.10 Motors

1.10.1 Motors shall be as described in Mechanical Equipment Specification. See
Appendix A for Electrical Motor List.

1.11 Lighting

1.11.1 Average maintained lighting levels shall be as follows:

Area Footcandles Maintenance Factor
Control Rm. (Process) 50 0.75
Control Rm. (Elect. Equip.) 30 0.75
Office & Change Hse. 50 0.75
Sulfur Bldg. 30 0.75
Gasifier Bldg. 30 0.75
Waste Water Treatment Bldg. 30 0.75
Coal Storage 10 0.75

General Yard Areas 1 0.75
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1.11.2 Lighting fixtures for the process areas shall be high pressure sodium
vapor with integral ballast. The lighting fixtures for the electrical equipment
rooms, control rooms, offices and toilets shall be fluorescent. Outdoor area
floods lighting at open coal pile area, gas quench, tar removal, sulfur removal
area and out-door sub-station shall be high pressure sodium vapor fixtures
controlled by photocell. Roadway 1lighting shall be provided at new 20 ft.
concrete roadway and shall be high pressure sodium vapor fixtures controlled by
photocell.

1.11.3 Egress 1lighting shall be provided by the rechargeable battery type
industrial unit in the electrical equipment rooms, control room and office.

1.11.4 Power for 120 V, 1 phase lighting, receptacles and instrument systems
shall be obtained from panelboards fed by wall and/or floor mounted dry type
transformers located in various locations.

1.11.5 Exit sign with lighting fixture shall be provided as required.

1.12 Receptacles

1.12.17 120 volt convenience receptacles shall be provided in each office,
toilet, laboratory, control room and equipment room.

In addition, receptacles shall be located in the process areas such that any
point can be serviced by a 100 foot extension cord.

480 volt power receptacles shall be located in the process areas such that any
point can be serviced by a 100 foot extension cord.

1.13 Control Locations

1.13.1 Motor control stations shall be located on the control panel in the
control room as indicated on the engineering flow diagrams and locally near the
motors. (Stop pushbutton shall be lock-out type.)

1.14 Grounding

1.14.1 Grounding system shall include grounding for buildings, equipment and
electrical systems. Building grounding shall be via ground rods. The grounding
conductor main loop shall be #4/0 AWG and tap conductor shall be #2 AWG. The
grounding conductor shall be stranded, soft drawn, bare copper. The grounding
resistance shall be 10 ohms or less. Underground connections shall be made by
exothermic process.

1.14.2 Equipment grounding shall be accomplished by the conduit system and
building steel. Compression type lugs shall be used for grounding electrical
equipment.
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1.14.3 The building grounding system shall be connected to the existing plant
grounding system where applicable.

1.15 Wiring Methods

1.15.1 Wire and cable shall be installed in rigid galvanized steel conduit
and/or galvanized steel cable trays. The exposed conduit shall be 3/4"
minimum. Underground conduit shall be galvanized steel and 1" minimum encased
in red dyed concrete.

1.15.2 4.16 KV feeder cable to sub-stations and medium voltage starters shall
be three conductors with ground conductor, copper, shielded, EPR 133%
insulation, interlocked aluminum ammor and overall PV(C jacket. 4.16 KV feeders
to medium voltage motors shall be single conductors, copper, shielded, XLP
insulation and overall jacket.

1.15.3 600 volt feeder and power cable shall have stranded copper conductor and
be single conductor suitable for cable tray installation, type-TC and suitable
for conduit installation, insulation type THWN. The minimum wire size shall be
#12 AWG.

1.15.4 600 volt single conductor cable for miscellaneous power, 1lighting,
control etc. shall be insulation type THWN. The minimum wire size shall be #12
AWG for power & lighting and #14 AWG for control. The 1lighting fixture wire
shall be type SF-2.

1.15.5 Instrument cable shall be No. 16 AWG minimum, stranded copper 300 volt
insulation and shielded twisted pairs as required. The instrument cable shall
be installed in conduit.

1.16 Lightning Protection

1.16.1 Lightning protection shall consist of grounding necessary structural
steel.

1.17 Power Factor Correction

1.17.1 Power factor correction capacitors shall be provided for 25 HP and
larger size motors. The capacitors shall be connected at the starters. In
addition, one 60 KVAR or smaller capacitors shall be provided for each motor
control center and shall be connected to the MCC bus. The capacitors shall be
installed in the electrical equipment room.

1.18 Aircraft Warning Lighting

1.18.1 Aircraft warning lighting will be furnished on two gasifier absorber
columns.
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1.19 Work Not Included

1.19.1

The following work denoted with an X is not included as a part of the

feasibility study.

(
(

)

roadway 1ighting

communication system

security system

electric heat tracing system

power factor correction except as noted in the Paragraph No. 6.2.17.1.
cathodic protection

aircraft warning 1lighting

emergency power

high resistance grounding system



APPENDIX A - ELECTRICAL MOTOR LIST

ITEM NO. DESCRIPTION
Existing Expander No. 1
Comb. Air Fan
Existing Expander No. 2
Comb. Air Fan
Existing Expander No. 3
Comb. Air Fan
Existing Expander No. 4
Comb. Air Fan
Existing Dryer Zone 1 Comb.
Air Fan
Existing Dryer Zone 2 Comb.
Air Fan
Existing Dryer Zone 3 Comb.
Air Fan
33001-1C Air Blower
33001-2C Air Blower
33001-3C Air Blower
33001-4C Air Blower
33001-5C Air Blower
33001-6C Air Blower
(Stand-By)
33001-1D Gasifier #1 Grate
Drive
33001-1E Gasifier #1
Agitator Drive
33001-1F Gasifier #1 Coal
Valve Drive
33001-2D Gasifier #2 Grate

Drive

Located in Exist.
Insulation - Board

Insulation Board

Insulation Board

Insulation Board

Insulation Board

Insulation Board

Insulation Board

Gasifier Building
Gasifier Building
Gasifier Building
Gasifier Building
Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

H.P.  VOLTS MCC NO. Remarks
20 460 2

Plant
20 460 2

Plant
20 460 2

Plant
20 460 2

Plant
60 460 2

Plant
60 460 2

Plant
60 460 2

Plant
50 460 1
50 460 1
50 460 3
50 460 3
50 460 3
50 460 1
1-1/2 460 1
3 460 1
2 460 1
1-1/2 460 1

A-1

Gasifier Building



Coal Receiving Sump

ITEM NO. DESCRIPTION

33001-2E Gasifier #2
Agitator Drive

33001-2F Gasifier #2 Coal
Valve Drive

33001-3D Gasifier #3 Grate
Drive

33001-3E Gasifier #3
Agitator Drive

33001-3F Gasifier #3 Coal
Valve Drive

33001-4D Gasifier #4 Grate
Drive

33001-4E Gasifier #4
Agitator Drive

33001-4F Gasifier #4 Coal
Valve Drive

33001-5D Gasifier #5 Grate

» Drive

33001-5E Gasifier #5
Agitator Drive

33001-5F Gasifier #5 Coal
Valve Drive

39001-1 2 Gasifier Slurry
Mixer

39001-2 2 Gasifier Slurry
Mixer

39002-1 3 Gasifier Slurry
Mixer

39002-2 3 Gasifier Slurry
Mixer

39003 Reagent Mixer

41001-1
Pump

41001-2

Coal Receiving Sump
Pump (Stand-By)

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Gasifier Building

Waste Water Building

Waste Water Building

Waste Water Building

Waste Water Building

Waste Water Building

Gas Quench & Tar
Removal Area

H.P. VOLTS MCC NO. Remarks
3 460 1
2 460 1
1-1/2 460 3
3 460 3
2 460 3
1-1/2 460 3
3 460 3
2 460 3
1-1/2 460 3
3 460 3
2 460 3
10 460 6
10 460 6
10 460 6
10 460 6
10 460 6
2 460 1
2 460 1

N

Gas Quench & Tar
Removal Area



Sump Pump (Stand-By)

2 Gasifier Tar Pump

2 Gasifier Tar Pump

3 Gasifier Tar Pump

Sump Pump (Stand-by)

2 Gasifier Liquor Pump

2 Gasifier Liquor Pump

3 Gasifier Liquor Pump

3 Gasifier Liquor Pump

gEffluent Purge Pump

Effluent Purge Pump

ITEM NO. DESCRIPTION
41002-1 Coal Reclaiming
Sump Pump
41002-2 Coal Reclaiming
41003-1 Tar Loading Pump
41003-2 Tar Loading Pump
(Stand-by)
41004 2 Gasifier Recycle
Pump
41005-1 3 Gasifier Recycle
Pump
41005-2 3 Gasifier Recycle
Pump (Stand-by)
41006-1
41006-2
(Stand-by)
41007
41008-1 Gasifier Building
Sump Pump
41008-2 Gasifier Building
41018-1
41018-2
(Stand-by)
41019-1
41019-2
(Stand-by)
41020-1
41020-2
(Stand-by)
41022-1 Reagent Pump
41022-2

Reagent Pump (Stand
by)

Gasifier Building
Gasifier Building

Waste Water Building
Waste Water Building
Gas Quench & Tar
Removal Area

Gas Quench & Tar
Removal Area

Gas Quench & Tar
Removal Area

Gas Quench & Tar
Removal Area

Gas Quench & Tar
Removal Area

Gas Quench & Tar
Removal Area
Gasifier Building

Gasifier Building

Sulfur Recovery

Sulfur Recovery

Sulfur Recovery

Sulfur Recovery

Sulfur Recovery

Sulfur Recovery

Sulfur Recovery

H.P. VOLTS MCC NO. Remarks
1/2 460 1
1/2 460 1
20 460 6
20 460 6
40 460 1
40 460 3
40 460 3
1 460 1
1 460 1
1 460 3
5 460 1
5 460 1
125 460 4
125 460 4
200 460 5
200 460 5
2 460 4
2 460 4
5 460 4
5 460 4
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ITEM NO. DESCRIPTION H.P. VOLTS MCC NO. Remarks

41024-1 2 Gasifier Slurry Pump 3/4 460 4 Sulfur Recovery

41024-2 2 Gasifier Slurry Pump 3/4 460 4 Sulfur Recovery
(Stand-by)

41025-1 3 Gasifier Slurry Pump 3/4 460 5 Sulfur Recovery

41025-2 3 Gasifier Slurry Pump 3/4 460 5 Sulfur Recovery
(Stand-by)

41030-1 2 Gasifier Filtrate 3 460 4 Sulfur Recovery
Pump

41030-2 2 Gasifier Filtrate 3 460 4 Sulfur Recovery
Pump (Stand-by)

41031-1 3 Gasifier Filtrate 5 460 5 Sulfur Recovery
Pump

41031-2 3 Gasifier Filtrate 5 460 5 Sulfur Recovery
Pump (Stand-by)

41032-1 2 Gasifier Wash Pump 3 460 4 Sulfur Recovery

41032-2 2 Gasifier Wash Pump 3 460 4 Sulfur Recovery
(Stand-by)

41033-1 3 Gasifierier Wash Pump 460 5 Sulfur Recovery
Pump (Stand-by)

41033-2 3 Gasifier Wash Pump 5 460 5 Sulfur Recovery
(Stand-by)

41034-1 Liguid Sulfur Loading 2 460 6 Waste Water Building
Pump

41034-2 Liquid Sulfur Loading 2 460 6 Waste Water Building
Pump (Stand-by)

41035-1 Tar Separator Sump 1/2 460 1 Gas Quench and Tar
Pump Removal Area

41035-2 Tar Separator Sump 1/2 460 1 Gas Quench and Tar
Pump (Stand-by) Removal Area

41036-1 2 Gasifier Liquid 5 460 4 Sulfur Recovery
Sulfur Transfer Pump

41036-2 2 Gasifier Liquid 5 460 4 Sulfur Recovery
Sulfur Transfer Pump
(Stand-by)

41037-1 3 Gasifier Liquid 5 460 5 Sulfur Recovery

Su]fur Transfer Pump

A-4



ITEM NO. DESCRIPTION H.P.  VOLTS MCC NO. Remarks

41037-2 3 Gasifier Liquid 5 460 5 Sulfur Recovery
Sulfur Transfer Pump
(Stand-by)

41038-1 2 Gasifier Equipment 300 4160 MVS-3 Waste Water Building
Cooling Water Pump

41038-2 2 Gasifier Equipment 300 4160 MVS-3 Waste Water Building
Cooling Water Pump
(Stand-by)

41039 3 Gasifier Equipment 300 4160 MVS-4 Waste Water Building
Cooling Water Pump

41040-1 Condensate Pump 3 460 ) Waste Water Building

41040-2 Condensate Pump 3 460 6 Waste Water Building
(Stand-by)

41041-1 Boiler Feed Water Pump 15 460 6 Waste Water Building

41041-2 Boiler Feed Water Pump 15 460 6 Waste Water Building
(Stand-by)

41042-1 Chlorinator Water 15 460 6 Cooling Tower
Booster Pump - 1

41042-2 Chlorinator Water 15 460 6 Cooling Tower
Booster Pump - 2

41043-1 Carbon Absorber Feed 15 460 7 Waste Water Bldg.
Pump - 1

41043-2 Carbon Absorber Feed 15 460 7 Waste Water Bldg.
Pump - 2

41044-1 Spent Water Disposal 5 460 7 Waste Water Bldg.
Pump - 1

41044-2 Spent Water Disposal 5 460 7 Waste Water Bldg.
Pump - 2

41045-1 Boiler Make-Up Water 5 460 7 Waste Water Bldg.
Pump - 1

41045-2 Boiler Make-Up Water 5 460 7 Waste Water Bldg.
Pump - 2

41046-1 Cooling Water Make-Up 15 460 7 Waste Water Bldg.
Pump - 1

41046-2 Cooling Water Make-Up 15 460 7 Waste Water Bldg.
Pump - 2



Centrifuge Feed Pump

Centrifuge Feed Pump

Bio Sludge Pump - 1
Bio Sludge Pump - 2

Aerobic Digester Feed

Aerobic Digester Feed

Phospheric Acid Feed

Phospheric Acid Feed

ITEM NO. DESCRIPTION

41047-1 Cooling Water Acid
Pump - 1

41047-2 Cooling Water Acid
Pump - 2

41048-1 Boiler Water Acid
Pump - 1

41048-2 Boiler Water Acid
Pump - 2

41049-1 Caustic Metering
Pump - 1

41049-2 Caustic Metering
Pump - 2

41050-1
-1

41050-2
-2

41051-1 Dilution Recycle
Pump - 1

41051-2 Dilution Recycle
Pump - 2

41052-1

41052-2

41055-1
Pump - 1

41055-2
Pump - 2

41056-1
Pump - 1

41056-2
Pump - 2

41058-1 Emergency Storage
Pump - 1

41058-2 Emergency Storage
Pump - 2

41059-1 Coal Pile Run Off

Acid Pump - 1

Bldg.

Bldg.

Bldg.

Bldg.

Bldg.

Bldg.

B1dg.

Bldg.

Bldg.

Bldg.
Bldg.
Bldg.

Bldg.

Bldg.

Bldg.

B1dg.

Bldg.

H.P. VOLTS MCC NO. Remarks

1 460 7 Waste Water Bldg.
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
5 460 7 Waste Water
5 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
5 460 7 Waste Water
5 460 7 Waste Water
1 460 7 Waste Water
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Biosludge Press Feed

Biosludge Press Feed

Waste Water Acid Pump

2 Gasifier Air Blower

2 Gasifier Air Blower

ITEM NO. DESCRIPTION

41059-2 Coal Pile Run Off
Acid Pump - 2

41060-1 Aeration Feed Tank
Pump - 1

42012-1 2 Gasifier Vacuum
Pump

42012-2 2 Gasifier Vacuum
Pump (Stand-by)

42013-1 3 Gasifier Vacuum
Pump

42013-2 3 Gasifier Vacuum
Pump (Stand-by)

41060-2 Aeration Feed Tank
Pump - 2

41061-1
Pump - 1

41061-2
Pump - 2

41062

41063-1 Filter Back Wash
Water Pump - 1

41063-2 Filter Back Wash
Water Pump - 2

42004 2 Gasifiers ESP
Compressor

42005 3 Gasifiers ESP
Compressor

42006 2 Gasifiers System
Compressor

42007 3 Gasifiers System
Compressor

42008-1

42008-2
(Stand-by)

42009-1

3 Gasifier Air Blower

Waste Water Bldg.

Waste Water Bldg.

Sulfur Recovery

Sulfur Recovery

Sulfur Recovery

Sulfur Recovery

Waste Water Bldg.

Waste Water Bldg.

Waste Water Bldg.

Waste Water Bldg.

Waste Water Bldg.
Waste Water Bldg.
Gas Quench & Tar

Removal Area

Gas Quench & Tar
Removal Area

Gas Quench & Tar
Removal Area

Gas Quench & Tar
Removal Area

Sulfur Recovery

Sulfur Recovery

H.P.  VOLTS MCC NO. REMARKS
1 460 7

1 460 7

25 460 4

25 460 4

40 460 5

40 460 5

1 460 7

1 460 7

1 460 7

1 460 7

5 460 7

\

5 460 7

350 4160 MVS-1
500 4160 MVS-2
700 4160 MVS-1
1000 4160 MVS-2
150 460 4

150 460 4

200 460 5
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3 Gasifier Air Blower

Plant Air Compressor

Aeration Blower - 1
Aeration Blower - 2

Vibrating Discharger

Coal Reclaim Conveyor

2 Gasifier Equipment
Water Cooling Tower

3 Gasifier Equipment
Water Cooling Tower

2 Gasifier Electro-
Static Precipitator

3 Gasifier Electro-
Static Precipitator

ITEM NO. DESCRIPTION

42009-2
(Stand-by)

42014

42015 Instrument Air
Compressor

42016-1

42016-2

43003

43004 Knife Gate

43005 Vibrating Feeder

43006

43007 Coal Distribution
Bucket Elevator

43008 Coal Distribution
Conveyor

44003-1

44003-2

45002

45003

45018 2 Gasifier Sulfur
Filter

45019 3 Gasifier Sulfur
Filter

45020-1 Raw Water Carbon
Absorber

45020-2 Raw Water Carbon

H.P
200

125
125

150
150

10

20

75

75

100KW

100KW

VOLTS

MCC NO. REMARKS

460

460
460

460
460
460
120

460

460

460

460

460

460

480

480

460

460

120

120

5 Sulfur Recovery

6 Waste Water Bldg.

6 Waste Water Bldg.

7 Waste Water Bldg.

7 Waste Water Bldg.

1 A1l in Open Coal

- Pile Area Open
Coal

1 Pile Area Open
Coal

1 Pile Area Open
Coal

1 Qutside Gasifier
Building

1 Qutside Gasifier
Building

6 2 Speed Rev.
Cooling Tower

6 2 Speed Rev.
Cooling Tower

1 Gas Quench & Tar
Removal Area

3 Gas Quench & Tar
Removal Area

4 Sulfur Recovery

5 Sulfur Recovery

FOR CONTROL PANEL
Waste Water Bldg.

FOR CONTROL PANEL
Waste Water Bldg.



Biosludge Clarifier

Biosludge Clarifier

ation System Circula-

ITEM NO. DESCRIPTION

45022 Primary Sludge
Centrifuge

45023-1
-1

45023-2
-2

45024-1, Pressure Filters

2

45025-1, Pressure Filters

2

45026 Digestor Aerator

45027 Biosludge Press

47003A Reductive Inciner-
ation Sys.

47003B Reductive Inciner-
ation Sys. Control
Panel

47003E Reductive Inciner-
tion Pump

470036 Reductive Inciner-
ation System - Re-
circulation Pump

47004 Boijler

47005C Boiler Feed Water
Treatment Plant

470050 Boiler Feed Water
Treatment Plant

47005E Boiler Feed Water
Treatment Plant

47005F Boiler Feed Water

Treatment Plant

H.P.  VOLTS
20 460
1-1/2 460
1-1/2 460
- 120
- 120
100 460
5 460
30 460
- 120
5 460
5 460
40 460
3/4 460
3/4 460
1 460
1 460

A-9

MCC NO.

REMARKS

7

Waste Water Bldg.

Waste Water Bldg.

Waste Water Bldg.

FOR CONTROL PANEL

Waste Water Bldg.

FOR CONTROL PANEL

Waste Water Bldg.
Waste Water Bldg.
Need 120 V, 1

Ph. For Control
Panel

Waste Water Bldg.

Incinerator

Incinerator

47003C, D, E, F
Non-Electric

Incinerator

Boiler Package
has 120V Control
Panel

Boiler

Boiler

Boiler

Boiler



ITEM NO. DESCRIPTION

47008 Deaerator

47009 Cation Exchanger

47010-1 Primary Sludge
Conditioning System
Agitator

47010-2  Pump - 1

47010-3  Pump - 2

47011-1  Biosludge Thickener
Float Scraper

47011-2  Sludge Scraper

47011-3  Electrodes

47012-1  Tube Setler Feed
Conditioning System
Agitator

47012-2  Pump - 1

47012-3  Pump - 2

47013-1 Coagulant Aid System
Agitator

47013-2  Pump - 1

47013-3  Pump - 2

47014-1 Filter Aid System
Agitator

47014-2  Pump - 1

47014-3  Pump - 2

47015-1 Biosludge Condition-
ing System - Agitator

47015-2  Pump - 1

47015-3  Pump - 2

48001 Weigh Scale

Bldg.
Bldg.

Bl1dg.
Bldg.
Bldg.

Bldg.
Bldg.
B1dg.

Bldg.
Bldg.
B1dg.

Bldg.
B1dg.
Bldg.

Bldg.
Bldg.
Bldg.

Bldg.
Bldg.

H.P. VOLTS MCC NO. REMARKS
- - - 120V for
Solenoid Valve
- 120 FOR CONTROL PANEL
Waste Water
3/4 460 7 Waste Water
] 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
24KW 480 7 Waste Water
3/4 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
3/4 460 7 Waste Water
1 460 7 Waste Water
] 460 7 Waste Water
3/4 460 7 " Waste Water
] 460 7 Waste Water
1 460 7 Waste Water
3/4 460 7 Waste Water
1 460 7 Waste Water
1 460 7 Waste Water
- 120 - At Weigh Scale -
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ITEM NO. DESCRIPTION

48002 Weigh Belt

48005-1 Flame Front Generator

48005-2 Flame Front Generator

48005-3 Flame Front Generator

48005-4 Flame Front Generator

48005-5 Flame Front Generator

48008 Cooling Tower Chlor-
inator

50001 Dust Collector
Exhaust Fan

50002 Dust Collector

50003 Bag House - Exhaust Fan

50004 Bag House

51053-1 Pressure Filter Feed
Pump - 1

51053-2 Pressure Filter Feed
Pump - 2

51101 Gasifier Building
Make-Up Air Unit

51102 Sulfur Building
Make-Up Air Unit

51103 Gasifier Building
Elect. Room H & V
Unit

51104 Gasifier Building
Control Rm. A/C Unit
Condenser (3.2KW)

51105 Gasifier Building
H & V Rm. Unit Heater

51106 Change House Make-Up
Air Unit

51106-1  Sulfur Recovery Unit

Heater

H.P VOLTS
- 120
- 120
- 120
- 120
- 120
- 120
- 120
15 460
1/2 120
15 460
1/2 120
1 460
1 460
5 460
5 460
3/4 460
1/2 240
/25 120
1 460
1/20 120

Scale -

Building
Building
Building
Building
Building
Building

Building

Building
Building
Building

Waste Water Bldg.

Waste Water Bldg.

Building

Sulfur Building

Building

Building

Building

MCC NO. REMARKS
- At Weigh
House
pp Gasifier
PP Gasifier
pp Gasifier
PP Gasifier
PP Gasifier
PP Gasifier
1 Gasifier
PP Gasifier
1 Gasifier
PP Gasifier
7
7
T Gasifier
4
1 Gasifier
PP Gasifier
pp Gasifier
4 Change House
pp

Sulfur Building



Sulfur Recovery Unit

Sulfur Recovery Unit

Sulfur Recovery Unit

Sulfur Recovery Unit

Sulfur Recovery Unit

Change House A/C Unit

Change House A/C Unit

Waste Water Building

Waste Water Building

ITEM NO. DESCRIPTION
51106-2
Heater
51106-3
Heater
51106-4
Heater
51106-5
Heater
51106-6
Heater
51108
51109
51110 Coal Tunnel H & V
Unit
51111-1
Unit Heater
51111-2
Unit Heater
51113 Make-Up Air Unit
Elect. Room-Waste
Water Building
51201 Change House Base-
board Heater
51202 Change House Base-
board Heater
51203 Change House Base-
board Heater
51204 Gasifier Building
Unit Heater
51205 Gasifier Building
Unit Heater
51500

Toilet Room Exhaust
Fan

MCC NO.

REMARKS

H.P. VOLTS
1/20 120
1/20 120
1/20 120
1/20 120
1/20 120
5.2KW 240
3.6KW 240
1 460
1/20 120
1/20 120
3 460
1250 240
Watts 1-Ph
1250 240
Watts 1-Ph
1250 240
Watts 1-Ph
16KW 480
3-Ph
12KW 480
3-Ph
1/80 120
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PP

PP

PP

PP

PP

PP

PP

PP

PP

PP

Sulfur Building
Sulfur Building
Sulfur Building
Sulfur Building
Sulfur Building
Sup. Office

Change House

Receptionist
Change House

Gasifier Building
Waste Water
Building

Waste Water
Building

Waste Water
Building

Pipe Chase Change
House

Pipe Chase Change
House

Pipe Chase Change
House

Stairwell - West
1st F1. Gasifier
Building

Stairwell - East
1st F1. Gasifier
Building

Gasifier Building



Sulfur Building Wall

Sulfur Building Wall

Waste Water Building

Change House Exhaust

Change House Exhaust

Waste Water Building

ITEM NO. DESCRIPTION
51501 Gasifier Building
Supply Air Fan
51502
Fan
51503
Fan
51504 Sulfur Building
Exhaust Fan
51505
Exhast Fan
51603
Fan
51604
Fan
51606-1  Sulfur Building
Roof Vent.
51606-2  Sulfur Building
Roof Vent.
51607-1 Sulfur Building
Roof Vent.
51607-2  Sulfur Building
Roof Vent.
51608
Roof Vent.
51609

Waste Water Building
Roof Vent.

MCC NO.

REMARKS

H.P.  VOLTS
7-1/2 460
1/4 120
1/4 120
3/4 460
1/4 120
1/4 120
1/4 120
3/4 460
3/4 460
3/4 460
3/4 460
1 460
1/4 120

PP

PP

PP

PP

PP

PP

Gasifier Building
Sulfur Building
Sulfur Building
Sulfur Building
Waste Water
Building

Change House
Change House
Sulfur Building
Sulfur Building
Sulfur Building
Sulfur Building
Waste Water

Building

Waste Water
Building



6.3 Civil and Architectural




SPECIFICATION

PITTSBURGH, PA 0T-01

CONTRACT NO.: CPD-2994 CIVIL AND ARCHITECTURAL
CLIENT: GENERAL REFRACTORIES COMPANY PAGE 1 OF 8
LOCATION: FLORENCE, KY REVISIONS: 0) 09-30-81
MADE: V. J. MARSICO

CHECKED: P. C. KOPNICKY

APPROVED: J. W. LANKFORD

APPROVED:

APPROVED: I.D. 0827A

1.0 GENERAL

This General Specification contains information related to the preparation of
the Civil and Architectural Design Documents for the subject project.

2.0 DESIGN METHODS

A1l work will be performed in accordance with Dravo Engineers and Constructors'
Standards.

3.0 DESIGN DATA

The following soils data has been assumed for this report and will have to be
verified by conducting a soils investigation:

Bearing Value: 4000 psf at a depth of 2-1/2 feet
Active Lateral Soil Pressure: 30 pcf liquid equivalent
Water Table: 10 feet below grade

4.0 GEOGRAPHIC DATA

A maximum frost penetration of 20 inches is applicable for this plant site as
determined from U.S. Dept. of Commerce weather charts. The Kentucky Building
Code dictates a 15 psf ground snow load and an 80 mph basic wind speed be used
in design considerations both based on a 50 year mean recurrence interval. The
following wind pressures (qF) are to be considered in the design of ordinary
buildings and structures:

Height Zone (Feet) Wind Pressure (gF) (psf)
0-30 10
30-40 14
40-75 15

A maximum rainfall intensity of 7 inches per hour for a 5 minute duration based
on a 10 year frequency is applicable for this plant site as determined from U.S.
Dept. of Commerce weather charts.



SPECIFICATION

PITTSBURGH, PA 0T-01
CONTRACT NO.: CPD-2994 PAGE 2 OF 8

GENERAL REFRACTORIES COMPANY

The Kentucky Building Code indicates that the plant site is in Seismic Risk Zone
#1 in which the following should be considered:

Z = 0.25

I =1.0

S = 1.5 site characteristic period
5.0 LIVE LOADS

Floors at grade shall be designed for a 500 psf uniform load except in the
Gasifier Building the floor shall be designed for a 36,000 pound dumpster having
a wheel Toad of 9,000 pounds.

Elevated floors shall be designed for a uniform load of 125 psf plus a pipe load
of 15 psf and stairs, platforms and walkways designed for a uniform load of 100
psf.

Roofs shall be designed for a uniform load of 20 psf on the horizontal
projection plus a pipe load of 10 psf.

6.0 DEAD LOADS

Dead loads are defined as the weight of the supporting structure inciuding all
elements of the floor or roof system. _

7.0 EQUIPMENT LOADS

Equipment loads are defined as the greater of the operating, test or impact
loads.

8.0 LOAD COMBINATIONS

A probability factor of one (1) shall be used for dead load only, dead load plus
live load or dead load plus wind or earthquake load.

A probability factor of 0.75 shall be used for dead load plus live load plus
wind or earthquake load.

9.0 MATERIALS OF CONSTRUCTION

Concrete design shall be based on American Concrete Association Manual AGI 318
and construction based on AGI 301 utilizing concrete for foundations and walls
having a 3,000 psi strength at 28 days and concrete for all other elements
having a 4,000 psi strength at 28 days. Concrete embedments shall consist of
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ASTM A315, Grade 60 reinforcing bars; ASTM A185 welded wire fabric; ASTM A36 or
AISI 1020 anchor bolts having a minimum yield of 30 KSI; ASTM A36 fabricated
steel; ASTM A53, Grade "B" pipe sleeves and ribbed vinyl water stops with a
center bulb.

Unexposed or below grade concrete shall be rough form finish., Exposed vertical
concrete shall be smooth form finish. Horizontal surfaces of basins, sumps and
curbs, roof decks and interior fioors shall be trowel finished and liquid
hardener applied on floors receiving no other surface treatment. Horizontal
surfaces of equipment bases or pads, steps and exterior platforms shall be wood
float finish.

10.0 STRUCTURAL STEEL

10.1 Structural and miscellaneous steel shall be designed fabricated and
erected in accordance with the American Institute of Steel Construction's Manual
of Steel Construction. Steel shall be in accordance with ASTM A36 with welded
connections utilizing E70XX electrodes and major bolted connection's utilizing
ASTM A325 bolts and minor bolted connections - i.e. handrails, toe plates,
ladders, cages, purlins, girts, lintels, stairs and access platforms utilizing
ASTM A307 bolts.

10.2 Handrails shall be bar and rod Dravo standard Type "G" conforming to OSHA
requirements.

10.3 Grating shall be 1 x 3/16 inch plain steel bar Type W-19-4 conforming to
the National Association of Architectural Metals Manufacturers Standards
finished in manufacturer's standard black paint with galvanized clips to retain
removable areas.

10.4 Enclosed stairs shall be steel framed with figured plate treads and plain
plate risers open and access stairs shall be steel framed with grating treads
with figured plate nosings.

11.0 CONCRETE MASONRY

Concrete masonry shall be smooth faced lightweight concrete units, fire rated
where required, laid in running bond utilizing Type "M" or "S" mortar, as
required and horizontally reinforced and joints concave tooled.

12.0  INSULATION

Insulation shall be rigid mineral board providing a minimum "K" of 0.36 on roof
decks; water resistant expanded mineral in cores of concrete masonry walls and
vinyl faced fiberglass blankets on interior of metal sheeted roofs and walls.
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13.0 METAL FORM CENTERING AND ROOF DECKING

Metal form centering and roof decking shall be 1-1/2 inch nominal depth
intermediate ribbed primed painted 18 gage minimum steel.

14.0 ROOF HATCHES

Roof hatches shall be manuafacturer's standard prefabricated prime painted steel
units of size and type required.

15.0 SEALANTS

Sealants shall be a gun grade single component polyurethane.
16.0 ROOFING

Roofing shall be a smooth surface 3 ply built-up bitumen system.

17.0 COLD FLASHINGS

Cold flashings shall be 1/16 1inch nominal thickness uncured neoprene and hot
flashings shall be prefinished galvanized steel of gages required by girth:

18.0 FASCIAS, GUTTERS, SCUPPERS AND DOWNSPOUTS

Fascias, gutters, scuppers and downspouts shall be prefinished galvanized steel
of gages required by girth and configuration.

19.0 METAL ROOF AND WALL SHEETING

Metal roof and wall sheeting shall be manufacturer's standard uniform ribbed
panels of 24 minimum gage prefinished galvanized steel.

20.0 FRP SHEETING

FRP sheeting shall be a fiberglass reinforced polyester panel having an 8 ounce
per square foot minimum weight and matching the configuration of the metal
sheeting.

21.0 WALL LINERS

Wall 1liners shall be manufacturer's standard nominal one foot wide channel
shaped panels of 24 minimum gage prefinished galvanized steel.
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22.0 PRESSED METAL FRAMES

Pressed metal frames shall be combination type of 16 minimum gage steel.

23.0 HOLLOW METAL DOORS

Hollow metal doors shall be constructed of 16 minimum gage steel face sheets
bonded to a paper honeycomb core and reinforced for hardware.

24.0 ROLLING SERVICE DOORS

Ro1ling service doors shall be constructed with an interlocking steel slat
curtain with weatherstripping power operator and weather hood for outside
mounting.

25.0 HARDWARE

25.1 Full mortice steel hinges prime painted with ball bearings where closers
are required and plain bearings for all other applications.

25.2 Lock sets shall be mortise type of required function in dull bronze finish
with 5 tumbler interchangeable core cylinder locks.

25.3 Latch sets shall be heavy duty cylindrical type in dull bronze finish.

25.4 Closers shall be narrow close projection type with parallel arms of sizes
required.

25.5 Head and foot bolts shall be surface mounted japanned finished steel.
25.6 Weatherstripping shall be bulb type of solid vinyl.

25.7 Thresholds shall be saddle type of cast iron.

26.0 GLAZING IN DOORS

Glazing in doors shall be 1/4 inch tempered glass.

27.0 SUSPENDED CEILINGS

Suspended ceilings shall have an exposed painted steel grid with fissured
mineral board lay-in acoustical panels.
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28.0 VINYL COMPOSITION TILE

Vinyl composition tile shall be 1/8 inch thick in a marbelized pattern.
29.0 VINYL BASE
Vinyl base shall be a 4 inch high set-on type in a solid color.

30.0 CERAMIC TILE BASE

Ceramic tile base shall be a 6 inch high sanitary cove type in a solid colored
matt glaze.

371.0 TOILET ROOM ACCESSORIES

31.17 Mirrors shall be 1/4 inch thick silver backed float glass in a stainless
steel frame with an integral shelf.

31.2 Towel dispenser and receptacle shall be a stainless steel combination type
for multifold paper towels designed for surface mounting.

31.3 Toilet tissue dispensers shall be single roll friction type of chrome
plated cast alloy.

32.0. LABORATORY FURNITURE

Laboratory furniture shall be prefinished steel casework with resin rich tops.
33.0 LOCKERS

Lockers shall be nominal 12 x 15 x 72 inch flush panel ventilated units with
sloping top designed for base mounting.

34.0 LOCKER RQOM BENCHES

Locker room benches shall be prefinished hardwood mounted on flanged steel
pedestals.

35.0 PAINTING

35.1 Carbon steel building components and framing, vessels, equipment and
piping is to receive a three coat alkyd coating system.

35.2 Concrete masonry is to receive a block filler and a two coat acrylic latex
coating system.
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35.3 Concrete roof slabs where designated will receive a two coat butryl resin
coating system.

35.4 Concrete floors where designated will receive a two coat epoxy system with
a non-slip finish.

36.0 DESCRIPTION OF STRUCTURES

36.1 The Gasifier Building

The Gasifier Building will have reinforced concrete spread footings and a
reinforced concrete grade slab over granular fill; a steel superstructure with
prefinished metal siding with FRP 1light panels and concrete masonry exterior
walls; prefinished metal roofing over batt insulation and built-up roofing,
insulation and vapor barrier on metal decking; prefinished metal fascias,
scuppers, gqutters and downspouts; prefinished metal and elastic flashings;
concrete masonry partitions; reinforced concrete and grating floors; hollow
metal personnel doors in pressed metal frames and motor operated rolling steel
service doors. Office, laboratory and control room and toilet room will have
suspended acoustical ceilings. Office and laboratory and control rooms will
have vinyl flooring and base. Toilet room will have a sanitary cove base.
Structural framing, doors, door frames and exterior masonry are to be painted as
well as the interior walls of the office, laboratory and control room and toilet
room.

36.2 The Waste Water Treatment Building

The waste water treatment building will have a thickened edge reinforced
concrete slab over granular fill; a steel superstructure with prefinished metal
wall and roof sheeting over butt insulation and a 4 foot high prefinished metal
wainscot on the interior; prefinished metal gutters and downspouts; prefinished
metal and elastic flashings; concrete masonry partitions; reinforced concrete
elevated slabs; hollow metal personnel doors and hollow metal and manually
operated rolling steel service doors. Structural framing, doors and door frames
are to be painted.

36.3 The Office and Change House

The office and change house will have reinforced concrete spread footings, a
reinforced concrete grade slab over granular fill; a pre-engineered steel
superstructure with prefinished metal wall and roof sheeting over batt
insulation and a full height prefinished metal wall 1liner on the interior;
prefinished metal gutters and downspouts; prefinished metal fascia, gutters and
downspouts; prefinished metal and elastic flashings; concrete masonry
partitions; hollow metal doors in pressed metal frames; suspended acoustical
ceilings; metal toilet partitions and urinal screens. Office, reception and
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Tunch room will have composition tile floors with vinyl base. Toilet and locker
rooms will have ceramic tile base. Locker rooms will have metal pass-thru and
personnel lockers and wood benches. Plastic laminate surfaced counters will be
provided in women's clean locker room and lunch room. Hat shelf and clothes rod
will be provided in reception closet.

Exposed structural framing, doors, door frames, concrete masonry walls and
vestibule, locker room, toilet, shower area, clean clothing room floors will be
painted.

36.4 Sulfur Removal and Recovery Building

Sulfur removal and recovery building will have reinforced spread footings and a
reinforced concrete grade slab over granular fill including insulating
refractory lined reinforced concrete sumps with steel framed plate covers; steel
superstructure; with metal wall sheeting over batt insulation and FRP
lightpanels with a prefinished metal wainscot on the interior; reinforced
concrete elevated slabs over metal form centering; built-up roofing over
insulation and metal deck; prefinished metal and elastic flashing; prefinished
metal fascias, scuppers and downspouts; prefabricated roof hatch; concrete
masonry partitions; hollow metal doors and transoms in pressed metal frames.
Exposed structural framing, doors, transoms and door frames will be painted.

37.0 SITE DEVELOPMENT

Site development will include protection to minimize siltation of waterways.
The storm drainage system will be open ditches with culverts under roadways with
catch basins and piping in restricted areas only. The sanitary sewers are to be
vitrified clay and process sewers are to be cast iron. Service racks are to be
structural steel of design required with reinforced concrete foundations. Coal
conveyor tunnel equipment foundations and pads and sumps and pits are to be
reinforced concrete.
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1.0 HEATING, VENTILATING AND AIR CONDITIONING

1.1  GENERAL

This General Specification contains information related to the preparation of
Heating, Ventilating, Air Conditioning and certain Process Design Oocuments for
systems to be utilized to maintain acceptable environmental conditions at the
subject plant.

1.2 DESIGN METHODS

Dravo Engineering and Constructors standard methods will be used for this project;
they incorporate and/or are supplemented by the following design guides ASHRAE
1977 Fundamentals, ASHRAE Standard 90-75 (Energy Conservation in New Building
Design), Industrial Ventilation manual of the American Conference of Governmental
Industrial Hygienists.

1.3 EQUIPMENT AND MATERIALS

Temperature control systems shall be Honeywell, Johnson Service Co. or Powers
Regulator. All equipment of the same catagory i.e. wall louvers, unit heaters,
roof ventilators, etc. shall be of the same manufacturer. Al]l motors to be TEFC.
Building HVAC duct systems shall be galvanized steel of proper gage and
specifications for the service. Process system ductwork shall be carbon steel.

1.4 DESIGN DATA

Coal dust collection and combustion air blowers will assist in the general
building exhaust. Al1 HVAC equipment will have automatic temperature controls.

1.5 SERVICE CONDITIONS

For hazardous conditions and treatment of them, see Hazard Specification in
Section 6.6. Steam will be available at 30 psig for heating and condensate will
be returned to boiler. For electric power see Electrical Specification 6.2.
Motors which are integral and unique to the equipment as unit heaters, roof
ventilators, duct fans, etc. may deviate from the Electrical Specifications in
. Section 6.2, as long as they comply with the requirements of the electrical
classification.
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1.6 DESIGN CRITERIA

Symbols and descriptions of this section are applicable to the tables. Any
condition not designated (Blanks) in the table is an indication that the condition
is not a basic control for design. Where a specific numerical value is not given
an "X" in the space indicates that the condition must be considered as a possible
basic control.

Temperature and Humidity: The tables indicate target temperatures and relative
humidities to be attained by use of manufacturer's standard equipment and controls
for normal heating and ventilating service. Systems or spaces requiring more
accurate control shall be so indicated in the remarks column of the tables.

Ventilation: The tables indicate the basis to be used to establish minimum
quantities of OUTSIDE AIR which must be introduced into a system. The designated
basis shall govern unless there 1is a more stringent code or operational
requirement in which case it shall govern.

Symbols and Descriptions: (Temperatures in Deg. F.) (R.H. in percent)

DB - Dry Bulb Temperature

WB - Wet Bulb Temperature

TR - Maximum average temperature rise above outdoor ambient.
RH - Relative Humidity

AC - Air changes per hour based upon the first eight feet of height above a solid
floor.

TAC - Air changes per hour based upon total volume of the space.

SF - Quantity of air (CFM) per square foot based upon floor area.

PR - Quantity of air (CFM) required to maintain the space at a pressure above
(indicated by a "P" in the table) or below (indicated by an "N" in the table) that
of adjacent spaces. Where pressurization is required for reducing the Hazards
classification, the "P" or "“N" shall be accompanied by a "H" and the Remarks
Column shall indicate the Type (X, Y or Z as defined by NFPA) or purging
required. Where pressurization is to be provided as a general measure to minimize
infiltration of dirt and/or corrosive elements from the surrounding atmosphere the
“P" or "N" shall be followed by a "C". '

PE - Quantity of air (CFM) to satisfy - equal to - any process user requirements.
0C - Quantity of air (CFM) per person in accordance with the recommendations of
the ASHRAE Guide.



OUTSIDE

Electrical Equip. Room

{ WATER TREATMFNT BIDG.._|

60

SUMMER 90 72 f D8
INSIDE
SPACE TEMPERATURE VENTILATION EMARKS
NAE WINTER RATE
03 08 SF | PR
GASIFIER BUILDING
Electrical Equip. Room 6Q Pc
Control Room 78 72 Pc
H & V Equip. Room 60 | 1
Toilet Room 72 2
Main Building 45 1
East Stairwell 45
West Stairwell ‘ 45
COAL TRANSFER TUNNEL 45
SULPHER RECOVERY BIDG £0_.
60_. ] e —-

Pc

*"ON 1JVYINOD
Vd “H9dNES1iLId

v662-0dD

S 30 € 39vd

NOILVDOTI A 1234dsS



QUTS IDE
SUMMER 90 o):} 72 B WINTER 6 p8 wa
INSIDE
SFPACE TEMPERATURE VENTILATION REMARKS
NAE AREA SUMMER leTER RAIE
NO. OB | RH | TR | D8 R4 | AC [TAC{ SF | PR | PE | OC
OFFICE & CHANGE HOUSE
Offices 78 50 72 1
i R 72 . 2
Toilet Rooms ' HSEKgEFM]
Locker Rooms 72 ]
Clean Clothing Room 72 ] .

*"ON 1JV¥INOD

¥662-04d)

S 40 vt 39vd

Yd ‘H9dNgSL114

NOTLvordrgggs



SPECIFICATION
PITTSBURGH, PA OH-15
CONTRACT NO.: CPD-2994 PAGE 5 OF 5
GENERAL REFRACTORIES COMPANY

1.7 SERVICE OPERATION:

1.7.1 Gasifier Building:

Electrical Equipment Room shall be heated, ventilated and pressurized with a
forced air supply system. Control Room shall be heated, air conditioned and
pressurized with a forced air supply system. H & V Equipment Room shall be
heated with steam unit heater. Toilet Room shall be ventilated via transfer
air from H & V Room and exhausted by sidewall mounted powered exhaust fan.
Stairwells shall be natural ventilation and heated with electric cabinet
heaters. Main Building shall be ventilated and heated by forced air supply
system. Air for process and coal dust collection shall be forced make up air
system.

1.7.2 Coal Transfer Tunnel shall be ventilated and heated by forced air
supply system. Ventilation air exhausted through coal dust collection system.

1.7.3 Sulpher Recovery Building:

Main Building shall be ventilated year round with a forced air supply system
and exhausted through powered roof ventilators and process exhaust fans.
Additional summer ventilation via wall louvers and power roof ventilators.
Main Building to be heated by steam unit heaters. Compressor Rooms shall be
ventilated via transfer air from Main Building and exhausted by wall mounted
powered exhaust fans.

1.7.4 Water Treatment Building shall be ventilated in summer by wall louvers
and power roof ventilators. Heating shall be by steam unit heaters. Air for
process shall be by forced make up air system.

Electrical Equipment Room shall be heated, ventilated and pressurized with a
forced air supply system.

1.7.5 O0Office & Change House:

Offices shall be heated, ventilated, and air conditioned by through the
wall packaged air conditioners.

Toilet Rooms shall be ventilated and heated via air supplied by make up
air unit and exhausted through powered roof ventilator. Locker Rooms to be
ventilated and heated via air supplied by make up air unit and exhausted by
powered roof ventilator. Clean Clothes Room to be heated and ventilated via
air supplied by make up air unit and exhausted by power roof ventilator.
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1.0 SCOPE

1.1 This specification establishes the quality and type characteristics of the
materials and the quality of workmanship to be used in furnishing, fabricating,
installing, cleaning and testing of the instrument piping and tubing work shown
on the drawings.

1.2 This specification covers the piping of all instrument impulse and air

lines after the process or utility block valve.
block valve shall be per the "Specification for Piping".

2.0 MATERIAL
2.1 MATERIALS

SERVICE

Instrument Air

Instrument Air

INDEX, PIPING AND TUBING

MATERIAL

CODE APPLICATION

XA Supply branch header -
1/2" size

XB Single supply, control

and transmission lines

ITEM

pipe
nipples
fittings
swages
unions
tubing

tubing
fittings
valves

tubing
fittings

Piping up to and including the

P11

N14
FTG616
SXX11
UNe?2

P41 3/8
inch 0.D.

FTG44
vBL4Z

P820
FTG44
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pipe nipples P45
pipe fitting FTG46

unions UN4S
valves VNE4 2
vents STR41

thread dope JT12

Instrument Air XB Single supply, control
and transmission 1ines
where proximity to high
ambient temperatures
prohibit using plastic.

tubing P4l
fittings FTG44
pipe nipples P45
pipe fittings FTG46

unions Umgs
valves VNE4 2
vents STR41

thread dope JT12

Instrument Air XC Bundled tubing
A11 multiple tube runs
from instrument panel
through tubing trays
to field junction

XC-1 Bundled plastic

XC-1.1 Plain bundles P815
fittings FTG44
bushings ISM72

Caustic Process, XMC Caustic, Chlorine,

monel trimmed etc. less than 1,000#

C.S. and S.S. cold, 250# @ 375OF,

process
tubing P240

tubing fittings FTG237
valves & taps VNE19
manifolds VSP 31
nipples N117
thread dope JdT11
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Process Medium XMS Corrosive, less than
Pressure, 316 S.S. 1,000# cold, 250# @
500°F., process.
tubing P240
tubing fittings FTG237
valves VND2 3
ball valves VBL2?2
thread dope JT11
manifolds VSP26
manifolds VSP12 or
VSP13
(May be
used for
C.S.
process
pipe
services.)
nipples N210
orifice taps VNE27
High Temperature XH Hot gases
C.S.
pipe
pipe fittings FTGI9
tubing P240
tubing fittings FTG237
valves VNETTT
manifolds VSP14
nipples N117
unions UN16
orifice taps VNET12
Corrosive, Kynar XK Less than 150#, 1500F.,

highly corrosive.

pipe P88
pipe fittings FTG88
pipe unions UNS8

valves VBL84
pipe dope JT15
flanges FTH84

Bundle Support XSB-1 Galvanized steel,
normal plant atmos-

phere



SPECIFICATION
PITTSBURGH, PA : C-03
CONTRACT NO.: CPD-2994 ’ PAGE 4 OF 14
GENERAL REFRACTORIES COMPANY

Single bundle

support ISM14
Main run bundle
support ISM13
Vert. support ISM41
Tyewraps ISM81
Bundle fittings ISM72
Tubing Branch XST-1 Galvanized channel,
Support normal plant atmosphere Channels ISM11
Supports ISM14
Markers ISM83
Tyewraps ISM81
Clamps ISM61
Tubing Branch
Support XST-3 Thinwall conduit (EMT),
nornal plant atmosphere
Use plain plastic tube only conduit ISM16
fittings ISM17
supports ISM18
boxes ISM19
fasteners B25
rods & fittings B22
U-bolt B23
2.2 MATERIALS SPECIFICATION
2.2.1 Pipe and Tubing
ITEM NO.
P11 MATERIAL: Welded or seamless steel pipe, ASTM-A120 Grade A
SCHEDULE: 40, ANSI B36.10
P240 MATERIAL: Seamless stainless steel tubing, ASTM A269, Grade
TP-316, hardness not to exceed Rockwell B-90, as manufactured by
Superior Tube or PATCO only.
SIZE: 1/2 inch 0.D. x 0.035 inch wall
P4l MATERIAL: Soft annealed copper, ASTM B75 or B68, Type DHP
SIZE: 3/8 inch 0.D. x 0.035 inch wall
P45 MATERIAL: Brass, ASTM-B43

SCHEDULE: Extra strong, ASTM-B251
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P88

P815

P820

FTG19

FTG44

FTGe37

FTG46

FTG616

MATERIAL: "FLUOROFLEX-K" solid Kynar pipe
SCHEDULE: 80 or equivalent

SIZE: 1/2 inch

MODEL: Resistoflex KS3780-008 or equal

MATERIAL: Bundled polyethylene tubes, black with number coding,
melt index 0.3 to 0.5, ASTM D1238

SHEATH: Polyvinyl chloride

TUBE SIZE: 1/4 inch 0.D. x 0.040 inch wall

MATERIAL: Polyethylene tubing, melt index 0.3 to 0.5, aluminum
reinforced, nylon Tlined.

SIZE: 1/4 inch 0.D.

3/8 inch 0.D. for all air supplies and to large valve actuators
MODEL: Samual Movre Dekabond, or equal.

MATERIAL: Forged carbon steel, ASTM A105-71
RATING: 3,000 lbs. WOG
CONNECTIONS: Screwed ANSI B2.1

MATERIAL: Standard weight brass
TYPE: Flareless, complete with nuts and ferrules
MODEL: Hoke "Gyrolok", or equal

MATERIAL: Standard weight stainless steel, ASTM A276, Type 316
TYPE: Flareless, complete with nuts and ferrules
MODEL: Hoke "Gyrolok". or equal

MATERIAL: Brass, ASTM B62
RATING: 250 1bs.
CONNECTIONS: Screwed NPT

MATERIAL: Cast malleable iron, ASTM A-197
RATING: 150 1bs. ANSI B16.3
CONNECTIONS: Screwed ANSI-B2.1

2.2.2 Pipe and Tubing Fittings

ITEM NO.
FTG88

SXX11

MATERIAL: Solid Kynar

SCHEDULE: 80 equivalent
CONNECTION: Screwed ANSI B2.1
MODEL: RESISTOFLEX KS ----- T-008

MATERIAL: Carbon steel, galvanized swage nipple
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N14

N117

N210

MATERIAL: Carbon steel nipple, ASTM A120, seamless or welded,
Schedule 80, ANSI B36.10

TYPE: Extra heavy eccentric hex nipple for flange mounting
manifold C-10.62

MATERIAL: Carbon steel, plated

SIZE: 1/2 inch NPT x 3 inch long, Schedule 160

MODEL: Anderson Greenwood 2-2517C, or equal.

TYPE: Extra heavy eccentric hex nipple for flange mounting
manifold C-10.65

MATERIAL: 316 stainless steel

SIZE: 1/2 inch NPT x 3 inch long, Schedule 160

MODEL: Anderson Greenwood 2-2517S, or equal

2.2.3 Pipe Unions

ITEM NO.
UNT6

UN45

UN62

UN88

TYPE: 2-bolt ammonia flange

MATERIAL: Forged carbon steel, ASTM Al105-71

CONNECTIONS: Threaded ANSI B2.1

BORE: To match Schedule 80 pipe, ANSI B36.10

SEAL: Tongue and groove facing with asbestos gaskets

STUDS: Alloy steel, ASTM A-193, Grade B7, threaded full length,
Class A fit

NUTS: Semi-finished heavy series hex, ASTM A-194, Grade 2H, ANSI
B1.1 and B18.2, Class 2B fit

MODEL: Vogt 330 or equal

MATERIAL: Brass, ASTM B62
RATING: 250 1bs.
CONNECTIONS: Screwed NPT

MATERIAL: Malleable iron, ASTM A197, brass to jron seat
RATING: 300 1bs.
CONNECTIONS: Screwed ANSI B2.1

MATERIAL: Kynar VF-2

RATING: 150 1bs. @ 150°F.

CONNECTIONS: Threaded

MODEL: Resistoflex KS3713T7-008 or equal
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2.2.4 Flanges

ITEM NO.
FTH84

2.2.8 Needle

MATERIAL: Kynar

RATING: 150 1bs.

CONNECTIONS: 150 1bs. full flat face, blind flange, drilled for
FNPT

Valves

VNETT

VNET9

VNETT1

VNET 12

MATERIAL

Body & Bonnet: Carbon steel bar stock, ASTM A108, Grade B-1111
Stem: 12-13% chromium

PACKING: Graphite-asbestos or teflon

STEM & YOKE TYPE: Inside screw, rising stem

SEATS: Integral for 1/2 inch size and under

BONNET: Screwed

PRESSURE & TEMPERATURE RATING: 600 1bs. ©@ 8500F.

CONNECTIONS: Screwed ANSI B2.1

MODEL: Reading, Pratt & Cady #1040A, or equal

TYPE: Barstock angle gage valve, short form, 3-outlet, monel
trimmed.

MATERIAL

Body: Carbon steel

PACKING: Teflon

SEAT: Monel ball

RATING: 6,000 psi @ 200°F

SIZE: 1/2 inch MNPT x 1/2 inch FNPT

NOTE: Provide plugs for unused openings

MODEL: Anderson Greenwood M5VHC-44-SG

TYPE: High temperature instrument valves
MATERIAL

Body: Carbon steel

Trim: Stainless steel

PACKING: Asbestos

SEATS: Metal to metal

RATING: 6,000 psi @ 200°F.

1,500 psi @ 850 F.

CONNECTIONS: Threaded ANSI B2.1

MODEL: Anderson Greenwood H7HC Series

TYPE: 0.S. & Y. extra heavy angle gage valve
MATERIAL

Body: Carbon steel

Trim: Stainless steel
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VNEZ3

VNEZ7

VNE42

PACKING: Asbestos

SEAT: Metal to metal

RATING: 1500 1bs. @ 850°F.

CONNECTION: 1/2 inch F x 1/2 inch F, threaded ANSI B2.1
MODEL: Anderson Greenwood M4Y(C-444

MATERIAL

Body & Bonnet: Stainless steel, ASTM A276, TP-316
Stem: 12-13% chromium

PACKING: Graphite-asbestos or teflon

STEM & YOKE TYPE: Inside screw, rising stem
SEATS: Integral for 1/2 inch size and under
BONNET: Screwed

PRESSURE & TEMPERATURE RATING: 600 1bs. @ 850°9F.
CONNECTIONS: Screwed ANSI B2.1

MODEL: Reading, Pratt & Cady #1070A, or equal

TYPE: Barstock angle gage valve, short form 3-outlet
MATERIAL: 316 stainless steel

PACKING: Teflon

SEAT: 316 stainless steel

RATING: 6,000 psi @ 20QCF.

SIZE: 1/2 inch MNPT x 1/2 inch FNPT

NOTE: Provide plugs for unused openings

MODEL: Anderson Greenwood M5VS-44

MATERIAL

Body: Brass

Spindie: Stainless steel

PACKING: Dynapak

PRESSURE & TEMPERATURE RATING: 2,000 1bs. @ 100°F.
CONNECTIONS: 1/4 inch MNPT and 1/4 inch "Gyrolok"
MODEL: Hoke #321H4B

2.2.10 Special Valves

ITEM NO.
VSP 12

TYPE: Insert block and by-pass manifold, for installation between
flanges and body of standard differential pressure transmitter
MATERIAL

Body: Carbon steel, plated

Trim: 316 stainless steel

PACKING: Teflon

SEATS: Stainless steel ball

PRESSURE & TEMPERATURE RATING: 6,000 psi @ 2000F,

MODEL: Anderson Greenwood M3BC, or equal
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VSP13 TYPE: Al1 angle 3-valve manifold for mounting differential
pressure transmitter directly on orifice flange.
MATERIAL
Body: Carbon steel, plated
Trim: 303 and 316 stainliess steel
PACKING: Teflon
SEATS: Stainless steel ball
PRESSURE & TEMPERATURE RATING: 5,000 psi @ 200°F.
CONNECTIONS
Inlet - 1/2 inch - 2 bolt flanges
Outlet - 1/2 inch FNPT (furnished plugs for unused openings)
MODEL: Anderson Greenwood M2VC, or equal

VSP14 TYPE: High temperature 3-valve manifold
MATERIAL
Body: Carbon steel
Trim: 303 stainless steel
PACKING
Shut-0ff Valves: 0.S. & Y., asbestos
By-Pass Valve: Ring, asbestos
SEATS: Metal to metal
RATING: 1500 psi @ 850°9F,
CONNECT IONS
Inlet: Flange unions, threaded ANSI B2.1
Outlet: Threaded ANSI B2.1 (furnished plugs for unused openings).
MODEL: Anderson Greenwood M2HYC or equal

VSP26 TYPE: Insert block and by-pass manifold, for installation between
flanges and body of standard differential pressure transmitter
MATERIAL
Body: 316 stainless steel
Trim: 316 stainless steel
PACKING: Teflon
SEATS: Stainless steel ball
PRESSURE & TEMPERATURE RATING: 6,000 psi @ 200°F.
MODEL: Anderson Greenwood M3BS or equal

VSP31 TYPE: A1l angle 3-valve manifold for mounting differential
pressure tramsmitter directly on orifice flange, monel trimmed.
MATERIAL
Body: Carbon steel
PACKING: Teflon
SEATS: Monel ball
PRESSURE & TEMPERATURE RATING: 6,000 psi @ 2000F.
CONNECTIONS
Inlet - 1/2 inch - 2 bolt flanges
Qutlet - 1/2 inch FNPT (furnish plugs for unused openings)
MODEL: Anderson Greenwood M2VS-SG




SPECIFICATION
PITTSBURGH, PA C-03

CONTRACT NO.: CPD-2994 PAGE 10 OF 14

GENERAL REFRACTORIES COMPANY

2.2.13 Ball Valves
ITEM NO.

VBL2? BALL VALVE
Body: Cast stainless steel AISI type 316
Ball & Stem: 316 stainless steel
Packing & Seats: Teflon
PRESSURE & TEMPERATURE RATING: 600 psi @ 1500F
MODEL: Jamesbury A36TT or equal

VBL4? STRAIGHT PATTERN BALL VALVE
MATERIAL
Body: Bronze
Ball: Chrome plated brass or stainless steel
Stem & Seal: Buna-N
PRESSURE & TEMPERATURE RATING: 150 1bs. @ 20Q0°F.
CONNECTIONS: 1/2 inch FNPT
MODEL: Crane "GEM" No. 2180

VBL84 MATERIAL
Body: Kynar
Ball & Stem: Kynar
PACKING: Teflon
SEALS: Teflon
PRESSURE & TEMPERATURE RATING: 150 1bs. ® 1500F.
CONNECTION: Threaded
MODEL: Hills-McCanna P152-Ky-T-Ky, or equal

2.2.15 Strainers
ITEM NO.
STR41 MATERIAL: Exhaust vent screen
SIZE: 1/4 inch NPT, angle
MODEL: Fisher Govenor "Bugproof" or equal

2.2.16 Specialty Items

ITEM NO.

ISM11 TUBING CHANNEL
MATERIAL: Galvanized Steel
SIZE

1 inch x 7/8 inch
1-1/2 inch x 7/8 inch
MODEL: "P-W" Industries; 2501 Series
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ISM13

ISM14

ITEM
NO.

ISM16

ISM17

ACCESSORIES

Tubing Clips #DS-9004

Rod Hangers #1052-0355

Wall Hangers #1052-0358 and 9999-9364
Channel Fittings, 2501 Series

1/4" "Southco" pattern drive rivets

TUBING LADDERS AND FITTINGS

MATERIAL: Galvanized Iron

MODEL: 3" deep P-W Industries, or equal
TROUGH SUPPORTS AND FITTINGS

MATERIAL: 12 gage steel, painted
MODEL: Unistrut P-1000, or equal

DESCRIPTION SIZE
Galvanized thinwall conduit (EMT) 1/2 in.

Galvanized thinwall conduit (EMT) 3/4 in.

Galvanized flexible conduit 1/2 in.
(Greenfield)

Galvanized flexible conduit 3/4 in.
(Greenfield)

EMT Coupling, Setscrew 1/2 in.
EMT Coupling, Setscrew 3/4 in.
EMT Connector, Setscrew 1/2 in.
w/locknut

EMT connector, Setscrew 3/4 in.
w/locknut

Plastic Bushing 1/2 in.
Plastic Bushing 3/4 in.
Flexible Conduit connector 1/2 1in.
(Greenfield connector)

Flexible Conduit connector 3/4 in.
(Greenfield connector)

Thinwall to Flexible adapter 1/2 in.
coupling

Thinwall to Flexible adapter 3/4 in.

coupling

STEEL CITY

NUMBER

TK-121
TK-122

TC-121
TC-122
BU-501
BU-502
XC-401
XC-402
TX-221

TX-222
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ISMi8 One-hole strap 1/2 in. TX-101
Spacer /2 in. CB-201
One-hole strap 3/4 in. TX-102
Spacer 3/4 in. CB-202
Right angle beam clamp 1/2 in. RCS-1/2
Right angle beam clamp 3/4 in. RCS-3/4
Parallel bar clamp /2 in. PC-1/2
Parallel bar clamp 3/4 in. PC-3/4
Edge beam clamp 1/2 in. EC-1/2
Edge beam clamp 3/4 in. EC~3/4

ISM19 Square box, 4-11/16 x 2-1/8 deep, - 72171-1/2
with 3/4 and 1/4 inch knockouts. & 3/4
Plain 1id, 4-11/16 in. - 72-C-1

ISMa1 WOVEN WIRE RISER GRIP, SINGLE EYE

MATERIAL: Plated Bronze
MODEL: Kellems 022-01-005
Kellems 022-03-005

ISM 61 SPLIT RING PIPE CLAMP, WITH SCREW AND NUT
MATERIAL: Malleable Iron, Galvanized
SIZE: 1/2 inch pipe x 3/8 inch rod
MANUFACTURER: Grinnell, or equal

ISM72 CONNECTOR FITTINGS FOR TUBING BUNDLE, WATERTIGHT COMPRESSION FORM
MATERIAL: Galvanized Iron and Synthetic Rubber
MODEL: Dekoron Part No. 1503 Series, or equal

ISM81 CABLE TIES, NYLON
MANUFACTURER: Thomas & Betts "TYEWRAP", no substitute

ISM83 TUBE MARKER
TYPE: 3/4 inch blank writing space with clear Vinyl wraping end
MANUFACTURER: Brady SLFW-500, for individual tubes

Brady PWC-PK-6, for bundles
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2.2.20 Joint Compound

ITEM NO.

JT11 Cyl-Seal

JT12 Teflon Tape

JT15 Teflon Paste, John Crane #JC-30, or equal.

2.2.21 Threaded Products

ITEM NO.

B2? MATERIAL: Galvanized Steel
THREAD SIZE: 3/8-16
ITEM: All-thread rod
ITEM: Medium "C" beam clamp, thd'd both sides, with hard-pointed
set scCrew.
ITEM: Hex bar coupling

B23 MATERIAL: Zinc Chromated Steel
SIZE: 3/8-16 x 2-1/2 inside
ITEM: U-Bolt with plate and nuts, for 2-inch pipe.

B25 MATERIAL: Steel, zinc chromated or galvanized
SIZE: 3/8-16, full threaded.
ITEM: 1/2 in. long R.H. Machine Screw
ITEM: 1 in. Tong R.H. Machine Screw
ITEM: 2 in. long R.H. Machine Screw
ITEM: Semi-finished hex. nut.
ITEM: MWasher
ITEM: Lockwasher

3.0 FABRICATION AND INSTALLATION

3.1 Al1l piping shall be fabricated and installed in accordance with American
Standard Code for Pressure Piping, ANSI B31.1, latest edition.

3.2 Al1 pipe shall have the ends reamed and shall be thoroughly cleaned of all
internal scale, 0il and dirt before assembly.

3.3. Pipe shall be assembled using a minimum of thread compound.
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3.4 Where not covered by this specification, pipe joints shall be made up in
accordance with "Specification for Piping".

3.5 The use of couplings shall be kept to a minimum.
4.0 CLEANING

4.1 In accordance with "Specification for Piping".
5.0 TESTS

5.1 Process and Utility Piping shall be in accordance with "Specification for
Piping". Test pressure in instrument systems shall be the same as that used for
the connecting process piping, wherever possible. Instruments which can
withstand the test pressure without being damaged (even if overranged by that
pressure) shall be left connected and tested along with the main piping. Only
instruments which could be damaged by testing shall be disconnected from the
piping during testing. In any case, all field erected instrument piping and
tubing, and as much as possible of sample systems, manifolds, and other
pressure-resistant parts of instrument systems shall be included in the main
test. Before testing, obtain a 1ist of items that must be disconnected, from
the engineer. When such an item is isolated from the test by a valve, open a
vent or break a joint downstream of the valve so that a leak in the valve will
not inadvertently overpressure the instrument during the test.

5.2 Testing of instrument air tubing shall be in accordance with the Instrument
Society of America Recommended Practice ISA-RP-7.1.
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1.0 GENERAL
1.1 Scope

This document establishes the minimum safety requirements that must be considered
in the design of the project in these basic areas:

1.1.1 Electrical classifications
1.1.2 Hazards

1.1.3 Means of reducing hazards
1.2 Codes and Regulations

1.2.1 A1l Local, State and Federal Regulations and Codes shall apply as
appropriate to the work and area location. The most recent available edition of
these documents at the start of the contract shall be used.

1.2.2 The National Electrical Code will be applied.
1.3 PLANT DESCRIPTION

This industrial fuel gas facility consists of <coal handling and storage
equipment, a gasification system, coal tar and sulfur removal systems, waste
water treatment, a flare and various auxiliary areas for utilities.

1.4 BASIC CONSIDERATIONS

1.4.1 Containment of toxic and volatile flammable fluids and particulate matter
must be the primary concern. As the maximum allowable concentrations of “the
process materials are generally well below their lower explosive limits it is not
permissible to use a higher electrical hazard classification (Division 1) in lieu
of containment.

1.4.2 The noise levels in occupied parts of the plant must be made to meet OSHA
1910.95 standards.

1.4.3 An electrical area classification plot plan, based on Section 2.0 of this
specification shows some of the classifications described in Section 2.0. Refer
to Drawings No. 2994-600-801 and 2994-600-802.

1.4.4 Self-contained breathing apparatus shall be available.
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1.4.5 This specification makes no attempt to describe startup and plant
operation, neither does it contain instructions on any construction procedures

for expansion of the plant at a later date.

2.0 AREA CLASSIFICATIONS AND HAZARDS

2.1 Truck Weigh Scale, Coal Pile and Transfer Tunne]l

2.1.1 FElectrical Classification

Truck Weigh Scale: Nonhazardous

Coal Pile: Nonhazardous

Transfer Tunnel: Class II, Group F, Division 1

2.1.2 Hazards

Release of coal dust within the enclosed transfer tunnel.

2.1.3 Means of Reducing Hazards

Adequate housekeeping

Dust suppressant shall be available at the coal pile.
Ventilate the transfer tunnel

2.2 GASIFIER BUILDING

2.2.1 Electrical Classification

Coal Conveyor Area (above el. 974'-2"): Nonhazardous f{dust will be contained
within equipment).

Gasifier Agitator and Poke Holes: Class I, Group C, Division 2 for a 5-foot
radius from agitator shaft seal and each poke hole (Ignition Limit, 9320F)

Pump Sump: Class I, Group C, Division 1 and 2 (Ignition Limit, 500°F)

Remainder of Building: Nonhazardous

NOTE: The Class I, Group C, Division 2 areas are extremely limited because the
gases are to be contained within the equipment except as noted above. To

minimize the hazard, the combustion air is drawn from within the building. Thus
a continuous air change is assured.
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2.2.2 Hazards

Accidental release of product gas from agitator seal, and poke holes,
Section 2.2.1.

2.2.3 Means of Reducing Hazards

Adequate housekeeping

The coal conveyor and coal bins will be completely enclosed and under a negative
draft through a dust collector.

Ventilate all parts of the building, and provide alarms for the ventilation
system operation.

A carbon monoxide detector head shall be installed above the operating level (el.
944'-10") at each gasifier. Alarms shall sound in the control room within the
building, and outside the building.

2.2.5 Venting Requirements

Explosion Relief at Coal Bins: Discharge will be outside of the gasifier
building. A 5-foot radius spherical space at the exhaust is Class I, Group C,
Division 1 enveloped by a 10-foot Class I, Group C, Division 2 sphere.

Explosion Relief at Gasifier (below and above coal bed, and in cyclone):
Discharge will be outside of the gasifier building. A 5-foot radius spherical
space at the exhaust is Class I, Group C, Division 1, enveloped by a 10-foot
Class I, Group C, Division 2 sphere.

Vessel Pressure/Temperature Ratings: Design conditions for all equipment that
will contain coal and/or fluids will be established to safely contain all normal

operations. When required, relief systems will be provided for abnormal
operation.

2.3 GAS QUENCH, TAR REMOVAL AND TAR STORAGE TANK AREAS

2.3.1 Electrical Classification

ESP Compressors, 42004 and 42005: Class I, Group C, Division 2 (Ignition Limit
9320F )

Gasifier System Compressors, 42006 and 42007: Class 1, Group C, UDivision ¢
(Ignition Limit 9320F)
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Miscellaneous Point Sources (ex. control and hand valves): Class I, Group C,
Division 2 for a 3-foot radius from each source.

Remainder of Areas: Nonhazardous

2.3.2 Hazards

Accidental release of product gas, Section 2.3.1.
2.4 FLARE/VENT

2.4.1 Electrical Classification

Flarehead: Class I, Group C, Division 1 for a 5-foot radius sphere surrounded by
an enveloping 10-foot radius sphere.

Miscellaneous Point Sources (ex. valves) on gas line to the flare: <Class I,
Group C, Division 2 for a 3-foot radius from each source.

Remainder of Area: Nonhazardous
2.4.2 Hazards
Accidental release of product gas, Section 2.4.1.

Explosion because of air (excess oxygen) in the gas, could occur because of
misoperation.

2.5 SULFUR REMOVAL AREA

2.5.1 Electrical Classification

Sulfur Removal and Recovery Building:

Class I, Group C, Division 2 (Ignition Limit 5000F) and Class II, Group G,
Division 2 with a 5-foot radius Division I envelope around the sulfur filters and
equipment vents..

Oxidizer Tanks and Liquor Tanks: Class I, Group C, Division 1 and Class II,
Group G, Division I envelope surrounded by a similar Division 2 envelope.

Remainder of Area; Nonhazardous
2.5.2 Hazards

Accidental release of hydrogen sulfide will probably be the greatest hazard to
personnel and property.
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Release of hydrogen sulfide will be the greatest hazard to personnel and property.

2.5.3 Means of Reducing Hazards:

Vent equipment to outside of building and elevated, incinerate Stretford solution
blowdown.

2.6 LIQUID SULFUR STORAGE TANK

2.6.1 Electrical Classification

Class I, Group C, Divisions 1 & 2 (Ignition Limit 5000F)

2.6.2 Hazards

Release of hydrogen sulfide will be the greatest hazard to personnel and property.
2.7 INCINERATOR

2.7.1 FElectrical Classification

Nonhazardous
2.7.2 Hazards

Fired incinerator

2.7.3 Means of Reducing Hazards
Locate incinerator adequate distance from other equipment.

2.8 WASTE WATER TREATMENT, COOLING TOWER, BOILER AND SUBSTATION

2.8.1 Electrical Classification

Nonhazardous

2.8.2 Hazards

The waste, cooling and boiler water will require treatment chemicals that have
various degrees of toxicity. Safety showers probably will not be required, but

eye sprays are proposed for each area (except the substation) if drummed
chemicals are to be handled.

Danger of fire is slight.
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2.9 OFFICE AND CHANGE HOUSE

2.9.1 Electrical Classification

Nonhazardous

2.9.2 Hazards

Proper design of the Change House will minimize health problems, and must be
considered part of a personal hygiene program. The Change House shall consist of
a "clean side" for street clothes, lockers, showers, and a "contaminated side"
for work clothes.

Danger of fire is slight.

3.0 PRINCIPAL CHARACTERISITICS OF MATERIALS

3.1 Bituminous Coal

3.1.1 Composition

% (wt.)
Carbon 64.0
Hydrogen 6.2
Oxygen 14.3
Nitrogen 1.2
Sulfur 4.1
Ash 10.2
3.1.2 OSHA Limits for Coal Dust (Table Z-3 in OSHA 1910.1000)

Respirable fraction (particles smaller than about 10 microns) of silicon oxide in
coal dust:

Less than 5%: 2.4 mg/cu in

More than 5%: 10 mg/cu in
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3.2 RAW PRODUCT GAS

3.2.1 Composition of Gas Fraction

Flammables % (vol.)
Carbon monoxide 17.4
Hydrogen 13.5
Methane 1.3
Ethylene 0.2
Ethane 0.1
Hydrogen Sulfide 0.66
Anmonia 0.026
Carbon oxysulfide 0.013
Hydrogen cyanide 0.009
Noncombustibles

Nitrogen 46.1
Water vapor 13.7
Carbon dioxide 7.1
Sulfur dioxide 0.002

NOTE: The gas stream contains 2.3% {(by wt.) tar.

3.2.2 Composition of Solids Fraction

Total Solids % (wt.)
Carbon 66.4
Hydrogen 0.8
Oxygen 3.7
Nitrogen 1.1
Sulfur 3.6
Ash 24.4

3.2.3 OSHA Concentration Limit

Based on major constituent, carbon monoxide; 50 ppm

3.2.4 Flammability

Principal flammable components are carbon monoxide and hydrogen.

Class I, Group C has been selected for this mixture because the hydrogen content
is below the 30% (by volume) specified in Table 500-2 of the National Electrical
Code.
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3.3 FILTERED RAW PRODUCT GAS

This stream is the same as that described in Section 3.2.1 except for total
solids which have been reduced by 40% from 292.4 to 117 1b/hr.

3.4 QUENCHED PRODUCT GAS

Essentially all of the remaining solids and the tar will be removed from the gas
leaving the quench tank. The remaining flammables and noncombustibles will be
very close to the volume percentages listed in Section 3.2.1.

3.5 STRETFORD SOLUTION

3.5.1 Constituents

Anthraquinone Disulphonic Acid
Sodium Metavanadate

Sodium Citrate

Sodium Carbonate

Water

3.5.2 OSHA Concentration Limit

OSHA has no established 1imit for Stretford solution.

3.5.3 Characteristics

Stretford solution is a nonflammable aqueous solution of the above components.
Solution is considered nonhazardous and of Tow toxicity.

3.6 STRETFORD SOLUTION BLOWDOWN

3.6.1 Constituents

Anthraquinone Disulfonic Acid
Sodium Metavanadate
Sodium Citrate
Sodium Carbonate
Sodium Thiosuifate
Sodium Thiosulfite
Sodium Thiocymate
Sodium Sulfate
Sulfur

Vanadium Salts
Water



0)
0)
0)
0)

SPECIFICATION
CHEMICAL PLANTS DIVISION C-10
CONTRACT NO.: (CPD-2994 PAGE 10 OF 12
GREFCO INCORPORATED

3.6.2 O0SHA Concentration Limit

OSHA has no established limit for this solution.

3.6.3 Characteristics

The Stretford solution blowdown is a nonflammable aqueous solution which has
accumulated insoluable salts. Some of these salts and the intermediate reaction
compounds consist of vanadium compounds in the various vanadium valence states.
This blowdown will be incinerated for safe disposal.

3.7 TAR

3.7.1 Characteristics

Coal tar contains many volatile aromatics, including benzene.

Moderate fire hazard when exposed to heat. Explosion hazard when vapors (if any
are produced) are exposed to heat or flame

Recognized as a carcinogen

3.7.2 OSHA Limit For Coal Tar Pitch Volatiles (Table Z-1 in USHA 1910.1000)
For benzene soluble fraction: 0.2 mg/cum

3.8 SULFUR

3.8.1 Characteristics

Melting Point: 2340F
Flash Point: 4050F
Ignition Temperature: 4500F

NOTE: Flash point of impure sulfur may be as lTow as 3350F.

Recovered sulfurs often contain dissolved hydrogen sulfide which can be liberated
rapidly if 1liquid sulfur is agitated. At the transportation temperature
(250-3100F), the Tlower explosive 1imit for hydrogen sulfide is about 3.4%
instead of 4.3% by volume in air at room temperature.

Solid and Tiquid sulfurs are considered to be combustibles.

Sulfur dust requires use of Class II, Group G electrical equipment.
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3.8.2 OSHA Limits for Nuisance Dust (Table Z-3 in OSHA 1910.1000).

Respirable fraction: 5 mg/cum

Total dust: 15 mg/cu m

Toxicity of sulfur dust itself is very low.

jrritation of the mucus membranes.
3.9 CARBON MONOXIDE

Boiling Point: -3140F
Gas Density (Air = 1): 0.97
Ignition Temperature: 1128°F
Explosive Range (% Vol. in Air):
Low Limit: 12.5
Upper Limit: 74

Chronic exposure can cause

OSHA Concentration Limit (Maximum allowable exposure on an 8-hour weight average

basis): 50 ppm
Effect on body is predominently one of asphyxia.
3.70 HYDROGEN

Boiling Point: -4220F
Gas Density (Air = 1): 0.1
Ignition Temperature: 9320F
Explosive Range (% Vol. in Air):
Lower Limit: 4.0
Upper Limit: 75

Nontoxic, however it can cause asphyxiation.
3.11 HYDROGEN SULFIDE

Boiling Point: -769F
Gas Density (Air = 1): 1.2
Ignition Temperature: 500°F
Explosive Range (% Vol. in Air):
Lower Limit: 4.0
Upper Limit: 44

OSHA Concentration Limit (Maximum allowable exposure on an 8-hour weigh average

basis): 20 ppm

High concentrations cause almost immediate death.
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3.12 OTHER MATERIALS IN THE PRODUCT GASES

The product gases contain, in addition to hydrogen and carbon monoxide, other
flammable gases; however, they will be 1in rather low concentrations. Refer to
Section 3.2.1.

Of the other components, such gases as hydrogen sulfide, carbon oxysulfide,
hydrogen cyanide and sulfur dioxide are much more toxic than carbon monoxide and
hydrogen. They will be in Tow concentrations in most streams; however, hydrogen
sulfide is expected to be in high concentrations within the sulfur removal area.

The hazard to personnel from a major accidental release of gas would be
asphyxiation. A small 1leak of product gas could result in an excessive
concentration of carbon monoxide.



7.0 Environmental Considerations

Introduction

The purpose of this chapter is to identify the permits and
licenses which may be required to construct or operate the
gasification plant and to combust synthetic low-Btu gas at the
existing board plant. Those permits which appear to be required
are discussed in Section 7.1. '

In addition, this chapter will present other environmental
factors which may impact the construction or operation of the
gasification plant. Factors to be discussed include: air
quality, seismicity, and rare, threatened, or endangered species.

7.1 Permits and Licenses

7.1.1 Air Quality

7.1.1.1 Federal Permits

Preconstruction Permits(1)

An air obstruction permit is not required unless some structure
exceeds 200 ft in height.

Preoperation Permits

No Federal air quality permits are required.

7.1.1.2 State Permits

Preconstruction Permits

Kentucky Department of Natural Resources and Environmental
Protection (KY DNREP) - Prevention of Significant Deterioration
of Air Quality (PSD) and New Source (Air Quality) Permits

PSD and new source (air quality) permits may be reguired by the
KY DNREP prior to the start of construction of any new air
contaminant source (see Attachment A at the end of Section 7.1).

If it is determined that preconstruction ambient air quality
monitoring is necessary, General Refractories may be reguired ' to
collect ambient monitoring data for one year prior to submitting
a construction permit application. A public hearing may also be
held. (The air gquality permits fall under Federal regulations
for PSD and New Source Performance Standards (NSPS) and are
reviewed by the U.S. Environmental Protection Agency (USEPA)
- Region IV.)



Further information on air quality permits 1is given in
Appendix 7A, "Permit Information Required for Kentucky Air and
Water Construction Permits," and Appendix 7B, "Prevention of
Significant Deterioration of Air Quality Regulatory Outline."

Preoperation Permit

KY DNREP - Operation of Air Contaminant Source Permit

The KY DNREP issues a permit for operating an air contaminant
source prior to the startup of a coal conversion facility. This
permit differs from the permit obtained during the construction
phase of the cycle in that it applies to an ongoing continuous
air contamination source.

7.1.2 Water Quality

7.1.2.1 Federal Permits

Preconstruction Permits

No Federal water quality permits are required.

Preoperation Permit(2)

USEPA - National Pollutant Discharge Elimination System (NPDES)
Permit _

During the operating stage of the facility, a Federal water
discharge or NPDES permit must be obtained from USEPA - Region IV
for a non-"zero discharge" coal conversion facility.

7.1.2.2 State Permits

Preconstruction Permits

KY DNREP - New Source Construction Permit

The KY DNREP Division of Water Quality issues a permit for
construction of any new source of wastewater discharge.

Preoperation Permits

KY DNREP - Water Withdrawal, New Individual Water Supply and
Discharge of Treated Wastewater Permits

The KY DNREP issues (through its Division of Water Resourcés) a
water withdrawal permit for any facility withdrawing more than
10,000 gal daily from existing water supplies.



Another KY DNREP permit must be obtained if the facility
constitutes a new individual water supply (i.e., if it does not
receive flow from existing water lines). This permit consists of
the approval of plans submitted by a professional engineer on
behalf of the applicant to the Division of Sanitary Engineering.
Such plans must cover the water supply source and its
distribution, fire reserve tanks, and firefighting and process
systems.

The KXY DNREP Division of Water Quality issues a permit for the
discharge of treated wastewater from manufacturing facilities in
accordance with the previously issued construction permit. (3)

7.1.3 Land Quality (Disposal of Solid/Hazardous Wastes)

7.1.3.1 Federal Permits

Preconstruction Permits

No Federal land quality permits are required. (4)

Preoperation Permits

USEPA - Resource Conservation and Recovery Act (RCRA) Permit

A RCRA per