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SDD-231

1.0 FUNCTION AND DESIGN REQUIREMENTS

This document presents a description of the Closed Cycle Cooling Water System
(CCCWS) as depicted on Fluid System Diagram 8270-1-531-302-231, Closed Cycle
Cooling Water-Turbine and Compressor Building, and Diagram 8270-1-531-302-232,
Closed Cycle Cooling Water-HR/SR Area and MHD Bldg. The document includes
descriptions of system functions, interfaces with other systems, equipment

and piping requirements, design criteria, description of components, operating
wodes, and safety and maintenance requirements.

1.1 FUNCTIONAL REQUIREMENTS

The CCCWS is designed to circulate cooled, treated demineralized water through
a closed loop system to all major equipmeat in the main turbine and compressor
buildings, the HR/SR building and the MHD building.

Three 50 percent capacity closed cycle cooling water puamps, two operating and
one standby, pump warm water through one 100 percent station heat exchanger
for cooling. A redundant 100 percent capacity station heat exchanger is
provided for backup. The cooled water is distributed through headers leading
to the main turbine generator and auxiliary ccolers; air separation and
oxidant equipment auxilliary coolers: HR/SR, and coal processing equipment
coolers and MHD magnet accessories. After passing through the equipment the
cooling water is returned to the suction side of the closed ccle cooling
water pumps.

1.2 SYSTEM INTERFACES

Major equipment components involved with the CCCWS include the Generator
Hydrogen Coolers, Turbine Lube 0il Coolers, Pump and Fan Bearing Coclers,
Station Service Heat Exchangers, Closed Cycle Cooling Water Pumps, and the
Closed Cycle Water Head Tank. Major system interfaces with the CCCWS include
the Circulating Water System, Condensate System, and Lube Oil Subsystem. The
CCCWS also interfaces with other various systems, such as the MHD Magunet
accessories, and the Plant Service and Instrument Air Supply System.

1.3 DESIGN CRITERIA

The closed cycle cooling water piping system is all welded construction in
accordance with ANSI B31.1. Piping is carbon steel A106 Grade B seamless.
Valves are in accordance with ANSI B16.5 and B16.34. All equipment is flanged
for easy removal.

All pipe sizing is based upon economic considerations, and hydraulic analysis
to ensure adequate cooling water flow to all coolers during all operating
modes.

Heat exchangers and pumps are sized with reserve capacity to assure proper
operation under any load or emergency condition.
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Standby pumps and heat exchangers are provided for flexibility. This standby
capacity allows for the removal of any one unit from service for mzintenance
during full load operation.

The closed cycle water head tank is vented to atmosphere and is fabricated
from ASTM A-285 carbon steel plate.

1.3.1 Codes and Standards

System engineering design is in accordance with applicable codes, standards,
and guides issued by the following organizations:

American National Standards Institute (ANSI)
American Socity of Mechanical Engineers (ASME)
American Society for Testing and Materials (ASTM)
American Welding Society (AWS)

Manufacturers Standardization Society of the Valve and Fittings Industry
(MSS)

Pipe Fabrication Institute (PFI)

Occupational Safety and Health Administration (OSHA)
Instrument Society of America (ISA)

National Fire Protection Association (NFPA)

0. ileat Exchange Iastitute (HEI)

N W=

-0 0~

1.3.2 Design Parameiers

The design pressures, temperatures and pipe sizing flow rates are taken from
the manufacturers' equipment recommendations, and tabulated on the fluid
system diagrams 8270-1-531-302-231 and -232. Flow rates are those occurring
with main turbine Valves Wide Open, and the Heat Recovery/Seed Recovery (HRSR)
and MHD unit operating at Maximum Continuous Rating conditions. Closed
Cooling Water pipe sizing is based on pressure drop, as a percent of normal
(design) pressure, usually running around 1 to 2 psi drop per 100 ft. of pipe.

2.0 DESIGN DESCRIPTION

The major components of this system are the closed cycle cooling water pumps,
station service water heat exchangers, all station auxiliary coolers, closed
cycle water head tank, chemical fill tank, piping, instruments, and controls.
The major eguipment components are covered further in this section as well as
other System Design Descriptions as noted in Section 1.2.

2.1 SUMMARY DESCRIPTION

The cooling water is chemically treated to prevent corrnsion or scale of the
carbon steel pipe and equipment. The cooled treated water will circulate
through a closed loop system to all major equipment :n the main
turbine-generator area and HR/SR area. In addition. all equipment associated
with the MHD topping cycle requiring closed cycle cooling water will also be
included in this system.



SDD-231

There are three 50 percent capacity closed cycle cooling water pumps. Two
pumps circulate the water through the system during normal plant operation.
One 50 perceant capacity pump is utilized for cocling auxiliary equipment
during plant shutdown.

A closed cycle water head tank, vented to atmosphere, is the highest point in
the system. The head tank is provided to maintain a reserve volume of :reated
condensate and to maintain positive pressure on the pump suction piping. A
level control valve with a manual bypass admits condensate makeup tv rerlace
system leakage. The signal is from a level controller mounted on the tank.

A chemical treatment tank is connected across the cooling water pumps to
introduce chemicals into the suction header when required.

The water passes through the shell side of the two station service heat
exchangers for cooling during normal plant operating conditions. The cooling
water through the tubes of these heat exchangers is raw water as covered in

the Circulating and Service Water System design description and fluid system
diagram 8270-:-571-302-201. A condensate bypass around these heat exchangers is
controlled automatically to limit the minimum cooling water temperatuvre. The
cooled condensate flcws from the heat exchangers to all the station auxiliary
coolers, and returns to the pump suction manifold.

The CCCWS serves sta*ion auxiliary equipment within the main-turbine generator
area, compressor areas, HR/SR area, and MHD building. Auxiliaries in the
turbine area (See Fluid System Diagram 8270-1-531-302-231) include the
following:

Generator Hydrogen Coolers - Four 25 percent units in operation at all
loads.

Alternator Coolers - Two 100 percent (one in service at all loads)
Bus Duct Cooler - Cne 100 percent (in service at all loads)

Main Turbine L:be 0il Cooler - Two 100 percent (one in service at all
loads)

Main Turbine Hydraulic 0il Cooler - Two, A & B (one in service at all
loads)

Condensate Pum,s A, B, & C - Two in service at all times

Vacuum Pumps A & B - Two in service at all times

Boiler Feedwater Booster Pumps A & B

Main Boiler F~edwater Pumps A, B, & C - Two in service at all times

The auxiliaries in the compressor areas (See Fluid System Diagrams
8270-1-531-302-231, -232) including the following:
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Air Separation Unit (ASU) Turbine Lube 0il Coolers - Two 100 percent (one
in service st all loads)

Oxidant Compressor Turbines (2) Lube 0il Coolers - Two 100 percent per
turbine (one per turbine in service at all loads)

Oxidant Compressor Motor Bearing Coolers - Two 100 percent (ome in
service at all loads)

Plant Service/Instrument Air Compressors Inter and Aftercoolers - Two
100 percent (one in service at all loads)

The auxiliaries in the boiler area (See Fluid System Diagram 8270-1-501-302-232)
include the following:

Induced Draft Fans (3) Bearing Coolers - Two 100 percent per fan (one per
fan in service at all loads)

Coal Pulverizer Mills (3) - Three maximum in service depending on load.

Flue Gas Recycle Fans (3) Bearing Coolers - Two 100 percent per fan (one
per fan in service at all loads)

Secondary Air Fans (3) Bearing Coolers - Two 100 percent per fan (one per
fan in service at all loads)

Sample Coolers - Intermittent
Boiler Access Doors - All in service

The auxiliaries in the MHD building (See Fluid System Diagram 8270-1-501-302-232)
include the following:

Magnet Warm Bore Liner Cooler
Magnet Power Supply Coolers
Power Absorbing Resistors Coolers

Refrigerator Compressor Inter and Aftercoolers - One Each @ 100 percent
(in service at all loads)

Refrigerator Liquifier Cooler

Vacuum Diffusion Pumps Cooling Circuits - Two 100 percent per pump
(one per pump in service at all loads)

Vacuum Fore Pumps (2) Bearing Coolers - Two 100 percent per pump (one per
pump in service at all loads)

All of the lubricating oil coolers include automatic temperature controls
which modulate the water flow required to maintain correct oil temperature.
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The generator hydrogen coolers are automatically temperature controlled to
maintain proper temperature at various loads. All other equipment is manually
adjusted to a fixed constant flow rate which is suitable for all load
conditions.

The necessary temperature and pressure instruments and controls are included
for each piece of equipment.

As noted by the list of auxiliaries being cooled, there are some spare units
on standby service and others that vary in water flow requirements in
accordance with the load. During plant shutdown, few units require cooling;
therefore, a 50 percent capacity pump is utilized for operation under shutdown

conditions.

An automatic recirculation flow control from the pump discharge header to the
pump suction header is provided to maintain constant system pressure across
the pumps during throttled conditions, as well as ensuring minimum flow.

Each pump may be operated locally or remote manual from the main control room.
2.2 DETAILED DESCRIPTION

2.2.1 Major Equipment

Major interface equipment compcnents shown on the CCCWS diagram are the
generator hydrogen coolers, turbine lube 0il coolers and turbine hydraulic oil
coolers, ASU turbine lube o0il coolers, oxidant turbines lube o0il coolers,
boiler feed pumps and condensate pumps, MHD magnet accessories, and piant
service and instrument air compressors. These items are described in the
following system descriptions:

SYSTEM DESIGN FLUID SYSTEM
ITEM DESCRIPTION DIAGRAM
1. Main turbine generator Main & Reheat 8270-1-501-302-011
Steam
2. Station service heat Circulating & 827C-1-571-302-201
exchangers Service Water
3. Boiler feed pumps Boiler Feedwater 8270-1-521-302-081
4. Condensate pumps Condensate 8270-1-511-302-101
5. Plant service and instrument Industrial Gas 8270-1-652-302-241

air compressors

6. Superconducting magne” and
cryogenic equipment

Magnet
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Major design data of equipment components directly associated with the Closed
Cycle Cooling Water System are:
1. Closed Cycle Cooling Water Pumps:

DESIGN & PERFORMANCE DATA

Type Horiz. Centr.
Quantity 3
Capacity, GPM 1500

TDH at design conditions, ft.
Shutoff head, ft. (assumed)
Pump speed at design conditions, rpa
Eff. at design conditions, % (assumed) 80
Driven brake horsepower required at
design conditions, BHP

MATERIALS OF CONSTRUCTION

Casing ASTM A48, Cast iron

Impellers & casing rings ASTM A296, Iron chromium

Shaft ASTM A576, Hot rolled carbon steel
Shaft sleeves ASTM A322, Hot rolled alloy steel

2. Closed Cycle Water Head Tank:

Type Vertical cylindrical
Quantity one

Size 72 in. OD by 9 ft. high
Tank material ASTM A285, Carbon steel, C PVQ
Wall thickness 1/4 in.

Corrosion allowance 1/16 in.

Exterior coating Inorganic Zinc Primer
Interior coating Mobil 78-W-3

Design pressure Atmos.

Design temperature 150 F

Code required None

Test 5 psig hydro.

3. Chemical Fill Tank:

Type & Size Vertical cylindrical
Quantity One
2.2.2 Piping and Valves

All piping is seamless carbon steel ASTM A106 Grade B Schedule 40. All valves
are carbon steel with bronze trim. Valves 2 inch and smaller are 600 1b.
socket weld forged steel. Valves 2-1/2 inch and larger are 150 lb. butt weld.
Valves 6 inch and larger are 150 1lb. butterfly type, utilized for throttling
as well as shut-off service

Expansion joints are rubber spool type.
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2.2.3 Electrical

Electrical Supply

The closed cycle water pump motors are 460 volt, 3 phase, 60 Hz supplied from
480 volt motor control centers.

Electrical instruments, controls, and valve limit switches are supplied with
power coordinated with instrument power sources.

2.2.4 Instruments, Controls and Alarms

Local Pressure Indicators

Direct-reading pressure indicators are provided at each pump discharge.
Additional pressure indicators are provided as indicated on Fluid System
Diagram 8270-1-531-302-231 and 8270-1-531-302-232.

Pressure Controller

A pressure controller is installed in the main header of the closed cycle
system to signal the pump recirculation valve, for system pressure and pump
minimum flow protection.

Local Temperature Indicators

Direct-reading temperature indicators are provided in the system as indicated
by Fluid System Diagrams 8270-1-531-302-231 and 8270-1-531-302-232.

Temperature Test Wells

A thermowell for the installation of temperature test instruments is installed
on the pump discharge header.

Temperature Controllers

1. A temperature controller is provided in the main header downstream of the
station service heat exchangers. This modulates the temperature ccntrol
valve, which bypasses the heat exchangers to control system temperature.

2. Temperature controllers are provided in all boiler feed pump lube oil
systems in order to regulate the independent temperature control valves.

3. The generator hydrogen cooler temperature control valve is modulated by a
temperature controller installed in the hydrogen system.

4. The turbine lube o0il cooler temperature control valves are modulated by a
temperature controller installed in the various turbine lube o0il systems.
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Tank Level Controls

The closed cycle head tank instrumentation is provided in the system as
indicated by Fluid Systea Diagram 531-302-231. The level controller modulates
the makeup valve located in the condensate supply line.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

3.1 PROTECTIVE DEVICES

The piping and valve limits are equal to or greater than those of the
connecting equipment. Therefore, no additional protective devices are
required.

3.2 HAZARDS

No special hazards exist other than unforeseen operating conditions due to
malfunction of mechanical or electrical equipment. Most of the emergencies
that could occur would not shut down the plant because of the standby
flexibility and sutomatic control of the systea.

3.3 PRECAUTIONS

There are ro special precautions for the safe operation of the CCCWS. It is
designed to ensure operating security. through the use of sutomatic controls,
and monitoring instruments. Startup, normal operation, and shutdown must be
in accordance with equipment manufacturers' instructions.

Pumps can be operated locally or remotely. Pressure drop across station
service heat exchangers should be periodically monitorsd to provide an
indication of tube plugging. Makeup water to the head tank is automatically
controlled with manual backup. All coolers are automatic with suitable
temperature controls and monitoring.

Spare pumps and heat exchangers permit removing faulty units from service for
repair or maintenance during normal plant operation without disrupting
service.

An automatic temperature controlled bypass around the heat exchangers limits
cooling water temperature to a safe minimum value.

4.0 MODES OF OPERATION

4.1 STARTUP

Initial fill of the system commences afier piping flushing has been completed.
The system is filled with treatsd condensate from the conlensate pump header
into the closed cycle cooling water head tank. When normal level is
established in the head tank, all equipment valves must be opened. One

50 percent capacity pump is to be started and the total system vented. Water
analysis should be made at this time and the necessary chemical treatment
spplied if required.

e
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b.2 NORMAL OPERATION

Normal startup is with one 50 percent pump operating, and venting of all
equipment to remove trapped air. After this has been done, and with cooling
water flowing through the necessary station equipment coolers, plant startup
may commence.

When sufficient load has been attained, startup of a second 50 percent
capacity closed cycle cocling pump is mandatory.

The pumps should be started locally until normal operatioi has been confirmed.
At this time, all pump suction and discharge valves should be opened. Pumps
may then be started and shut down remotely from the control rooms.

All temperatures and control valves should be checked for proper operation
before increasing load from startup.

4.3 SPECIAL OR INFREQUENT OPERATION

No specisl operations are anticipated with this system.

5.0 MAINTENANCE
5.1 SURVEILLANCE AND PERFORMANCE MONITORING

In the event that certain important paramters of the CCCWS fall outside of
predetermined limits, an annunciator in the control room will be activated.

The following problems are indicated at the annunciators in the main control
room:

1. Closed cycle cooling water pumps, stopped (as indicated by an auxiliary
contact in the motor starter)

2. Closed cycle water head tank, low level and high level alarm.

3. Closed cyc’e cooling water loop temperature downstream of the statioa
service heat exchangers (connected to control room computer to maintain
pre-set cooling water temperature).

5.2 INSERVICE INSPECTION

Frequernt inservice inspection includes the following:

1. Check condition and operation of all valves and temperature controls.

2. Check for leaks.

3. Check chemical analysis of water. A fill tank is included for adding
treatment chemicals.
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4. Manufacturers' detailed instructions must be adhered to.

S. The most likely problem to be encountered will be plugged tubes in the
station service heat exchangers.

6. Check high and low level alarms on the head tank.

5.3 PREVENTATIVE MAINTENANCE

A routine preventive maintenance schedule must be adhered to. This includes

inspection and calibration of all instruments, controls and valves to ensure

that they are operating within their prescribed ranges. Provisions have been

made to conduct this maintenance during normsl plant operation.

Spare pumps and heat exchangers permit removing any faulty unit from service
for maintenance during normal plant operation.

5.4 CORRECTIVE MAINTENANCE

5.4.1 Manufacturer's Instructions

A complete file of instruction books is available at the plant to guide the
plant personnel in maintenance and overhaul of any piece of equipment. If
necessary, a representative of the manufacturer can be present to supervise
the overhaul or replacement of plant equipment.

5.4.2 Spure Parts Inventory

The CCCWS will require very nominal quantities of spare parts inventory for
regular maintenance and common repairs. The following spare parts inventory
are recommended:

1. Pumps - (one set for each type pump) - casing rings, impeller rings,
packing/mechanical seals, shaft sleeves, bearings.

2. Seats and packing for hand valves.

10
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1.0 FUNCTION AND DESIGN REQUIREMENTS

This document presents a description of the Industrial Gas Systems as depicted
on Fluid System Diagrams 8270-1-652-302-241, Plant Service and Instrument Air
Supply and 8270-1-652-302-242, Miscellaneous Gases. The document includes
descriptions of system functions, interfaces with other systems, equipment
and piping requirements, design criteria, description of components, operating
modes, and safety and maintenance requirements.

1.1 FUNCTIONAL REQUIREMENTS

The plant service air and instrument air supply is designed to provide clean,
dry, oil-free, compressed air to all parts of the plant for use in
instrumentation functions, and for providing air for service use. Air header
distribution piping is run throughout the plant for this purpose. Most of
this piping is contained indoors, although portions extend outdoors.

Two 100 percent capacity, 2 stage, oil free, electric motor driven,
reciprocating air compressors are provided. One compressor serves as standby
to start automatically in the event the first compressor becomes inoperative.

Each compressor has an inlet filter - silancer.

The discharge from compressors is piped through aftercoolers, moisture
separators, prefilters, dryers and afterfilters to assure moisture free air at
-44°F dewpoint feeding the plant main air receiver. The two parallel
connected air dryers are each sized for 100 percent duty. The system air
receiver supplies air to the plant main air header that distributec service
and instrument air throughout the plant.

Extra receivers are furnished, together with check valves, in the critical MHD
and turbine areas to provide instrument air for an extended period of time in
the event of a loss of system pressure.

Flow limiters are installed at each hose station to prevent inadvertent,
excessive use of air by operating personnel.

The Miscellaneous Gases System is a group of four separate sub-systems which

is designed to supply industrial type gases for the stcam turbine generator,

backup supply for the MHD Magnet System, and inert gas for blanketing various
pieces of equipment throughout the plant.

1.2 SYSTEM INTERFACES

The major equipment components invoived with the Industrial Gas Systems
include the air and gas compressors, intercoolers, aftercoolers, separators,
receivers, filters, dryers storage tanks and gas bottle racks.

The compressor jacket cooling, the integrally mounted intercoolers and the
inline piping aftercoolers interface with the Closed Cycle Cooling Water
System, Fluid System Diagram 8270-1-531-302-231.
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Drains from the aftercooler, separators, and receivers interface with the
Plant Industrial Waste System, Fluid System Diagram 8270-1-641-302-371.

The miscellanous gases hydrogen and carbon dioxide interface directly with the
main ac generator hydrogen cooling system of the steam turbine generator. The
helium supply interfaces with the MHD Magnet helium distribution system. The
nitrogen supply interfaces with various coal handling and cycle equipment
throughout the plant, and indirectly with the ASU.

The equipment for the four different gas sub-systems is located in an
attached, small building called the Miscellaneous Gas Storage Building.
Bottle racks of four bottles each are supplied for hydrogen, carbon dioxide,
and helium. A nitrogen storage system which utilizes a source of product
nitrogen from the Air Separation Unit (ASU) and a high pressure compressor to
fill high pressure storage tanks are also included.

Hydrogen is normally used to make up for leakage from the main ac generator
cooling system and as a batch supply to refill the system after the generator
has been purged. Carbon dioxide is used to purge the main ac generator.
Helium is used as a backup to the main supply to the MHD Magnet system.
Nitrogen is used primarily as an inerting gas to prevent explosions and for
the purpose of minimizing absorbing moisture in the pulverized coal system.
Nitrogen is also used to fill systems to prevent corrosion in piping and
equipment that is out of service.

1.3 DESIGN CRITERIA

A piping header system is used to distribute compressed air throughout the
plant for use as either service air or instrument air. To avoid contamination
of instruments snd equipment at service terminal locations,.this air is
provided dry, clean and oil-free. A minimum dewpoint of -44°F is provided
which avoids condensation in outdoor headers. The compressed air discharge is
maintained at a nominal pressure of 125 psig.

The compressed air is delivered by one of two oil free, reciprocating
compressors. Each compressor is sized for 100 percent capacity namely 1000
SCFM minimum. Each compressor is driven by a 256 hp electric motor, direct
coupled to the compressor. Redundant filters, aftercoolers, separators and
dryers are provided for the system.

A large air receiver is located in the proximity of the compressors to avoid
short cycling of the operating compressor and to minimize the effects of air
surges on the desiccant air dryers. Several smaller air receivers are located
throughout the plant to accommodate local, momentary high use rates.

Receivers are located in the MHL and turbine areas to provide reserve capacity
in the event the system pressure would fall.

All piping is welded in carbon steel except that piping after the MHD and
turbine receivers which will be either copper or stainless steel.

The miscellaneous gas sub-systems are individually manifolded and distributed
throughout the plant as required. The hydrogen pressure inside the ac
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generator is regulated between 1/2 psig to 30 psig. Hydrogen leakage (and
makeup) is estimated to be 275 cubic feet per day. Estimated volume for
refilling the generator at standstill to 1/2 psig is 3,950 cubic feet.
Another two volumes are required to raise the generator cooling system
pressure to 30 psig.

Carbon dioxide is used to purge the ac generator when it is shut down for unmit
outage or for maintenance. First the hydrogen is purged from the generator by
substituting carbon dioxide. Then air is used to replace the carbon dioxide.
When the generator is ready to be put back in service, carbon dioxide replaces
the air and finally hydrogen replaces the carbon dioxide. The estimated
volume of carbon dioxide to replace hydrogen is 3,160 cubic feet, and to
replace air requires 2,370 cubic feet.

Nitrogen is used to replace air to eliminate potentially explosive or
combustible mixtures such as pulverized coal and air, and coal dust and air.
It is also used to replace water in steel vessels and piping to reduce the
possibility of oxygen corrosion attack when the equipment is out of service.
The quantities required are (TBD).

Helium is used in the MHD Magnet cryogenic system to aid in reducing
temperatures to near absolute zero. The quantity required to back up the main
helium supply is (TBD).

The air receivers and nitrogen storage tanks are designed in accordance with
ASME Boiler and Pressure Vessel Code, Section VIII, Division 1, Unfired
Pressure Vessels, latest edition.

Except where noted, the piping systems are constructed of carben steel pipe in
accordance with ANSI B31.1. The piping after the MHD and turbine area
receiver are either copper or stainless steel.

The equipment for the installation is selected and installed to comply with
sound level and other safety requirements of OSHA.

1.3.1 Codes and Standards

System engineering design is in accordance with applicable codes, standards,
and guides issued by the following crganizations:

American National Standards Institute (ANSI)
American Socity of Mechanical Engineers (ASME)
American Society for Testing and Materials (ASTM)
American Welding Society (AWS)

Manufacturers Standardization Society of the Valve and Fittings Industry
(MSS)

Pipe Fabrication Institute (PFI)

Occupational Safety and Health Administration (OSHA)
Instrument Society of America (ISA)

National Fire Protection Association (NFPA)

0. National Electric Code /NEC)

GV W N =

— 0 00 ~J O~
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1.3.2 Design Parameters

The design pressures, temperatures and flow rates for sizing of the piping are
shown on Fluid System Diagrams 8270-1-652-302-241, and -242. Pressure drops
to the most remote user are estimated to be less than 5 psig.

Air receivers are strategically located to permit high surges of air for short
durations as is required by:

1. Certain valves with large piston actuator, and
2. Certain service air requirements.
2.0 DESIGN DESCRIPTION

The Industrial Gas Systems consists of compressors, coolers, separators,
filters, dryers, receivers, tanks and header piping. The major equipment
components are covered in System Design Descriptions noted in Section 1.2.

2.1 SUMMARY DESCRIPTION

The compressed air piping header is distributed throughout the plant to
conduct high pressure air to both service air and instrument air users. The
pressure in this header is maintained at a nominal 125 psig. The air is
filtered and dried to accommodate a variety of pneumatic valves, actuator
motors and service air applications both at indoor and outdoor locations.

Two full capacity air compressors are furnished to provide complete
redundancy. The ccmpressors are of the oil-free, reciprocating type. These
compressors use no oil for lubrication in the cylinder, thereby eliminating
potential sources of oil vapor and droplets in the compressed air. By means
of cylinder unloading, the compressors can be operated at maximum efficiency
at any capacity up to 100 percent. Two stages of compression with
intercooling are required. Each compressor has a direct coupled electric
motor drive.

Use of the compressors is alternated to distribute the wear equally on each
compressor. The running time for each compressor is indicated by means of a
meter located at each compressor.

Cooling water is furnished for the intercoolers and the aftercoolers from the
Closed Cycle Cooling Water System. Moisture condensed at the aftercooler is
separated from the air stream at separators located after each aftercooler.
This water is removed with traps and drained to waste. Two aftercoolers are
furnished for the purpose of redundancy.

Two air dryers are provided One will be operated while the other is
maintained as a standby. The dryer will provide a dewpoint of approximately
-44°F during normal full load operation. At light loads the dewpoint may be
lower than -44°F. A prefilter is provided before each dryer, and an
afterfilter is located after each dryer to absorb any desiccant dust which may
become entrained in the air stream.
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An air receiver is located dnwnstream of the dryers. This receiver will
prevent frequent loading and unloading of the compressor. In sddition it will
minimize the deleterious effects of system surges on the dryer beds. Several
additional, smaller air receivers are located adjacent to users which require
air in momentary, large surges, and to ensure instrument supply to critical
users.

Each air compressor is furnished with an inlet filter-silencer which is
located outside the building and slightly elevated. The filter-silencers
minimize dust ingestion into the compressor cylinders, thereby prolonging
compressor life. The sound dampening action of the filter-silencers ensure
that the sound level is well within that dictated by OSHA.

A low pressure switch is located on each receiver to activate an alarm in the
event that the system pressure falls to a predetermined value.

Each miscellaneous gas system has its own piping header system to deliver the
gas to the user. The hydrogen system takes bottled hydrogen at approximately
2,000 psig and reduces it in several regulated steps to about 30 psig. For
safety reasons there is a removable section of pipe in the line leading to the
ac generator which must be removed when the unit i3 down for service.

The carbor. dioxide system when in use is valved wide open to keep the supply
tanks and piping from freezing. There is a safety valve on the manifold set
at 100 psig which is the only pressure limitation.

The nitrogen syst:m receives its supply from the ASU as product nitrogen at
50 psig. The nitrogen is compressed, cooled and stored in tanks at about
2,000 psig. The pressure is reduced by pressure regulators in steps and
distributed in a low pressure header system throughout the plant at 5 psig.

2.2 DETAILED DESCRIPTION

2.2.1 Major Equipment

The major equipment components of the Industrial Gas Systems are the
compressors, aftercoolers, separators, filters, dryers, receivers, tanks and
header piping.

Air Compressors

Quantity 2

Type reciprocating

Stages 2

Capacity 1,000 SCFM misimum
Pressure in atmosphere

Pressure out : 125 psig

Motor drive 250 hp

Aftercooler 1 each per compressor
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Quantity 1

Type reciprocating
Stages 2

Capacity 50 SCFM
Pressure in 50 psig
Pressure out 2,000 psig
Motor drive TBD
Aftercooler 1

Tanks and Receivers

No./Capacity, cu. ft.

Nitrogen Storage Tank 1/ (TBD)
Main Air Receiver 1/151

Secondary Air Receivers 3/16 ea.
_Jtdstrument Air Receivers 2/50 ea

2.2.2 Piping and Valves

The piping is all welded construction in accordance with ANSI B31.1. The pipe
material shall comply with the following:

Size Material
2" - 8" ' Searless Steel

ASTM A53 Grade B

Instrument Piping Copper tubing, ASTM B, or Type 316
stainless steel

Valves are in accordance with ANSI B16.5 and B16.34, All equipment is flanged
for easy removal.

All valves other than the hydrogen system shall be bronze or stainless steel
globe valves.

High pressure hydrogen valves must be packless, globe type. Medium pressure
and low pressure valves must be bellows sealed types.

2.2.3 Electrical

The control panels for the compressors shall use current that is 120 volts,

1 phase, 60 hertz. The control panels shall be dust tight (NEMA i2) and shall
comply with NEC.

Alarm switches shall provide isolated contact closure for the actuation of
alarm points in the annunciator system.

Electrical heaters in the air dryers are rated 460 volts, 3 phase, 60 hertz.
Compressor motors are rated 4160 or 3 phase, 60 hertz and are supplied from a

4160 volt motor control center. Hotor rated 200 HP and higher will be 4160
volt; motor under 200 HP will be 460 volt.
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2.2.4 Instruments, Controls and Alarms

Each compressor is furnished with a local control panel on which is mounted
pressure gauges to indicate oil pressure, interstage air pressure and
discharge air pressure. The compressor also has mounted on it a low oil
pressure switch, a8 high air temperature switch and a high vibration switch,
all of which are wired into the motor control circuit to stop the compressor
in the event of a condition which would be harmful to the compressor.

When the control switch for the motor of one of the compressors is in the
"sutomatic" position, that motor will be started if the pressure at the
receiver would fall low. This low pressure condition would be detected by a
two stage’ pressure switch which is mounted on the system receiver. One of the
stages would be wired in the control circuit for one of the compressors and
the second stage would be wired in the motor control circuit for the second
compressor. Typically one stage would be set at 115 psig and the second stage
would be set at 110 psig. After a motor has been started, the pressure in the
receiver is maintained within a narrow band by means of preumatic loaders
which cycle unlnaders on the compressor cylinders. Each compressor is sized
at 100% capacity and therefore there would be no need to operate both
compressors at the same time. Normally one would be operated while the second
compressor is maintained in stand-by. Should the compressor which is
operating be stopped for some reason, the compressor which had been retained
as standby would be started when the receiver pressure falls to the setting at
the two stage pressure switch on the system receiver.

High pressure limit switches are located on the header of each compressor
before the first valve. These high pressure limit switches will quickly stop
the respective compressor motcr in the event that a compressor is
inadvertently started when a blockage exists between the compressor and the
system receiver.

A very low pressure switch on the main air receiver actuates the "Low Air
Pressure" alarm in the control room in the event of luw pressure at the system
receiver. -

A pressure transmitter on the system receiver transmits the actual air
receiver pressure to an indicator in the control room.

Pressure gauges are furnished at various locations throughout the Industrial
Gas Systems. These gauges assist operating and maintenance personnel to
verify that the systems are functioning satisfactorily.

The nitrogen compressor is started manually, but will be shut off
automatically by a pressure switch when the storage tank reaches 2,000 psig.

Various temperature indicators are located near the compressors and coolers.
These assist operating personnel in locating difficulties and in determining
when coolers require maintenance.

Each air dryer is furnished with a separate control panel which cycles the
service air and instrument air between the two towers which are mounted on
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each dryer. One tower remains in service while the second is being
reactivated. Timers within the control panels determine the cycle rate. At
the proper intervals, automatic valves are energized to alternate the air
3tream from one tower to the second tower. These control panels are furnished
with an alarm which activates an annunciator in the event thst the switch-over
valve would fail to completely stroke from one position to the alternate
position.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

3.1 PROTECTIVE DEVICES

All of the piping, valves and receivers are designed according to the
standards and codes referenced in Section 1.3.1.

Receivers and tanks are designed, constructed, inspected, tested and stamped
in accordance with the ASME Unfired Pressure Vessel Code Section VIII and are
protected with pressure relief valves which are sized acd set in compliance
with the ASME code. Properly sized relief valves are also provided on the
intercoolers and on the discharge piping before the first valve.

The compressors, dryers, coolers, separators and receivers are used at
pressures within their rated capacities.

3.2 HAZARDS

Gas cylinders and piping shall be labelled to clearly identify their contents
and operators shall be trained to follow safe procedurcs required for
hydrogen, carbon dioxide, nitrogen, pressure systems and versel safety.

The motors for the compressors are classified as medium and high voltage. The
switchgear, in accordance with common practice and the NEC code, will be
locked. Access will be available to only qualified personnel. The control
panels for the compressors and the dryers wiil be low voltage, and these will
also be locked to restrict access to only qualifiad personnel.

Rotating parts on the compressors are protected in accordance with the
applicable OSHA standards. The sound levels also comply with OSHA
requirements.

3.3 PRECAUTIONS

There are no special precautions other than normal maintenance procedures.

4.0 MODES OF OPERATION

4.1 STARTUP

To startup a compressor, the operator verifies that the manual water valves to
the compressor coolers are open, and that the air compressor isolation valves
are open. The operator verifies that the appropriate isolation valves on the
compressor and the dryer are opened so as to provide an unobstructed path for
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the compressed air from the compressed air header to the receiver. To start a
compressor motor, the control switch is moved to either "automstic" or
"start." In the "automatic" position the compressor motor will be started if
the detected pressure at the system receiver is low.

To startup one of the air dryers, the appropriate isolation valves on the
dryer are opened. The control switch is moved to "on". The svandby dryer
remains in the "off" mode.

4.2 NORMAL OPERATION

Normal operation of the p.ant service air and instrument air supply involves
the use of one air compressor and one air dryer. The usage of each compressor
and dryer is alternated, as indicated by hour meters on the units, so as to
distribute the wear equally on each unit. Each compressor, dryer and air
filter is sized to provide 100 percent of the system capability. The piping
of the compressors, dryers and filters is arranged to permit the service of
any of these components while the system is providing 100 percent capacity.

The second air compressor and air dryer is maintained in standby for automatic
startup in the event the system pressure falls to a predetermined value.
Automatic valves on the cooling water piping are interlocked with the control
circuit for the compressor starter so that these valves are opened whenever
the compressor motor is operating and closed when the compressor motor is not
operating.

Duplicate compressors, dryers, filters and aftercoolers are provided for
100 percent backup. It is possible to safely operate the service air and
instrument air systems with both compressors running shc::1d a special high
capacity condition occur.

Duplicate air dryers ere provided for 100 percent backup. This permits one of
the Jryers to be temporarily deactivated for maintenance.

A service air and instrument air system receiver is provided in the system
adjacent to the compressors in the HR/SR building basement. This receiver
avoids rapid loading and unloading of the compressors. It also minimizes the
deliterious effects of flow surges through the beds of the dryers.

A pipe header system is provided to distribute the service air and instrument
air “hroughovt the plant site. At various locations separate valves are
provided for tne purpose of permitting isolation of an area is required.

4.3 SEUTDOWN

in a normal shutdown, the control switch for any compressor would simply be
moved to the "off" position. For added safety, the compressor disconnect
switch can be locked in the "off" position. The normal cooling water valves
may be closed to prevent the inadvertent flow of cooling water thru the
compressor ‘acket.
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4.4 SPECIAL OR INFREQUENT OPERATION
Any compressor or dryer which is used as a backup unit should be operated
periodically to verify that these units are in good working condition.

To satisfy special high capacity requirements, the Plant Service Air and
Instrument Air Supply Systeam can be operated with both compressors runaning.
The nitrogen coapressor system is rsted at 100 percent.

5.0 MAINTENANCE
5.1 SURVEILLANCE AND PERFORMANCE MONITORING

Annunciators provided in the main control room are activated when
predetermined system limits re exceeded.

Problems applicable to the air compressors are indicated at these annunciators
in the main control room (Fluid System Diagram 8270-1-652-302-241).

A control panel mounted on each air compressor contains pressure gauges which
are used to monitor compressor performance.

Any problems applicable to the air dryers are indicated at a common
annunciator in the main contrcl room. A control panel mounted on each dryer
contains panel alarm lights which will indicate the specific problem.

Each air dryer is fitted with pressure gauges to allow the operator to verify
that each section is being properly pressurized and depressurized. A locally
mounted moisture indicator changes color in the event of an undesirable rise
in the air dewpoint. High dewpoint indication alerts the operator to correct
the fault or change to the standby dryer.

In the event that the air pressure at the system receiver falls to too low a
value, a pressure switch activates the annunciator to indicate "low air
pressure”.

5.2 INSERVICE INSPECTION

Frequent inservice inspection of the drain traps is required *o verify that
these are functioning correctly.

Periodic inspections of the compressors is required to verify that the seals
on the pistons have not become worn excessively. Inspections of the
compressors are required to ascertain that there is no excessive vibration or
sounds which would be indicative of worn or inadequately lubricated parts.
Oil samples should be taken periodically to verify that the levels of
impurities have not risen excessively.

The filters must be inspected periodically to ascertain that the pressure

differential across the filters, as indicated on a locally mounted
differential pressure gauge, has not risen to an excessive level.

10
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Infrequent inspections are also recommended to verify that there are no
significant leaks from the header systems.

5.3 PREVENTATIVE MAINTENANCE

The compressors require 0il changes to ensure maximum operating life.
The coolers must be cleaned periodically to remove scale and deposits.
Traps must be cleaned and tested at recommended intervals.

System low pressure control must be tested periodically to verify that it
would operate correctly in the eveu. of a low pressure condition.

In the air dryers, the switch-over valves must be periodically lubricated.
Also, the desiccant in the towers of the dryers must be periodically
replaced.

The cartridge elements in the air filters require replacement at regular
intervals.

5.4 CORRECTIVE MAINTENANCE

5.4.1 Manufacturer's Instructions

A complete file of instruction books is available at the plant to guide the
plant personnel in maintenance and overhaul of any piece of equipment. If
necessary, a representative of the manufacturer can be present to supervise
the overhaul or replacement of plant equipment.

5.4.2 Spare Parts Inventory

Certain critical spare parts should be maintained on hand for regular
maintenance and common repairs.
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MHD-ETF PROJECT
SYSTEM DESIGN DESCRIPTION
INDUSTRIAL GAS SYSTEMS
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REFERENCE DOCUMENTS - ATTACHED

Fluid System Diagram Diagram No.
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Miscellaneous Gases 8270-1-652-302-242
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System Design Description

Closed Cycle Cooling Water System
Plant Industrial Waste System
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1.0 FUNCTION AND DESIGN REQUIREMENTS

This document presents a description of the Fuel Oil System as depicted on
Fluid System Diagram 8270-1-413-302-281, Fuel 0il System. The document
includes descriptions of system functions, interfaces with other systems,
equipment and piping requirements, design criteria, description of components,
operating modes, and safety and maintenance requirements.

1.1 FUNCTIONAL REQUIREMENTS

The Fuel Oil System is designed to provide storage and transport of fuel oil
from tanks to various users through piping and valves as follows:

From Rail/Truck Unloading Station to Main Oil Storage Tank; From Main 0il
Storage Tank to various oil transfer tanks as follows:

Fuel 0il Transfer Tank for Coal System Control Building
Heating Boiler Burner,

Fuel 0Oil Transfer Tank for Warehouse Heating Boiler Burner,

Fuel 0il Transfer Tank for Auxiliary Boiler Burner, Emergency Gas
Turbine Generators, and Diesel Fire Pump

Fuel 0il Transfer Tank for Vitiated Air Heater

1.2 SYSTEM INTERFACES

No direct system interfaces are associated with the Fuel 0il System.

1.3 DESIGN CRITERIA

Design criteria cover the fluid flow requirements, pressure-temperature
ratings, and system limits to be used in the selection of the required
components.

Engineering design criteria for all disciplines is in accordance with
applicable codes, standards, regulations, and guides issued by governmental

agencies, recognized standards organizations, and Gilbert Associates, Inc.

1.3.1 Codes and Standards

System engineering design is in accordance with applicable codes, standards,
and guides issued by the following organizations:

American Petroleum Institute (API)

American National Standards Institute (ANSI)
American Society of Mechanical Engineers (ASME)
American Society for Testing and Materials (ASTM)
American Welding Society (AWS)

Manufacturers Standardization Society of the Valve and Fittings Industry
(MSS)

Pipe Fabrication Institute (PFI)

Occupational Safety and Health Administration (OSHA)
Instrument Society of America (ISA)

0. National Fire Protection Association (NFPA)
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1.3.2 Design Parameters

The design pressures, temperatures and 'pipe sizing" flow rates are tabulated
on the flnuid system diagram 8270-1-413-302-281. Flow rates are those
occurring with valves wide open during maximum operating conditions. Fuel oil
line sizing is based on a pressure loss of approximately 1.5 psi per 100 feet
of pipe, at minimum design fuel oil temperature.

2.0 DESIGN DESCRIPTION

The Fuel 0il System consists primarily of tanks, pumps, piping, valves, and
controls. The components are discussed in detail later in this report.

2.1 SUMMARY DESCRIPTION

Fuel 0il unloading from rail tank cars is the primary delivery source.
Provisions for truck shipment are provided as a fuel source backup. Two

300 GPM positive-displacement fuel oil unloading pumps are employed, capable
of unloading three tankcars simultaneously with the use of a common piping
manifold. The fuel is pumped for holding into the Main 0il Storage Tank,
which ie sized to store a one month supply at plant meximum operating fuel oil
consumption rate.

Fuel oil is transferred to lccally-instzlled user fuel oil transfer tanks by
one, 100 percent capacity, centrifugal fuel o0il transfer pump. Design
redundency is maintained by a duplicate standby transfer pump. Fuel oil is
issued to the users in accordance with the following:

Critical Users - The emergency gas turbine generators and diesel fire
pump fuel oil supply must be safeguarded against power outages and plant
shut-downs. To ensure proper operation of these units, day tanks are
installed to supply fuel for startup and sliort-term operation in the
event of an emergency. The day tanks are located so as to deliver the
required amount of fuel to the engines’ integral fuel pump, while
remaining independent of outside electrical or mechanical power
requirements. The day tanks are sized for four hours of continuous
operation, with additional capacity for fuel o0il recirculation and heat
dissipation purposes. The day tanks are supplied from the
locally-installed fuel oil transfer tank by two submersible pumps, one
for normal operation and one on standby. Fuel o0il recirculation pipiug
is provided from the engine manifold to the day tank, as well as between
the day tank and fuel oil transfer tank. The pumps associated with
critical users, i.e., the fuel oil transfer pumps, transfer tank
submersible pumps, and auxiliary boiler equipment, are counected to the
critical bus, so as to maintain fuel continuance in the event of a power
outage.

Non-Critical Users - The remainder cof the fuel o0il users require no
special safeguards to ensure uninterruptible fuel cil flow. Fuel oil is
delivered from each fuel oil transfer tank by submersible pumps installed
in the tank. Fuel o0il recirculation from the user burner management
system is provided to maintain proper flow and/or temperature control.
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2.2 DETAILED DESCRIPTION

2.2.1 Major Equipment

The major equipment components shown on the fuel o0il system diagram are
described below:

Fuel 0il Unloading Pumps

Quantity 2

Type Positive displacement
Capacity 300 gpm

Discharge pressure 50 psi

Main 0il Storage Tank - This tank is sized to accommodate a one month
plant supply at maximum operating user flowrates. Two electric suction
heaters are installed in the tank to warm the fuel o0il on the inlet side
of the fuel transfer pumps, when required. The main oil storage tank is
equipped wi:h level indicators, switches, alarms, and transmitters, to
allow fuel oil unloading pump coutrol and oil level monitoring a:t the
rail/truck unloading station, pump house, and main control room.

Quantity 1

Type Above ground, cylindricsl welded
Code API 650

Capacity 840,000 gallons

Diameter 60 ft.

Height 40 ft.

Fuel 0il Transfer Pumps -

Quantity 2 (100%)

Type Horizontal, centrifugal
Capacity 200 gpm

Discharge pressure 50 psi

Fuel 0il Transfer Tanks - Four fuel oil transfer tanks provide local
reservoirs of fuel oil for the individual users, and a method of
temperature control where required utilizing tank heaters, temperature
controllers, and recirculation lines.

All of the fuel oil transfer tanks are built to APl 650 code
specifications, located underground below frostline, and are furnished
with manholes or handholes, external fill connections, tank heaters
(where required), vents, level indicators, switches, alarms, and
submersible fuel oil pumps. The fuel oil transfer tanks are each sized
to accommcdate the fuel oil supply durations as shown below. Tank
capacities are listed as follows:
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Supply
Transfer Tank Capacity Duration
Coal System Control Building 3,800 Gal. 1 week
Warehouse Heating Boiler 1,700 Gal. 1 week
Emergency G-T Generator/
Auxiliary Boilers (2)/ 55,0600 Gal. Generator: 30
hours
Diesel Fire Pump Planc Heating
Boiler:
24 hours
Start-Up Boiler:
1C hours
Fire Pump: 36
hours
Vitiated Air Heater 24,000 Gal. 40 hours

Transfer Tank Submersible Pumps - All pumpz are of the submersible
electric motor type which feed the user(s) and develop recirculation line
flow. Two 100 percent capacity pumps are providel for each service, with
capacities as follows:

Pump Service Capacity

Coal System Loiler 30 gph

Warehouse Boiler 15 gph

Emergency G-T Generators/Diesel 420 gph
Fire Pump

Auxiliary Boilers 600 gph

Vitiated Air Heater 600 gph

Day Tanks - Day tanks are provided to deliver fuel oil to the two
critical oil-fired engines. In the event of a power outage, fuel will
always be available by gravity flow to the engines. Tank construction
will conform to API 650 code specifications. Day tanks will be furnished
with handholes, external fill counections, drain plugs. vents, level
indicators, controllers, switches, and alarms. Day tank capacities are
listed as follows:

Supply

Day Tank Capacity Duration
Emergency G-T Cenerators 350 Gal. 4 hours
Diesel Fire Pump 350 Gal. 4 hours
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2.2.2 Piping and Valves

The fuel oil system piping is designed with welded joints in accordance with
ANSI B31.1. Valves to be in accordance with ANSI 16.5.

Piping: 2" and smaller, ASTM A53, Grade B, seamless carbon steel,
schedule 80.

<4" and lsrger, ASTM AS53, Grade B, seamless or welded carbon steel,
standard weight.

Shut-0ff
Valves: 2" and smaller, ball type, one piece body, carbon steel, ASTM A105,
double TFE seats, screwed ends.

23" and larger, gate, carbon steel, ASTM A216, flexible disc type,
bolted honnet, 0S&Y, 13% CrS.S. trim, flanged ends; or ball type,
one piece body, carbon steel, ASTM A216, double TFE seats, flanged

ends.

Check

Valves: 2" and smaller, forged carbon steel, ASTM Al105, S.S. trim, bolted
cap.
2%" and larger, carbon steel body, ASTM A216, firade WCB, flanged
ends.

2.2.3 Electrical

Motor-operated equipment and valves are 460 volt, 3 phase, 60 Hz, with power
supplied from the 480 volt motor control centers. Electrical instruments,
controls and valve limit switches will be coordinated with instrumentation
power sources.

2.2.4 Instruments, Controls, and Alarms

All fuel oil tanks are equipped with level indicators, switches, alarms, and
controllers, to allow proper flow control and monitoring of fuei oil, as
described in Section 4.0. Pumping and valve controls are arranged such as to
permit proper fuel oil regulation, as further discussed in Section 4.0. The
tanks, piping, and pumps are provided with appropriate instrumentation for
sensing fliow, pressure, and temperature.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

31 PROTECTIVE DEVICES

Relief valves and recivculation lines are placed on the discharge side of all
positive displacement pumps to prevent system overpressurization. The main
oil storage tank is adequately diked to provide ample contsinment in the event
of tank rupture. All vented entrances into the fuel oil system are equipped
with flame arrestors.
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The piping and valve design limits are equel to or greater than those of the
connecting cquipment. Therefore, no additional protective devices are
required.

3.2 HAZARDS

Special hazards associated with fuel o0il system operations are those
concerning fire and oil spill contamination of soil and ground water.

3.3 PRECAUTIONS

Special precautionary measures shall be taken during tank car unloading aimed
at preventing fuel oil spillage and accidental ignition. Hazardous areas
shall be so marked with pertinent warning labels such as '"No Smoking" signs,
etc. Adequate equipment to combat fuel oil fires (carbon dioxide, foam, etc.)
must be available at strategic locations throughout the plant site where
hazardous areas such as fuel storage and handling facilities are located. 0il
spill containing tanks, located at the rail/truck unloading station, and oil
detectors in wastewater drains, will be installed to further protect and
indicate against ground water contamination.

4.0 MODES OF OPERATION

4.1 STARTUP

Initial fill of the system commences after piping flushing has been completed.
Filling of the main o0il storage tank, the fuel oil transfer tanks, aud the two
day tanks is then performed in sequence. Rail tankcars are unloaded three at
a time to hasten main oil tank filling. In normal operation, three of the
four positive displacement pumps will be running at a capacity of 300 gpm
each, developing a total filling rate of 600 gpm. Main oil storage tank
filling time will be approximately one day.

Transfer tank filling can be accomplished normally by filling from the main
oil storage tank via the fuel oil transfer pumps. However, if necessary, a
tank truck may be used to accomplish filling through use of the external fill
connections provided on each tank. This latter methcd can be used to expedite
initial tank filling. The initial filling time for all transfer tanks will be
approximately five hours.

Day tank filling will be accomplished from the designated transfer tanks via
the submersible fuel pumps, at a flow rate of 20 gpm. Initial tank fill will
require approximately 17 mirutes.

Fuel oil will be recirculated within each transfer tank and heated to proper
temperature and viscosity before discharge to user (when required).

Total system initial fill time will be approximately one and one-half days.
The total rail tank car requirements for initial fill will be approximately
45-20,000 gallon tank cars, or 900,000 gallons of fuel oil.
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4.2 NORMAL OPERATION

During plant operstion, the normal functions of the fuel oil system will be to
keep the users supplied with a continuous flow of fuel oil at compatible
pressure conditions, and regulate and maintain temperature of fuel oil to
obtain acceptable viscosities where required.

The main o0il storsge tank is filled from rail tank cars by unloading pumps.
Normal cperatior is to have two pumps running, unloading three rail tank cars.
The fuel o0il unloading puxps will be controlled locally and at the rail/truck
unloading station, as well as being controlied and monitored at both the pump
house and main control room.

The various transfer tank fuel oil levels are maintained by the main fuel oil
transfer pumps. To ensure minimum flow protection, recirculation lines back
to the main oil storage tank from the discharge of the pumps are provided.

For the fuel cil transfer tanks "C" and "D", the fuel o0il level is regulated
as follows:

When the fuel oil level reaches a "low" condition, the level valve controlling
the fuel inlet to the tank opens, starting the fuel oil transfer pump. As the
fuel level rises to tank capacity, the "high" level switch trips, shutting the
level valve to the tank. This also initiates transfer pump shut-down, unless
overridden by another transfer tank signal. At "low-low" condition, an alarm
sounds in the pumphouse and central control room, signaling inadequate fuel
capacity in the transfer tank. At the "high-high" condition, an alarm sounds
in the pumphouse and central control room, signaling overcapacity in the
transfer tank. This "high-high" condition also initiates transfer pump
shut-down, overriding any other signal input into the control switch. Pump
operation will be alternated to distribute the wear equally on each pump. The
fuel oil transfer pumps will be controlled automatically by level switches on
the individual fuel oil transfer tanks, as well as being controlled and
monitored at both the pump house and main control room.

The fuei oil transfer tanks "A" and "B" are filled intermittantly by manually
opening the fill valves serving these tanks. The fuel oil transfer pumps are
operated at the fill valve site, using the locally-mounted control switches
provided. When tank is filled, operator shuts-off pump and closes valve.
Local transfer tank level indicators are used to observe fuel oil capacity.

The submersible pumps which feed the user normally run at & fixed capacity,
regulating line pressure with a pressure control valve on the recirculation
line to the tank. Flow control by burner management devices supplied with the
user regulate the output flow conditions. Pump operation will be alternated
to provide even wear on cach pump.

The emergency G-T generators and diesel fire pump day tanks have separate
level control systems consisting of level switches, indicators, and valves.
The system operates in basically the same manner as the transfer tank control
loop.

I e
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4.5 SHUTDOWN

If it becomes necessary to remove or replace any pumps, tanks, tank parts, or
other pipeline equipment, adequate shut-off valving has been designed into the
system. Drain connections have been incorporated into the day tanks to permit
emptying when necessary. When necessary, the transfer tanks which are
situated below grade may be emptied by pumping into a suitable tank truck.

4.4 SPECIAL OR INFREQUENT OPERATION

Special operational parameters are necessary to insure an adequate fuel supply
for the Emergency G-T Generators, Plant Heating Auxiliary Boiler, and Diesel
Fire Pump. To accomplish this, the pumps supplying these users are connected
to the plant critical bus. To further protect the fuel oil supply, the "low"
level switches on the two respective transfer tanks are set to allow no less
than a three-day fuel o0il supply for the G-T generators and fire pump, and a
24 hour supply for the plant heating auxiliary boiler.

5.0 MAINTENANCE
5.1 SURVEILLANCE AND PERFORMANCE MONITORING

Operating personnel will record all direct indicating instruments such as
pressure indicators on pumps and strainers, and tank temperature indicators,
and check equipment performance per shift. Level controls on all tanks and
motor control switches are set to annunciate in both the pump house and main
control room.

5.2 INSERVICE INSPECTION

All operating equipment shall be physically inspected while rurning to assure
that it is functioning properly. Tank levels will be checked locally for
comparison with monitor readings recorded at the pumphouse and main control
room. Pump operation will be recorded to confirm alternation of standby and
running modes per each usage. All valves and piping shall be routinely
inspected for leakage.

5.3 PREVENTATIVE MAINTENANCE

Computerized record keeping will be instituted to alert the operating
personnel when equipment needs overhaul, repacking, or cleaning, in accordance
with the recommendations of the equipment manufacturer. In general, parts
will be replaced during planned shutdowns when near the end of recommended
life cycles.

5.4 CORRECTIVE MAINTENANCE

5.4.1 Manufacturer's Instructions

A complete file of instruction books is available at the plant to guide the
plant personnel in maintenance of any piece of equipment. If necessary, a
representative of the manufacturer can be present to supervise the overhaul or
replacement of plant equipment.
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5.4.2 Spare Parts Inventory

Manufacturers will supply lists of recommended spare parts. Critical parts

and parts requiring long lead (delivery) times will be kept in inventory at
the plant.
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1.0 FUNCTION AND DESIGN REQUIREMENTS

This dooument presents a description of the Boiler Flue Gas System represented
on the following fluid systems diagrams:

o Boiler Flue Gas (8270-1-403-302-321)
o Afterburner Gas Supply (8270-i-403-302-322)
o Coal Drying and Transport Gas (8270-1-403-302~323)

The document includes descriptions of system functions, interfaces with other
systems, equipment and piping requirements, design criteria, description of
components, operating modes, and safety and maintenance requirements.

1.1 FUNCTIONAL REQUIREMENTS

The Boiler Flue Gas System handles flue gas from the Heat Recovery/Seed
Recovery System (HR/SR) outlet to the stack. After leaving the HR/SR, the
flue gas passes first through a duct to the Electrostatic Precipitator (ESP).
Downstream of the ESP, portions of the flue gas are drawn off for coal
processing, gas recirculation, afterburner air heating and the balance of the
gas flow passes through the low temperature economizer. Following the low
temperature econocizer, the flue gas lines returning from the afterburner air
heater and voal processing rejoin the main stream and are passed through the
Induced Draft (ID) fans to the stack. However, a portion of the gas leaving
the afterburner air ! sater is used to pressurize the coal lock hopper system.
At design load, 1,332,088 pounds per hour of flue gas at 12.75 psia and
480.9°F leave the HR/SR and 1,258,874 pounds per hour of flue gas at 13.00
psia and 228.20F leave the stack.

1.2 SYSTEM INTERFACES

The Boiler Flue Gas System interfaces with Coal Management System, the
secondary air supply and the secondary air heating sub-systems.

1.3 DESIGN CRITERIA

The maximum coal firing rate (for maximum ash content and maximum moisture
content) with up %o 25 percent excess air results in a total of 1,430,000
pounds per hour of flue gas at the stack. The minimum pressure at the inlet
of the induced draft fans is designed to be 12.0 psia. Gas duct velocities
are liuwited to a maximum of 3000 fpm, and duct layout is designed to achieve
acceptable system pressure losses. The maximum permissible amount of
particulate discharge at the stack based on EPA requirements ig 55 pounds per
hour. This produces a dust loading of 2.4 x 10-6 pounds of particulate per
cubic foot of flue gas at the Induced Draft fans.

Flue gas recirculation is used to limit the flue gas inlet temperavure to the
secondary or finishing superheaters to approximately 2.500°F. Gas temperature
monitoring instruments are used to automatically control the flow of
recirculaticn flue gas to the afterburner section of the HR/SR. Recirculation
flue gas flow is varied by controlling the number of recirculation fans in
operation and by varying the position of the inlet control dampers for these
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fans. For the baseload design point, 563,608 pounds per hour of 4809F flue
gas are required for coal drying using as received coal with 22.7 peroent
moisture content. For the maximum moisture conteut of 27 percent for the
incoming coal, the coal-drying flue gas flow would have to be increased to
approximately 670,000 pounds per hour.

The Low Temporature Economizer is used for initial heating of boiler feedwater
and is desigred for a heat transfer rate of 5.5 million Btu per hour.

Engineering design criteria for all disciplines is in accordance with the
applicable codes, standards, and guides issued by governmental agencies,
recognized standards organizations, and Gilbert Associates, Inc.

1.3.1 Codes and Standards

System engineering design is in accordance with applicable codes, standards,
and guides issued by the following organizations:

1. Americar National Standards Institute (ANSI)

2. American Society of Mechanical Engincers (ASME)

3. American Society for Testing and Materials (ASTM)

k. American Welding Society (AWS)

5. Manvfacturers Standardization Society of the Valve and Fitting Industry
(MsS)

6. Pipe Fabricators Institute (PFI)

7. Occupational Safety and Health Administration (OSHA)

8. Instrument Socisty of America (ISA)

9. National Fire Protection Association (NFPA)

10. Air Movement and Control Association (AMCA)

1.3.2 Design Parameters

The Boiler Flue Gas System is designed to handle 1,430,000 pounds per hour of
flue gas leaving the HR/SR. The arrangement of equipment is shown on the
Boiler Flue Gas drawing (8270-1-403-302-321), After Burner Gas Supply drawing
(8270-1-403-302-322) and Coal Drying and Transport Gas drawing (8270-1-403-
302-323). System design is based on the System Heat and Mass Balance diagranm
No. 8270-1-540-314-001.

2.0 DESIGN DESCRIPTION

The following describes the gas flow, pressure and temperature state points as
it passes through ETF plant components downstream of the HR/SR. The major
equipment components are covered in the detailed description Section 2.2.

2.1 SUMMARY DESCRIPTION

With normal operation at design capacity, about 1,346,737 pounds per hour of
flue gas at 12.75 psia and 480.99F enters the ESP. Following the ESP, the
feedwater in the low temperature economizer absorbs some of the heat from the
flue gas. Between the ESP and the low temperature economizer, flue gas is
taken from the main flow for secondary air heating »nd coal processing. This
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gas is returned to the suction of the ID fans. The ID fans discharge
1,258,874 pounds per hour to the stack at 13.00 psia and 228.20F.

2.2 DETAILED DESCRIPTION

From the high teumperature economizer outiet (last component in the HR/SR
system), a flue gas duct transfers 1,346,737 pounds per hour of flue gas at
12.75 psia/i80.99F to the ESP. Approximately 14,649 pounds per hour of dry
ash/seed mixture will be precipitated and removed in the ESP. The ash/seed
collection from the ESP is described in the Seed Manaczement System. Before
entering the low temperature economizer, a total of 330,273 pounds per hour of
fiue gas is drawn off for gas recirculation, transport gas, and after burner
air heating. An additional 563,608 pounds per hour of flue gas is drawn off
for coal processing. The remaining gas flow of 438,268 pounds per hour enters
the low temperature (LT) economizer. The flue ga® temperature leaving the low
temperature sconomizer is 315.59F.

Returning gas streams from the secondary air heater at 12.57 psia/232.99F/
219,136 pounds per hour and from coal processing at 12.57 psia/1509F/

601,531 pounds per hour mix with the gas leaving the low temperature
economizer. The resulting gas mixture is at 12.57 psia/220.9“F and has a flow
of 1,258,874 pounds per hour. The gas flow splits and enters two of the three
induced draft fans. Each fan is designed to handle 50 percent of the total
flue gas flow that is directed to the stack. Flue gas ducts leaving the
induced draft fans are joined into a single duct which discharges into the
stack.

GAI Drawing 8270-1-403-302-322 titled "Af:ierburner Gas Supply" presents the
flue gas recirculation fans and afterburner air heater sub-systems. From the
main gas stream, 330,273 pounds per hour of flue gas is supplied for gas
recirculation and secondary air heating. Of the 330,273 pounds of flue gas at
12.7 psia, 105,671 pounds per hour enters pneumatically controlled dampers
into two of the three flue gas recirculation fans (50 percent capacity each).
The flue gas at 13.08 psia flows through a check valve and manual damper prior
to mixing with the heated secondary air. After the split for gas
recirculation, the balance of 224,602 pounds per hour of flue gas enters the
regenerative air heater at 480.99F and leaves at 232.99F.

A total of 205,286 pounds per hour of ambient air at 13 psia/42.0°F enters
througn a steam coil air preheater, pneumatlically operated dampers and into
two of three afterburner gas fans (50 perc~rt capacity each). At 13.18
psia/44.50F afterburner air leaves the faas and passes through check valves
and dampers. The air flow mixes together, and flows to a regenerative air
heater. At the exit of the air heater, the air condition is 13.1 psia/331°F.
This air passes through a duct and blends with recirculated gas prior to
entering the radiant boiler. The condensed steam from the steam coil air
preheater is returned to the Auxiliary Steam System.

GAI Drawing 8270-1-403-302-323 titled "Coal Drying and Transport Gas" presents
the Coal Processing System and the Transport Gas Compressor System for the

coal lock hoppers. From the main gas stream, 563,608 pounds per hour of flue
gas at 12.70 psia/i4B80.0F are transferred by a duct into two of the three coal
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drying fans. A pneumatically operated damper is installed upstream of these
fans. Downstream, a check valve and damper are installed in the duct. These
fans will be cooled by closed cycle cooling water flow. Outlets from the
booster fans will combine before entering the mills. The gas flow will split
into three ducts before entering two of the three mills. Pneumatically
operated dampers are installed upstream and downstream of the mills.
Pulverized coal along with flue gas will enter the baghouse. Pulverized coal,
collected at the bottom of the baghouse, is transported to the coal lock
hopper system by screw conveyors as described in the Coal Management Systen.
Flue gas containing the moisture from coal drying is mixed with the main gas
stream at the induced draft fan suction.

A flow of 5,466 pounds per hour of flue gas at 12.57 psia/232.9OF is drawn
from the return line from the air heater before the return is mixed with the
main gas <iream. This flow is used to pressurize the lock hoppers feeding
coal to the combustor. The flow is split equally and supplied to two of the
three gas compressors. FEach compressor is rated at 50 percent of the total
required capacity. Upstream lines to these gas compressors are equipped with
diaphragm operated valves, and downstream lines are equipped with a check
valve and a pneumatically operated valve. The discharges combine b:fore the
lock hoppers section. Circulating water lines equipped with diaph.agm valves
supply cooling water for the compressors.

2.2.1 Ma jor Eqaipment

1. Electrostatic Precipitator (ESP)
This equipment is described with the HR/SR System

2. Flue Gas Recirculation Fans

Quantity 3-50%
Type Centrifugal
Capacity @ 4850F 22,000 cfm
Developed Head 7 in. H20
Brake Horsepower € 80% eff 31

3. Afterburner Gas Fans
Quantity 3~50%
Type Centrifugal
Capacity @ TOOF 26,000 cfm
Developed Head 6 in. H,0
Brake Horsepower 6 80% eff. 31 =

y, Air Heater

Quantity 1

Type Ljungstrom, regenerative
Air flow 26,00C cfm

Gas temp, ©OF in/out 4807233

Air temp, °F in/out 72/130
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5. Steam Coil Air Preheater
Quantity 1
Type Fin-tube
Air flow 26,000 cfm
Air temp, OF in/out (design) ~20/70
Steam press./temp. 40 psi/3509F
6. Coal Drying Fans
Quantity 3-50%
Type Centrifugal
Capacity €@ 480CF 120,000
Developed Head 7 in. H30
Brake Horsepower & 80% eff. 166
7. Coal Pulverizers and Baghouse
This equipment is described with the Coal Management System
8. Transport Cas Compressors
Quantity 3-50%
Type Centrifugal
Capacity @ 233°F 875 ¢fm
Discharge pressure 100 psi
Brake Horsepower (est.) 450
9. Low Temperature Economizer
Quantity 1
Type Fin-Tube
Gas temp, ©F in/out 4807315
Feedwater temp, °F in/out 285/302
10. Induced Draft (ID) Fans
Quantity 3-50%
Type Centrifugal
Capacity & 221OF 195,000 cfm
Developed Head 7 in. Hp0
Brake Horsepower & 80% eff. 270
11. Stack
Quantity 1
Type Reinforced Concrete
Height 300 ft.
2.2.2 Piping, Valves, Ducts and Dampers

The ducts will be gunite lined carbon steel., Exposed surfaces of ducts or
pipes will not exceed a temperature which is 50°F above ambient. Valves and
dampers will be manufactured from carbon steei.
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2.2.3 Electrical

Power for fan and compressor motors is from 4,160 volt buses and supplied from
switch gear.

Motor-operated valves and dampers are typically 460 volt, 3 phase, 60 Hz, with
power supplied from 480 volt motor control centers.

Power for instrumentation is taken from appropriate distribution ceanters.

2.2.U Instruments, Controls, and Alarms

Instruments are placsed at locations commensurate with good design practice to
monitor system performance. These instruments will help protect against
overloading any equipment with slag or loss of cooling water flow. The
majority cf the control switches and instrument readouts for each operation
are located with their respective equipment. Only major instrument readouts
are recorded at the Main Control Room Computer.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

3.1 PROTECTIVE DEVICES

The following parameters are measured, monitored, and controlled by
appropriate instruments and controls:

1.  Supply power to fan drivers.

2. Pressure, temperature and secondary air flow entering the regenerative
afterburner air heater.

3. Pressure, temperature and flue gas flow to the coal processing plant.

L, FPressure, temperature and cooling water flow to all the fan and fan
driver bearings.

3.2 HAZARDS

Boiler flue gas systems are hazaidous due to high temperatures and toxic
gases.

3.3 PRECAUTIONS

There are nc special precautions, other than ‘hose associated with high
temperature gas systems, required for the safe operation of the Boiler Flue
Gas System. Maintenance records for all the instruments and controls shall be
kept, and operations shall schedule meintenance for all the instruments.
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4.0 MODES OF OPERATION

4.1 STARTUP

Prior to firing coal in the combustor, all the boiler flue gas handling
equipment should be checked. Induced draft fans must be started prior to
firing.

§.2 NORMAL OPERATION

During normal operation, the specific required components may be controlled
and monitored from the main control room. Afterburner gas and gas
recirculation fans are controlled by signals from the HR/SR control system.

4.3 SHUTDOWN

The equipment is shutdown manually as required.

4.4 SPECIAL OR INFREQUENT OPERATION

There is no speclal or infrequent operation anticipated.
5.0 MAINTENANCE

5.1 SURVEILLANCE AND PERFORMANCE MONITORING

Operating personnel will record direct indicating instruments at regular
interva’s per shift. The in-house computer will constantly monitor specified
points on the Boiler Flue Gas handling system to give a running check on
performance which can alarm or be viewed periodically as desired in the plant
control room.

5.2 INSERVICE INSPECTION

Visual inspection of all equipment, ducts, piping, instruments, etc., shall be
carried out periodically during operation to ascertain that the subject
equipment is operating properly.

5.3 PREVENTATIVE MAINTENANCE

All equipment and motors are to be maintained and operated in accordance with
the respective manufacturer's operating and maintenance instructions.

Computerized recora keeping is used to alert the operating personnel that
pieces of equipment need an overhaul, repacking, or cleaning, depending on the
recommendations of the equipment manufacturer. In general, the part will be
replaced during the planned shutdown if it is near the end of its recommended
life cycle.

e e S 55 AT
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5.4 CORRECTIVE MAINTENANCE

5.4.1 Manufacturer's Instructions

A complete file of instruction books is available at the plant to guide the
plant personnel in maintenance of any piece of equipment. If necessary, a
representative of the manufacturer can be present to supervise the overhaul or
replacement of plant equipment.

5.4.2 Spare Parts Inventory

Manufacturers supply lists of recommended spare parts. A certain percentage
(TBD) of these parts will be kept in inventory at the plant. Complex parts
requiring long lead time for delivery will be included in the plant inventory.
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MHD-ETF PROJECT
SYSTEM DESIGN DESCRIPTION

BOILER FLUE GAS MANAGEMENT

APPENDIX "A"

REFERENCE DOCUMENTS

REFERENCE DOCUMENTS - ATTACHED

Fluid System Diagrams Diagram No.

Boiler Flue Gas 8270-1-203-302~321
Afterburner Gas Supply 8270-1-403-302-322
Coal Drying and Transport Gas 8270-1-403-302-323

REFERENCE DOCUMENTS - NOT ATTACHED

System Heat and Mass Balance 8270-1-540-314-001
Layout
Plot Plan 8270-1-210-007-001

System Design Descriptions

HR/SR

Coal Management

Seed Management
Circulating Water

Closed Cycle Cooling Water
Auxiliary Steam
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1.0 FUNCTION AND DESIGN REQUIREMENTS

This document presents a description of the Coal Management System that is
represented on the following layout and fluid system drawings:

Plot Plan (8270-1-210-007-001)

Yard Coal Handling-Plan & Section (8270-1-240-002-001)
Yard Coal Handling-Sections (8270-1-240-002-002)

Coal Feed Lock Hoppers (8270-1-410-302-341)

S W N

The document includes descriptions of system functions, interfaces with other
systems, equipment and piping requirement:, design criteria, description of
components, operating modes, and safety and maintenan:e requirements.

1.1 FUNCTIONAL REQUIREMENTS

The Coal Management System has the following coal processing functions:
creceiving, unloading, storing, screening, crushing, pulverizing, and
conveving. The prepared pulverized coal is stored in the pressurized lock
hoppers and supplied to the combustor as required. )

In general, a loaded unit train proceeds through th: thaw shed and the rotary
car dumper where the run-of-mine coal is dumped. The physical and chemical
properties of coal are tested at the sample house. Coal is transferred to and
stored in two piles near the transfer house and reclaimed as required.

Crushed coal is stored in bunkers prior to entering the pulverizer. Flue gas
is used to dry ccal in the pulverizers. Dried pulverized coal is conveyed to
pressurized lock hoppers from which >rimary injectors supply coal to the first
stage of the combustor.

1.2 SYSTEM IN1ERFACES

Major equipment associated with the Coal Management System includes an eight
car length thawing shed, rotary car dumpicg system, sample house, transfer
house, lowering wells, crushers, eight belt conveyors, pulverizerc and
pressurized lock hoppers.

The Coal Management System interfaces with other major systems such as Boiler
Flue Gas, the Oxidant Supply System, MHD Power Train (combustor), Industrial
Gas and the Slag Management System.

1.3 DESIGN CRITERIA

Design criteria such as minimum and maximum coal flow rates, as well as
minimum dryness and fineness of coal are used in the selection of the
components. Engineering design criteria for all disciplines are in accordance
with the applicable codes, standards, regulations and guides issued by
governmental agencies, recognized standards organizatiors, and Gilbert
Associates, Inc.
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1.3.1 Codes and Staandards

System engineering design is in accordance with applicable codes, standards,
and guides issued by the following organizations:

American National Standards Institute (ANSI)

American Society of Mechanical Engineers (ASME)

American Society for Testing and Materials (ASTM)

American Welding Society (AWS)

Manufacturers Standardization Society of the Valve and Fitting Industry
(MSS)

Pipe Fabricators Institute (PFI)

Occupational Safety and Health Administration (OSHA)

Instrument Society of America (ISA)

National Fire Protection Association (NFPA)

N W -

O o~

1.3.2 Design Parameters

Maximum coal requirements of 108.0 tons per hour (based on 27 percent moisture
and 12 percent ash), dried and pulverized to five percent moisture by weight
and 70 percent-2G0 mesh fineness were used. An arrangement of equipment is
shown on the System Heat and Mass Balance, Drawing No. £270-1-540-314-001.
Coal/flue gas mixture velocities for line sizing are in the range of 50 to

80 feet per second, with maximum pressure drop limited to 0.43 psi.

2.0 DESIGN DESCRIPTION

The Coal Management System provides for the receiving, handling, processing,
and storing of coal. Flue gas from the main gas stream between the
Electrostatic Precipitator (EST) and the low temperature economizer is tapped
for coal drying in the pulverizers. Dried coal in the pressurized lock
hoppers and the primary injectors is inerted with dry nitrogen or flue gas.
Pulverized coal is supplied to the common header connected to the first stage
sections of the combustcr.

(2%

.1 SUMMARY DESCRIPTION

At design capacity, the MHD-ETF plant consumes 101.8 tons per hour of coal
(22.7 percent moisture by weight). During the first two years, wherein a

23 percent capacity factor is aaticipated, the ETF plant will consume about
206,000 tons per year. Operating as a commercial power plant with 70 percent
capacity factor, it will consume about 624,000 tons per year of coal. This
latter consumption rate requires a minimum of 2 unit train deliveries

(7,000 tons capacity each) per week.

The coal unloading and storing facility is located in the northwest corner of
the pl:nt site. A thawing process is essential for winter operation. The
rotary dumping system and thawing requires a minimum of 3-1/2 to & hours for
unloading a unit train with 100 cars. The 400 feet long {eight car~length)
thawing shed is located at the coal unloading facility. Only four car lengths
of the thawing shed is equipped with heaters.
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The coal is dumped into a 300 ton capacity unloading hopper located 60 feet
below the dumpers from which it flows into four reciprocating, plate type,
vibrating feeders. Belt conveyors No. 1 and No. 2 transport coal from
underground to the sample house, and to the transfer tower.

The transfer tower is equipped with a mechanical dust collector and coal
sampling equipment. The transfer surge bin has two conical discharge chutes
with the openings controlled by power actuated slide gates. From these two
chutes, the coal can be diverted to two belt conveyors, No. 3A and No. 3B.
These two conveyors deliver coal intc the top of lowering wells which
establish active coal piles. Excess ccal is moved to long term storage and
packed down by rubber tired dozers and dozer/scrapers. There is 30 days

storage in each long term pile. Each coal pile is equipped with a lowering
well.

Four vibrating feeders and four hoppers are located below grade in a concrete
trench in line with each lowering well. The vibrating feeders dump the coal
onto 42 inch wide belt conveyors No. 4A and No. 4B which deliver the coal tc a
500 ton surge bin located in the control transfer house. The bin supplies twc
crushers rated at 500 tons per hour each and breaks the run-of-mine coal down
to 1-1/2 inch size or less which is suitable for pulverizing. From the two
crushers, coal is fed by gravity to belt conveyors No. 5A and No. 5B. These
belt conveyors feed into a 2,000 ton storage capacity bunker via a coal
tripper which is rated at 500 tons per hour. The bunker is suitable for

16 hours of active storage. From the storage bunker, the coal is fed by large
diameter pipes to weigh-feeders which measure and distribute the coal to two
of the three 55 tons per hour capacity pulverizers. The third pulverizers
acts as a spare.

For coal drying in the pulverizer, approximtely 563,000 pounds per hour of
flue gas (2.75 pounds of gas per pound of as received ccal) is tapped from the
main gas stieam between the ESP and the low temperature economizer. The gas
pressure is boosted to atmospheric pressure prior to entering the pulverizers.
In the pulverizer, coal is dried to five percent moisture by weight and
pulverized to 70 percent-200 mesh size. At design capacity, the ETF plant
consumes £3 tons per hour of dried coal. The pulverized coal is separated
from the transport gas in the bag house and transported to the fcur 150 ton
capacity (each) coal lock hoppers.

The dried pulverized coal is transferred to the depressurized 150 ton capacity
(each) lock hoppers (Al and A2), while the other pressurized lock hoppers (Bl
and B2) are feedirg cuval to the continuously pressurized primary injector B.
The cozl feeding to the primary injector takes place withcut interrupting tae
continuous injection of coal from the primary injector to the combustor. All
the lock hoppers and primary injectors have rupture discs with bag filters on
the discharge to release overpressure to the atmosphere. Approximately one
pound of high pressure gas is required to transport 30 pounds of ccal from the
primary injector to the coal feed header connected to first stages of the
comtustor. The Differential Pressure Controller (DPC) balances the air
pressure between the primary injector outlet and the coal feed line. Signals
from the combustor burner control system regulate the speed of the coal feeder
and the flow of the high pressure transport gas to the combustor.



SDD-341

2.2 DETAILED DESCRIPTICN

2.2.1 Major Equipment

An integrated coal unloading facility is composed of the following major
components:

1. Rail Car Unloading
2. Storage Bunker
3 Coal Transport System

2.2.1.1 Rail Car Unloading

The coal unloading and storing facility, located in the northwest corner of
the plant site, is 800 feet long and 500 feet wide (refer to GAI

Drawing No. 8270-1-210-007-001). For seasonal handling of coal, a thawing
process is essential. As an additional measure, a Freeze Control Agent (FCA)
with giycol based compounds will be used to act as an antifreeze to weaken the
crystalline structure of ice. The FCA will be sprayed on the coal at a
cascade point on the coal belt conveyor at the mine and after the coal is
loaded in the unit train.

A rotary dumping system considered most suitable for the coal thawing process,
requires a minimum of 3-1/2 to 4 hours for thawing and unloading a unit train
with 100 cars. Gondola type cars of random size (up to 100 ton capacity) can
be accommodated without adjustment or loss of cycle time using the unit train
and rotary dumping concept. This requires the use of cars with rotary
couplers and approximately three miles of track around the perimeter of the
site.

The 400 feet long (eight car-length) thawing shed is equipped with infra red
electric heaters and located at the coal unloading facility (refer to GAI
Drawing No. 8270-1-240-002-001). The average electrical power consumption for
the thawing shed is estimated to be 7,000 kW at 480 volts per unit train. The
thawing shed is divided into eight zones, 50 feet each. The first four zones
from the approach end are utilized as thawing bays equipped with heaters, and
the remaining four zones as soaking bays without heaters. Special care is
required to avoid stress and damage to the cars due to overheating.

After a car has proceeded through the thaw shed, it enters a hydraulic car
positioner unit. Locomotives are used only to spot the train for the initial
stop in the thaw shed. After that, all train motion is controlled by the car
positioner. The positiorer unit consists of two hydraulic rams, one locatea
on each side of the tracks. Each ram has two carriage arms, one for
acceleration and one for deceleration.

Once the roal car has been positioned, it is ready for weighing and dumping.
Scales located before and after the rotary car dumping device record the
loaded car weight (gross) and the empty car weight (tare) for each car.
Normally, a rotation of 160 degrees is used for dumping; however, 180 degrees
maximum rotation can be utilized if required. Each car is furnished with
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rotary couplers to enable dumping without disengagement. Two electric eyes
detect any misaligned cars and prevent dumping in such an event. As car
rotation begins, four hydraulic clamps engage the top of the car. Limit
switches monitor the clamping and stop the rotation if secure clamping has not
been obtained.

The coal is dumped into a 300 ton capacity unloading hopper located 60 feet
below the dumper (refer to GAI Drawing No. 8270-1-240-002-002). Above the
hopper a bar screen with 12 inch openings and runway space is provided for a
small tractor-dozer to break up large or frozen chunks of coal, thus avoiding
blockage or damage to the downstream coal handling equipment. The hopper is
constructed of 1/4 inch thick steel plate with an 1/8 inch thick stainless
steel liner. Four outlets, with slide gates, direct the coal into four
reciprocating, plat: type, vibrating feeders each rated at 1,000 tons per
hour. These feeders discharge onto a short 54 inch wide belt conveyor which
in turn discharges the coal through a chute onto the main 54 inch wide belt
conveyor No. 2. Belt conveyor No. 2 is a long belt transporting coal from
underground to the sample house, and to the transfer tower. Both belt
conveyors No. 1 and No. 2 are rated at 1,750 tons per hour, 450 feet per
minute.

2.2.1.2 Storage Bunker

The physical and the chemical properties of coal are tested at the sample
house. The transfer tower is equipped with a mechanical dust collector and
coal sampling equipment. The transfer surge bin has two conical discharge
chutes with the openings controlled by power actuated slide gates. From these
two chutes, the coal can be diverted to two 54 inch wide belt conveyors No. 3A
and No. 3B. These conveyors are rated at 1,750 tons per hour, 450 feet per
minute and deliver coal into the top of lowering wells which establish active
coal piles. Excess coal is moved to long term storage and packed down by
rubber tired dozers and dozer scrapers. There is 30 days storage in each of
the two long term piles. Each coal pile is equipped with a lowering well.

Four vibrating feeders and four hoppers are located below grade in a concrete
trench in line with each lowering well. The vibrating feeders dump the coal
onto 42 inch wide belt conveyors No. 4A and No. 4B rated at 1,000 tons per
hour, 450 feet per minute.

Belt conveyors No. 4A and No. 4B pass through weigh scales which monitor the
tonnage of coal in transit and indicate the tonnage to the station control
room. The station operator, upon advice from the chemist, can, by varying the
feeder rates, obtain the required quality of coal by blending coals from each
of the two piles. Belt conveyors No. 4A and No. 4B feed a 500 ton surge bin
located in the control transfer house. At the top of each belt conveyor is a
magnetic separator to remove tramp iron hefore the coal drops in the surge
bin. The bin feeds two crushers rated at 500 tons per hour and takes the
run-of-mine coal down to 1-1/2 inch size ur less which is suitable for the
pulverizers. From the two crushers, coal is fed by gravity to two 30 inch
wide belt conveyors No. 5A and No. 5B, rated at 500 tons per hour, 450 fpm.
The control transfer house is also equipped with mechanical dust collecting
equipment.
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2.2.1.3 Coal Transport System

Belt conveyors No. 5A and No. 5B feed into a 2,000 ton storage capacity bunker
at an elevation of 150 feet via the coal tripper. This tripper is rated at
500 tons per hour, and can be fed by either belt conveyor No. 5A or No. 5B,
each rated at 500 tons per hour. The bunker is suitable for 16 hours of
storage and is equipped with a dust suppression system. From the storage
buaker, the coal is fed by large diameter pipes to weigh~feeders which measure
and distribute the coal to two of the three 55 tons per hour capacity
pulverizers; one of the pulverizers acts as a spare. To reduce coal dust
problems, a slight negative pressure is maintained in the coal preparation
building by induced draft fans equipped with high efficiency bag type dust
collectors.

2.2.1.4 Summary of Major Equipment Required, Capacities, and Power
Consumption

The requirements for types of major equipment, and their capacities and power
consumption, are shown in Table 1.
TABLE 1

REQUIREMENTS FOR TYPES GF MAJOR EQUIPMENT, CAPACITIES,
. AND POWER CONSUMPTION

Number Power
Equipment Required Capacity Consumptiocn
Puiverizers 3 55 tph/unit 500 HP/unit
Thawing Shed 1 8 car~length 7,000 kW
Rotary Car Dumper 1 100 ton/cars (TBD)
Unloading Hopper 1 300 tons -
Vibrating Feeders 4 1,000 tph/unit (TBD)
Surge Bin 1 500 tons -
Crushers 2 500 tph (TBD)
(1-1/2 inch size) -
Storage Bunker 1 2,000 tomns -
Coal Tripper 1 500 tph (TBD)

The capacity of the Coal Handling System is shown in Table 2.
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TABLE 2

CAPACITY OF THE COAL HANDLING SYSTEM

Belt Belt Speed
Size fpm Travel
Feeder or (Width) Belt Capacity Power Distance
Conveyor (Inches) tons/hour/each  Consumption (feet)
1 54 1,750 450 <62
2 54 1,750 450 600
3A 54 1,750 450 150
3B 54 1,750 450 150
4A 42 1,000 450 600
4B 42 1,000 450 600
5A 30 500 450 530
5B 30 500 450 530

2.2.2 Piping and Valves

Coal tramsport from the unloading hopper up to the pulverizers is by rubber
covered belt conveyors. Pulverized coal is transferred to the lock hoppers
and to the combustor either by carbon steel pipes or pipe made from aluminum
oxide (Al1,0,), silicon carbide (SiC) and epoxy resin. The minimum Brinell
Hardness ﬁ ber of 500 is specified. The maximum velocity is limited to

70 feet per second. Where high abrasive wear is anticipated, the pipe and the
fittings are lined with 95 percent pure rubber. This rubber should be cold
cured, stabilized and should not contain any type of fillers, heat dissipating
agents or sulfur.

Selected valves are specified in the drawings listed under Section 1.0. All
the pipes and fittings are designed in accordance with ANSI 31.1 and the
ASME Boiler and Pressure Vessel Code.

2.2.3 Electrical

The average electrical power consumption for the thawing shed is about

7,000 kW (480 volts, 3 phase, 60 Hz) per unit train. Power requirements for
the electrical motors, pulverizers, and belt conveyors are listed under

Section 2.2.1, Major Equipment.

2.2.4 Instruments, Controls, and Alarms

Instruments are placed at locations commensurate with good design practice to
monitor system performance. These instruments monitor and control incoming
coal flow, and help avoid overloading of belt conveyors, crusher, and
pulverizers. In addition, this system is equipped with special instruments
which will:
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1. Activate infra red electric heaters.

2. Avoid stress and damage to the cars due to overheating in the thawing
shed.

3. Prevent misalignment of cars at the rotary dumping area.

4., Stop rotation of the car dumper if secure clamping of the car has not
been obtained.

5. Weigh and record gross and tare car weights.

6. Record pressure and temperature of the inert _as and level of oxygen in
the pulverizers.

The majority of the control switches and instrument readouts for each
operation are at the equipment location. Only major instrument readouts are
recorded at the Main Control Room Computer.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

3.1 PROTECTIVE DEVICES

0f the instruments and controls discussed under Section 2.2.4, the following
equipment is equipped with extensive, accurate protective devices:

1. Electric heaters in the thawing shed (to avoid stress and damage to the
cars due to overheating).

2. The rotary car dumping equipment (to position car exactly on the rotary
dumping device without misalignment.

3. The pressurized lock hoppers (to maintain pressure, temperature, and
inert gas atmosphere to avoid explosion).

3.2 HAZARDS

Hazards associated with coal handling systems include spontaneous combustion
of stored coal, explosive cosl dust mixtures, and accumulation of methane gas
in underground tunnels.

3.3 PRECAUTIONS

Fire detection/protection is included to handle any problems with items
discussed in Section 3.2. Ventilation and dust suppression equipment is also
provided where deemed necessary.

There are no special precautions for the safe operation of the Coal Management
System except closc monitoring of equipment, instruments, and controls for the
lock hopper feed system and scheduled testing of all instruwents and control
systems.
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4.0 MODES OF OPERATION

4.1 STARTUP

Upon arrival of a unit train at site, the train may pass through the thawing
shed and unloading cycle, or be stored overnight on a side track. Other
equipment described under Section 2.2.1 will be operated as required. Start up
is in accordance with the manufacturers instructions.

4.2 NORMAL OPERATION

During normal operation, the key equipment components are controlled and
monitored from the main control room.

4.3 SHUTDOWN

For scheduled shutdown or forced shutdown for an extensive period (days), the
bunkers and lock hoppers are inerted with nitrogen from the Industrial Gas
Systems to avoid fire.

4.4 SPECIAL OR INFREQUENT OPERATION

A complete loss of fire in the combustor will occur if the pulverized coal
flow is interrupted. The loss of firec results in a forced shutdown unless
restored within approximately (TBD) minutes.

5.0 MAINTENANCE
5.1 SURVEILLANCE AND PERFORMANCE MONITORING

Operating personnel recsord data shown on direct indicating instruments and
coal analysis at regular intervals per shift. The in-house computer
constantly monitors specified points to give a running check on performance
which can initiate on alarm if performance is out of specification.
Preformance can be viewed periodically as desired in the plant control room.

5.2 INSERVICE INSPECTION

Visual inspection of all equipment, conveyors, instruments, etc., shall be
carried out periodically during system operation to ascertain that the subject
equipment is operating properly.

5.3 PREVENTATIVE MAINTENANCE

All equipment, convejors and motors shall be maintained and operated in
accordance with the respective manufacturer's operating and maintenance
instructions.

Computerized record keeping will be used to alert the operating personnel that
pieces of equipment need an overhaul, repacking, or cleaning, depending on the
recomendations of the equipment manufacturer. In general, the part will be
replaced during the planned shutdown if it is near the end of its recommended
life cycle.
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5.4 CORRECTIVE MAINTENANCE

5.4.1 Manufacturer's Instructions

A complete file of instruction books is available at the plant to guide the
plant personnel in maintenance of any piece of equipwent. If necessary, a
representative of the manufacturer can be present to supervise the overhaul or
replacement of plant equipment.

5.4.2 Spare Parts Inventory

Manufacturers will supply lists of recommended spare parts. A certain
percentage (TBD) of these parts are to be kapt in inventory at the plant.
Complex parts requiring long lead time for delivery are to be included in the
plant inventory.

10
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MHD-ETF PROJECT
SYSTEM DESIGN DESCRIPTION
COAL MANAGEMENT
APPENDIX "A"

REFERENCE DOCUMENTS

REFERENCE DOCUMENTS - ATTACHED Diagram No.
Layout
Yard Coal Handling - Plan & Section 8270~1-240-002-001
Yard Coal Handling - Plan & Sections 8270-1-240-002-002

Fluid System Diagram

Coal Feed Lock Hoppers 8270-1-410-702-341
REFERENCE DOCUMEN.S - NOT ATTACHED

Plant Heat & Flow Balance Diagram

System Heat Balance 8270-1-540-314-001

Syntem Design Description

Boiler Flue Gas
MHD Power Train
Slag Management
Industrial Gas Systems
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1.0 FUNCTION AND DESIGN REQUIREMENTS

This document describes the Seed Management System as depicted on the Figures
in and attached to this SDD, and on the following Fluid Systea Diagrams and
Drawings:

raving Number Title
8270-1-210-007-001 Plot Plan
8270-1-240-002-003 Seed Unloading & Storage Area, Plan
8270-1~-240-002~004 Seed Unloading & Storage Area, Section
8270-1-410-302-342 Seed Feed System
8270-1-451-302-352 Spent Seed Removal from HR/SR Boiler and ESP
SDD-1101 (SDD-502) MHD Power Train System, Assembly, Plap &

Elevation

Figure 1 (SDD-504) Heat Recovery/Seed Recovery System (HR/SR)

The document includes 1) descriptions of system functions, 2) interfaces with
other systems, 3) equipment requirements, 4) design criteria, 5) description
of components, 6) operating modes, and 7) safety and maintenance requirements.

1.1 FUNCTIONAL REQUIREMENTS

The Seed Management System 1) receives and unloads fresh seed, 2) recovers
spent seed from the HR/SR Boiler and ESP, 3) conveys (and/or trucks), stores,
pulverizes, mixes and injects prescribed fractions of fresh and spent seed
into the MHD combustor, and 4) trucks spent seed to an off-site location for
either reprocessing or sale.

1.2 SYSTEM INTERFACES

The Seed Management System receives fresh seed vis rail and transports spent

seed via truck to an off-site location for either seed reprocessing or sale.

Within the ETF, this syctem injects seed into the MHD combustor, and recovers
seed from the convective section of the HR/SR Boiler and from the ESP.

The physical equipment that makes up and interfaces with the Seed Management
System is spread widely about the ETF Plot Plan, Drawing 8270-1-~210-007-001.
Therefore, tracing the physical flow of the seed is perhaps the best method of
locating equipment and interfaces. In the Seed Management System, the flow of
seed in~ludes the following:

1. Delivery of fresh seed in sealed railroad cars to the Seed Unloading
Facility, Item 37. (Design ic for a fresh seed supply of potassium
carbonate, although the system can handle a mixed seed consisting of
potassium carbonate/potassium sulfate). )

2. Storage of both fresh and spent seed in the silos of the Seed Unloading
Facility, Item 37.

3. Conveying of seed from the silos of Item 37 to the Seed Feed Building,
Building 35.
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4. Poneumatic transport of pulverized seed from Buildiag 35 to the MiD
combustor located in the MHD Building, Buildiag 3.

S. Racovery of spent seed from the convective pass of the HR/SR Boiler in
Building 33, and from the ESP, Item 41.

6. Pneumatic transport of the spent seed from Building 33 and Item 41 to the
Spent Seed and Fly Ash Silos, Item 19.

7. Truck delivery of spent seed from Item 19 to an off-site location for
either seed reprocessing or rale.

8. Truck delivery of spent seed from Iteam 19 back to a silo in the Seed
Unloading Facility, Item 37.

1.3 DESIGN CRITERIA ‘

Design criteria include the seed/ash flow requirements, pressure-temperature
ratings, and system limits specified in the ETF DRP. These are shown on the ;
ETF Systes Heat and Mass Balance, Drawing 8270-1-540-314~001 and evolved from |
the detajled Chemical Equilibrium Calculstions (CEC) described in Appendix B, |
"ETF SEED MANAGEMENT TASK - ESTIMATE OF CONDENSATE AND SOLIDS FLOW RATES".

The physical condition of the spent seed leaving the HR/SR har not been
ertal'lished. For the purpose of this System Design Description, it is assumed
that the spent seed from both the HR/SR Boiler and the ESP can be handled by
equipsent available for handling fly ash. In addition, it is assumed that
there are negligible differences in chemical composition between the spent
seed leaving the HR/SR Boiler convective pass and the spent seed leaving the
ESP.

Two Seed Management Systems vere considered in the analysis of Appendix B,
namely, 1) Once-Through Flow of Fresh Seed and 2) Partial Recycle of Recovered |
Seed. The criteria used to select a preferred process were as follows: |

1. Fresh seed input flows and costs shall be minimal, and preferably of a
single chemical.

2. Off-site shipping and reprocessing flows snd costs shall be minimal.

The Partial Recycle of Recovered Seed system fulfilled all of the above
criteria, and the Once~Through Flow of Fresh Seed fulfilled none. Hence, the
Partial Recycle of Recovered Seed was selected for the reference design and is
described in this System Design Description.

The once-through flow of fresh seed arrangement is desirable for initial ETF
startup and initial ETF testing (runs of 10 hours duration or less). It can
also be implemented using the exact equipment required for the reference
Partial Recycle of Recovered Seed system. The Once-Through Flow variant is
described briefly in Appendix B.
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Engineering design criteria for all disciplines are in accordance vith
applicable codes, standards, regulations and guides by governmental agencies,
recognised standards organizations, and Gilbert Associates, Iamc.

1.3.1 Codes and Standards

Systea engineering design is in accordance with applicable codes, standards,
and guides issued by the following orgsniszations:

1. American Nationasl Stsndards Institute (ANSI)

2. American Society of Mechanical Engineers (ASME)
3. American 3ociety for Testing and Materials (ASTM)
4. American Welding Society (AWS)
L)

Manufacturers Standardization Society of the Valve and Fittings Industry
(u88)

6. Pipe Fabrication Institute (PFI)

7. Occupational Safety and Health Administration (OSHA)
8. Instrument Society of America (ISA)

9. National Fire Protection Association (NFPA)

1.3.2 Design Parameters

The design pressures and temperatures are taken from the ETF DRD, the ETF
System Heat and Mass Balance, Drawing 8270-1-540-314-001, and from the results
of Appendix B as shown in Figure 1. Solids conveying equipment is sized based
on the flov rates determined from the above.

2.0 DESIGN DESCRIPTION

The Seed Management System consists of solids recovery, conveying, injection
and storage equipment. The major equipment components are discussed in the
Detailed Description of Section 2.2.

2.1 SUMMARY DESCRIPTION

The Seed Management System is designed to inject seed into the MHD combustor
and to recover spent seed from the convective section of the HR/SR Boiler and
the ESP for off-site shipment and reprocessing. It is also designed for
partial recycle of recovered seed for re-injection into the MHD combustor.
Fresh seed is potassium carbonate (‘2:: ) and has a dual role in the
coal-fired MHD power system. The pr ;y requirement for reed is to provide
the necessary plasma clectrical conductivity. The K, CO, seed also chemically
combines with 50, in the flue gas formed from the coldl §u1fut to form KZSOA
and thus eliminates SO: from the products of combustion.
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Seed is considered spent after exiting the MHD Power Train. Figure 1 shows
the mass flow diagram for the Partial Recycle of Recovered Seed. Slag is the
primary constituent removed in the Combustor and Radiant Boiler. Very little
seed condenses in these unita. Some potassium is chemically bound to the
Radiant Boiler slag (3.5 percent). This potassium cannot be economically
recovered due to the formation of insoluble potassium aluminum silicates, and
is therefore discarded with the slag.

Seed first condenses in the Afterburner Section of the Radiant Boiler (see
Figure 1 of SDD-504) under oxidizing conditions (as liquid potassium sulfate
at 2,400°F). In the Intermediate Temperature Oxidant Heater of the HR/SR at
1,593°F, the sulfate has solidified and solid potassium carbonate also
appears. Seed deposition continues and is most critical in the Reheater
Section of the HR/SR. Seed deposits in these areass will be carried through
and incorporated with seed collected by the seed hoppers (see Drawing
8270-1-451-302-352) either in the HR/SR Boiler convective pass or the ESP.
After passing through the HR/SR, the gas enters the ESP, where final seed
collection and particulate removal occurs as shown on Figure 1 of SDD-504.

Particulate losses are kept at levels to meet EPA 1979 New Source Performance
Standards. These Performance Standards for fossil fired steam generators
limit particulste emissions to 0.03 pound per million Btu of heat input to the
MHD Combustor. Since this requirement is more stringeat than potassium
recycle requirements, the design collection efficiency for the cleanup system
in determined by EPA standards.

Should fresh seed be supplied by regeneration of ETF seed, this operation
would be done off-site and the process equipment for this would not be part of
ETF equipment and equipment costing. Sufficient fresh K2603 seed flow of
7,992 1b/hr is required to capture the sulfur.

For the fraction of the seed to be recycled, the seed is collected and stored
in the Spent Seed and Fly Ash Silos for recycle (via truck) to the combustor
vithout removing ash or impurities. The level of ash and impurities buildup
in the seed is not severe enough to require ash separation or other on-site
processing steps.

2.2 DETAILED DESCRIPTION

2.2.1 Major Equipment Sections

The following summarizes the major equipment sections included in the Seed
Management Systea.

2.2.1.1 Fresh Seed Unloading And Storage

The location of the seed unloading and storage area is depicted as Itea 37,
Seed Unloading Facility, on the MHD Plant Plot Plan,

Drawing 8270-1-210-007-001, Figure 2 shows the process flow diagram for fresh
seed unloading, seed mixing, pulverizing, storage and injection for the
reference system in which there is a Partial Recycle of Recovered Seed.
Dravings 8270-1-240-002-003 and 8270-1-240-002-004 show plan/section views of
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the iresh seed unloading and storage area. Potassium carbonate is delivered
to the plant by sealed cars and is poured into fresh seed receiving pits.
Potassium carbonate is hygroscopic and must be isolated from moisture during
unloading and storage.

The Seed Unloading Facility (Item 37) is located on a rail line next to the
Seed Feed Building, Building 35. The dumper track is provided with an
unloading shed to prevent the KX,CO, from picking up moisture. Full redundancy
is provided in the unloading dglivety system to keep up vith maximum seed
feed rate. Dust collection and suppression is provided at the unloading and
transfer points.

Potassium carbonate is moved to a 10 day storage silo by screw conveyors.

The fresh K CO3 seed passes through an "as received" sampling point in tramsit
to the storzge area. The SO‘ spent seed is trucked from the Spent Seed and
Fly Ash Silos through an "af-received" sampling point in transit to the
storage area. .[The potassium carbonate and recycled potassium sulfste are
stored in separate silos which are provided with screw conveyors. Each screw
conveyor is designed for 75 tph delivery and 20 tph reclaim rate. The silos
are gized for a minimum of 10 days of KBCO and 5 days of xiso‘ storage at
full load as shown in Drawing 8270-1-24 -032-00& and Figure™2.

2.2.1.2 Seed Feed System (Pulverizing, Mixing and Injectiom)

The equipwment of the Seed Feed System processes seed from the storage silos
for injection into the MHD combustor. This equipment is shown on Drawing
8270-1-410-302-342, and is located in the Seed Feed Building, Building 35, of
Drawing 8270-i-210-007-001.

Fresh and recycled seed are reclaimed by screw conveyors from the K, ,CO. and
K SO“ storage silos and conveyed to the K,CO, and K 804 reclaim hopserg. The
KZCO, and K SOA flows are metered and pul%erized -a%arately and mixed at the

o%tlét of tge pulverizers.

Between the pulverizers and the combustor, all seed feeding equipment is in
duplicate and interconnected for switchover. Hereafter, only one flow path is
described. From the seed metering bunker, seed fed to the pulverizer is
regulated by the feeders. The specially designed pulverizer grinds seed,
along with a small fraction of slag, to a fineness passing at least 70 percent
through a 200 mes“ screen. The transport air from the air dryer (at about

18 psia in ratio of 5 1b. of seed to 1 1b. of air) transports pulverized seed
to the cyclone collectors operating at atmospheric pressure. Piping returns
the moist air to the air dryer.

The pulverized dried seed is transferred through pneumatic valves and feeders
to the depressurized lock hopper (50 ton capacity), while the other
pressurized lock hopper (50 ton capacity) is feeding seed to the continuously
pressurized primary injector (50 ton capacity). The seed enters the primary
injector without interrupting the continuous injection of seed from the
primary injector to the combustor. The cyclone collector, lock hopper and
primary injector are stacked vertically. Dry air is provided at the bottom of
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the lock hoppers and primary injectors to avoid plugging the outlets. About
0.035 1b. of high pressure oxidant to 1 1b. of seed transports seed from the
primary injector to the water cooled seed injector located near the combustor
exit (see Drawing SDD-1101, of SDD-502). The oxidant is taken from the
oxidant compressor outlet at a temperature of 433°F. The Differeatisl
Pressurized Cell (DPC) balances the air pressure between the primary injector
outlet and the seed feed line. The signals from the combustor burner control
regulate the speed of the seed feeder and the flow of the high pressure
oxidant to the combustor (see Diagram 8270-1-410-302-342.)

The equipment required includes the following:

Tandem Sealed Dump Car Site
Unloading Shed

Train Positioners

Track Hopper

Belt Feeders

Sampling System "As Received"
Storage Silos

Screw Conveyors

Hoppers and Bunkers
Pulverizers

Belt Scales

Bag Filters and Exhausters
Cyclone Collectors

Lock Hoppers

Primary Injectors

Shutoff Gates and Slide Gates
Chutes and Bins

2.2.1.3 Spent Seed Recovery

Seed is collected from the downstream end of the convective section of the
HR/SR Boiler and from the ESP. A small fraction of ash is collected with the
seed at these locations. No attempt is made to recover the small fraction of
seed chemically combined with the Combustor and Radiant Boiler slag.

The seed leaving the HR/SR Boiler convective pass is assumed to be similar to
fly-ash; therefore no size reduction equipment has been included. If this
material is significantly coarser than fly-ash then it may be necessary to
install size reduction equipment at the outlet of the HR/SR convective pass
seed hoppers.

The equipment required includes the following:
Bottom Seed Hoppers
Pressurized Air Lock Feeders
Piping and Valves

2.2.1.4 Spent-Seed Collection, Conveying, and Storage

Spent seed contaminated with fly ash is collected continuously from the HR/SR
Boiler and ESP. The flow rates are shown in Figure 1. Detailed composition of
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these flows is given in Table B2. The spent seed exit tempersture is about
480°F. The maximum flow rate of the spent seed mixture is 27,889 1lb/hr with
11.068 1b/hr being shipped off-site and 16,812 1lb/hr being recycled.

Hot dry seed is collected from the HR/SR convective section and the ESP via »
high temperature hopper/feeder system, and is conveyed to the Spent Seed and
Fly Ash Silos (Item 19 of Drawing 8270-1-210-007-001). From these silos, the
fraction of spent seed that is to be recycled is moved by truck to the Seed
Unloading Facility (Item 37 of Drawing 8270-1-210-007-001). The remaining
fraction is trucked off-site for either reprocessing or sale. Equipment for
spent seed collection is shown on Drawing 8270-1-451-302-352, and on Figure 3.

The spent seed mixture is conveyed in a sequential pattern from these hoppers
through one of the two air lock feeders into a positive pressure conveying air
stream to the spent seed silos.

The conveying air is furnished by one of two 100 percent capacity positive
displacement blowers. The air is vented from the silo through a bag filter to
meet the EPA 1979 New Source Performance Standards (NSPS). The on-site spent
seed silos located in the Spent Seed and Fly Ash Silo area (Item 19 of Plot
Plan) are sized to contain 150 tons of spent seed mixture, which equals an

18 hour supply for recycle to the Seed Feed System/MHD Combustor and is
intended to provide extra capacity for surge and emergency storage.

The following represent the major mechanical equipment for spent seed
handling:

Air Operated Handling Valves
Conveying Air Blowers

Air Heaters

Storage Silos

Bag Filters and Exhausters
Dustless Unloader

Dry Unloaders

Piping

2.2.1.5 Spent Seed Shipment and Off-Site Reprocessing

The recoverables from the HR/SR Boiler and ESP are pneumstically conveyed to
the spent seed silos, as shown in Drawing 8270-1-451-302-352. The recycled
spent seed is conveyed through dry unloading flexible spouts to trucks for
transfer to the K,SO, Storage Silo. The spent seed that is to be sold or
reprocessed off-site is transferred to trucks via the rotary dustless unloader
shown on Drawing 8270-1-451-302-352.

2.3 INSTRUMENTS, CONTROLS, AND ALARMS
The Seed Management System is provided with instrumentation for sensing solids

flow, pressure, and temperature at selected points to monitor system
performance.



SDD-342

ORIGINAL PAGZ to
OF POOR QUALITY

HR/SR
CONVECTI VE ESP
SECTHON (WR/3R)

1 ] 1
HR/9R ESP
HOPPERS WOPPERS
HR/SR ESP
SPENT SEED SPENT SEED
SILO siLe

)~
TBIOK T.;OK
WONT BB
Ky %, 0 BFFSITE
5 BAY REPROCESSING
STORAGE SIL® M SALE
T0 SEED
FEED SYSTEM
REFERENCE DESIGN WITH K,S0, RECYCLE
SPENT SEED, * LB/HR 27,088
SPENT SEED T0 OFF-SITE REPMOCESSING 11,008
OR SALE LB/HR
RECYCLE TO COMBUSTOR LB/HR 16, 821

FIGURE 3

SPENT SEED RECOVERY

10




SDD-342

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

3.1 PROTECTIVE DEVICES

The major equipment operating limits, equipment redundancy, snd protective
devices are described and included in Section 2.2.

The standard safeguards for enclosed moving screws and conveying systems are
employed. An interlock system coupled with protective mechanical guard
systems assures safe operation of screw conveyors and moving equipment.

The safety and health regulations presently governing the handling of
potassium sulfate compounds and coal ash compounds will be followed.

3.2 HAZARDS

Special personnel hazards (biological - such as those affecting respiration,
eyes, throat, etc.) are considered to exist in the Seed Management System
beyond those normally associsted with materials handling of solids in the
200°F t¢ 600°F range. Standard conditions for handling fly ash and potassium
sulfate and potassium carbonate will be followed.

3.3 PRECAUTIONS

Standard safeguards for employee protection used for conveyors and material
transport systems will be followed. Recommended safeguards to minimize
employee exposure will be followed. All equipment for handling K 80‘, K2003
and fly ash will be selected to compl!y with Federal, state and logal
environmental regulations. Seed materisl trucked off-site is watered down in
a rotary dustless unloading system to meet Federal, state and local
regulations.

4.0 MODES OF OPERATION
4.1 STARTUP
4.1.1 Startup After Prolonged Downtime

System check-out and startup after a prolonged downtime requires a somewhat
longer time than normal startup. Extra checks must be made to assure all
maintenance and equipment assembly work is complete. The equipment and
operating conditions that are to be checked are as follows:

Dust Leakage

Material Build-up in Filters and Receivers
Low Compressed Air Pressure

Rotating Equipment

Accessory Equipment

Most of this check-out work is done while conveying rates are measured. Rates
are determined by weighing all material entering the system. In addition,
down times during facility testing are recorded during the testing period in
order to obtain actual operating times for all feeders.

11
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4.1.2 Normal Startup

The following startup procedure is followed for all pneumatic conveying
systems:

1. Check that the low level alarms at each receiving bin indicate that
material can be received.

2. Set the diverter gates for empty hoppers so that the material will flow
to the correct hopper.

3. Start the blower to establish air flow through the conveying line.
4. Start the equipment that feeds the material into the conveying system.

Start the air flow first and stop it last to avoid trapping msterial in the
lines. Avoid overfeeding or underfeeding screw feeders; overfeeding may be
evidenced by blowing relief valves and by the backing up of material into the
rotary feeder, whereas underfeeding may be signaled by the failure of the
pneumatic conveying system to come up to the design vacuum or pressure.

4.2 NORMAL OPERATION

The normal load range of the Seed Management System follows the demands of the
MHD combustor and HR/SR system with nominal flows as shown on Figure 1. The
Seed Management System operates satisfactorily with minimua operator action in
the event of load changes in the system.

4.3 SHUTDOWN

In a normal, controlled shutdown the conveying systems are emptied to solid
storage locations followed by proper sealing of pressure locks. In an
emergency shutdown, the pressure locks will be sealed after emptying the
system to solid storage locations to the extent possible. Care is taken to
stop the air flow last so that no material is trapped in any part of the
conveying system. Both process control computer and operator attention are
required to confirm proper functioning of the purging or clean-out systems.

4.4 SPECIAL OR INFREQUENT OPERATION

The Seed Management System is equipped with manual controls for special
procedures requiring non-routine operation. Emergency overrides are included
along with system isolation valves and lockout systems to permit emergency
repair or inspection.

The equipment employed in tue Seed Management System can readily be adjusted
to a8 once-through flow of fresh seed (e.g., mixed potassium sulfate/potassium
carbonste). Such operation may be desired for initial ETF "shake-down" and
for ETF test runs of less than 10 hours duration. The dominant mass flows for
such operation are shown in Figure B2 of Appendix B. Since ordinary recycle
of seed in the Seed Management System is accomplished at the ETF by on-site
trucks, once-through flow merely consists of deleting this truck transfer
operation.

12
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5.0 MAINTENANCE
5.1 SURVEILLANCE AND PERFORMANCE MONITORING

A process control computer monitors significant data points in the Seed
Management System concurrent with the systems sutomatic controls. Alarms will
alert plant operating personnel to any off-design performance or operation.
Periodic calibration and maintenance are carried out on all analog and digital
instrumentation to verify computer readout.

5.2 INSERVICE INSPECTION

Equipment, including conveyors, valves, controls, gauges, etc., shall be
inspected periodically to verify that the equipment is cperating properly.

5.3 PREVENTATIVE MAINTENANCE

Computerized record keeping will be used to alert the operators that certain
pieces of apparatus need periodic overhaul, repacking, etc., in accordance
with recommendations from the equipment manufacturer. In general, the part
will be replaced or mcdified during a planned shutdown, if required.

5.4 CORRECTIVE MAINTENANCE

5.4.1 Manufacturer's Instructions

A complete file of instruction books is available at the plant to guide the
plant personnel in maintenance and overhaul of any piece of equipment. If
necessary, a representative of the manufacturer csn be present to supervise
the overhaul or replacement of plant equipment.

5.4.2 Spare Parts Inventory

The manufacturers supply lists of recommended spare parts. Critical parts
will be kept in inventory at the plant. Complex parts requiring long lead
time for delivery are included in the plant inventory.

13
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Diagram No.
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Figure 1 (SDD-504)
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8270-1-540-314-001
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APPENDIX B
ETF _SEED MANAGEMENT TASK - ESTIMATE OF CONDENSATE AND SOLIDS FLOW RATES

INTRODUCTION

A Chemical Equilibrium Calculation (CEC) using the ETF design coal was made.
The coal analysis used in the CEC study is given in Table Bl. Pressures,
temperatures, and material inputs were taken from the ETF Heat and Mass
Balance, Drawing 8270-1-540-314-001.

Because of the chemical changes that occur along the MHD flow path, the
amounts and compositions of the condensates present at any state point are
different until the temperature drops below about 1,400°F. At this point,
the system composition is essentially frozen. Therefore, although additional
condensation may occur at lower temperatures, the composition of the
condensate does not change.

In order to remove material from the system, it must be in a condensed phase,
i.e., liquid or solid. At temperatures above 1,400°F some of the constituents
normally considered as ash at room temperature are not condensed, but are in
the vapor phase. Examples are the oxides of calcium, magnesium, or sodium.
Some compounds of these elements may be present as condensates, such as
magnesium silicate, but magnesium may still be present in the vapor phase.

In Figures Bl and B2 below, the term "ash" is used to designate only the
condensed phases which may not contain all of the ash forming species fed into
the system. Therefore, since only condensed phases are represented, and these
are changing in composition and amount, a simple mass balance is not possible
from the data in these Figures.

The CEC analysis showed that condensate and solids removed from the Primary
Combustor and the Radiant Boiler are predominantly ash. At the Combustor, 65
percent of the incoming coal ash (88 percent of the condensed phase present)
is removed. Another 11.8 percent of this incoming coal ash (86 percent of the
condensed phase present) and, when present, 10 percent of the recycled ash are
removed at the Radiant Boiler along with a slight fraction of "tied-up" seed.

A smaller proportion of the recycled ash is removed because more of this ash
is in the vapor phase than is the fresh ash. Recycling concentrates the more
volatile constituents of the fresh ash which are not removed from the
Combustor into the recycled ash.

Removal of the seed dominated flow streams occurs in the convective section of
the HR/SR and in the Electrostatic Precipitator (ESP). Two sets of
calculations were performed to assess 1) the efiect of using a sufficient
amount of the recovered seed (contaminated with fly ash) to provide the
potassium sulfate seed-fraction input required by the combustor and 2) the
effect of using once-through flow of fresh seed with no on-site recycling.

The partial recycle of recovered seed was selected as the mode of operation
for design of the reference ETF Seed Management System.



TABLE Bl

ETF DESIGN

COAL ANALYSIS USED IN CHEMICAL EQUILIBRIUM

CALCULATIONS OF THE

SEED MANAGEMENT SYSTEM

Component

Carbon

Carbon Dioxide
Hydrogen
Nitrogen
Oxygen

Sulfur

Water

Aluminum Oxide
Calcium Oxide
Ferric Oxide
Potassium Oxide
Magnesium Oxide
Silicon Dioxide
Sodium Oxide

Phosphorous Pentoxide

Ash

HHV (Btu/1b)

SDD=-342

weight §

59.
18.

45
04

4.25

0.
2.

10.

10,

97
46

.05
.00
.9
.21
.56
.06
.44
.22
.34
.04

70

960
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PARTIAL RECYCLE OF RECOVERED SEED

Figure Bl shows the dominant seed and ash flow paths in the ETF when a
sufficient fraction of recovered seed is recycled to the Combustor so as to
require a fresh supply of only potassium carbonate. Steady state equilibrium
is essentially obtained after five cycles of seed flow. Composition and
states of the seed and ash are given in Table B2.

Since the recycle seed is introduced near the Combustor exit, the Combustor
slag rejection is unaffected by the recycle ash in the recovered seed flow.
Liquid potassium sulfate seed condenses first in the HR/SR, followed by
solidification and the appearance of solid potassium carbonate in the
Intermediate Temperature Oxidant Heater Section of the HR/SR. Only the seed
at the downstream end of the HR/SR is recovered. A swmall fraction pf seed is
lost the to the system as a result of being chemically combined with the slag
rejected from the Radiant Boiler.

At the ESP, 78.82 percent of the solids in the flue gas are seed compounds.
Of the 27,889 1b/hr of seed removed, 16,821 lb/hr, or 60 percent can be
recycled to the Combustor. The wmakeup potassium carbonate is 7,992 lb/hr
compared to 8,209 1lb/hr for a once~through flow of seed. This results from
the 217 1b/hr of K,CO, in the recycle stream. The potassium in the
aluminosilicate coiipoilnds is also available, since it will be vaporized at
channel temperatures but its amount (65 lb/hr) is negligible compared to the
total potassium requirement of 10,450 lb/hr. The recycle stream contains
3,537 1b/hr of "ash".

The fly ash disposed of (40 percent or 11,068 lb/hr), plus the ash removed
from the Radiant Boiler, and the 55 1b/hr passing through the stack,
equivalent to the EPA emission standard of 0.03 gr./scf, will contain

3.14 percent of the seed potassium tied up in the sluminosilicate, compared to
the 2.68 percent for once-through flow of seed.

Partial recycling of the recovered seed has several effects. The recycled
seed contains ash which has the effect of increasing the ash in the channel
and downstream components to the equivalent of a coal with 12.8 percent ash
instead of 10.7 percent ash. This reduces the plasma temperature by an
insignificant 15°F and the conductivity by 4.6 percent. The recycled seed/ash
increases mass flow in the channel. At steady state, about 50 additional
pounds of recycled seed/ash is required because of the increased mass flow.

No additional potassium carbonate is required since no additional new sulfur
is added by the recycle stream.

This analysis of the partial recycle case was carried out in order to
establish a preferred mode of operation with respect to the use of recycled
seed within the seed management subsystem. It was beyond the scopc of the
seed management study to rebalance the eatire ETF system assuming the
injection of recycled seed. For this reason the once-through seed injection
rate is shown on the system heat and mass balance diagram (Drawing
8270-1-540-314-001.
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TABLE B2
COMPOSITION AND STATE OF FLOWS REMOVED AS SEED AND
ASH FOR THE PARTIAL RECYCLE OF SEED

(Weight %)
Convective
Section ESP
Primary Combustor Radiant Boiler HR/SR (mainly

State Point (mainly ash) (mainly ash) (mainly seed) seed) Stack
Temperature (°F) 3,462 2,190 481 481 228
A1203 S* 23.58 S 2.15 S 0.47 S 0.47 S 0.47
CaCO3 ' S 1.08 S 1.08 S 1.08
Ca0 S 15.09 S 10.47
FeO L 2.95 S 19.50
Fe304 S 1.13 S 1.13 s 1.13
MgCo, S 0.43 S 0.43 S 0.43
MgO S 3.74
MgSiO, L 13.75
NaAlO2 S 1.22
Na,CO, S 14.48 S 14.48 S 14.48
§io0 L 4.46

2
KAlSi3O8 L 3.17 L 62.93 S 3.59 S 3.59 § 3.59
K2003 S 1.29 S 1.29 § 1.29
KZSOA S 77.53 §$77.53 S 77.53
Weight (1b/hr) 11,523 2,511 11,718 16,171 55
*S = Solid
L = Liquid

B-6



SDD-342

ONCE-THROUGH FLOW OF FRESH SEED

In the once-through flow of fresh seed, the amounts and compositions of the
materials removed from the system are given in Table B3. The flow diagram of
this process is given in Figure B2. The slag rejected from the Combustor is
mostly liquid containing some solids. Sixty-seven percent of the potassium in
the coal is rejected here. Radiant Boiler slag is also a liquid-solid
mixture. Despite the large percentage of potassium aluminosilicste preseut,
only 1.83 percent of the total seed is lost here.

Seed first condenses in the Afterburner Section of the Radiant Boiler under
cxidizing conditions (as liquid potassium sulfate at 2,400°F). In the
Intermediate Temperature Oxidant Heater of the HR/SR (at 1,593°F), the sulfate
bas solidified and solid potassium carbonate also appears. Additional seed
comes out along the HR/SR flow path. Seed is recovered from the HR/SR at the
downstream end as shown in the ETF Heat/Mass Balance, 8270-1-540-314-001. In
the ESP (at 481°F), 93.72 percent of the solids in the flue gas are seed
compounds. An additional 0.85 percent of the seed potassium is tied up in the
aluminosilicat2. Thus, overall, 2.68 percent of the seed potassium is lost to
the slag.

The allowable particulate emission, based on EPA 1979 New Source Performance
Standard of 0.03 1b/MBtu, is 55 1b/hr. The ESP efficiency must be at least
99.6 percent to meet this limit. If compounds such as calcium phosphate are
present, they would probably condense at sufficiently high temperatures to be
removed by the ESP.

DISCUSSION

Figures Bl and B2 show the calculated equilibrium and steady state flows for
both Partial Recycle of Recovered Seed and Once-Through Flow of Fresh Seed.
Recycling of seed removes the need for fresh potassium sulfate seed, and
reduces the shipped quantities of both fresh potassium carbonate seed and
spent seed for either off-site sale or reprocessing. It also increases total
mass flow slightly, lowers plasma temperature slightly, lowers conductivity
slightly and increases potassium loss slightly. It also increases the waste
holding volume for ash slightly, but reduces the waste holding volume for seed
compounds containing fly ash by a significant 45 percent.

The Partial Recycle of Recovered Seed thus appears the preferable process and
is used as the reference process for the ETF Seed Management System.

B-7
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TABLE B3
COMPOSITION AND STATE OF FLOWS REMOVED AS SEED AND
ASH FOR ONCE-THROUGH FLOW OF FRESH SEED

(Weight %)
Convective
. Section ESP
Primary Combustor Radiant Boiler HR/SR (mainly

State Point (mainly ash) (mainly ash) (wsinly se2d) seed) Stack
Temperature (°F) 3,462 2,190 481 481 228
A1203 S* 23.58 S 2.08 S 0.14 S 0.14 S 0.14
caco, ' S 0.32 S 0.32 S 0.32
Cal S 15.09 S 10.42
FeO L 2.95 S 19.58
Fe304 S 0.34 § 0.3¢6 S 0.34
HgCO3 0.11 S 0.1 s 0.11
MgO0 § 3.75
MgSi0, L 13.75
NaAlO2 S 1.25
N12C03 S 4.32 S 4.32 S 4.32
SiO2 L 41.46
KAlSi308 L 3.17 L 62.92 s 1.07 s 1.07 s 1.07
K2C03 S 1.34 S 1.36 S 1.34
xzsoa S 92.38 S 92.38 S 92.38
Weight (1b/hr) 11,523 2,173 10,615 14,649 55
*§ = Solid .

L = Liquid
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1.0 FUNCTION AND DESIGN REQUIREMENTS

This document presents a description of the Slag Management System as depicted
on ¥low Diagram 8270-1-451-302-351 and Plot Plan 8270-1-210-007-001.

The dorument includes a description of system functions, interfaces with other
systems, equipment and piping requirements, design criteria, description of
components, operating modes, and safety and maintenance requirements.

1.1 FUNCTIONAL REQUIREMENTS

Slag management consists of collecting, grinding, separating and transporting
the condensed mineral fraction of the coal after cowbustion. The slag
collected from the combustor and radiant boiler is ground and hydraulically
transported to one of two dewatering bins. Dewatered slag is removed from the
site by trucking or may be transported hydraulically to the slag disposal
pond. Clear water from the dewatering bin is further allowed to settle in a
recirculating and settling (R&S) tank, and is then returned to the pump inlet
header for reuse by the makeup, recirculating and sluice pumps. The sludge
water from the R&S tank is recycled to one of the two dewatering bins for
further settling. The elag sluicing water also picks up pyrites ~cllected at
the coal pulverizers and dumps them into the radiant boiler slag hopper.

1.2 SYSTEM INTERFACES

Major equipment in the Slag Management System are: two dewatering bins, Q&S
tank, two makeup pumps, two recirculating pumps, two sluice pumps, two alag
water recirculation pumps and one sump water pump. The Slag Managewmenl System
interfaces with the MHD Power Train, Hcat Recovery/Seed Recovery (HR/SR), and
Circulating Water Systems. The Slag Management System also interfaces with
the pyrite hoppers at the coal pulverizers.

1.3 DESIGN CRITERIA

The system continuously receives ground slag from the combustor slag subsystem
and ground slag from the radiant boiler hopper at the combined rated capacity
of 7 tons per hour as shown on the Heat and Mass Balance Diagram, 8270-1-540-
314-001. The design is in accordance with the applicable codes, standards,
and guides issued by governmental agencies, recognized standards
organizations, and Gilbert Associates, Inc.

1.3.1 Codes and Standards

System engineering design is in accordance with applicable codes, standards,
and guides issued by the following organizations:

l. American National Standards Institute (ANSI)

2. American Society of Mechanical Engineers (ASME)

3. American Society for Testing and Materials (ASTM)

4. American Welding Society (AWS)

5. Manufacturers Standardization Society of the Valve and Fitting Industry
(MSS)
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6. Pipe Fabricators Institute (PFI)

7. Occupational Safety and Health Administration (OSHA)
8. Instrument Society of America (ISA)

9. National Pire Protection Association (NFPA)

1.3.2 Dcni.n Parameters .

The Slag Management System is designed to handle 10 tons per hour of combustor
slag and 2-1/2 tons per hour of radiant bciler slag. The arrangement of
equipment is shown on the slag handling flow diagram (8270-1-451-302-351).

The vater/slag slurry velocity in the piping is limited to 9 feet per second.

2.0 DESIGN DESCRIPTION

The Sleg Management System provides for receiving, sluicing, and separation of
ground slag from sluice water, and transporting slag off site by truck. The
major components are described in the Summary Description, Section 2.1.

2.1 SUMMARY DESCRIPTION

At rated capacity, the ETF plant will consume 10l1.7 toms per hour of coal
(22.7 percent moisture and 8.7 percent ash, by weight). However, with the
worst coal analysis (27.0 percent moisture and 12.0 percent ash, by weight),
the ETF plant will consume 108.0 tons per hour of coal. It has been
calculated that a waximum of 9.75 tons per hour of slag (75 percent by weight
of the incoming slag) may be collected by the combustor slag handling system;
therefore, the equipment is designed to handle 10 tons per hour on a
continuous basis.

Based on 50 percent by weight removal of the incoming slag, the radiant boiler
slag handling system is designed for a capacity of 2-1/2 tons per hour. The
slag has been ground to size 2 inches and smaller by the HR/SR equipment.
Sluice pumps provide water to transport the ground slag, collected beneath the
combustor final slag collection tank and the radiant boiler hopper (and the
pyrites from the coal pulverizers) to one of the two dewatering bins. Settled
slag from the dewatering bins is transported by truck to off-site disposal.
Clear water from the dewatering bin is transferred to the R6S tank. Settled
slag fines from the RéS tank are recycled to one of the two dewatering bins.
If the dewatering bins cannot be used, the sluiced slag may be routed to a
slag disposal pond.

EQUIPMENT CAPACITY REQUIREMENTS

Shifts (8 hr) Operating 3 2 1
continuous - -

Combustor, ton/hr 5.8 8.6 17.3

Radiant Boiler, ton/hr 1.1 1.7 3.3

The above tabulation shows the operating time required at full load to remove
the slag ash when firing specified coal, With the combustor ash removal
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The above tabulation shows the operating time required at full load to remove
the slag ash when firing specified coal. With the combustor ash removal
equipment designed to handle 10 tons per hour and the radiant boiler designed
for 2-1/2 tons per hour, all the equipment must be operating for more than one
eight hour shift. If a run of poor coal (high ash) is burned, the equipment
could still handle the slag in less than three shifts.

2.2 DETAILED DESCRIPTION

2.2.1 Ma jor Equipment

The integrated Slag Management System is composed of the following major
components:

1. Combustor Slag Tanks and Grinders (MHD Power Train)

2. Radiant Boiler Slag Hopper and Grinders (HR/SR System)
3. Recirculating and Settling Tank

4. Makeup, Recirculating and Sluice Pumps

5. Slag Water Recirculating Pumps

6. Dewatering Bins

7. Slag Disposal Pond

8. Sump Water Pump

As shown on the GAl drawing 8270-1-451-302-351, two slag discharge openings
are located on the HR/SR radiant boiler furnace bottom. A maximum of 2~

1/2 tons per hour of disintegrated and ground slag from the radiant boiler
hopper outlets is removed by ash jet pumps. Also, two slag discharge openings
are located on the combustor final slag tank, from which a maximum of 10 tons
per hour of ground slag is removed by ash jet pumps. Grinders reduce the size
of the larger pieces of clinker and slag to 2 inches and smaller to permit
handling by the ash jet pumps which convey the slag/water slurry to the
dewatering bins. Makeup water for the system is provided from cooling tower
blowdown.

A total of 1,800 gpm of water at 300 psig is required to transport the ground
combustor slag via the ash jet pumps to one of the two dewatering bins. The
dewatering bins, each 175 ton capacity, are equipped with an automatic
cylinder operated discharge gate. Simultaneously, the slag which has settled
in the other dewatering bin is drained, unloaded on to trucks, and transported
off site. An air operated balancing valve is provided in the discharge line
after each jet pump so it can be isolated from the rest of the system. An air
operated balancing valve with limit switches is provided in each line at the
dewatering bins so that ash (ground slag) can be discharged to either one of
the two bins. Alternately, the water/slag slurry may be bypassed around the
dewatering bins and routed to the slag disposal pond. Whenever the conveying
operation is finished, the lines are flushed and drained to prevent slag
accumulation and freezing during winter operation. Downstream of the ash jet
pumps, a hand hole for clean out is provided for manual cleaning of plugged
lines.

The water drained from the dewatering bins is allowed to settle in the R&S
tank located beneath the dewatering bins. Conveying water overflows and also
drains from the dewatering bins into this tank. Dewatering elements inside
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the bin provide the final drainage necessary to obtain dewatered ash. High
and low water levels are monitored in the R&S tank by a level switoh (LS) and
an emergency high level/overflow indicator. The settled fines are
recirculated by jet pumps to a dewatering bin, thus completing a oycle in the
system. The clear water from the R&S tank is returned to the inlet header to
be reused by makeup, recirculating and sluice pumps.

Coal pulverizer rejects called "pyrites" are handled hydraulically as an
adjunct to the Slag Management System. Pyrite storage hoppers are mounted
below each coal pulverizer discharge spout to receive the rejects
continuously. At the outlet of each pyrite hopper is a water jet pump.
Circulated sluice water transfers the pyrites rejects to the radiant boiler
slag hopper. A hand hole for clean ocut is provided to manually clean the
plugged lines, if required. :

The sluice pumps supply clear water to the grinders, to the agitatirg water
nozzle supply ring located on the radiant boiler hopper, and to the ash jet

pumps.

Recirculating pumps supply a total of 250 gpm of water for cooling the
refractory lining, and to maintain the proper water level in the MHD Power
Train combustor slag collection tanks and the HR/SR radiant boiler slag
hopper.

Two makeup pumps supply a total of 500 gpm filtered water at 125 psig to the
slag breakers and for flushing the slag during the unloading operations.

Two slag water recirculation pumps are provided at the slag disposal pond to
reclaim water for use in the system. The pumps are sized to return 125 gpm to
the R&S Tank.

A sump water pump prov.ies water to a hydro-sjector to remove water and ash
fines from the system srea sump. The sump discharge is conveyed to the R&S
Tank.

A slag disposal pond for alternate disposal of sluiced slag is located in the
southwest area of the plant site as shown on GAI drawing 8270-1-210-007-001
“pPlot Plan." The total area covered by the Slag Disposal Pond, item 47, is
approximately 108,000 sq. ft.

TABLE 1

PUMP_ REQUIREMENTS

Number
Equipment Required Head/Capacity
Makeup Pump 2 125 psig/250 gpm
Recirculating Pump 2 125 psig/125 gpm
Sluice Pump 2 300 psig/900 gpm
Slag Water Recirculation Pump 2 125 psig/125 gpm
Sump Water Pump 1 125 psig/50 gpm
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2.2.2 Piping and Valves

The ocrushed slag slurry is transported through rubber lined carbon steel
plpes, or pipe made of hard cast iron. The maximum velocity is 9 feet per
second. Where high abrasive wear is antiocipated, the pipe and fittings are
made from heavy gauge metals.

Selected valves are shown on the drawings listed under Section 1.0. All the
valves are designed in accordance with ANSI, MSS and the ASME Boiler and
Pressure Vessel Codes.

2.2.3 Electrical
Electrical power is required at 480 volts, 3 phase at 60 Hz.
2.2.4 Instruments, Controls, and Alarms

Instruments are placed at locations commensurate with good design practice to
monitor system performance. These instruments protect against overloading any
equipment with slag or loss of circulating water flow. The majority of the
control switches and instrument readouts for each operation are located with
their respective equipment. Only major instrument readouts are monitored by
the Main Control Room Computer.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

3.1 PROTECTIVE DEVICES

Of the instruments and controls discussed under Section 2.2.4, the following
are equipped with protective devices:

1. Power supply for makeup pumps, recirculating pumps, and slag water
recirculating pumps.

2. Power supply for the grinders located at the combustor slag tanks and the
radiant boiler slag hopper.

3. Power supply for the sluice pumps.

4, Level control switches at the head tank, and at the R&S tank.

3.2 HAZARDS

Leaching of sluice water from the slag disposal pond must be avoided.

3.3 PRECAUTIONS

The Slag Management System takes part of its material (slag and water) from
the grinders of the Combustor slag tanks. During operation, the Combustor is
subject to very high Hall voltage, so the slag tanks must be resistively

insulated to bring this Hall voltage down to ground potential at the interface
to the Slag Management System. Special precautions must be taken to safeguard
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the above interface against high voltage and ensure safe operation of the
system. Monitoring by instruments and controls, and the scheduling of
maintenance for all the safeguard equipment is required.

4.0 MODES OF OPERATION

4.1 STARTUP

Prior to operating the combustor, all the slag handling equipment will be
checked and placed in operation.

4.2 NORMAL OPERATION

During normal operation, the specific required components will be controlled
and monitored from the main control room.

4.3 SHUTDOWN

For scheduled shutdown or forced shutdown for an extended period, the
combustor and radiant boiler slag handling equipment, dewatering bins, and
recirculating and settling tank will be completely evacuated so that the slag
does not clog the openings.

4.4 SPECIAL OR INFREQUENT OPERATION

Any problems with the dewatering bins or off-site trucking may require that
the slag laden sluice water be diverted to the site slag disposal pond.

5.0 MAINTENANCE
5.1 SURVEILLANCE AND PERFORMANCE MONITORING

Operating personnel will record performance data shown on direct indicating
instruments at regular intervals per shift. The in-house computer will

constantly monitor specified points on the Slag Management System to give a
running check on performance which can be viewed periodically as desired in
the plant control roow Alarms will be initiated for off-normal operatious.

5.2 INSERVICE INSPECTION

Visual inspection of all equipment, conveyors, instruments, etc., shall be
carried out periodically during system operation to ascertain that the subject
equipment is operating properly.

5.3 PREVENTATIVE MAINTENANCE

All equipment and motors are to be msintained and operated in uccordance with
the respective manufacturer's operating and mai. tenance instructions.

Computerized record keeping is to be used to alert the operating personnel
that pieces of equipment need an overhaul, repacking, or cleaning, depending
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will be replaced during the planned shutdown if it is near the end of its
recommended life cycle.

5.4 CORRECTIVE MAINTENANCE
5.4.1 Manufacturer's Instrugtions

A complete file of instruction books will be available at the plant to guide
the plant personnel in maintenance of any piece of equipment. If necessary, a
representative of the manufacturer can be present to supervise the overhaul or
replacement of plant equipment.

5.4.2 Spare Parts Inventory

Manufacturers will supply lists of recommended spare parts. Many of these
parts will be kept in inventory at the plant. Complex parts requiring long
lead time for delivery will be included in the plant inventory.
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1.0 FUNCTION AND DESIGN REQUIREMENTS

This document presents a description of the Plant Industrial Wasto System as
depicted on Fluid System Diagram 8270-1-641-302-371, Plant Industrial Waste,
and 8270-1~644-302-381 Sanitary Waste. The document includes descriptions of
syatem functions, interfaces with other systems, equipment and piping
requirements, derign criteria, description of comporents, operating modes, and
saf-ty and mainterance requirements.

1.1 FUNCTIONAL REQUIREMENTS

The Plant Industrial Waste System is designed to collect, store, transfer and
treat, as necessary, all sources of liquid industrial wastes and sanitary
wastes from the plant so that the resulting effluent is in compliance with all
local, state and Federal environmental/regulatory agency discharge
regulations, as further detsiled in Section 1.3.2. Major anticipated or
potential sources of plant industrial wastes are as follows:

Chimney wash

Air heater wash

Coal pile runoff

Coal shed and building drains

Demineralizer regeneration wastes

Turbine and compressor room drains

MHD power train and HR/SR area drains

Water pretreatment/treatment wastes

. Flyash loading wastes/runoff

10. Slag handling waste overflow/runoff

11. Cooliag tower blowdown (Partially reused for slag sluice water makeup)

12. Boiler blowdown (To be normally used as slag sluice water makeup)

13. Chemical cleaning wastes (To be handled by outside chemical cleaning
contractor or held for incineration in the boiler)

14. Plant yard drainage

15. Fuel o0il unloading/storage area runoff

16. Miscellaneous oil day tank and transformer pits

17. Sanitary wastes

WO WN

1.2 SYSTEM INTERFACES

tiajor subsystems of the Plant Industrial Waste System with their major
equipment components are as follows:

1.2.1 Cosl Pile Runoff (CPR) Treatument

Consisting of the CPR Collection Basin, Dewatering Sump and Pumps, CPR
Neutralization Tank, CPR Oxidation/Flocculation Tank, CPR Gravity Settler and
related agitators, chemical feeds, controls and piping.

1.2.2 Demineralizer Regeneration Westes Batch Truatment

Consisting of Batch Demineralizer Equalization/Neutralization Tank,
Demineralizer Wastes Transfer Pumps, and related agitators, chemical feeds,
controls and piping.
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1.2.3 Plant Building Drainage/Sumps

For the Turbine and Compressor Room drains, MHD Power Trasin and HR/SR area
drains and other building drains. Each subsystem consists of the building
floor drain system, sump, sump pumps and related piping and controls. An
0il/Water Separator is provided for drains where the potential of oil
contamination exists.

1.2.4 Main Wastewater Treatment

Consisting of the Waste Collection and Equalization Tank, Waste Transfer
Pumps, Acid Neutralization Tank, Lime Neutralization Tank, Flocculation Tank,
Gravity Settler/Thickener, Polishing Filter, Effluent Flow and Sampling
Chamber and related agitators, chemical feeds, controls and piping.

1.2.5 Waste Sludge

Consisting of Sludge Pumps, Sludge Holding Tank, Sludge Filter Press and
related controls and piping.

1.2.6 Fuel 0il Unloading/Storage Area Runoff Treatment

Consisting of containment facilities, collector pans, drainage collection
piping, Oil/Water Separator, Oil Reclaim Tank and related controls and piping.

1.2.7 Plaut Yard Runoff

Consisting of the yard drainage piping, Plant Yard Runoff Basin and Effluent
Monitoring.

1.2.8 Chemical Feed

Consisting of two sulfuric acid feeds, one caustic feed, one lime slurry feed
and polyelectrolyte feed equipment.

1.2.9 Plant Sanitary Wastes

Consisting of a package extended aeration, activated sludge, sewage treatment
plant at the main MHD plant and an underground septic tank and pump station at
the coal control building.

The Plant Industrial Waste System interfaces with other major systems which
generat. ° .Justrial wastes, such as:

Boiler Feedwster

Condensate

Feedwater Heater & Miscellaneous Drains, Vents and Reliefs
Plant Makeup Water

Circulating Water

Fuel 0il

Slag Management

Seed Management
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1.3 DESIGN CRITERIA

Design criteria cover the fluid flow requirements, pressure-temperature
ratings, and system limits to be used in the selection of the required
components.

Engineering design criteria for all disciplines is in accordance with
applicable codes, standards, regulations, and guidelines issued by
governmental agencies, recognized standavds organizations, and Gilbert
Associates, Inc.

1.3.1 Codes and Standards

System engineering design is in accordance with applicable codes, standards,
and guidelines issued by the following organizations:

American National Standards Institute (ANSI)
American Society of Mechanical Engineers (ASME)
American Society for Testing and Materials (ASTM)
American Welding Society (AWS)

Manufacturers Standardization Society of the Valve and Fittings Industry
(MSS)

6 Pipe Fabrication Institute (PFI)

7. Occupational Safety and Health Administration (OSHA)
8. Instrument Society of America (ISA)

9. National Fire Protection Association (NFPA)

10. U.S. Environmental Protection Agency (EPA)

11. Hydraulics Institute Standards (HSI)

12. American Water Works Association (AWWA)

W W -

1.3.2 Design Parameters

The Industrial Wastewater Treatment System is designed to treat plant liquid
wastes such that all discharges are in compliance with U.S. EPA, state and
local discharge regulations. All plant components are constructed of
corrosion resistant materials, suitable for the wastes being handled. Based
on the Effluent Limitations, Guidelines, Pretreatment Standards and New Source
Performance Standards Under Clean Water Act; Steam Electric Power Generating
Point Source Category, EPA, Federal Register of October 14, 1980 for new
sources, the jimitations to be met are:

General (All Discharges)

1. pH range 6.0 - 9.0
2. No discharge of polychlorinated biphenyls

Low Volume Wastes (Includes Boiler Blowdown) 30-day avp. 1-day max.

Multiply low volume wastes flow by the following concentrations:

1. Total suspended solids 30 mg/1 100 mg/1
2. 0il and grease 15 mg/1 20 mg/1
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Metal Cleaning Wastes 30-day avg. 1-day max.

Multiply metal cleaning wastes flow by the following coacentrations:

1. Total suspended solids 30 mg/1 100 mg/1
2. O0il and grease 15 mg/1 20 mg/1
3. Total copper 1.0 mg/1 1.0 mg/1
4. Total iron 1.0 mg/1 1.0 mg/1

Sanitary Wastes

1. Biochemical oxygen demand 5-day TBD TBD

2. Total suspended solids TBD TBD
Cooling Tower Blowdown 30-day avg. 1-day max.
1. Total residual chlorine (TRC) - 0.14 mg/1
2. No discharge of cooling tower maintenance chemicals which contain

any of the 129 priority pollutants (Appendix B FR, Oct. 14, 1980).
3. Discharge must be made from cold side of circulating water system.

Fly Ash Transport Water

1. No discharge of fly ash transport water; new sources shall utilize
dry fly ash handling systems.

Bottom Ash Transport Water

Multiply transport water flow by following concentrations:

1. Total suspended solids 30 mg/1 avg. 100 mg/1 max.
2. 0il and grease 15 mg/1 avg. 20 mg/1 max.

Coal Pile Runoff

1. System shall be designed to handle the runoff from a once-in-10
year, 24 hour rainfall event; runoff in excess of this event is not
subject to limitation 2 below.

2. Total suspended solids 50 mg/1

2.0 DESIGN DESCRIPTION

The Plant Industrial Waste System consists of sumps, pumps, tanks, basins,
separators, piping, valves and controls. The major equipment components are
covered in Section 1.2.
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2.1 SUMMARY DESCRIPTION

The Plant Industrial Waste System is provided to collect and treat all plant
industrial wastes or potential wastes, such that the resulting effluent is in
compliance with all regulatory agency discharge regulations. Description of
the major sub-systems comprising the Plant Industrial Waste System follows:

2.1.1 Coal Pile Runoff (CPR) Treatment

Diking and trenching are provided around coal storage piles to prevent
extraneous surface runoff from entering the piles and to collect all
contaminated runoff from the piles for subsequent treatment. Runoff is
directed to a lined CPR collection basin. Runoff in excess of the

once-in-10 year, 24 hour rainfall may overflow the sump directly to the storm
sewer. Coal thaw shed and control building drains and water from the dust
suppression system are directed to a sump and then pumped to the CFR
collection basin. Large coal particles are settled and retained in the basin.
These particles are periodically removed and reclaimed to the coal storage
piles. The basin is provided with a dewatering structure which discharges to
the basin dewatering sump. CPR dewatering pumps take suction from the sump
and convey the runoff water to the CPR neutralization tank at a controlled
rate.

In the CPR neutralization tank, runoff is completely mixed with a lime slurry
solution by a mechanical agitator to raise the pH and precipitate heavy metals
such as iron. A pH electrode mounted in the tank provides input to a
controller to regulate addition of lime slurry through an air-operated pinch
valve. Overflow from the CPR neutralization tank enters the CPR
oxidation/flocculation tank. Tank contents are air-agitated to oxidize iron
from the ferrous to ferric state. A polyelectrolyte solution is metered into
the wastewater to aid in flocculation. Overflow from the CPR
oxidation/flocculation tank enters a lamella type gravity settler to remove
suspended solids as a waste sludge. Due to the wide variations in the raw
coal pile runoff, clarified, neutralized effluent from the gravity settler may
be directed to the waste collection and equalization tank for further
treatment with other plant industrial wastes, or otherwise directed to the
polishing filter system. Gravity settler sludge is pumped to the sludge
holding tank where it combines with other waste sludges for final dewatering.

Chimney wash and air heater wash waters are likely to be acidic and contain

fine ash particles. Therefore, these wash waters are to be directed to the

CPR basin dewatering sump where they can be fed at a controlled rate through
the CPR treatment system.

2.1.2 Demineralizer Regeneration Wastes Batch Treatment

Acid and alkaline wastes from the regeneration of makeup demineralizers and
condensate demineralizers are directed to the batch demineralizer
equalization/ neutralization tank located near the demineralizers to combine
and take advantage of self-neutralizing capacity. The combined wastes are
agitated and analyzed for pH. Sulfuric acid or caustic are metered via
chemical metering pumps from the respective bulk acid or caustic storage tanks
as required to "rough" neutralize the wastes. Neutralized wastes are conveyed
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via the deminerslizer waste transfer pumps to the waste collection and
equalization tank for further treatment with other in~plant wastes. ;

2.1.3 Plant Building Drainage/Sumps

The various buildings throughout the main plant have floor drain systems and
sumps. Each building will be evaluated for potential oil contamination which
may enter into the floor drainage system. For those buildings where little or
no oil contamination is likely, the sumps are equipped with duplex sump pumps
and an automatic level control system to direct floor drainage to the waste
collection and equalization tank. For those buildings where oil contamination
is possible, each sump is baffled to provide oil intercepting capacity. O0il
may then be manually skimmed off the water surface into drums. Duplex sump
pumps with an automatic level control system, convey wastewaters to the
oil/water separator (coalescer) in the waste treatment building where any
remaining 0il is separated and removed to the waste oil holding tamk for
reclaim or disposal. Wastewater from the separator is directed to the waste
collection and equalization tank for further treatment with other in-plant
wastes.

2.1.4 Main Wastewater Treatment

All in-plant wastes are directed to the waste collection and equalization
tank. In addition to the pretreasted in-plant wastes discussed in

Sections 2.1.1 through 2.1.3, the following wastes are directed to the waste
collection and equalization tank:

1. Water pretreatment/treatment wastes such as sludges and filter backwash.

2. Flyash loading wastes/runoff. Flyash is dry conveyed from the HR/SR area
into bulk silos, from which it is dumped into trucks for hauling to
off-site recovery. Ash which spills on the ground under the silos will
be contained and any water runoff from the area is directed to the slag
disposal pond. Any pond overflow and excess water used for dust control
will be directed to the waste collection and equalization tank.

3. Slag handling wastes overflow/runoff. Slag and pyrites are sluiced as a
slurry to dewatering bins. From the bins thickened slag is loaded into
trucks for offsite disposal. Slag which spills on the ground under the
bins shall be contained and removed to the slag disposal pond. Any pond
overflow or excess sluice water will be directed to the waste collection
and equalization tank.

A mechanical agitator is provided in the waste collection and equalization
tank. Wastewaters are allowed to equalize both hydraulically and chemically.
Wastewaters are pumped via duplex wastewater transfer pumps at a
flow-controlled rate to the acid neutralization tank. The tank is equipped
with a mechanical agitator and pH controller which regulates feed of dilute
sulfuric acid from the dilute sulfuric acid makeup tank to lower the pH and
provide excess alkalinity reduction. Overflow from the acid neutralization
tank enters the lime neutralization tank. The tank is equipped with a
mechanical agitator and pH controller which regulates feed of lime slurry from
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the lime slurry makeup tank to raise the pH and precipitate solids. Lime
neutralization tank overflow enters the flocculation tank. The tank is
equipped with a variable speed mechanical agitator and a polyelectrolyte feed
system. Floc is formed at low speed agitation. The flocculation tank
overflows into the gravity settler/thickener where suspended solids are
separated and removed as a thickened sludge. A portion of the sludge is
recirculated back to the flocculation tank to act as seed in floc formation.
Waste sludge is pumped to the waste sludge holding tank for further
dewatering.

Gravity settler overflow is directed to a packaged, automatic, final polishing
filter system to remove small suspended matter to below the effluent
limitations. A bypass is provided around the final polishing filter system
should the gravity/settler effluent be satisfactory for discharge or reuse.
Filter system backwash is directed back to the waste collection and
equalization tank. Filtered wastewater is directed to the effluent flow and
sampling chamber, which is equipped with an effluent flow recorder, effluent
pH recorder, and effluent automatic sampler. Treated effluent may be
discharged or reused for ash sluicing or chimney or air heater washwater.

2.1.5 Waste Sludge

Waste sludge is pumped from the CPR gravity settler and the main wastewater
treatment gravity settler/thickener to the waste sludge holding tank. Sludge
level controls provided at the settlers determine the waste sludge rate. When
sufficient sludge has accumulated for sludge dewatering, sludge will be pumped
to the filter press (or belt filter). Sludge is dewatered to a filter cake
which can be dumped into a truck for hauling offsite. Press filtrate is
directed back to the waste collection and equalization tank.

2.1.6 Fuel 0il Unloading/Storage Area Runoff Treatment

The fuel oil, rail unloading area is furnished with track collector pans and
drainage pipes to direct all runoff through an oil/water separator prior to
discharge to the storm sewers. Similarly, the fuel oil, tank truck unloading
area is curbed and any runoff is directed through the oil/water separator.
Fuel o0il pumphouse draians and fuel oil storage tank diked area drains are also
directed through the separator. Individual drains from the rail unloading,
truck unloading, pumphouse and storage tank diked area are furnished with
locked shut-off valves so that a major leak or rupture can be contained. Only
controlled rainwater discharges are to be directed to the oil/water separator.

Skimmed oil from the separator will be pumped to the oil reclaim tank in the
fuel oil pumphouse. Water can be bled back through the separator.
Periodically, sediment which accumulates in the separator shall be removed via
a portable pump to the plant yard runoff basin.

2.1.7 Plant Yard Runoff

Plant yard rainfall drainage from the main plant area will be directed via the
storm sewer system to the plant yard runoff basin. The drainage will be
continuously monitored. Should an accidental spill occur at the main plant,
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an alarm will be initiated at a control panel in the main control room and the
basin discharge valve closed to prevent an accidental discharge of pollutional
materials. Appropriate treatment or cleanup action will be conducted in the
basin to correct any problem. Periodically, sediment retained ir the basin
shall be removed and used as fill,.

The miscellaneous 0il day tanks and transformers are either diked or set above
concrete pits such that accidental leaks or tank ruptures will be contained.
Periodically, rainfall accumulations shall be checked for contamination and if
none is present, the rainwater can be drained or pumped to the nearest floor
drain or plant yard storm drain. Any contaminated rainfall shall be processed
through the oil/water separator. Should a tank rupture, the oil shall be
reclaimed if possible or removed by a licensed waste disposal firm.

2.1.8 Chemical Feed

2.1.8.1 Demineralizer Area

A bulk concentrated sulfuric acid storage tank and a 50 percent sodium
hydroxide (caustic) storage tank are provided as part of the demineralizer
equipment. Connections are provided on cach tank for wastewater treatment
chemical feed pump suctions.

A concentrated sulfuric acid metering pump and 50 percent caustic metering
pump provide feeds as required to "rough" neutralize the equalized
demineralizer regeneration wastes in the batch demineralizer
equalization/neutralization tank.

2.1.8.2 Industrial Waste Treatment Building

Lime slurry feed equipment is provided for waste treatment, including the lime
slurry makeup tank, lime slurry pump and bag lime feeder and filter. A

10 percent lime slurry solution is manually made up by dumping bags of lime in
the feeder. The filter minimizes dusting problems. The lime slurry makeup
tank is provided with an agitator and a low level alarm. Lime slurry is
recirculated by the lime slurry pump in a loop to the CPR neutralization tank
and to the lime neutralization tank and back to the lime slurry makeup tank.

Polyelectrolyte feed equipment is provided which consists of the
polyelectrolyte makeup tank, a dry polyelectrolyte feeder/eductor and two
polyelectrolyte metering pumps. A 0.1 percent polyelectrolyte solution is
manually made up in the makeup tank by educting a measured quantity of dry
polymer into a known volume of water. An agitator is provided in the tank to
mix the solution. Two polyelectrolyte metering pumps feed solution to the CPR
oxidation/flocculation tank and the flocculation tank.

A diluie sulfuric acid feed system is provided which consists of the dilute
sulfuric acid makeup tank and the dilute sulfuric acid metering pump. A

5-10 percent sulfuric acid solution of made up by diluting concentrated acid
in a known volume of water. An agitator is provided for solution mixing. The
dilute sulfuric acid metering pump feeds acid to the acid neutralization tank.
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2.1.9 Plant Sanitary Wastes

2.1.9.1 Coal Control Building

Design is based on handling sanitary wastes for 20 people at the coal handling
facilities. Sanitary wastes from toilets and showers are directed by gravity
to an underground septic tank. The septic tank overflows into the pump
station, which conveys the liquid to the surge tank at the main plant sewage
treatment system.

2.1.9.2 Main Plant

Design is based on handling sanitary wastes for 200 people at the main plant.
All sanitary wastes from the main plant flow by gravity through the comminutor
into tke surge tank. Pumped, coal control building, septic tank overflow is
also directed to the surge tank. The sewage ejector conveys raw sewage at a
controlled rate to the aeration tank. The aeration tank overflows into the
clarifier where the activated sludge is settled. Clarifier overflow enters
the effluent flow and sampling chamber and passes through the chlorinator and
chlorine contact tank before being discharged.

Settled activated sludge is returned from the clarifier to the aeration basin.
Periodically some activated sludge is wasted to the sludge holding tank.

All air required for sewage treatment is supplied by multiple duplex blowers
included with the package equipment.

2.2 DETAILED DESCRIPTION

2.2.1 Major Equipment List

Coal Pile Runoff (CPR) Collection and Treatment

1. CPR Collection Basin

2. CPR Dewatering Pumps

3. CPR Neutralization Tank

4. CPR Neutralization Tank Agitator
S. CPR Oxidation/Flocculation Tank
6. CPR Gravity Settler

7. Coal Building Sump Pumps

Batch Demineralizer Wastes Treatment

1. Batch Demineralizer Equalization/Neutralization Tank
2. Demineralizer E/N Tank Agitator

3. Demineralizer Waste Trensfer Pumps
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Plant Building and Area Urainage/Sumps

1. MHD and HR/SR Area Sump Pumps

2. Turbine and Compressor Room Sump Pumps
3. WVastewater 0Oil/Water Separator

4. Waste 0il Holding Tank

Main Wastewater Treatment

1. Waste Collection and Equalization Tank
2. Waste C&E Tank Agitator

3. VWastewater Transfer Pumps

4. Acid Neutralization Tank

S. Acid Neutralization Tank Agitator

6. Lime Neutralization Tank
7. Lime Neutralization Tank Agitator
8. Flocculation Tank

9. Flocculation Tank Agitator

10. Gravity Settler/Thickener

11. Final Polishing Filter Equipment including the Filter Feed Tank,
Filter Feed Pumps, Dual Media Filters, Backwash Water Storage Tank,
Backwash Pumps, and Control Panel.

12. Effluent Flow and Sampling Chamber

Waste Sludge

1. Waste Sludge Holding Tank

2. CPR Sludge Pump

3. Wastewater Sludge Pump

4. Wastewater Sludge Recycle Pump

5. Filter Press Sludge Feed Pump

6. Filter Press

10



Fuel 0il Unloacd ng/Storage Area Runoff

1.
2.
3.
4.

0il Unloading Oil/Water Separator
0il Reclaim Tank
0il Reclaim Pump

Portable Dewatering Pump

Plant Yard Runoff

1.

Plant Yard Runoff Basin

Chemical Feed

10.

11.

12.

13.

14.

15.

Concentrated Sulfuric Acid Metering Pump
50 Percent Caustic Metering Pump

Lime Slurry Makeup Tank

Lime Slurry Makeup Tank Agitator

Lime Slurry Pump

Bag Lime Feeder

Bag Lime Feeder Filter

Polyelectrolyte Makeup Tank
Polyelectrolyte Makeup Tank Agitator

Dry Polyelectrolyte Feeder/Eductor

CPR Polyelectrolyte Metering Pump
Wastewater Polyelectrolyte Metering Pump
Dilute Sulfuric Acid Makeup Tank

Dilute Sulfuric Acid Makeup Tank Agitator

Dilute Sulfuric Acid Metering Pump

Plant Sanitary Wastes

1.

2.

Coal Control Building Septic Tank

Coal Control Building Sewage Pump Station

11
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3. Surge Tank including the Communitor, Dual Blowers, and Sewage

Ejector w/Dual Blowers

4. Package Sewage Treatment Plant including the Aeration Tank,
Clarifier, Effluent Flow & Sampling Chamber, Chlorinator, Chlorine
Contact Tank, Sludge Holding Tank, and Dual Blowers.

Piping and Valves

The piping and valves for the various plant industrial waste and related
chemical feed services are provided to be suitable for each application as
follows:

1.

Acidic Wastewaters

(Such as chimney wash, air heater wash, coal pile runoff, coal shed and
building drains, slag/ash overflow and loading drains)

Below Ground

Above Ground

Strong Acid/Alkaline Wastewaters

(Such as demineralizer regeneration wastes)

Above and Below Grouand

Neutral Wastewaters

Series 85 "Mono-Line" PE,
I1SO-DIN 8074 and ASTM D2239

Reinforced fiberglass pipe,
ASTM D1763 or D2310

Reinforced fiberglass pipe,
ASTM D1763 or D2310

(Such as water pretreatment wastes and filter backwash, building sump

pump piping)

Above and Below Ground
(Below Ground to be Mill
Wrapped and Coated per
AWWA C-203)

<2" Sch. 80 Seamless CS
ASTM A106, Gr. B

>2" Sch. 40 E.R. Welded
CS ASTM AS3, Gr. B

Wastewater and CPR Treatment, Sludges, Polyelectrolyte, Dilute Sulfuric

Acid

Above Ground

Lime Slurry

Above Ground

12

Reinforced fiberglass pipe,
ASTM D1763 or D2310

<2" Sch. 80 Secamless CS
ASTM A106, Gr. B

>2" Sch. 40 E.R. Welded CS
ASTM AS3, Gr. B
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6. Concentrated 93 Percent Sulfuric Acid

Above Ground Sch. 80 Seamless CS
ASTM A106, Gr. B
7. Concentrated 50 Percent Caustic Soda
Above Ground Sch. 10S 304L Welded SS,

ASTM A312, Gr. TP304L

8. Storm Drains

(Such 2s plant yard drainage, fuel oil unloading runoff)

Below Grade <15" 14GA. Galv. CSP
>15" 12GA. Galv. CSP
ASTM A4L4
Asphalt - coated with paved
invert.
9. Sewage
Below Ground Extra heavy CISP ASTM A74
Above Ground Sch. 40 Welded CS

ASTM A53, Gr. B, galvanized
2.2.3 Electrical

Pump, agitator, etc., motors 1/2 hp and larger are 3 phase, 60 Hz, 460 volt
with power supplied from the 480 volt motor control centers; and less than
1/2 hp are 1 phase, 60 Hz, 115 volt supplied from local cuntrol panel
transformers. Level controls, solenoid valves, pH controllers, and other
controllers will be coordinated with instrur.zntation power sources.

2.2.4 instruments, Controls, and Alarms

2.2.4.1 Level Controls

1. Level controls are provided where necessary to automatically comtrol
operation of pumps and locally alarm tank high and/cr low level
conditions.

2. For duplex pump installation at tavks and sumps such as the coal building
sump, CPR basin dewatering sump, turbine and compressor room sump, MHD
and HR/SR area sump and the waste collection and equalization tank the
following level control sequences are provided:

LSL - both pumps shut off

LSH1 - lead pump on

LSH2 - 2nd pump on

LAH - high level alarm

Automatic pump alternation on pumpdown

13
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ks ps at the batch demineralization equalization/
level controls are provided as follows:

3.

pumps shut off

rend pump on
LAH - high level alarm

Lead pump to be manually started only (i.e., Znd pump only comes on
in the event of lead pump failure).

Interlock with pH controiler
4. Miscellaneous tank level alarms:
a. Waste Oil Holding Tank - LAH
b. Sludge Holding Tank - LAH
c. Lime Slurry Tank - LAL
2.2.4.2 Pressure Indicators
Discharge pressure indicators are provided at all centrifugal pumps.

Discharge pressure indicators with snubbers are provided at positive
displacement pumps.

2.2.4.3 TFlow Control/Monitoring
1. Wastewater Transfer Pumps Discharge Flow

A magnetic flow meter/controlles is provided to regulate flow from the
waste collection and equalization tank to the flow-through treatment
system via a flow control valve.

2. An ultrasonic effluent flow indicator/recorder/integrator is provided at
the effluent flow and sampling chamber. The flow integrator is
interlocked with the autuaztic composite sampler to provide a contact
closure for sampling purposes cn a flow interval basis.

2.2.4.4 pH Controls

1. pH indicator/controlier/recorders are provided for the CPR neutralization
tank, acid neutralization tank, lime neutralization tank and
demineralizer ncurraiization tank with appropriate high or low alarms
which alzrm jccally and in the main control room.

2. pH indicator/recorders are provided for the effluent flow and sampling
chamber and the plant yard runoff basin with high and low alarms which
alarm locally and in the main control room. pH readings from these two
locations shall be on the computer printout for record.

2.2.4.5 Polishing Filter Equipment Controls

Automatic feed flow and backwash controls are provided as part of the filter
equipment package.

14
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2.2.4.6 Coal Pile Runoff Treatment Controls

Since only intermittent operation is required, equipment starts upon CPR
dewvatering sump LSH1 and has a time delay stop upon LSL.

2.2.4.7 Plant Sanitary Waste Controls

All necessary controls are furnished as part of the equipment package.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS
3.1 PROTECTIVE DEVICES
3.1.1 Provisions are included to isolaie city water and filtered water

from any other plant system, to prevent contamination of these
supplies. This will be accomplished by approved backflow
preventers, or siphon break piping arrangements at chemical makeup
tanks.

3.1.2 Level switches are provided at pump instsllations which on low level
trip the pumps to prevent pumps from ruraing dry.

31.3 Safety relief valves with discharge back to respective chemical
storage tanks are provided for chemical metering pumps.

3.1.4 Tanks, piping, valves, etc., are designed for pressures which exceed
maximum pump shut-off heads. Suitable corrosion resistant materials
are selected.

3.1.5 An exhaust fan/filter unit is provided for the bag dry lime handling
area to control dusting problems.

3.1.6 Safety shower and eye wash units are provided in areas where
chemicals such as sulfuric acid, lime slurry, and caustic soda are
handled.

3.1.7 Protective clothing and goggles are provided for workers in the

chemical handling and chemical feed areas, and in the coal pile
runoff area.

3.2 HAZARDS

3.2.1 A personnel hazard exists in the areas where chemical solutions are
prepared or utilized. The equipment in these areas is designed to
minimize leakage and exposure of personnel to the chemicals. These
chemicals can cause severe burning where they come in contact with

the body.
3.2.2 Coal pile runoff at times may be acidic and corrosive to the body.
2.2.3 Lime dust could be hazardous if inhaled in any great quantities. A

respirator mask should be worn when handling lime in bags.

15
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3.3 PRECAUTIONS

3.3.1 Personnel protective equipment and clothing are required when
handling chemicals whether acid, or caustic solutions, or dry
powders. Plant operators and maintenance workers shall wear full
length rubber coats, rubber boots, rubber gsuntlet gloves, face
shields and respirators as appropriate for the chemical being
handled. Suitable waterproof boots and clothing shall be worn when
working in the coal pile runoff area.

3.3.2 Should any chemicals get in the eyes or on the skin, copious
quantities of water shall be used to flush the contacted parts of
the body via safety shower and eyewash units. Similarly, personnel
should shower if wetted or in prolonged contact with coal pile
runoff.

3.3.3 All safety shower and eyewash units shall be inspected during daily
rounds for familiarity of location and for obvious problems. These
units shall be tested at least weekly.

4.0 MODES OF OPERATION
4.1 STARTUP
4.1.1 General

Initial startup is considered to take place after the tanks have been cleaned,
pumps aligned, packed, lubricated, and calibrated, piping and equipment
hydrotested, pipe lines flushed, electrical wiring checked and instruments and
controls adjusted and calibrated.

4.1.2 Coal Pile Runoff (CPR) Treatment

The CPR collection basin shall be cleaned of sludge and ready to receive
runoff. The system electrical switching shall be placed in the "Auto"
position so that when the LSH1 level is reached in the CPR dewatering sump all
CPR treatment plant equipment will be energized and runoff will be pumped to
the treatment system. Lime slurry solution and polyelectrolyte solution shall
hav:: been previously made up to full level in the respective tanks. The lime
slurry agitator and lime slurry recirculatior pump shall slways remain on,
rsince these are part of the main waste treatment system. Also, all tanks
shall initially be filled with clean process water. All valves indicated as
normally open shall! be opened and normally closed shall be closed.

4.1.3 Demineralizer Regeneration Wastes Batch Treatment

The batch demineralizer equalization/neutralization tank shall be empty and
the level control set prior to receiving wastes. The pH controller and
chemical feed pumps shall be calibrated and set fur standby operation. Valves
shall be set in their normal open or closed positions.

16
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4.1.4 Plant Building Drainage/Sump

Pump and level controls shall be set in the "Auto" position. Valves shall be
set in their normal open or closed positions.

4.1.5 Main Wastewater Treatment

All pump and level controls shall be set in the "Auto" position. All other
controls for pumps, agitators, drives, control equipment, etc., shall be
placed in the "Start" position. Dilute sulfuric acid, lime slurry,
polyelectrolyte and other sclutions shall be made up to full level in their
respective tanks. All tanks shall initially be filled with clean process
water. Vslves shall be set in their normal open or closed positions.

4.1.6 Waste Sludge

All pumps with level controls shall be set in the "Auto'" position. All other
equipment controls shall be placed in the "Start" position. Tanks shall be
initially filled with clean process water. Valves shall be set in their
normally open or closed positionms.

4.1.7 Fuel 0il Unloading/Storage Area Runoff Treatment

All oil containment diking, curbing, collector pans, etc., shall be inspected
for any defects. Valves in lines draining unloading or diked storage areas
shall normally be closed and locked during unloading. After unloading without
0il spill incident, unloading area drain valves may be open to allow rainfall
runoff to drain to the oil/water separator. The diked storage area drain
valve and oil pumphouse drain valves shall remain closed and locked when not
draining water from these areas.

4.1.8 Plant Yard Runoff

The basin shall be cleaned of any sludge accumulations prior to being placed
in service. The pH monitoring system shall be set to the "On" position.

4.1.9 Chemical Feed

All solutions shall be made up to the fill levels. All pump controls shall be
placed in the "Auto" or "Start" position, as appropriate. All valves shall be
set in their normally open or closed position. Lime slurry tank agitator and
lime slurry recirculation pump shall be started and remain running.

4.1.10 Plant Sanitary Wastes

The coal handling facilities sewage pump station pump controls shall be set in
the "Auto" position. Valves shall be set in their normally open or closed
position. All pump and blower controls shall be set in the "Auto" position at
the main plant sewage system control panel. All valves shall be set in their
normally open or closed position. Hypochlorite tablets shall be loaded in the
hypochlorinator. Sewage ejector air supply shall be throttled to provide a
near constant sewage rate of 5.5 gallons per minute. The aeration tank and

17
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clarifier shall be filled with service water, leaving room for about

2,000 gallons of waste activated sludge to be supplied from a local municipal
sewage treatment plant via a tank truck. The waste activated sludge shall be
added just prior to system startup.

4.2 NORMAL OPERATION

The Plant Industrial Waste System normally operates as described in

Section 2.1 when set in the automatic mode as detailed in Section 4.1. Normal
surveillance, routine testing, chemical solution makeup, instrument cleaning
and calibration as p.ceviously described are required. Sampling of the
effluent in accordance with National Pollution Discharge Elimination System
(NPDES) permit requirements shall be conducted.

The equipment suppliers' operating instructions shall be followed for
operation of the final polishing filter and plant sanitary waste treatment
equipment and as a supplement to this System Design Description for all other
equipment components.

4.3 SHUTDOWN

A subsystem may be shut down by placing equipment controls in the "Stop" or
"Off" position at the control panels and closing the appropriate equipment
isolating valves. All sludge lines and pumps shall be flushed with service
water on extended shutdowns. The lime slurry system lines and pump shall be
flushed before any shutdown and the slurry tank dumped and the contents
treated when an extended shutdown is anticipated. Equipment suppliers'
operating instructions shall be consulted for special procedures.

4.4 SPECIAL OR INFREQUENT OPERATION

Special operation occurs during the MHD plant shutdown. Scheduled outages
require large quantities of water for various boiler circuit chemical cleaning
and for cleaning and flushing of miscellaneous equipment and piping. Chemical
cleaning and wastes will be handled by an outside contractor or held for
incineration in the boiler.

Large quantities of raw water are required for washing fly ash and soot from
the air heaters, low temperature economizer, precipitator, and from inside the
chimney. This washing shall be coordinated when the CPR basin is at a low
level so its storage capacity and treatment capability can be utilized. Reuse

<

f treated effluent for washwater may be practiced.

Should a major oil spill occur it shall be contained at the spill area. If
the spill is of a magnitude such that it can not be cleaned up or reclaimed by
plant personnel, outside contractor services shall be utilized. If a major
chemical spill reaches the yard drainage system, it shall be contained in the
plant yard runoff basin for appropriate treatment. Outside contractor
services shall be enlisted as required.

18
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5.0 MAINTENANCE
5.1 SURVEILLANCE AND PERFORMANCE MONITORING

The Plant Industrial Waste System requires daily operator surveillance. Final
pH conditions are monitored on the in-house computer. Operators should make
periodic rounds to make sure pressure gauges are reading their normal ranges,
treatment plants are producing acceptable quality effluent, pumps are
lubricated and gland leakage adjusted properly, and air pressure is indicated
at any controls where required. Unusual noises and vibrations should also be
detected during the rounds. Chemical solution makeup tank levels shall be
logged each shift, and solutions made up as necessary. pH readings at each
treatment tank shall be noted and the settling characteristics of the solids
visually evaluated at least twice per shift. All sumps, «.ked areas and
separators shall be inspected for oil accumulations. Appropriate action shall
be taken and logged.

5.2 INSERVICE INSPECTION

All pumps, tanks, piping, valves, controls, gauges, pipe supports, etc., shall
be inspected periodically during system operation to ascertain that the system
is operating properly. Any locations where excessive water or air leakage is
detected should be noted and reported. Chemical makeup tank levels shall be
recorded each shift and solutions made up as necessary.

5.3 PREVENTATIVE MAINTENANCE

pH electrodes shall Le cleaned and calibrated at least weekly. Computerized
record keeping will be instituted to alert the operators that certain pieces
of apparatus need periodic overhaul, repacking, etc., depending on the
recommendations of the equipment manufacturer. In general, parts will be
replaced during planned shutdown if the parts are near the end of their
recommended life cycle,

5.4 CORRECTIVE MAINTENANCE

5.4.1 Manufacturers' Instructions

A complete file of instruction books will be available at the plant to guide
the plant personnel in maintenance and overhaul of any piece of equipment. If
necessary, a representative of the manufacturer can be present to supervise
the overhaul or replacement of plant equipment.

5.4.2 Spare Parts Inventory

The manufacturers supply lists of recommended spare parts. Critical parts
will be kept in inventory at the plant. Complex parts requiring long lead
time for delivery will be included in the plant inventory.
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MHD-ETF PROJECT
SYSTEM DESIGN DESCRIPTION
PLANT INDUSTRIAL WASTE SYSTEM
APPENDIX "A"
REFERENCE DOCUMENTS

REFERENCE DOCUMENTS - ATTACHED

Fluid System Diagrams Diagram No.
Plant Industrial Waste 8270-1-641-302-371
Sanitary Waste 8270-1-644-302-381

REFERENCE DOCUMENTS - NOT ATTACHED

System Design Descriptions

Condensate

Circulating Water

Boiler Feedwater

Feedwater Heater and Miscellaneous Drains, Vents and Reliefs
Plant Makeup Water

Fuel 0il

Slag Management

Seed Management
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1.0 FUNCTION AND DESIGN REQUIREMENTS

This document preseats a description cf the Fire Service Water System. While
the primary fire protection equipment is water suppliad, this document also
descr bes other equipment which is involved in overall plant ftire protection.
Included are descriptions of system functions, interfaces with other systems,
equipment and pipiang requirements, design criteria, description of components,
operating modes, and safety and maintenance requirements.

Fluid System Diagram 8270-1-781-902-401 is to be used in conjunction with the
Fire Service Water System Description which describes the water supply and
water extinguishing systems.

Fluid System Diagram 8270-1-652-3G2-242 is to be used in conjunction with that
portion of the Fire Serv.ce Water System Description which describes the
Nitrogen Inerting System.

1.1 FUNCTIONAL REQUT.EMENIS

The Fire Service Water System provides the means to detect and extinguish
fires throughout the MHD-ETF facility.

The .~ajor components of the system include the water supply, fire pumps,
exterior underground distribution piping, interior distributiom piping, fire
hydrants, hose stations, fixed fire suppression systems, fire detection and
2larm system, and portable fire extinguishers.

Fire pumps take suction from the water supply and provide flow to the exterior
underground distribution piping. The water to the fire hydrants is supplied
directly from the underground pipirg.

The interior distribution piping is supplied by the exterior distribution
piping and in turn supplies water to the hose stations and the fixed water
type fire suppression systems.

The foam fire suppression system requires a foam solution. This solution
consists of foam liquid which will come from . foam liquid storage tank and a
water supply which comes from the exterior distribution piping.

The Haion fire suppression systems are completely self contained and located
in the vicinity of the hazard.

Nitrogen, used for inerting, comes from the plant's nitrogen storage supply.
1.2 SYSTEM INTERFACES

Tte main water supply for the Fire Service Water System is a water storage
tank. This tank is described in the SDD for the Plant Makeup Water System.

There will also b2 interfaces with the following majnr systems:



SDD-411

1. Industrial Gas Systems, to provide supervisory air for dry pipe
sprickler and preaction water spray systems, and for nitrogen supply
to spaces being inerted.

2. The HVAC System for isolation of the spaces protected with Halon 1301.

3. The Coal Management System for automatic conveyor shutdown upon fire
detection on conveyor system.

4. The Fuel 0il distributior piping for the diesel fire pump's diesel
engine driver.

1.3 DESIGN CRITERIA

Design criteria cover the fluid flow and storage requirements, pressure-
temperature ratings and system limits to be used in the selection of the
required components.

Engireering design criteria is in accordance with applicable codes, standards,
regulations, and guides issued by governmental agencies, recognized standards
organizations, and Gilbert Associates, Inc.

1.3.1 Codes and Standards

System engineering design is in accordance with the applicable standards
issued by tue National Fire Protection Association (NFPA).

National Fire Codes

1C - "Standard for Portable Fire Extinguishers, Installation”
11 - "Standard for Foam Extinguishing Systerx "
12A - "Standard for Halon 1301 Systems"

13 -~ "Standard for Sprinkler Systems, Installation"
14 - "Standard for Standpipe and Hose Systems"
15 - "Standard for Water Spray Fixed Systems"

20 - "Standard for the Installation of Centrifugal Fire Pumps"
22 - "Standard for Water Tcnks for Private Fire Protection”

24 - "Standard for Outside Protection”

72D - "Standard for Proprietary Signaling Systems"

72E - "Standard on Automatic Fire Detectors"
In addition to, and in compliance with the standards listed above, fire
protection equipment, where possible, is listed by Underwriters' Laboratories,
Inc. (UL) or approved by Factory Mutual Engineering Corp. (FM).

1.3.2 Design Parameters

The main water supply and the backup water cupply are each sized to provide
two hours flow at the design water flow rate. Water stored in taaks is
treated, filtered water from a lake or river, clean well water, or potable
city water. The lower portion oi the main {filtered water) vank is reserved
for fire protection and there are no non-fire r rvice connections below the
level of the quantity required for fire servi e. The backuo zupply tank is
reserved for fire service use only.
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The design water flow rate is determined by combining the maximum fixed
extinguishing system demand, with the simultaneous demand of area -elated
hose streams. The demand for the fixed extinguishing systems is determined
by NFPA design parameters for each individual system.

The fire pumps are sized to provide the design water flow rate with
consideration for one pump being out of service for maintenance or repair.
Fire pumps are installed in accordance with NFPA Standard No. 20.

Fire hydrants and hose houses are spaced throughout the plant area to be
utilized in accordance with NFPA Standard No. 24.

The Fire Service Water System water distribution piping is designed for a
maximum operating water temperature of 150°F and a maximum pressure of 150

psig.

Fire Service Water System water is not to be used for any non-fire protection
purposes.

The Halon 1301 fire protection equipment is designed and installed in
accordance with NFPA Standard No. 12A.

The foam fire protection equipment is designed and installed in accordance
with NFPA Standard No. 11.

2.0 DESIGN DESCRiPTION

The Fire Service Water System consists of equipment piping, valves, controls
and fire sensing devices designed to provide fire protection and detection,
and is further described in Sections 2.1 and 2.2. The Fire Service Water
System main water supply is from the filtered (city) water storage tank
which is part of the Plant Makeup Vater System.

2.1 SUMMARY DESCRIPTION
2.1.1 Water Supply

Filtered water for fire protection service is stored in the filtered water
tank. The lower portion of the filtered water iank is reserved for fire
service water and there are no non-fire service connections below this
level. The minimum required storage for fire protection (estimated to be
300,000 gallons) will provide two hours continuous flow at the design flow
rate.

A separate storage tank, reserved for fire proctection use, also having the
minimum required storage capacity, is available if the main supply is not
available.

The outdoor storage tanks are provided with heat for antifreeze protection
in accordance with NFPA Standard No. 22.

(¥9)
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Pumping capacity is provided by an electric-driven, 2500 gpm, centrifugal
fire pump having a discharge pressure of 125 psig. As an emergency backup,
a diesel driven fire pump of equal capacity and rating is provided. Both
pumps are automatically started.

System water is maintained by an electric-driven jockey pump having a
capacity of 20 gpm and a discharge head of 125 psig. When the system water
demand exceeds the jockey pump capability, causing system pressure to drop
below a preselected level, the electric-driven fire pump automatically
starts. If the electric-driven fire pump fails to start, or if the water
demand is so great that the system pressure continues to drop, the diesel
driven fire pump will automatically start.

Each fire protection water storage tank supplies water to the fire pump
suction header which serves both fire pumps and the jockey pump.

Each fire pump is connected to the external water distribv%ion piping which
consists of one or more closed loops. The external loop(s) feed the yard
fire hydrants, the internal distribution piping, hose stations, and several
fixed water type suppression systems.

Isolation valves are located strategically to limit the amount of fire hydrants,
hose stations, or fixed ficre protection equipment which would be out of
service in the case of s pipe break or equipment repair.

2.1.2 Internal Distribution Piping and Hose Stations

The internal distribution piping supplies water to the interior fire hose
valve stations and the fixed water type fire suppression equipment. Each

hose valve station includes one 1-1/2 inch hose, one pin type ".2se rack,
75 feet of 1-1/2 inch fire hose and one adjustable water fog nozzle.

Gate valves are provided throughout the piping to limit the number of hose
stations or fixed equipment affected when sections of the fire protection

system must be isolated for maintenance or repair.

2.1.3 Fixed Fire Suppression Equipment -

Several different types of fixed fire suppression equipment are utilized
throughout the facility depending upon location (heated building or not),
type of hazard, type and importance of equipment being protected, and size
of area being protected. Different extinguishing agents and different
modes of operation are employed.

These include the following:

Wet Pipe Sprinklers

Dry Pipe Sprinklers

Automatic Water Sprays

Halon Suppression

Preaction Sprinklers or Sprays
Fixed Foam Suppression

[ NS R P
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2.1.4 Nitrogen Inerting

Nitrogen inerting is provided for the following arcas:
1. Coal Bunkers

2. Coal Storage Silos

3 Coal Feed Building Lock Hoppers

Each of the above includes a connection to the nitrogen gas supply, valves,

piping and regulators as necessary (final design coucept not yet determined).

Each of the above items is sealed and constantly flooded with nitrogen gas
to eliminate the presence of oxygen which is necessary for spoantaneous
combustion of the coal.

2.1.5 Portable Fire Extinguishers

Portable fire extinguishers of various types are provided throughout the
facility for first line fire fighting capability. These units are selected
as to type, sized, and located in accordance with NFPA Standard Nc. 10 with
respect to the particular hazards in the area.

2.1.6 Area Fire Detection

Fire Detection is provided in the following areas:

1. Inverter Building
2. Oxidant Compressors/Steam Turbine and Motor Drives Area
3. Switchgear Building

Each of these areas is provided with individual detection units and local
fire detection panels.

This equipment is for detection and activitation of local and remote fire
alarm signals, and is not to be confused with the detection devices used in

conjunction with the automatic operation of fixed fire extinguishing systems.

Approximately (TBD) ionization type fire detectors are located throughout
the above areas.

2.1.7 Plant Jire Alarm Annunciation

A main fire service annunciator panel is located in the control room. This
panel has audible fire and trouble alarms and visual fire and trouble
alarms. Visual alarms on the face of the panel will indicate the location
of the slarm and/or the equipment transmitting the alarm. All sienaling
circuits are constantly supervised and a trouble alarm signal is activated
by a circuit failure or other trouble signal initiated with respect to the
fire protection system.

s A e e e -5 - ————— ¥+
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The following are the general sources of the signals that will annunciate
st the main fire service annunciator panel:

1. Valve closure (trouble signal initiated by position monitor switches
from valves throughout the plant).

2. All sprinkler and water spray equipment (a signal from the pressure
switch indicating fire).

3. Dry pipe sprinkler and preaction water spray equipment (trouble signal
by low air pressure).

4. Fire detection instruments (fire or trouble signal from the local fire
detection panel).

5. Foam protection equipment (fire or trouble signal from the local
control panel).

6. Halon protected areas (fire or trouble signal from iocal control
panel).
7. Fire pumps (pump running, off automatic start, or trouble signal from

fire pump control panel).
8. Water supply tanks (low water level and low water temperature signals).

2.1.8 Outdoor Distribution Piping, Hydrants and Hose Houses

Underground distribution piping supplies water to fire hydrants each
having a hose house, fire hose, and fog nozzle.

2.2 DETAILED DESCRIPTION
2.2.1 Major Equipment
2.2.1.1 Electric Motor Driven Fire Pump

_ Quantity 1
Type borizontal, certrifugal
Capacity 2,500 gpm
Discharge pressure 125 psig

2.2.1.2 Diesel Driven Fire Pump

Quantity 1

Type horizontal, centrifugal
Capacity 2,500 gpm
Discharge pressure 125 psig

2.2.1.3 Jockey Pump (Electric Motor Drive)

Quantity ]
Type horizoncal, centrifugal
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Capacity 20 gpm
Discharge pressure 125 psig

2.2.1.4 Fire Service Water Storage Tank

Quantity 1
Capacity 300,000 gallons
Height (TBD)
Diameter (TBD)

2.2.1.5 Wet Pipe Sprinklers

A fire occurring in a room or area protected by wet pipe sprinkler equipment
will cduse one or more sprinklers to open because of the heat generated by the
fire. Water will discharge only from the sprinklers that have had their
fusible links melted by the fire.

Wet pipe sprinkler equipment is provided for the following areas:

1. Auxiliary Boiler Building - 3,000 sq. ft.
2. Diesel Fire Pump Room - (TBD) sq. ft.
3. Warehouse - 8,000 sq. ft.
4. Below operating and mezzanine levels of the

Turbine building - 37,200 sq. ft.
5. Administration, Service and Machine Shop

Building - 18,000 sq. ft.
6. Coal Feed Building - 1,800 sq. ft.
7. Coal Preparation Building - 3,600 sq. ft.
8. Fuel 0il Pumphouse - 200 sq. ft.

Each wet pipe sprinkler area piping includes a shutoff gate valve with a
position monitor switch, an alarm check valve or water flow alarm, and
sprinklers. All equipment design is in accordance with NFPA Standard No. 13.

2.2.1.6 Dry Pipe Sprinklers

Dry pipe type sprinkler equipment is used in areas where freezing water

would render a wet pipe system inoperable. All piping downstream of the

dry pipe valve is filled with air under pressure from the service air

system. The purpose of the air in the pipes is to hold the dry pipe velve

in the closed position. The air is maintained in a specified pressure

range. If the pressure falls below a minimum, a low air alarm is transmitted.

The heat generated by a fir2 occurring in one of the areas protected by the
dry pipe sprinkler equipment will cause one or more sprinklers to open
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allowing the air to escape. When the pressure on the downstream side of
the dry pipe valve reduces to a preselected level (depending on the dry
pipe valve design) the valve will open allowing water to discharge from the
open sprinklers.

Dry pipe sprinkler equipment is provided for the following unheated areas:

1. Rotary Car Dumper Building - 3,000 sq. ft.
2. Car Thawing Shed - 12,000 sq. ft.
3. Yard Coal Crusher House and Dust Collector 5,000 sq. ft.
4. Baghouse - 3,000 sq. ft.

Each dry pipe sprinkler piping includes a shutoff gate valve with position
monitor switch, a dry pipe valve, sprinklers, air supply, and alarm pressure
switches (one for low air and one for waterflow). All equipment design is
in accordance with NFPA Standard No. 13.

2.2.1.7 Automatic Water Sprays

Spot type heat detectors are provided for all of the following hazards
except the coal conveyors. These detectors will be spaced as necessary at
each hazard. A fire or any overheating of the coal conveyors will be
detected by the continuous line heat detectors. These detectors transmit
an alarm to the local control panel which sends a signal to initiate
operation of the respective deluge valve and shutdown the conveyor. Water
spray protection is provided above and below the conveyor belt.

Automatic water spray equipment is provided for all of the following:

Turbine Lube 0il Storage Tank
Turbine Lube 0il Conditioner
Hydrogen Seal 0il Unit
Transformers

Coal Conveyors

Boiler Feedwater Pumps

W

A shutoff gate valve with position monitor switch, a deluge valve, piping, open
water spray nozzles, a water flow pressure switch, fire detectors, and a
control panel are provided for each of the above. All equipment design is in
accordance with NFPA Standard No. 15.

2.2.1.8 Halon Suppression

Halon 130! suppression equipment is provided for the main control room and
relay room areas.

Each area includes a Halon supply, piping. discharge nozzles, control
panel, smoke detectors, and local alarms. All equipment design is in
accordance with NFPA Standard No. 12A.
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Two zones of detection are provided in each area. These detection zones

are connected to the control panel so that any one detector sensing a fire
will initiate a fire alarm signal, and the system will automatically
discharge upon receiving s signal from any detector in the second zone. A
predischarge alarm sounds before system activation to allow time to evacuate
the area.

Upon discharge, Halon 1301 completely floods the spea~e within 10 seconds,
providing a concentration of 5-7 percent hy volume. This concentration is
maintained for a minimum of at least 10 minntes by constructing the hazard
area to be a tight enclosure. HVAC equipment and ducts which transfer air
in or out of the protected space are automatically shut down.

There is a main supply of Halon 1301 and a backup supply ready for immediate
use if needed because of failure of the primary supply or if needed before
the main supply can be replaced after activation.

2.2.1.9 Preaction Sprinklers or Sprays

Preaction sprinkler or water spray equipment is provided with supervisory
air by connections with the station air service system. The design is such
that if one sprinkler or spray nozzle opened, either because of fire or by
accident, a low air condition would be created and local and remote trouble
alarms activated.

During normal operation conditions, water is prevented from entering the
piping by a deluge valve. These deluge valves will only opan if a fire
condition were detected by the heat detectors in the respective area.

Water would then be discharged from only the sprinklers or spray nozzles
that had their fusible elements melted by the heat of the fire. Additional
sir would be prevented from entering the piping because of the higher
pressure of the water supply.

Preaction protection requires that both a heat detector and a heat semsitive
sprinkler or spray nozzle operate before any water is discharged. This
prevents the accidental discharge of water in the event of mechanical

damage to sprinklers or the sprinkler piping on the downstream side of the
deluge valve. This would also prevent the accidental discharge of water in
the event of false fire detector signals or inadvertent manual operation of
the deluge valve.

Preaction sprinkler or preaction spray pretection is provided for each of
the following.

1. Diesel Generator Room (sprinkler)
2. Turbine Generator Bearings (water spray)

Each of the above includes a shutoff gate valve with position monitor
switch, a deluge valve, a rubber seated check valve, piping, sprinklers or
fusible element spray nozzles, heat detectors, supervisory air, local
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alarms, pressure switches (water flow and supervisory air), and a control
panel. All equipament design is in accordance with NFPA Standards No. 13
and No. 15.

2.2.1.10 Fixed Foam Suppression

Fixed foam suppression equipment is provided for the Main Fuel Oil Storage
Tank and includes a foam tank, piping, valves, alarms, heat detectors,

a proportioner, foam makers, and a local fire panel. All equipment design
is in accordance with NFPA Standard No. 11. Foam will form a vapor tight
blanket on the surface of the oil.

Fluoroprotein foam liquids are used to generate the foam. A cold foam with
a minimum usable temperature not greater than -20°F will be used. Foam
solution type, application rate, number of discharge outlets (TBD).

2.2.2 Piping and Valves

As noted on the flow diagram, piping nearby the MHD lLuilding is stainless
steel. All other interior distribution piping is carbon steel.

The underground piping is cement lined ductile iron with cast iron fittings.
Valves are U.L. listed and/or F.M. approved.
2.2.3 Electrical

The electric motor driven fire pump motor is 4,000 volt, 3 phase, 60 Hz supplied
from a 4,160 volt motor control center.

The Jockey water pump motor is 460 volt, 3 phase, 60 Hz supplied from a 480 volt
motor control center.

Electrical instruments, controls, and valve limit switches are supplied with
power coordinated with instrument power sources.

2.2.4 Instruments, Controls and Alarms

2.2.4.1 Fire Pump Alarms

The motor driven fire pump and diesel driven fire pump have the following
alarm signals sent to the main annunciator panel. One signal will indicate
that the respective pump is "running" and another will indicate "trouble’.
In addition the diesel fire pump will transmit a signal if not kept on
automatic start. There are no alarms associated with the jockey pump.

2.2.4.2 Water Tank Alarms

The water level of each fire service water supply is indicated locally, and
a low water level alarm will be transmitted to the main annunciator panel.
The water temperature is indicated locally and will be maintained at or
above 42°F. If water temperature falls below 42°F, an alarm will be sent
to the main annunciator panel.

10
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2.2.4.3 Fixed Fire Extinguishing System Controls

Operation of any fixed fire extinguishing system will issult in a local
alarm and an alarm at the main annunciator panel.

All fixed extinguishing systems operate automatically as described in
sections 2.2.1.5 through 2.2.1.10.

All fixed automatic extinguishing systems are electrically supervised.
2.2.4.4 Area Fire Detection Controls

Each fire detection system is designed so that a detector in the alarm mode
will send a signal to its local detection panel. This panel will then
transmit a fire signal to the main annunciator panel and activate a local
alarm. The local detector panel also supervises the detector circuit and
transmits a trouble signal to the main annunciator panel and sounds a local
trouble alarm upon a failure in the detector circuit.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

3.1 PROTECTIVE DEVICES

A pressure relief valve is included on the discharge of each fire pump and
another relief valve is included downstream of the jockey pump to protect
the fire protection system from pressures in excess of 150 psig.

3.2 HAZARDS

There is a hazard associated with use of water hose streams on electrical
cquipment.

3.3 PRECAUTIONS

An extensive training program for plant employees should be instituted.
This program should incorporate training in areas such as the hazards
associated with coal, the proper use of fire protection equipment, and fire
prevention measures.

4.0 MODES OF OPERATION

4.1 STARTUP
This system should be started before initiation of plant operation.
Prior to system start, the following should be verified:

1. The distribution system must be completely filled with water, and all
air evacuated from the system.

ST
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2. Power must be supplied to all pump controllers and to all control
panels.

3. All shutoff gate valves on the system must be in fully open position
(except for drain valves which should be in the position shown on the
fluid system diagrams).

4. All deluge valves must be in the normal set condition.
4.2 NORMAL OPERATION
During normal operation all systems are i1n a state of readiness.

Detection/sensing devices are constantly monitoring.
Automatic extinguishing systems function in the event of a fire.

Supervisory systems constantly monitor controls for all fixed automatic
extinguishing systems.

Further description of operation is found in Section 2.0 of this document.
4.3 SHUTDOWN

This system should never be completely shut down. Maintenance may be
performed on sections of the system by closing the appropriate valves and
removing only that portion of the system from operating condition.

4.4 SPECIAL OR INFREQUENT OPERATION

If the normal source of water is eliminated by pipe break, etc., then the
system wacter supply is drawn from the backup supply.

If the electric-driven fire pump does not function due to power failure,
etc., then the diesel fire pump is automatically started.

W“"h

.0 MAINTENANCE

5.1 SURVEILLANCE AND PERFORMANCE MONITORING

All fire protection equipment and systems must be subje=cted to a complete
inspection and acceptance test in accordance with the NFPA National Fire
Codes after the installation is completed.

During operation the supervisory controls described earlier stand ready to
activate a local trouble alarm and transmit a trouble alarm to the main
annunciator panel to alert personnel of non-functional equipment.

5.2 INSERVICE INSPECTION

After the plant is in operation, periodic inspections and tests should also

be conducted in accordance with the NFPA Naticnal Fire Codes, insurance
requirements, and governmental regulations.

12
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Fire alarm and detection systems should be subjected to operating tests and
visual inspection on s regular tasis.

Standard main drain flow tests should be conducted regularly on all fixed
piping fire prctection systems tc ensure the water supply is available.

Wet pipe type sprinkler systems should be test operated by use of the
inspectors test connections.

All fire extinguishers and hose statious should be inspected regularly to
ensure that they are in operating condition.

The extinguishcrs should also be subjected to a hydrostatic test at regular
intervals required by NFPA. Hose should be pressure tested on a regular
basis.

5.3 PREVENTATIVE MAINTENANCE

Any fire protection devices found to be in need oi maintenance should be
promptly nut into proper operating condition.

5.4 CORRECTIVE MAINTENANCE

5.4.1 Manufacturer's Instructions

A complete file of instruction books is available at the plant to guide the
plant personnel in mainteaance and overhaul of any piece of equipment. If
necessary, a representative of the manufacturer can be present to supervise
the overhaul or replacement of plant equipment.

5.4.2 Spare Parts Inventory

A supply of spare sprinkler heads, spray nozzles, and fire detectors are
kept at the facility for replacing damaged items.

13
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MHD ETF PROJECT

SYSTEM DESIGN DESCRIPTION

OXIDANT SUPPLY SYSTEM

1.0 FUNCTION AND DESIGN REQUIREMENTS

This document presents a description of the Oxidant Supply System of the MHD
Engineering Test Facility (ETF) as depicted in the block diagram of Drawing
1-FS-820, and as shown in the Drawings 1-L0-1577-1 to 1-L0-1577-9. '"Equipment
and Designation" lettering is given in Table 1. Instrument and control valve
functional lettering variations are given in Table 2. The document includes
descriptions of system functions, interfaces with other systems, equipment and
piping requirements, design criteria, description of components, operating
modes and safety and maintenance requirements. The term "Facility" is used in
reference to other parts of the ETF not supplied as part of the Oxidant Supply
System.

1.1 FUNCTIONAL REQUIREMENTS

The Oxidant Supply System provides pressurized oxidant to the Intermediate
Temperature Oxidant Heater section of the Heat Recovery/Seed Recovery (HR/SR)
System at the flow rate and pressure required for the operation of the MHD
Power Train.

A medium purity gaseous oxygen stream is produced in a cryogenic air separation
unit (ASU). This stream is blended with atmospheric air in a mixing chamber
to provide a stream with the required oxygen fraction. The oxidant stream is
compressed by two parallel high efficiency uncooled axial compressors driven
by steam turbines.

The system provides liquid nitrogen (LIN) for cooling the superconducting
magnet and gaseous nitrogen for ~uxiliary uses such as inert gas blanketing.
Several features are incorporated in the design to facilitate plant start-up.
These include provision for electrically driving one auxiliary compressor and
storage of oxygen.

1.2 SYSTEM INTERFACES

The Oxidant Supply System interfaces are shown on Drawing 1-FS-820. All
systems which interface with the oxidant supply are described in their
respective "System Design Description'. The Oxidant Supply System interfaces
with the following subsystems:
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Reheat Steam System

Auxiliary Steam System

Condensate System

Electrical Power System

Intermediate Temperature Oxidant Heater Section of HR/SR
Circulating Water System

Magnet System (LIN Supply)

Facility Central Control System

Facility Central Protection System

1.3 DESIGN CRITERIA

Design criteria for the Oxidant Supply System are the system outputs, derived
inputs and accompanying process, mechanical and electrical requirements which
are used to select size and design components and to determine performance.

The system configuration was selected on the basis of studies performed under
NASA Contract DEN 3-165. In these studies, eighteen (18) cases incorporating
variations of system configuration and component equipment were evaluated.
All cases were designed to deliver the same oxidant stream (an air stream
enriched to a total of 30.0% oxygen by volume) at the same delivery pressure
(117.6 psia). Each case was optimized to minimize its power consumption.

The study was based on an MHD plant requiring three times the capacity needed
for the ETF, but it used three parallel equipment trains to produce the
capacity. The use of one equipment train is satisfactory for the ETF and is
used herein.

The criteria used for final Oxidant Supply System selection and design are
(not necessarily in the order of priority):

a. Total power consumption of the Oxidant Supply System shall be at, or very
near to, the minimum of all cases considered.

b. Total capital cost of the Oxidant Suppliy System shall be at, or very near
to, the minimum of all cases considered.

c. Total operating and maintenance costs of the Oxidant Supply System shall
be at, or very near to, the minimum of all cases considered.

d. The Oxidant Supply System process design shall be based on technology
currently in use and having a high level of reliability and availability.

e. All components shall be available on the present day market.
The case selected for the ETF Oxidant Supply System is among the lowest in
power consumptior of the cases considered, with the possible exception of some

advanced systems utilizing liquid pumping that might require some development.
It is the lowest in capital cost, and in operating and maintenance costs.

2
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It is nearly identical to the "The Blast Furance Oxygen Plant System at
Schwelgern" (see reference cited). This plant has been available to its
customers at August Thyssen-Huette AG essentially around the clock since being
commissioned in 1973. Shutdown has been yearly, or less frequent, and then
for only a brief period of maintenance required by the entire Thyssen complex.
The selected system has proprietary elements, but no development components,
and could be procured on the present market.

1.3.1 Codes and Standards

Engineering design criteria for all disciplines is in accordance with appli-
cable codes, standards, regulations, and guides issued by governmental agencies
and recognigzed standards organizations.

Codes and Standards applicable to the design of the Oxidant Supply System
including equipment specifications, layout, safety considerations, and
mechanical, electrical and structural work and components are described in
detail below. If no codes or standards are available or applicable, best
industry practice and/or Linde AG/Lotepro standards are used. This also
applies in those cases where Linde AG/Lotepro standards exceed industry norms.

1.3.1.1 Pressure Vessels

All pressure vessels are designed, fabricated, inspected and tested in
accordance with the latest edition of the American Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code for Unfired Pressure Vessels,
Section VIII, Division 1.

Shell and tube heat exchangers are designed, fabricated, inspected and tested
in accordance with the Tubular Exchangers Manufacturers Association (TEMA)
Codes and with Heat Exchange Institute (HEI) Standards.

Heat exchangers of special design are designed, fabricated, inspected and
tested in accordance with Linde AG specifications.

All threaded and flanged process and utility connections to pressure vessels
have American National Standards Institute (ANSI) standard dimensions.

1.3.1.2 Piping

All cryogenic piping design, fabrication, inspection, and testing conform to:

ANSI B31.3, Petroleum Refining Piping »nd Compressed Ges Association (CGA)
"Safe Practices Guide for Air Separation Plant."

3
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All piping in other services shell be designed, fabricated, tested and
inspected as per ANSI B31.3.

All structural welds on process gas pipelines, shether shop or field
fabricated, are to be subjected to radiographic analysis.

All threaded and flanged piping connections throughout the Oxidant Supply
System have ANSI standard dimensions.

All equipment rated for oxygen service is designed, fabricated and installed
in accordance with all applicable sections of the following standards:

CGA Pauphlet 5-4.4, "Industrial Practices for Gaseous Oxygen
Transmission and Distribution Piping Systems;"

NASA SP-3090, "ASRDI Oxygen T .hnology Survey Volume IX:
Orygen Systems Engineering Review; 1975";

NASA SP-3037, "ASRDI Oxygen Technology Survey Volume 1I:

Cleaning Requirements, Procedures and Verification Techniques,
1972".

1.3.1.3 Electrical Equipment and Wiring

All electrical equipment und wiring shall be designed, fabricated and
installed in accordance with the requirements of:

National Electrical Manufacturers Association (NEMA);
National Electrical Code (NEC);

Institute of Electronics and Electrical Engineers (1EEE);
Underwriters' Laboratories, Inc. (Ui.).

1.3.1.4 Foundations, Structural Steel, Buildings,
and Miscellaneous Structures

Design and construction are in compliance with the following codes and
standards:

Uniform Building Code, Latest Edition

American National Standards Institute (ANSI)
"American National Standard Building Code Requirements for

4
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Minimum Design Loads in Building and Other Structures” (ANSI A58.1-1972).
Occupstional Safety and Health Act (OSHA).

American Institute of Steel Construction (AISC)
"Specification for the Design, Fabrication and Erection of
Structural Steel for Buildings," February, 1969, and
Supplements.

The American Concrete Institute (ACI)

"Building Code Requirements for Reinforced Concrete"
(ACI-318-71), and "Manual of Standard Practice for Detailing
Reinforced Concrete Structures" (ACI-315)

American Society for Testing and Materials (ASTM)

American Welding Society (AWS)

Research Council on Riveted and Bolted Structural Joints of the
Engineering Foundation. "Specification for Structural Joints Using ASTM

A325 or A490 Bolts"

American Iron and Steel Institute (AISI). "Specification for the Design
of Cold-Formed Steel Structural Members"

Structural Engineers Association of California (SEAOC)
"Recommended Lateral Force Requirements," 1975

American Petroleur Institute - API 617 "Centrifugal Compressors for
General Refinery Services", 4th Edition 1979.

Foundation equipment bases and footings are designed and constructed as per
applicable requirements specified.

Structural steel used to support process units is designed and constructed as
per applicable requiremente to be specified.

Personnel protection walls in the compressor building are designed and
constructed to conform to:

"European Working Panel (EWP) Code of Practice for Turbo
Compressors for Oxygen Service', Section 2.2.2, which
states:

"Precautions are to be taken to avoid danger and injuries to
personnel. The following solutions are good practice.
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The hazard ares is surrounded by an enclosure
vhich shall be at least six feet and seven inches
high (tw meters high) and prevents line of sight
bet ween the compressor and operator areas within
100 feet (30 meters). The enclosure shall extend
above the highest level of equipment within it.

The hazard area is totally enclosed. In this

case explosion doors must be provided, above head
height, to avoid overpressurizing in the event of

an accident. Adequate ventilation should be provided.

The enclosure shall be of sturdy construction and of

a material which is fire resistant in the presence of
oxygen. A gap at floor level may be needed in the
enclosure to provide adquate ventilation. Where open-
ings are provided in the enclosure for the removal of
machine components, e.g. cooler tube-bundles, then such
openings must be covered with bolted panels when the
machine is on oxygen service. All inspection ports in
the enclosure must be covered with suitable trasnsparent
material, adquately reinforced.”

1.3.2 Design Parameters

The nominal design case for the Oxidant Suppply System consists of the
expected normal operating conditions for the ETF plant. The oxidant supply
system was designed for peak efficiency at the nominal design capacity. The
design does not incorporate minor changes in design parameters due to later
revision of the ETF heat and mass balance. Values quoted below may vary
slightly from vaiues ueed by GAL elsewhere in the ETF Conceptual Design
Engineering Report (CDER).

The Oxidant Supply System design and operating parameters were selected by
combining the plant performance optimization studies (described in Appendices
B and C of the "System Design Description" (SDD-502) for the MHD Power Train
System) with economic consideration (including those already described in
Section 1.3). These dictate the use oi the percentage of oxygen enrichment
given below, the use of low pressure air in the ASU, the use of a high effi-
ciency (low power consuming) ASU compressor with intercooling/ aftercooling,
and the use of uncooled high-efficiency axial compressors to develop the
oxidant pressure given below.
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The primary design parameters are:

Percentage (by volume) of oxygen 2

in the oxidant stream

Oxidant delivery pressure 73.5 psia

Oxidant delivery temperature 4370F

Oxidant mass flow rate 875,871 1lbs/hr

Specific power consumption of the 196 kW-hr per ton

ASU compressor (vhen referenced to of equivalent pure

a standard 14.7 psia atmosphere) oxygen¥

ASU product purity 70 2 (by volume
oxygen)

ASU capacity 1500 tons per day

of contained oxygen

ASU product pressure 13.5 psia

NOTE: *The term "Equivalent Pure Oxygen" is used in normalizing the capacity
and specific power consumption of air separation plants providing impure
oxygen. If the plant product is considered to be a mixture of air and pure
oxygen, the term "equivalent pure oxygen'" refers to only the pure oxygen and
excludes the oxygen contuined in the admixed air.

1.3.2.1 Ambient Air Conditions

The ambient air conditions are based on the hypotaetical Montana site selected
for ETF. Table 3 gives the compositions of the ambient air, the ASU product
(70 ¥ by volume oxygen) and the oxidant stream for the Montana site.

1.3.2.2 Cooling Water Supply and Return Conditions

The cooling water required for the Oxidant Supply System is provided by the
Circulating Water System of the ETF Facility. The cooling water conditions
used to size equipment are:

Supply 74 OF 23.3 oC
Return, max. allowed 89 OF 31.7 oC



SDD-501
Rev. 8-12-81

The cooling water is supplied at a pressure of approximately 50 psig.

1.3.2.3 Steam Conditions

Steam is available from the Facility Reheat Steam System (see SDD-011 and
Fluid System Diagram No. 501-30%-011) for the air and oxidant compressor steam
turbine drives.

Inlet Conditions

Pressure 395.0 psia 27.23 bar
Temperature 1000 ©°F . 537.8 oC
Enthalpy 1523.0 Btu/lb 3.542 MJ/kg

Qutlet Conditions

Pressure working into condenser set
for 2.5 in (64 mm) Hg absolute.

Temperature 108.7 OF 42.6 °C

Enthalpy 1102.3 Btu/lb 2.564 MJ/kg

Low Pressure Steam is available from the Facility Auxiliary Steam System
(SDD-051 and Process Flow Diagram No. 507-302-051) for use in the liquid

oxygen and liquid nitrogen vaporizers and for other system purposes such as
deriming (moisture eliminating).

2.0 DESIGN DESCRIPTION

The Oxidant Supply System consists of the ASU, the ASU Compressor with its
Auxiliaries, the Mixing Chamber, three Oxidant Compressors, and the Liquid
Storage System.

2.1 SUMMARY DESCRIPTION

The Oxidant Supply System (Drawing 1-FS-820) provides pressurized oxygen-
enriched air to the Intermediate Temperature Oxidant Heater section of the
Heat Recovery/Seed Recovery (HR/SR)} Sysiem at the flowrate and pressure
required by the MHD power train. Medium purity oxygen, produced in a
cryogenic Air Separation Unit (ASU), is mixed with ambient air in a mixing
chamber. Two uncouvled axial compressors raise the oxidant pressure to the
value desired.
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2.1.1 Aix Separation Unit (ASU)

The ASU produces a medium purity oxygen stream by separating air into its
oxygen and nitrogen components in 8 double distillation column. Compressed
air from the ASU Compressor, cooled by the oxygen and nitrogen product streams
to near liquefaction temperature, enters the lower column where the first
stage of separation occurs. Liquified intermediate products are reduced in
pressure and fed into the upper column vhere the separation is coampleted. The
oxygen product is delivered as a gas at near ambient conditions. Some liquid
oxygen and nitrogen products may be withdrawn for storage for use in plant
startup, magnet cooling, etc.

Major elements of the ASU include:
Reversing heat exchanger (revex) and switching valves
Lower and upper distillation columns

Expansion turbines and valves
Impurity adsorbers

2.1.2 ASU Compressor and Auxiliaries

This system provides compressed air to the ASU at a temperature slightly above
ambient.

Major elements include:
Filter and silencer
Compressor and steam turbine drive

Intercooler(s)
Aftercooler

2.1.3 Oxidant Mixing Chamber

The Oxidant Mixing Chamber blends incoming atmospheric air with oxygen product
from the ASU teo provide an oxygen-enriched stream suitable for operation of
the MHD Power Train.

Major elements include:

Filter and silencer
Mixing chamber
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2.1.4 Oxidant Compressors

The blended oxygen stream is coumpressed by uncooled axial compressors rated
for enriched air service at up to 40 volume percent oxygen. The blended
stream is delivered to the HR/SR system for heating and delivery to the MHD
combustor.

Three 50 X oxidant flow compressors are used for redundancy. One compressor
is driven by an electric motor to facilitate startup. The other two compres-
sors are steam turbine driven.

Major elements include:

Oxidant compressor and electric motor drive

Oxidant compressor and steam turbine drive (2)

2.1.5 Liquid Storage System

Liquid oxygen storage 18 provided for plant startup and to improve plant
availability by providing a supply of medium purity oxygen gas to the mixing
chamber during maintenance or failure of the ASU or its air compressor.
Liquid nitrogen storage is provided for magnet cryogenic supply and plant
auxiliary uses, such a2 blanketing or accelerating ASU cooldown.

Major clements include:

Liquid oxygen and nitrogen storage tanks
Evaporators

Process Description of the Air Separation Unit (ASU)
and ASU Compressor

(Drawings 1-FS-813 & 1-FS-815, see Tables | and 2
for symbols)

(2]
.
—
.
=4

The basic principle of the ASU process is to separate out various components
of liquefied air at their respective boiling points. To achieve this, an air
separation plant must contain equipment to perform the following functions:
a. Alr compression

b. Cooling the air to its liquefaction temperature

c¢. Removal of water vapor and carbon dioxide from the air

d. Refrigeration

10
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e. Liquefaction
f. Air separation
g+ Removal of dangerous impurities
A detailed description of the operation of the major equipment is given in

Section 2.2.1 below.

2.1.6.1 Air Compression
(Drawing 1-FS-813)

The air to be separated is filtered through filter (Fl), then passes through a
silencer (SL) to be compressed by the ASU air compressor (Cl) to the required

pressure. The heat of compression is removed by the intercooler(s) (El-A and

E1-B) and an aftercooler (E2).

2.1.6.2 Cooling the Air to its Liquefaction Temperature
(Drawing 1-FS-815)

In the reversing heat exchangers ("revexes" E3 and F4) the air is cooled to
its liquefaction temperature and then fed into the lower distillation column,
or as it is more commonly called, the pressure column (Tl). The heat removed
from the air during the cooling process is transferred via the reversing heat
exchangers to the product streams (medium purity oxygen, waste nitrogen and
preesurized nitrogen), warming them to ambient temperature. Products which
must be supplied dry and free of carbon dioxide are passed through non-
reversing passages in the revexes (E3 and E4).

2.1.6.3 Removal of Water Vapor and Carboun Dioxide from the Air

Any water vapor and carbon dioxide present in the inlet air would lead to
blockages in the low-temperature part of the ASU due to the formation of ice
and dry ice. These two components are removed in the reversing heat exchangers
(revexes E3 and E4) of this type of plant.

The water vapor and carbon dioxide present in the air solidifies on the walls
of the revex passages as the air is cooled. By passing the inlet air and
product waste nitrogen streams alternately through this equipment, the solid
deposits are removed and leave with the waste ni%rogen as it is warmed.

11
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2.1.6.4 Refrigeration

Refrigeration, required to offset heat leakage through the insulation and to
allow removal of cold liquids from the ASU, is obtained by expanding air in
the expansion turbines (ET1l and ET2) and throttling valves.

2.1.6.5 Liquefaction

Liquefaction occurs in the liquefiers (E5 and E6) and in the main and
auxiliary condensere (K1 and K2).

Air is condensed in the liquefiers by heat exchange with cold product gas
streams. The liquid is then fed into the high pressure column (T1).

In the main condenser, located between the high and low pressure columns (T1
and T2), heat exchange takes place between gaseous nitrogen at the top of Tl
and impure liquid oxygen at the bottom of T2. Due to the difference in
pressure in the two streams, the nitrogen is liquefied and the liquid oxygen
is partially vaporized. Both streams remain in their respective columns, so
as to maintain the rectification efficiency. Additional liquefaction occurs
in the auxiliary condenser.

2.1.6.6. Air Separation

The air is first separated in the high pressure column (Tl) to give an oxygen-
rich liquid and nitrogen gas. The oxygen-rich liquid is fed from the base of
the high pressure column through a throttle valve to the low pressure column
(T2). The feed point in T2 is chosen so that the composition of feed and the
liquid at that point in the column are similar. Part of the liquid nitrogen
is fed from the head of the high pressure column through a throttle valve to
the head of the low pressure column. The liquid stream is first sub-cooled in
a heat exchanger.

The final separation of the air takes place in the low pressure column (T2) as
rising nitrogen gas causes oxygen to condense and flow downward to the main
condenser (K1). The medium purity (70% by vol) oxygen from the base of T2 is
taken as a liquid to auxiliary condenser (K2) wvhere it is evaporated. The
products, medium purity oxygen and nitrogen, are warmed to ambxent temperature
by passing through the various heat exchangers.

Producing medium purity oxygen in T2 lowers the temperature of the boiling

oxygen in the main condenser K1 below that of pure oxygen. This in turn
lowers nitrogen pressure in the pressure column Tl needed to maintain the

12
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required differential between the boiling points in the two columns.
Consequently, the incoming ASU air needs only to be compressed to a nominal &
atm compared to the nominal 6 atm required for pure oxygen. This lowers the
ASU compressor power consumption to 196 kW-~hr per ton of "equivalent pure
oxygen" for the design case.

2.1.6.7 Removal of Hazardous Impurities

Due to the continuous vaporization of liquid oxygen in the condenser (K1) there
is the danger of fires resulting from hydrocarbon enrichment particularly
acetylene., This enrichment can be avoided by periodic removal of liquid

oxygen from the condenser. For this reason, a small fraction of the condenser
liquid is removed via pumps (Pl and P2) and liquid adsorber (A3). The liquid
is vaporized downstream of the adsorber which removes the hydrocarbon )
impurities. If high hydrocarbon concentrations are expected, one or more
adsorbers may be placed in the product reflux line which transfers bottom
column product to the top column.

The liquid product transferred to LOX storage is also cleaned using this
system.

2.2. DETAILED DESCRIPTION
2.2.1 Major Equipment
2.2.1.1 ASU Compressor Systems

(Drawing 1-FS-813)

This system takes ambient air and compresses it to the pressure required by
the ASU. The compressor is driven by a steam turbine using steam from the
Facility Reheat Steam System.

2.2.1.1.1 Air Filtration System (1 required)
(Drawing 1-L0-1577-4 and 1-FS-813)

This system (Fl) incorporates dual stage filtration with a resultant pressure

drop of 0.2 psi. The first stage is designed for automatic surface renewal,
the second stage is of semi-rigid replaceable design.

The air filter removes 99.5 % of all particles 10 micrometer (microns) or

larger, 97 X of all particles 2 micrometer or larger and 95 2 of all particles
1 micrometer or larger.

13
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The filter housing is equipped with ladders and platforms for routine main-
tenance, doors to allow replacement and servicing of filter elements and surge
doors to relieve back pressure should a compressor surge occur.

2.2.1.1.2 Silencer (1 required)
(Drawings 1-L0-1577-4 and 1-FS-813)

The silencer (SL) is designed to maintain noise levels in the vicinity of the
ASU compressor to a "time weighted average' less than 85 decibels over an
eight hour period. Pressure drop through the silencer is approximately 0.2
psi.

2.2.1.1.3 Air Flow Metering Line

As shown on Drawing 1-L0-1577~4, the pipe from the silencer to the inlet of
the ASU compressor is quite long, so as to provide accurate flow measurement.
The calibrated venturi, used for flow measurement in the automatic flow
control of inlet air system, is located in this pipe.

2.2.1.1.4 ASU Air Compressor (1 required)
(Drawings 1-L0-1577-1, 1-LO-1577-5 and 1-F$-813)

The ASU air compressor (Cl) is of axial-centrifugal design, coupied directly
to a steam turbine driver. This compressor was selected to maintain low power
consumption for the ASU.

For the nominal design case, the DEMAG AR 250/7/1F compressor has been
selected. Detailed interconnections of fluid flows are shown on Drawing
1-F$S-813. Omne intercooler (El1-A) is used for this particular compressor.

The compressor has & single horizontally split case with several axial stages
and one radial stage. The intercooler (E1-A) is between the last axial stage
and the radial stage.

A discharge blow-off valve, silencer and relief valve are provided for the
compressor and are integrated into the surge control system.

A complete lubrication system is provided to supply the compressor and driver.

The compressor is surrounded by protective walls as described in Section
1.3.1.4.
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2.2.1.1.5 Intercooler (1 required)
(Drawing l-FS-813;

The ASU compressor intercooler (El~A) is a recuperator which cools the air flow
between the last axial stage and the radial stage. The Facility Circulating
Water System (SDD-201 and Process Flow Diagram No. 571-302-201) supplies the
cooling water.

The intercooler is an ASME-coded vessel with a carbon steel shell and
stainless steel internals. The intercooler is supplied with atmospheric
vents, drains, and moisture removal equipment.

2.2.1.1.6 Steam Turbine Drive (1 required)
(Drawings 1-L0-1577-1 and 1-L0O-1577-5)

The ASU compressor drive is a full condensi-g steam turbine.

A surface condenser rated for 100 X condensing capacity with zero extraction
at design speed and maximum air flow conditions is provided. The condensate
18 returned directly to the Facility Condensate System (SDD-101 and Process
Flow Diagram 511-302-101).

Removal of non-condensibles from the surface condenser is provided by the
Facility Condensate System.

The turbine drive is supplied from the common oil supply unit of the compres-
sor (Cl). Included are: a hydraulically operated stop valve, strainer in the
stop valve, multi-valve sutomatic steam control valve gear, multi-valve non-
throttling extraction control valve gear, automatic oil-operated non-return
valve for extraction line (arranged for ..:omatic closings by overspeed
governor), shaft packing steam seal systen, sentinel warning valve on turbine
exhaust casing.

2.2.1.1.7 Direct Contact Aftercooler (1 required)
(Drawings 1-FS-8i3, 1-FS-820, and 1-L0-1577-4)

One aftercooler (E2) for the process air using cooling water from the Facility
Plant Circulating Water System is provided. It &lso acts as a surge drum to
protect the air compressor during heat exchanger reversals.

In addition, the aftercooler also serves as a wash tower to remove any
possible corrosive contaminants from the air.
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The aftercooler is of spray type design and includes a mist eliminator to
remove entrained moisture from the gas discharge. It is an ASME-coded vessel
with a carbon steel shell, lined with corrosion resistant, non-porous epoxy
and fitted with 304 stainless steel internals. The aftercooler is supplied
with atwmospheric relief valves, drains, mist eliminator, and manholes for
removal of column internals for maintenance and repair.

The air compressor aftercooler (spray cooler) requires a water pressure
substantially above the aftercooler air pressure of 60 psia. Booster pumps
are provided to raise the available water pressure to approximately 90 psig.
The air compressor aftercooler is designed to have a water storage capacity of
three minutes at maximum cooling water flow. Steam tracings of the bottom
part of the vessel are provided to prevent freezing.

2.2.1.2 Air Separation Unit (1 required)
ZDr.wing. 1-L0-1577-2 and 1-L0-1577-7)

The air separation unit consists of a coldbox subdivided into a number of
coldbox subassemblies as described hereafter.

2.2.1.2.1 Coldbox Assembly (1 required)
(Drawings No. 1-L0-1577-2 and 1-LO-1577-7)

The assembly consists of several connected boxes, namely the column cold box,
the adsorber cold box, the revex cold boxes, the valve cold box and the
expander cold box. Drawing No. 1-FS-815 shows their placement in the flow
schematic.

All coldbox equipment is designed for Pearlite insulation. All cryogenic
equipment is installed in carbon steel casings, vapor proof and nitrogen
purged. Material for the equipment inside the cold box is primarily aluminum,
including the columns, trays, and piping. Flanged connections are minimized.
Wherever they are used, they are insulated with mineral wool. All equipment
is provided with stainless steel supports. Dump chutes are provided for
removal of the Pearlite insulation.

The following equipment is installed inside the coldbox assemblies:

One (1) heat exchanger assembly (composed of reversing exchangers, E3 and E4)
with reversing passes for air and waste nitrogen, and non-reversing passes for
medium purity oxygen product, pressurized nitrogen product, and expansion
turbine gas. Included are a timing device to actuate reversal of the passes,
switch valves at the warm end, and butterfuly valves at the cold end of the
exchanger assembly.
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One (1) Pressure Column (Tl)
One (1) Upper Column (T2)
One (1) Intercolumn Condenser/Reboiler (K1)
One (1) Auxiliary Condenser/Reboiler (K2)
Tw (2) Subcoolers (E7-A and E7-B)
Two (2) Air Liquefiers (E5 and E6)
Two (2) First-Stage Hydrocarbon Adsorbers (Al and A2) for oxygen enriched sump
liquid of the high pressure column. Supply includes initial adsorbent charge.
Fill and discharge connections are provided. One adsorber is in operation

while the other is reactivated/on standby.

One (1) Second-Stage Hydrocarbon Adsorber (A3) for the oxygen slipstream from
reboiler (K1).

All interconnecting piping for the elements contained within the coldboxes
from the feed inlet to the product outlets.

All process valves, operating valves and drains, deriming (moisture
eliminating) and safety valves. Drains and safety valves discharge either to
atmosphere or to a drain header.

All supports within the coldbox and all ladders and platforms required for the
operation of the unit.

Coldbox piping is aluminum or stainless steel, with the exception of the derim-
ing inlet-header and casing purge piping, which are made of carbon steel.

The coldbox carbon steel casing is designed in conformance with AISC specifica-
tions.

All structural members within the coldbox are suitable grade aluminum or steel
for the individual application.

The coldboxes are supplied with support legs.

The coldboxes are supplied with a nitrogen purge system which will maintain a
positive pressure inside the column box.

The external carbon steel surface is painted on completion of the plamt
construction phase. It is supplied with a zinc rich primer.
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Approximate Dimensions
(Refer to Drawings 1-L0-1577-2 and 1-LO-1577-7 for more details).

L x W x H

Column Cold Box : 17" x 18' x 90
Revex Exchanger Cold

Boxes (2) 0 13'6" x 13'6" x 45
Adsorber Cold Box 0 13'6" x 11'  x S5
Valve Cold Box : 13'6" x 13'6" x 45°

Expander Cold Box 13'6" x 10 x 10'

The coldboxes are partially field assembled. (A cross section of 13'6" is
generally the limit for transport by either truck or rail.)

2.2.1.2.2 Liquid Oxygen Pumps (2 required)
(See Drawing 1-FS-815)

Two liquid oxygen pumps (Pl and P2) are provided for recirculation of liquid
oxygen through second stage hydrocarbon adsorber to reboiler/condensers. P2
18 an installed spare.

2.2.1.2.3 Expansion Turbines with AC Generators (2 required)
(See 1-FS5-815)

The expansion turbines (ET 1 and ET 2) provide the refrigeration required by
the plant. One turbine serves as an installed spare and to provide additional
refrigeration during start-up and maximum liquid production. The turbines are
coupled through a gear reducer to an induction wotor/generator for power
recovery and speed control. Although the expansion turbine power is very small
( 0.1X of total power plant output) the generated power can be transferred to
the grid or used for auxiliary purposes.

Included with the turbine is local instrument panel, adjustable inlet guide

vanes, emergency shut-off valves, overspeed protection, complete lubrication
system.
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2.2.1.2.4 Liquid Disposal Ejector (1 required)

A liquid disposal ejector is supplied for the removing liquids from the cold
box after shut-down of the plant. The liquids are evaporated by Facility
supplied low pressure stesm.

2.2.1.2.5 Exhaust Silencer (1 required)

An exhaust silencer (SL on 1-FS-815) is provided for the waste nitrogen stream
to maintain a "time weighted ave- ge'" noise level in the vicinity of the
coldboxes less than 85 decibels over an eight hour period.

2.2.1.2.6 Regeneration Heater (1 required)

A steam heater is supplied to heat the nitrogen gas used for regenerating the
hydrocarbon adsorbers.

2.2.1.2.7 Derime Heater (1 required)

One heater is supplied and powered from the Facility Auxiliary Steam System to
heat derime air from the aftercooler (E2).

2.2.1.3 Oxidant Mixing Chamber
(see Drawings 1-FS-816, 1-LO-1577-4 and 1-LO~1577-8)

The mixing chamber is a rectangular cross-section box having round ducts at
opposite ends of the box to introduce ambient air and exhaust the 30 X oxidant
product. The 70 % oxygen from the ASU enters the mixing chamber in a duct
which connects to an enclosed manifold at the top of the chamber. From this
manifold are suspended tliree pipes, each having a number of holes about their
perimeter and along their lengths. Holes are placed to promote turbulent
mixing. Additional baffles inside the O injection pipes also increase
turbulent mixing.

The mixing chamber is constructed of sheet metal (with reinforcement to with-

stand slight variations in pressure) and has transition sections between the
rectangular and round sections. It is airtight, with access through doors.
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2.2.1.3.1

Mixing Chamber Air Filtsr (1 re
See Drawings 1-F8-816 and 1-L0-1577-4)

This system incorporesies dual stage filtration with a resulting pressure drop
of 0.2 psi. The first stage is designed for automatic surface renewal, the
second stage is of semi-rigid replaceable design.

The air filter removes 99.5 X of all particles 10 microns or larger, 97 % of
all particles 2 microns or larger and 95 X of all particles 1 micron or
larger.

The filter housing is equipped with ladders and platforms for routine main-
tenance, doors to allow replacement and servicing of filter elements and surge
doors to relieve back pressure during compressor surging.

2.2.1.3.2 Mixing Chamber Silencer (1 required)
(Drawings 1-FS-816 and 1-L0-1577-4)

The silencer is designed to maintain noise levels in the vicinity of the mix-
ing chamber air inlet to a "time weighed average" not to exceed 85 decibels
over an eight hour period. Pressure drop through the silencer is approxi-
mately 0.2 psi.

2.2.1.3.3 Air Flow Metering Line

As showi on Drawing 1-L0-1577-4, the pipe from the silencer to the mixing
chamber is nominally 45 ft long so as to provide accurate flow measurement.
A venturi is located in this pipe for use with the automatic flow controller
shown schematically on Drawing 1~-FS-816.

2.2.1.4 Oxidant Compression Systcm
(Drawings 1-FS-818 to 1-FS-820, 1-L0-1577-1, 1-LO-1577-5
and 1-L0-1577-6)

The oxidant compression system consists of three equipment traias with identi-
cal compressors; tw are steam turbine driven, and one is electric motor
driven. Each compressor is rated to pass 50 X of total oxidant flow. Control
and protection of the Oxidant Compression System is from the Facility Control/
Protection System. Each compressor train is surrounied by protective walls as
described in Section 1.3.1.4.
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2.2.1.4.1 Oxidant Compressors (#1, #2, and #3) (3 required)

Drawings 1-L0-1577-1, 1-L0-1577-5 and 1-L0-1577-6)

As discussed in Appendix B, a GHH compressor model AGR 7/14 was selected for
use in all three units.

The oxidant compressors are designed as single horizontally split axial
machines with a radial final stage for stablization and reliability. The
compressor housings have been made of a higher grade steel rather than cast
iron used for the construction in an equivalent air compressor. This allows
safe compression of a stream of up to 40 volume percent oxygen.

The assembled rotor is dynamically balanced and overspeed tested. Variable
stators allow constant outlet pressure at various flows. The design speed of
each compressor is between the first and second critical speed, conforming to
API 617.

A pressurized lubrication system supplies the three oxidant compressors. A
by-pass cooler (see Drawings 1-FS-818 and 819) for each compressor is provided.
These exchangers cool gas that is recirculated back to the suction side of the
CoRDressors.

Oxidant compressor bearing seals are designed with a nitrogen buffer gas system
to prevent lubricating oil vapors from entering the main flow path of the com-
pressors.

2.2.1.4.2 Steam Turbine Drives (2 required)
(Drawing 1-FS-820)

The drives for Oxidant Compressor #2 and #3 are condensing steam turbines.

A surface condenser rated for 100 X condensing capacity with zero extraction at
design speed and maximum oxidant flow conditions is provided. The condensate
and non-condensibles are returned to the Facility Condensate System.

Each turbine drive is supplied from the common oil supply unit of the compres-
for.

The following are included for each of the turbines: hydravlically operated
stop valve, strainer in stop valve, multi-valve automatic steam control valve
gear, electro-hydraulic speed control governor, shaft packing steam seal
system, sentinel warning valve on turbine casing.

2.2.1.4.3 Electric .cotor Drive (1l required)

The driver for Oxidant Compressor #1 is a brushless synchronous mctor with
full voltage starting. The power system is resistance grounded, limiting
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feult current to 400 amperes. The motor will be water-cooled with sleeve
bearings insulated from the frame.

2.2.1.4.4 Protective Walls

Each compressor train is isolated by a protective wall in accordance with the
safety recommeriations of the EWP Code of Practice for Turbo Compressors for
Oxygen Service, (see section 1.3.1.4). Sound attenuation to a "time weighted
average' not to exceed 85 decibels, is cowbined with the protective walls.
Visual inspection is provided through inspection ports in the wall.

2.2.1.5 Storage System
(see Drawings 1~-FS-820, 1-FS-817, 1-L0-1577-2, 1-LO-1577-3,
and 1-L0-1577-7)

2.2.1.5.1 Liquid Oxygen (LOX) Storage and Vaporizatiom

Liquid oxygen (LOX) is pumped (using internal ASU pumping) and stored at the
same pressure (13.5 psia) normally used for delivery of the gaseous oxygen
from the ASU. However, should the pressure of the product oxygen from the
cold box drop, the liquid will automatically be fed to its steam vaporizer and
from there to the oxidant mixing chamber.

The storage tank capacity of 50,000 gallons is more than adequate to permit
operation for approximately four hours. The tanks are vacuum insulated for a
low boil-off rate (0.3 X% of the full tank or less). They are shop-fabricated
anc can be shipped to site without modification. The vaporizers are steam-
heated from the Facility steam system.

2.2.1.5.2 Liquid hitrogen (LIN) Storage ard Vaporization

A 3000 gallon storage tank for liquid nitrogen (LIN) is provided. It is
vacuum-insulated, resulting in a very low boil-off rate. It can be filled
either by truck or from the ASU.

The liquid nitrogen contsins s maximum of 100 ppm oxygen. It is piped to the

superconducting magnat system for precooling helium refrigeration/liquefaction
cycle and to the column coldbox for pre-cooling the ASU during ASU startup.
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The pressure of the liquid nitrogen produced in the pressure column is adequate
for supplying both the magnet system and ASU startup requirements. A vaporizer
(using Facility steam) is provided to vaporize the LIN. This gas is produced
at the same 47.9 psia (3.3. atm) as the pressurized nitrogen gas produced in
the ASU. As shown on Drawing 1-FS-820, this line is connected to the line from
the ASU that supplies pressurized nitrogen to the Facility compressor and blan-
keting systems.

2.2.2 Piping and Valves

This system includes piping material, pipe supports and valves for process
air, liquid oxygen, liquid nitrogen, deriming air, instrument air, makeup
water, cooling water and interconnecting of all equipment that is supplied.

Flexible connections are provided as applicable to the compressor, expander
and product line.

Insulation is supplied for the deriming systems. Insulated lines have a
moisture barrier and aluminum jacketing. Cathodi: protection is provided
where required. Underground piping is coated with bitumen and wrapped.

2.2.3 Electrical
2.2.3.1 General

The Facility supplies a complete high voltage (13.8 kV) and low voltage
(480/277 V and 120/208 V) distribution system.

All electrical work is in accordance with the NEC and all other applicable
codes.

Metal enclosed starters of the draw-out type are provided and installed by
Faciiity with control principally by cortrol stations or panels adjacent to
the equipment being controlled.

13.8 kV and 480 V feader lines for the ASU equipment are provided and connected
to sources in the electric room which have been furnished and installed by the
Facility.

A main control panel is furnished, installed and connected in the Facility
control room.

Control and lighting feeders (480 V AC and 120 V AC) to the ASU equipment from

panels and sources furnished and installed by the Facility in the control and
electric rooms are provided.
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2.2.3.2 Electrical System Design

Power Service

13.8 kV, 3 phase, 60 Hz source complete with disconnecting means and protec-
tive relaying in the motor starter is provided by the Facility. Feeders fronm
the starter are provided and installed.

480 volt, 3 phase, 60 Hzx sources complete with disconnecting means and protec-

tive devices in the 480 volt motor control centers is provided by the Facility.
Feeders to the 480 volt equipment is provided.

High Voltage Electrical Distribtuion System

Metal-clad switchgear is provided for the 13.8 kV compressor wmotor - of Oxidant
Compressor #1.

This switchgear shall be provided and installed by the Facility in an
electrical distribution room.

Protective relaying is specified by Lotepro for purchase and installation by
the Facility.

Power distribution is by 15 kV shielded copper cable with filled cross-linked
polyethylene insulation.

All power cable runs are in rigid steel conduit.
All power cable conduit are underground wherever possible.

Stress cones are used at 15 kV cable terminations.

Secondary (480 V/277 V) Electrical Distribution System

Feeders are provided and installed from the 480 volt motor control centers
provided and installed by the Facility to all 480 volt equipment in the
Oxidant Supply System.

The equipment is specified for purchase and installation by the Facility.

Power distribution is installed in rigid galvanized steel conduit.

480/277 volt lighting and power distribution is from panels provided and
installed by the Facility in the electrical room.

24



SDD-501
Rev. 8-12-81

Grounding

A complete ground grid system is installed by the Facility using insulated
copper cable to provide a reliable equipotential system.

Provisions for connection of this grid to the main facility grid have been
made.

All underground splices and connections are of the exothermic (cadweld) type
and shall be water proofed by taping.

All exposed connections to equipment are double bolted for security.

A minimum of twenty-one (21) 3/4" diameter 10' long copper-weld rods are
driven and connected to the ground grid to maintain the grid and equipment

at ground potential.

All power circuits have a ground conductor installed with the power conductors

to allow proper operaticn of ground relaying.

2.2.4 Instruments, Controls, and Alarms

2.2.4.1 Instrumentation
(Refer to P&l Drawings 1-FS-813 to 1-FS-820)

Electronic instrumentation is used throughout, except for pneumatic valve.
operators, and local pneumatic instrumentation at the compressors.

Flow rates are measured across orifices, except for large-flow-rate
low-pressure compressor inlets where venturis are used.

In addition to the instrumentation provided, all electronic signals are made
available to and will be handled by the Facility's Data Handling System.

All instrumentation wiring is connected to terminal boards at the appropriate
panels of the instrument room and/or the Facility Main Control Room.

Listed below are the major instrumentation components for the sub-systems of
the Oxidant Supply System.
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2.2.4.1.1. Air Separation Unit Instrumentation

Instrumentation for the ASU includes but is not limited to the following:

Local panels for the expansion turbines.

Automatic temperature control equipment for reversing exchanger
groups.

Flow recording instrumentation for process air, gaseous and liquid
oxygen, gaseous and liquid nitrogen products (two pen recording is
specified) and gaseous oxidant.

Pressure gauges (without transmitters) for indication of important
pressures. Transmitters are provided for all remote oxygen and
oxidant pressures and all pressures above high pressure column
pressure.

Pressure differential transmitters and pneumatic pressure gauges for
indication of differential pressure of the columns and of the liquid
levels of the pressure column, reboiler/condenser and auxiliary
condenser, Resistance thermometers and multiple point indicator for
all important temperatures.

Automatic analysis control equipment for oxygen and nitrogen
products, oxidant 0; content, reboiler hydrocarbon content, CO2
content and oxygen in waste gas. A product totalizer is provided.
Automatic control equipment for the air and oxidant compressors.

Plant emergency trip system.

2.2.4.1.2 Air Compression System

Instrumentation for the air compression system includes but is not
limited to the following:

Local panels.
Surge control--temperature and pressure compensated.
Vibration monitors.

Mass flow control.
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Shaft position indicators.
Required gaugec, thermometers, alarms and indicators.

Alarm and shutdown system with permissive start.

2.2.4.1.3 Oxidant Compression Systems

Instrumentation for the oxidant compression system includes but is not limited
to the folloving:

Anti-surge and capacity control, temperature and pressure compensated.
Vibration monitors.

Shaft position indicator.

Required gauges and thermometers.

Local panel with alarm and shutdown systems, permissive start.

In addition, the recommendations of the European Working Panel on Oxygen
Compression have been taken into account.

2.2.4.2 Controls
(1-FS-816 through 1-FS-820)

Control systems are of fail-safe design.

The Mixing Chamber air and ASU product flows are regulated automatically (see
Drawing 1-FS-816) as a function of the desired oxygen content in the product
stream. Control of the Mixing Chamber flow (see Drawing 1-FS-816), of the LOX
Storage System (Drawing 1-FS-817) and of the Oxidant Compressor System (see
Drawings 1-F5-818 to 1-FS-820) are from the Facility Main Control Room, Main
Control Panel. Control of the ASU, ASU Compressor and the LIN Storage System
is from an auxiliary panel located in the Facility Control Room.

The liquid oxygen storage system shall be designed for automatic operation
upon shutdown of the air separation unit.

Control power is obtained from panels provided and installed by the Facility
in the electrical room.

All control cable is of 600 V rated multi-conductor copper with #14 as a
minimum size for 120 V circuits. Cable for electronic or sensitive
instrumentation use is a minimum 18 gauge and of shielded construction.
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All cable is installed in conduits separate from 120 V and power circuits.

All control wiring is connected to terminal boards at the appropriate control
panel in the Facility control room for access or service.

2.2.4.3 Alarms

Approximately 40 alarms, optical and acoustical, to signal potentially disad-
vantageous conditions are installed on the main control panel. An adequate
number of sample points are brought outside the coldbox.

Alarms, optical and acoustical, to signal dangerous machinery conditions are
provided. All compressor and expansion turbine alarms and shutdowns are
annunciated, indicating at the control panels and locally to indicate the
specific function which failed.

When the ASU cold box product flow ceases or decreases, an alarm sounds in the
Facility Main Control Room to alert the operator. In response to this alarm,
the LOX storage system transfers stored liquid product (70X O by volume)
through the Evaporator/Heater to the Mixing Chamber.

3.0 SYSTEM PROTECTION AND SAFETY PRECAUTIONS

3.1 PROTECTIVE DEVICES
(Drawings 1-FS-813 to 1-FS-820)

The major equipment instrumentation for detecting dangerous conditions and
protective devices have been described and/or included in Section 2.0, Design
Description. Thrse instruments and devices are given in greater detail on the
Process and Instrumentation Drawings.

The piping and valve design limits are equal to or grwater than those of the
connecting equipment. Therefore, no additional protec:ive devices are
required. All major equipment have safety and relief valves, pressure burst
discs, overspeed controllers and other devices appropriate to their function
and operation.

3.2 HAZARDS
3.2.1 Air and Oxidant (30 Mole X Oxygen)
constituents of air: approx. 21 I oxygen

approx. 78 X nitrogen
balance: rare gases and impurities
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Boiling point of air: -317.89F (at 760 Torr)
CAUTION When allowed to come in contact with the skin, liquid air and

liquid oxidant cause injuries very similar to burns.

When liquid air or liquid oxidant are left standing in an open container for
some length of time, the oxygen content of the liquid will increase due to the
evaporation of the more volatile nitrogen. The liquid wil! consequently
assume, more and more, the properties of liquid oxygen.

3.2.2 Oxygen

Boiling point: -297.4 OF (at 760 Torr)

Oxygen is a colorless, odorless, non-toxic gas which is required for combua-
tion. The higher the oxygen concentration, the more intense and rapid the
combustion. Even an increase of 4 X in the oxygen content of air will result
in a substantially intensified combustion. Many substances, including metals,
which cannot be ignited in normal atmospheric air, are combustible in the
presence of higher oxygen concentration or in pure oxygen. Combustible
substances are, in the presence of higher oxygen concentrations, highly prone
to self-ignition and to explosion. These phenomena are intensified in the
presence of oxygen under pressure or of oxygen in liquid form.

Clothing impregnated with oxygen can easily ignite (e.g. by sparking from
electrostatic charges) and will burn very rapidly. This danger exists not only
during presence in an oxygen-rich atmosphere but also for some considerable
time afterwards.

Oxygen in liquid state is an additional hazard. When allowed to come into
direct contact with the skin it will, due to its coldness, cause injuries that
are very similar to burns.

3.2.3. Nitrogen (Also applies for Argon and Neon)
Nitrogen Argon Neon
Boiling points: -320.4 OF -302.6 OF -410.8 OF

Nitrogen is a colorless, odorless and non-toxic gas. In high concentrations,
however, it will cause suffocation when inhaled due to the lack of oxygen.
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NOTE: Danger of Death by Nitrogen Suffocation

Breathing of nitrogen (or argon or neon), or of air enriched with
these, is particularly dangerous since unconsciousness occurs very
rapidly without any prior diacomfort to the victim.

At room and low temperatures, nitrogen (also argon and neon) prevents processes
of combustion. These gases are sometimes used for inerting.

As a result of its coldness, liquid nitrogen alsoc causes injury when brought
into direct contract with the skin.

Rare gases such as argon and neon possess essentially the same characteristics
and hazards as nitrogen.

A dry nitrogen atmosphere is continuously maintained in the insulation spaces
of the low-temperature sections in air separation plants so as to exclude
humidity and to prevent oxygen condensing on the cold parts.

3.3 PRECAUTIONS

The following safety precautions must be strictly observed in areas near the
air separation units, in the air and oxidant compressor building and in all
facilities in which the product gases of the Oxidant Supply System are stored,
handled and/or further treated.

3.3.1 Fire and Explosion Dangers

Smoking and all avoidable activity involving the use of open flames are
prohibited.

All work involving open flame, such as welding, soldering, grinding, etc., is
prohibited. However, when any such work is necessary, precautions must be
observed to avoid increased concentrations of oxygen in the work location.

The enrichment of the air with oxygen is to be avoided. However, if any such
enrichment has occurred, or may occur, the areas concerned must be clearly
indicated and safety precautions correspondingly intensified. Care shall be
taken that any such rooms or other confined spaces are sufficiently ventilated.
Prior to personnel entering oxygen processing vessels and piping, such equip-
ment must be very carefully purged with dry and oil-free air. It should be
proved, by means of control analyses, that there are no increased concentra-
tions of oxygen.
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As an alternative to air, dry and oil-free nitrogen may be used for purging,
provided the increased Nj concentrations are removed before entering such
spaces thus scavenged (see the Note in 3.3.2 "Danger of Death by Nitrogen
Suffocation").

Personnel should avoid remaining in areas where there are increased
concentrations of cxygen.

Work as described above shall be performed under the supervision of an
authorized supervisor.

Special attention shall be given to possible sources of accidental ignition.
Electrostatic charges shall largely be eliminated by the selection and use of
clothing and shoes made of suitable materials. 1In order to prevent uninten-
tional sparking, shoes studded with iron nails or having any other exposed
iron or steel parts are prohibited.

All parts coming into cuntact with oxygen must be free from inflammable
materials of any kind whatsoever. Particular care must be taken that all
these parts are absolutely free from oil and grease.

Only perchloroethylene may be used for degreasing non-aluminum parts.
Stabilized trichloroethane (methyl chloroform) may be used for degreasing
aluminum parts.

CAUTION Trichloroethylene must not be used for cleaning parts made of
aluminum or of aluminum alloys, since these substances react
explosively with each other.

Trichloroethylene vapors may form explodable mixtures with air at temperatures
around 200C. Special attention must be given to the toxic nature of these
cleansing agents (use of respirators, ventilation, protection of skin, etc.).

The personnel clothing must be free of any oil or grease. Even fatty cosmetics
may constitute a source of danger.

The storage of combustible materials in the plant area is prohibited. An
exception to this rule is storage of those lubricants and raw materials that
are n