4.3.8

4.3.8.1

The clarified overflow from the Sludge Thickener iz directed back to
the Oxidation/Flocculation Tank by a Sludge Thickener Discharge Pump
(74-P-12 A and B, one operat;ng sud one stand-~by). The concentrated
sludgé at the bottom of the vessel is discharged to a Sludge
Dewatering Filter (74-F-Z) by a Sludge Dewatering Filter Feed Pump
(74-P-8 A and B, one operating and one stand-by).

In the Sludge Dewatering Filter, the sludge forms s filter cake.
The filter cake ig discharged to a Belt Conveyor (74~CV-2) which
conveys it to disposal area described in Sectiom 4.3.8. The
clarified water . is recirculated back to the Equalization and
Holding Tank by tﬁé Sludge Dewatering Pump (74-P~10 A and B, one
operating and one stand-by).

As shown on Drawing EE-371-002 (Appendix E), a liquid streswm is
discharged from the plant cooling towers. The flow is monitored by
the Cooling Tower Blowdown Flow and Sample Chambexr (74-ME-5) befare
being discharged to the Delaware River. Cooling tower blowdown
contrel is deseribed in Section 4.3.8.

Dtiiities And Supporting Systems

Plant Water Systems (Units 74, 81, 82, 83, and 84)

A diagrammatic representation of the ﬁlant vater systems are shown
on Drawings EE-371-010 and EE-371~011 (Appendix E). The entire
process water requirement for the.plant is taken from the Delaware
River. 4An inlet chamnel will be dredged from the river to a Pump
House (Drawing EE-071-001, Apﬁandix D).

Withia the inlet channel, at the shore line, a Bar Screen (84-SF-1)
is provided to prohibit large pieces of debris from entering the
Pump House. A Sluice Gate (84-CA-1) is provided, at the alet to the
Pump House, to isolate the river supply from the Pump House.
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a. ' Pump House Eduipment.(hrawiné EE-071-012, #ppendix D)

‘A vertical Traveling Screen (84-SF-2A and B, one operating and
one stand—by) is provided at the Pump House inlet to strain out
the smaller debris, Erom the 1nf1uent,!tha: has passed through

- the Bar Screea. Water jets at b@a top of the moving screen

remove the debris and transfer it, via a trough, to a portable

i

contaider for disposal.

Three vertical Makeup Water Pumps (84-P-24, B and C, two
normally nperat:ng and one stand-by) are provided at the Pump
House to d;strxbu:e the raw river water to all plant systems.

In qye design, ;qp pomps at 50 percent' of maximum plant water
teq;itement weré”%giected. Slnce the Gasification Plant de51gn
is based on two parallel gas trains, and since most of the
water requxrement is for the gas trains, thé' economics of

spllttlng the water" supply capacity to match gas production
seams logical.: '

b. . Water Filtration (Dt'awing EE-071-012, A'.ppéndi.x E) .

The Makeup Water Pumps discharge the raw river water to'a.
“lclarxfler (84—0L—1) Within the CIar1f1er, solids are

precxp;tated from the water and lema:y treatmeat of the raw

rxver water. begins. 'The ‘river water is introduced into the "

: center well of the Clar;fzer. Before the water reaches the
al clarlfmer, a dilute solution of ‘Chlorine is 1n3ected into the
" stream- to control hhe blologxcal setivity “of the process water.
A Chlor;nator Boastet Pump (81-p-8¢ and D, one operating and
oue stand—by) draws chloring’ through an Ejector (81-CH~2).
X ‘Chlor1ne gds is fed to ‘the ejector from a Chlorinator
' {81-ME-2B) controlled by a Residual Chlnrzne Analyzer
(81-ME-1B). Ckloripe.is’ metered to’the rzver water e
proportlonate to the.mlow.- )
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As the raw river water vises upward through the center well of
the Clarifier, Alum and Polyelectrﬁlyte are added. Alum acts
as the caagulant for the salids suspended in the river water.
The Polyeiéctfolyte is added as a coagulant aid, A Coagulant
“-Tank (84=-TK-7), an Agitator (B4-AG-2) and a Coagulant Pump
_ (B4-pP-4) are provided to weter the Alum to the Clarifier. A
Flocculant Tank (84-TR-6), an Agitator (846-AG-1) and a
Flocculant Pump (86-?—3) are provided to meter the
Polyelectrolyte to the Clarifier.

The sludge formed in the Clarifier settias to the bottom. A
8low speed rake proéels the sludge to a central cone. The
aludge is drawn off periodically, by uaé of an adjustable
timer, into a sump where a Clarifier Sludge Pump (84-P-11A%B,
.one operating and one stand-by) discharges the sludge te the
Waste Treatment Facility (described in Section 4.3.7).

The clarified river water overflows the Clarifier and is
directed to five Gravity Filters (B4-F-lA through E}. In the
© Gravity Fllters, the balance of the undigsolved solids are
removed ‘rom the proceas water. Each Gravity Filter desizn
) 1ucurporategl;ts own backwash storage tank, which is part of
the fiiteréqﬁwater compartment. When a filter is exhausted, a
valve cloéﬁslautomatically (activated by the filter bed
presaure drn\;_ isolating the filter from the water stream. A
control valvu.opens in the backwash line, automat:cally, and
the filtered'water stored in the section above the filter bed
washes the accumulated solids from the bed. Before backwash,
compressed air is injected under the filter bed to loosen
accumulated solids. The backwash flows to a Dirty Backwash
l Sump. The dmr:y baskwash is metered to the Waste Treatmwent
Facility (see Secaxon 4.3.7) by a Filter Backwash Water Pump

(84~P-12 A and: B, one. operating and one stand-by). The Gravity

Filters have been sized so that four of the £ive units ean

handle the maximum flow of water from the Clarifiers; thus, a
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filter can be isolated for regemeration while the process uuter
demand is at its maximum.

Cooling Water System (Drawings EE-371-010 and EE-371-011, .
Appendix E)

At the discharge of the Gravity Filters, the filtered water is
split into two streams. Most of the filtered water is directed
to the Cooling Water System (Unit 81), the plant's largest
user.

The effluent from the Gravity Filters flows to a zooling tower
cold well, a large concrete in-the-ground storage tank that
provides & surge capacity for the sysaem. Four Cooling Water
Pumps are provided (81-P-6A througn D, three operating and one
stand-by). The three-pump operatzng conf;guratlan was selected
for the design mostly for economic reasons. Using one or two
pumps for aperation would have xncreaggd-cap;tal‘authg. N
After tihe pump discharge, the residqﬁf'éhlqrine content of.the .
cooling water is checked by an Anzlyzer (81-ME-1A). Should the =
water require further treatmené, a:zontrollier in the Aﬁalyzer
panel will activate a Chlorinator Booster Pump (8Y~P-8 A:éqéﬂs,
one operating and one stand-by) and a Chlevinator (81-ME-2A).
The Booster Pump flow will draw chloripe- ftom the Chlorxnator
by use an Ejector (8-CH-1). The diluted ;hlorxne will'tien be
injected into the cooling water supply. A chlor1ne gas storage
is provided at the plant. Four 2000-pound chlorine cylinders
(81-TK~5A through D) are provided for the proceés requirements.

A Scale Inﬁibiting System is also provided in the design, to
protect both the water quality and the piping distribution
system. A Scale Inhibitor Tank (81-TK-8) is used to mix the
inhibitor solution with an Agitator (BI—AG-S).‘ ‘The dilute
solution is injected into the cooling water dxacribﬁtion line

Aoy,

4-63




by a Scale Inhibitor Pump (B1-P-7A and B, one operating &nd one
stand-by).

The cooling water is then distributed to the following major
process users:

1. The Air Separation Facility Cooling Tower (50-CT-3);

2. Makeup to Settling Basins for Wash Water SysCEm Losses;}

3.  Quench Water to the Gagifier Off-Gas Séreams;

4, The Gasifier Burner "‘u ing Jacketal

5. The Wash Water Cool\ . (72-E-1A and B)3 )

6. The Settllng Basin Dosxng Station (Flocculant
Tank 72-TK-1);

7. Pfuduct}caa 0il Coolers (62=-zE~1A,B,D and E and 62-E-24
and B);

8. The “Stretford" System (42-TK~2 and 42-TK-4);

9. Thé:“Stretford“ Incineration System (44~TK-1, 44~E-3,4 and

10. The Glycol Regenerative System Boiler (64-E-1);

1l. Product Gas Afterccolers (62-E-6A,B and C);

12, Make-Up to Coal Handling Dust Suppression System (Unit
153

13. The Product Gas Turbine Condenser (82-CN-1);

14, The Turb;ne Condenser Exhaustera (82—EJ—3A and B);

15. Gap Booster 0il Coolers (42-E-5A thrcugh D);

16. Gas Booster Aftercoolers (42-E-1A and B),

17. Plant Air Compressor 0il Coolers (85-E-1A and B and
85-E-4A and B);

18. Plant Air Compressor Intermediate Coolers (85-F-1A through
D); end

1%. Plant Air Compressor Aftercoolers (B85-E-24 and B).

Most all of the water is returned to the Cooling Tower Hot
Well, except for the following systems:
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1.  Losses from the Air Separation Fagility Gooling Tower
(evaporation); .

2. losses from the Wash Water System (water sarried out of
the plant with the ash, slag and sludge removal);

3. Quench water to the Gasifier Off-Gas Streams
(evapofation);

4.  Beal Pots, when drained and/oy filled;

5. "Btretford" system Evaporation; and

6. Losses from the Coal Handling Dust Suppression System.

This quantity of water must be made up by the River Water
Pumping Station (84~P-2A, B, and C).

The water returned to the Cooling Tower Hot Well, from the
.process, is lifted to the top of the Cooling Tower (Bl-CT-1) by
the Cooling Tower Circulating Pumps (81-P=~54A through D, three
operating and ome stand~by). As in the Cooling,Water Pumps, a
three-pump configuration was selected for economic reasons.

A slip-stream is taken from the Circulating Pump discharge and
directed through a Pressure Filter (81~F-2A and B, one
operating and one stand-by). The filter removes a portion of
the solids buildup in the ¢irculating water. By using the
filter, solids content in the caoling water system.can be
controlled.

The temperature of the recirculated water is lowered in the
cooling tower by the evaporative cooling process. Water
evaporated from the tower is made up from the River Water
Pumping Station (84-P-24, B, and C).

The Cooling Tower is comprxsed of three cells, each having its
own two-speed fan. The "three cell” design affords flexibility
to the water cooling system; that is, only the cells and fan -

speeds needed to perform the system ceoling requirements are
used.
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Boiler Feedwater Makeup System (Drawirmg EE-371-01l1, Appendix E)

The other portion of the Gravity Filter effluent provides the
makeup requirement for the Boiler Feed System. & Filtered
Water Storage Tank (B4-TK-1) is provided as surge capacity for
the Boiler FPeedwater Makeup System. Filtered water is drawm
from the tank by a Filtered Water Pump (84-P-1A5B, one
operating and one stand-by). The Pump directs the filtered
water to a demineralization facility, provided to remove wove
of the dissolved solids from the water which will be used to
generate steam. Also, a branch is taken off to provide
filtered water that is required for the procesa Seal Pots amd

Gasification Equipment (see Drawing EE-371-015, Appendix E).

A demineralization procegs was selected for Boiler Feedwater
treatament becauge:

l. 'The demineralization process is the most effeetive water
treatment sysem for higher pressure steam generatiom with
respect to protection of steam generating equipment aund
steam users, and the minimization of emergy losses due to
excessive system blowdown, and

2. The condensate from all steam using equipment, regardless
of pressure level, is collected in a common system for
reuse;' consequently, the water quality of the entire .
condensate system is dictated by the quality required by
the highest pressure level.

Iwo parallel Demineralizer Trains (82-DM~145%B) are provided to
remove the dissolved solids from the water stream. Each train
is gized ‘to produce 30 percent of the total feedwater quantity
required for one gasifier train. Normally, condenmsate returned
from the process will furnish 92 percent of the water required
to generate steam. However, there are occasions when the .total
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quantity of water required for one gas train will have to be
made up from a fresh water supply. They are:

l. When a gasification train is first activated, and
2. Uhen a large portion of the return condensate becomes
temporarily contasminated and must be waated.

During normal plant operation, however, only one demineralizer
train is in operation with the second train on stand-by status
uatil the first train is exhausted.

Each demineralizer train will be furnished as a "package"

system consisting of:

1. A vessal containing activated carbon;

2. A Cation Vessel with resin and internals;

3. Aﬁ Anion Ve zel with resin and internals;

4. All interconmecting &ipipg between the vessels

5.  All control valves requiied foF system operation; and

6. ALl maters, iﬁ;érnannecting wiring and instxumentation
required for either an automatic or semi-zutomatic
operation.

Each demineralizer train will be provided with & local control
panel for system operation and a remote panel, located in the

central control room, for monitoring the system performance.

&n activated carbon unit is included in each demineralization
train to remove the unreacted chlorinme that was previously
injected into the water for biological comtrel.

After & measured quantity of dissolved solids have been removed
from the water flowing through the Demimeralizer trains, the
resin beds become exhausted. Therefore, the resin beds must be
regenerated; that is, the deposited ions' removed from the
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resin. Sulfuric acid is used to regenerate the Cation resin
bed and Sodium Hydroxide (caustic) is used Lo regenerate the

Anion resin bed.

Two large storage tanks are provided for bulk storage of
chemicals at the plant site, one tank for storing the acid and
the second tank for storing the caustic. Both tanks are
located indoors and in a diked area for safety.

A Sulfuric Acid Feed Pump (82-P-15) is provided at the Sulfuric
Acid Storage Tank (82-TK=-3) to transfer the more concentrated
acid to an Acid Day Tank (82-TK-11) for dilution to the
strength required by the Catiorn regeneration process. Also, a
Caustic Feed Pump (82-P~14) is provided at the Caustic Btorage
Tank (82-TK-2) to transfer the more concentrated caustic to the
Caustic Day Tank (82-TK-10) for dilution. Agitators 82-AG-&
and 82-AG-5 are provided to mix the caustic and aeid
respectively.

Generally, the regeneration of a demineralizer train follows
the following sequence:

1. The resin beds are backwashed (timed operation};

2. Cation resin bed is regenerated with acid (timed
operation)}

3. Cation resin bed is slowly rinsed with filtered water to
remove excess acid fromi:he bed (rimed sequence);

4. Cation resin.bed is thoroughly rinsed until all traces of
regenerant chemicals are gone (controlled by a
Conductivity Cell); and

S« Anion resin bed is.regenerated in the same manner, excapt
caustic is used as the regenmerant and the Cation efflueﬁn
is used for the rinse cycles. A heat exchanger is

provided to heat the caustic regenerant emtering the Anion
Vessel.
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41l vegenerative wastes are discharged to a Neutralizing Tank
(74~TR-9). The wastes, on a batch basis, are mixed together by
an Agitator (74-AG-9). Acid and caustic are added to the tank
contents, as required, to neutralize the waste solution. After
the waste is neutralized, the contents of the tank are drained
to the Equalization and Holding Tank at the Waste Treatment
Facility (see Section 4.3.7 for description). The effluent
from the Demineralization Traina,}containing less than one part
per million of dissclved solids, flows to the Demineralized
Water Storage Tank (82-TK-9).

4.3.8.2 Boiler Feedwater and Condensate Return Systems (Unit B82)

a.

Boiler Feedwater System (Drawing EE~371-005, Appendix E)

The demineralized water is containel withir' a Storage Tank
(82-TR-9), which provides surge capacity“:;r the feedwater
system. A combination Safety Relief Valve and Vacuum Breaker
(82-VE-2) is provided at the top of the vessel. A .
Demineralized Water Pump (82-P~13A and B, one operating and ome
stand-by) lifts the water to a Deaerator (82-DA-1).

The Deaerator is a water heater with a storage tank as an

integfal appendage. The Deaerator serves three functions:

1. It removes dissolved gases from the feedwater;
2. It preheates the feedwater; and
3. It provides surge capacity for the Boiler Feed Pumps.

Steam is added at the tray section of the Deaerator. The steam
heats the incoming water and drives off gases from the fluid.
Gagses escape through a multiport-type Safety Valve (82-VE-1),
The de-gassed water drops down to the storage tank.

As previously stated,‘approximately 92 percernt of the steam

utilized in the Gasification Process is normally condensed and
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returned to the feedwater system. The condensate is returned
to the Deaerator for de-gassing. Approximately eight percent

of the steam escapes the system. Therefore, for the system to
be balanced, that quantity of water must be made up from the
demineralized water system. :

The flow quantity of demineralized water to the Deaerator is
determined by a2 level controller in the Deaerator Storage Tank.
Normally, there is no metering fequirement for the condensate
to the Deaerator when both Gasifiers are operational, since the
flow of condensate will be leower than the feedwater demand
(steam losses). Therefore, demineraiized water must be put
into the Deaerator to maintain a predetermined operating level
in the storage tank. If, however, one Gasifier becomes
inoperable, the steam demand, and therefore the feedwater
demand, will be cut. 4n inherent system delay will cause more
condensate to be returned tham is requived. Therefore, the
level in the Deaerator Sturage Tank will rise above the
operating level. The demineralized water makeup valve to the
Degerator will close and the condensate return will be
modulated accordingly, in response to the level rise in the
storsge tamnk.

The Deaerator feeds three sets of Boiler Feed Pumps:

1. The High Pressure Feedwater Pumps (82-P-44, B and C)s
2. The Low Pressure Feedwater Pumps (82-P-5A, B and C); and
3.  The Auxiliary Boiler Feedwater Pumps (82-P-3A and B).

The high~pressure pumps provide feedwater for generating steam
in the Waste Heat Recavery Units (30-E-1A and B). There are
three high-pressure pumps, two operating and one stand-by. Two
operating pumps are furnished since there are two heat Tecovery
units controlled separately.
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The low-pressure pumps provide feedwater for generating steam
in the water-jacketed Gasifiers (30-V-14 and B). There are
three low-pressure pumps, two operating and ome stand-by. As
in the high-pressure system, two operating pumps are furnished
for the same reason (two Gasifiesrs).

The auxiliary feedwater pumps furnish water to the Auxiliary
Boiler (82-B-1) which is used for plant startup and to provide
more steam than is generated by the gasification process when
required. There are two pumps in the system, one operating and
one stand~by.

Before the feedwater can be used for steam generation, all
dissolved oxygen must be removed to protect the steam drums
from corrosion. Therefore, a Hydrazine Oxygen-Scavenging
gystem is provided in the feedwater system. The system
consists of a Dilution Tank (82-TR-14), an Agitator (B2-AG-9)
and a Punp (82~P-18A&B, one operating and one stand-by). The
Hydrazine is injected in the suction headers of the Boiler Feed
Pumps. An alternate injection point is provided in the
Deaerator storage tank. Hydrazine was selected as an

oxygen-scavenger in lieu of Sodium Sulfite because:

1. It acts in a shorter time period, and
2, It contributes less solids to the feedwater in the steam
drums.

Should the condensate return system, the Demineralization
system or the Deaerator be temporarily imoperative, an
emergency feedwater system is provided. Comnections have been
provided in the Boiler Feed fump suction headeré to feed

filtered water into the steam gemerating drums.
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Should necessity require the use of filtered water for
generating steam, alternate chemical treatment systems have

heen provided in the design. They are:  1 §.1

l. A Phosphate Dilution Tank (82-TRK-12) and Agitator
{82-46-7);

2. A Phoaphate Pump (82-P-16A and B, one operating and one
stand=-by); FAA

3. An Ammonia Dilution Tank (82-TK-13) and Agitator i
{82-AG-8); anmd

4.  An Ammonia Pump (82-P-17A and B, one operating and one
stand-by).

Both the Phosphate and Ammonia solutioms would be injected into s
the Boiler Feed Pump suction headers, along with the filtered '
water, to control the solids concentration and the alkalinity

in the steam generating drums.

b. Condensate Return System (Drawing EE-371-00, Appendix E)

The condensate recovered at the Gasification Plant is collected S

from the following major equiment:

l. The Air Separation Facility Compressor Turbine Condenser;
2. The Product Gas Compressor Turbine Condenser;

3. The “Stretford" System Startup Heater (when in use);

4. The Sulfur Pit Heat Exchanger;

5. The Dehydration System Glycol Reservoir;

6. High and Low Pressure Flash Tank Effluent; and

7. Condensate from Plamt Steém:fbil Heaters.,

All condensate is collected in pipimg throughout the plant and
discharged to a Condensate Tank (82-TK-1). The tank provides a
surge capability for the systew; cushioning irratic flow rates
from plant sources. A conductivity:cell is provided in the
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4.3.8.3

pipeline upstream of the Condensate Tank. The conductivity
cell controls a diversion valve that will divert the condensate
to the Cooling Tower Hot Well if contaminatiom is detected. A
combination Vacuum Breaker-Safety Valve (82-VE-3) is provided

for pressure equalization vwithin the tank.

Condensate Pumps (B2~F-2A; 3 and €, two operating and cme
stand-by) are provided to return the condemsate to the
Deaerator. The design provides for two operating pumps, each
capable of 50 percent of the maximum flow, which is compatible
with the 50 percent split of the Gasification Traims at the
plant.

A diversion valve is provided at the discharge of the
Condensate Pumps to empty the condensate system when necessary.
The flow is diverted to the Cooling Tower Eot Well.

Condensate Pumps are provided, at the Air Separation Facility
Turbine Condenser, the Product Gas Compressor Turbine Condenser
and for the flash tank discharges (see Section 4.3.8.3), to
push the condensate back to the Condensate Tank. Conductivity
cells, controlling diversion valves, are provided in both areas

in case the condeasate becomes contaminated.

Steam Genmeration and Distribution System (Drawing EE-371-DI16,
Appendix B)

The Steam Generation and Distribution System is showm,

diagrammatically, on Drawing EE-371-016. Steam is generated at

three different pressure levels:

al
bl

C.

High Pressure (approximately 925 psig);
Intermediate Pressure (approximately 150 psig); and
Low Pressure {approximately 28 psig).
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All steam levels are generated at saturation tewmperature. The high

and low pressure levels are determined, and therefore dictated, by
the Gasifier manufacturer, since the two are products of the
Gasification Process. The intermediate steam preasurs level,
produced by the Auxiliary Boiler (82-B-1), has been selected by
design. This level provides optimum flexibility for othzr steam
requirements at the plant.

The high-pressure steam, gémerated in the Waste Heat Recovery
Systems (30-E-1A and B), is collected in two Steam Drums (30-V-54
and B). Each Gasification Train has its owa high-pressure steam
drum. The steam flow from both drums is collected and distributed
in a common steam line. The majority of the high-pressure steam is
distributed to the Air Separation Facility (Unit 50). Approximately
84 percent of the high-pressure steam is transmitted to that
facility to provide power for the air compresaor turbines.
Approuximately 12 percent of the high-pressure steam is transmitted
to the Gas Dehydration Pacility (Unit 64) where it is utilized to
strip water from the recirculating Glycol solution. The Gas
Dehydration facility, however, rejuires a lesser pressure and
temperature than that of the high-pressure steam. Therefore, a Heat
Exchanger (82-E-1) is provided to lower the steam temperature to be
compatible with that reugired for Glycol Regeneration. A
pressure-reducing station is also provided, upstream of the Heat
Exchanger, to reduce the pressure of the steam required for Glysol
regeneratior. The balance of the High Pressure Steam generated,
approximately four percent, is available for potential deficiencies
in the lower pressure gteam systems. A cfoss—tie, between the steam
line to the Gas Dehydration Facility snd the distribution line for
the Auxiliary Boiler, is provided, along with a pressure-reducing
station and a Desuperheating Station (82-DS-1). The Desuperheater
uses demineralized water. 3afety relief valves are provided in the
high-pressure distribution piping, as well as the distributien
piping te the Dehydration System. Condensate is collected, in a
header, from: ’
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1. Heat Exchanger (823~E=1);
2. The Glycol Reservoir (64~B~1); and
3. The distribution lime to the Air Beparation Pacility.

The header transfers the collected condensate to a High Pressure
Condensate Flash Tank (82-TR-6). In the flash tank, a lower
pressure steam is generated, compatible with the low-pressure steam
being made by the Gasifiers, by the flashing action of the
pressurized condensate to a lower pressure maintained in the tank.

A control valve in the Flash Tank Discharge (at the top) directs the
steam to the Jlow=-pressure steam distribution header in the process.
A vent control valve is also provided on the flash tank, to vent the
steam in case the low-pressure steam system cannot accept the steam
being generated. The blowdown from each Steam Drum goes to a
Blowdown Vessel (30-V-15A). In the Blowdewn Veassel, the pressure of
the liquid is lowered to near atmospheric by flashing off steam to
atmosphere through a control valve at the top of the tank. The
condensed liquid from the Blowdown Vessel exits through a control

valve and is directed to the Waste Water Treatment Facility
(mit 74).

The low-pressure steam, generated in the Gasification Beactor water
jackets (30-V-1A and B), is collected in two Steam Drums CBO—V:QA
and B), Each Gasifier has its own lpw-pressure drum.v‘zhalﬁieam
flow from gach drum is collected and distribu§54¢iﬁﬂgréonnsn steam
line. The majarity of the 1ow-presaurekgté§;:.apprﬁximately 76
percent, is distributed to the Produqz’éas Compressor Turbines
(62-C-1A~T and 62-C-1B~-T) to provide power for final gas
compression. Approximately 16 peréent of the low—prassﬁre steam is
transmitted to the Deaerator (82-DA-1), to heat and drive off gases
from the feedwater system. The baﬁance of the low-pressure steam,
approximately eight percent, is didérihuted to th: Gasifier
Oxﬁgen-Steam Mixers (30-V=-9A through ﬁ);lﬂhgre the steam is utilized
for coal gasification. Before the 10w—pres§ﬁ§é-steam is transmitted
to the Product Gas Compressor Turbines, it is aupefkented to
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increase 'furbine efficiency. The steam is passed through Heat

Exchanger 82-E-1 (previously described in the high-pressure steam
seguent of this section), where the steam temperature is increased.
Safety relief valves are provided on all low-pressure steam headers

o

! to protect the system from beit-:g overpressurized. _The blowdown from
! each steam drum goes to a Blowdown Vessel (30=V=15B). In the

§ Blowdown Vessel, the pressure of the liquid is lowered to near

; atmospheric by flashing off steam to htmosphete through a control

: ~ valve at the top of the tank. The condensed liquid from the vessel
' exits through a control valve and is directed to the Waste Water
Treatment Facility (Unit 74).

; An intermediate pressure steam, as previously stated, is generated
z by an Auxiliary Boiler (82-B-1). At startup, the Boiler is fired
! with fuel oil, but as gas is produced at the plant, the combustion
t pytstem will be switched to Product Gas. The Boiler steam drum
furnishes steam to a distribution header which services the
following systems:

a. The “Stretford" Facility Sulfur Melter (42-E-3);
b, The "Stretford" Facility Startup Heater (42-E-4);
c. - The "Stretford" Facility Pit Heater (42-E-6);

d. The Plent Steam Tracing System; and

e¢. The Plant Steam Coil Building Heaters.

[

TN T

O

A cross-tie is provided between the Auxiliary Boiler steam header
and the Low Pressure steam header to allow for potential

bt

deficiencies in the low-pressure steam system. The cross-tie isg
provided with a Pressure Reducing Station and a Desuperhesting

Station (82-DS-2) to imsure compatibility of the makeup stesm with
the lew-pressure steam. Demineralized water is provided for the

T e

Desuperheater. A relief valve is provided in the Auxiliary Boiler
steam header to protect the system from overpressure.

. ] A low-pressure condensate header is provided to collect the
condensate from the areas previously lista&EQ:The header tranafers
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4.3.8.4

the collacted condensate from both the Intermediate Pnésaure and Low

- Preagure Steam systems to a Low Pressure Flash Tank (82-TK-7). 1In

the Flash Tank, the condenszate pressure is lowered to near
atmospheric by flashing of steam through a multiport-type valve at
the top of the vessel.

A Condensate Pump (82-P-7A and B, one operating and one stand-by) is
used to collect the combined condensate from the High and Low
Pressure Flash Tanks and trunsfer the fluid to the Condensate
Storage Tank (B82-TX-1). In the same mamnmer, Condensate

Pump 82-P-1A44B {one operating and one stand-by) will transfer the
Product Gas Compressor Turbine Coundenser condensate to the Storage
Tank and Condensate Pump 50-P~13A and B (dne operating and one
stand-by) will transfer the Air Separatior Compressor Turbine
condensate to the Low Pressure Cp;densate'ﬁeader.

Fire Protection (Drawing‘EE-37l-Qd7, Appendix E)

The Fire Protection System (Unin.83} is shown, diqayampatically, on
Drawing EE-371-007. The primary source of water fgr fifé:protection
is the Delaware River. A secondary (backup) water source is the
City of Fhiladelphia fire line, rumming along the western border of
the property.

The Delaware -River was selected as the primary water source because
of a lack uf=¢£§ficient pressure in the City fire main. Anticipated
pressuré loss in the plant fire protection loop and the residual
pressure required to operate sprinkler systems and hose stations in
elevated structures negated the concepﬁ of using the City fire line

as a primary water source.

The Main Fire Pump (83~P-1) and Jockey Pump (B3-P-2) are located in
the Pump House adjacent to the Delawaze River (see Drawings
EE-071-001 and 012). Both pumps are electrically driven and are
vertical in configuration. The Jockey Pump is used to maintain
pressure in the Fire g;otecnion System.
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An Auxiliary Fire Pump (83-P~3) is provided as the secondary, o'
backup, source of water for fire protection. The Auxiliary Fire
Pump is diesel driven and is located near the property boundary,
adjacent to the warehouse. The diesel-driven pump is automatically
gtarted upon failure of the Main Fire Pump. If the Jockey Pump
fails to maintain pressure in the plant fire loop (water is being
dravn due to system activation), the Main Fire Pump wi.li
automatically start. If, within a predetermined period of time, the
presaure in the fire loop continues to drop (failure of Main Fire

Pump), the diesel fire pump will be automatically activated.

The Auxiliary (Diesel) fire pump draws its water supply from a
Firewater Tank (83-TK-]) adjacent to the pump. The tank provides a
constant guction head and swall storage facility for the pump. The
water level in the tank is kept comstant by a level control valve,
which will open if the water level in the tank drops. The water
source for the makeup to the tank is the City of Philadelphia fire
system. A pipe is provided to connect the Firewater Tank with the

City fire main. Enough capacity iz available from the City fire
main to:

l.  Provide the flow quantity for the Plant fire protection
requifemant » and

2.  Provide sufficient pressure to Lift water to the top of the
Firewater Tank.

The primary water distributien system consists of a closed pipe loop
around the perimeter of the plant, with branches taken from the loop
to furnish water teo the various processes and buildings at the
facility. The "loop" design allows water to be fed to the system
from both pumping sources (Main Fire Pump and Auxiliary Fire Pump),
Isolation valves are provided in the pipe lonp, at strategic
locaticns, so that water cam be furnished to a fire from two
directions, and also to permit isolation of a section of the loop

for maintenance or repair without deactivating the entire system.
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( The fire protection design incorporates two different types of
systems:

a. "Wet System," and
b. "Dry System."

The "Wet System," as the term implies, refers to the design concept

that all piping systems above the ground are filled with water,
ready to be released when required. The "Dry System" is used when
piping is exposed to temperature conditions that would cause failure
(freeziﬁg). In the "Dry Syatem,“ all weather-exposed piping is
filled with 8ty air to prevent freezing. The air is pressurized to
prevent water from entering the piping system. When a firefighting
device is actuated, the air pressure in the piping feeding that

device drops, and water flows to the fire source.
The following is a list of areas serviced by "Wet Systems":

1. All fire hydrants;
2. The Administration Building (heated area); and
3. The Warehouse (heated area);’

The following is a list of areas smerviced by "Dry Systems":

1. The Gasification Structure;

2. The Coal Bunker Structure;

3. The pesulfurization Structure;

4. The Main Cooling Tower;

5. The Air Separation Facility and Cooling Tower; and
6. Coal.Haudling System tunnels and conveyor systems.

a4. Wet Systems
Since all piping to the fire hydrants is underground, the

system will be full of water all the time. Each hydrant is
(- ' provided with a shut-off valve for maintenance purposes.
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The Administration Building is a temperature econtrolled
facility which will be sprinklered., Hand-held fire
extinguishers are provided for use by employees.

The Warehouse will be heated in winter and is provided with a

sprinkler system and hose reels for employee use.
Dry Systems

Since the Gapificatiom structure is not enclosed, a dry system
is utilized for protection. Two risers are provided, with
branches for hose racks at each operating level. A dry pipe
contxol valve is provided, along with a small compressor to
maintain air pressure in the piping system. Thevsystem is
activated from any station by extending the hose ocut of the
rack.

The Coal Silo structure is not enclosed. Therefore, dry
systems are provided. Two types of systems are furnished, a
water deluge and a standard systems The standard dry system is
identicql to the Gasifier gystem, & control valve and
compreséor. The deluge-type piping system is not pressurized
with air; rather, temperature seusing devices located in
strategié areas activate a contrel valve (enclosed in a valve
house) which, when opened, admite- large quantities of water to .
the area experiencing a fire. The coal conveying system sbove
the silos is prgvided with the deluge system. The balance of
the structure is protected by the standard "dry pipe" system.

The regt of the dry systems previously listed are provided with

deluge-type fire protection systems, activated by temperature
Senso¥s.
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4.3.8.5

Plant and Instrument Air (Drawings EE-371-017 and 018, Appendix E)

The Compressed Air System for the Plant is shown, diagrammatically,
on Drawings EE~371-017 and FE-371-018 (Appendix E). The equipment
arrangement is shown on Drawing EE-071~-007 (Appendix D).

Tvo Compressors (85-G-1A and B) are furnished for the plant, one
operating and one stand-by system. Air is taken in through a Filter '
(85-F-2A and B) equipped with a Silencer (85~F-3A and B) and enters
the first compreasion stage of the machine (low=pressure stage).

. The air is partially compressed and passed through two Intercoolers

(85-E-1A thru D), where the heat of compression is removed by
cooling water from the plant cooling tower. The air then passes to
the second, or final, compression stage of the machine, where it is
compressed to the required system pressure. The final stage heat of
compression is removed by an Aftercooler (85-E-2A and B), using
cooling water from the tower.

The compressed air then passes through a Moisture Separator
(85-SE-1A and B), where the condensed water from the cooled
compresgsed air is removed and drained to the Waste Water Treatuwent
System. The compressed air is then stored in a Receiver (85-TK-1).
The Receiver is, in essence, 2 vessel that is used for the following

purpose:

a. It stores compressed air at & higher pressure than the required
system pressure, thus insuring that the minimum system pressure
is always maintained; .

b. It mollifies system surges (cuashions pipe hammer effects);

Ca It coutrols the compressor inmput to the system.

A pressure switch in the Beceiver, set slightly sbove the minimum
system pressure requirement, will activate the compression cycle in
the Compressor when the pressure in the Receiver approaches that

minimum value. The Compressor will then bring the pressure in the
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Receiver back up to the high-pressure set point (high-pressure

switch), which will stop the compression cycle in the machine.

The compressed air flows, from the Receiver, through am 0il
Filter/Separator (85-F~lA and B, one operating and one stand=-by),
which removes entrained oil mist from the air stream. When the air
stream leaves the Filter/Separator, it is split into two separate
systems, the Plant Air System and the Instrument Air System.

The plant air is then disrributed throughout the plant to the
various facilties requiring compressed air to operate preumatic
devices. Iwo Receivers, 85-TK-24 and C, are provided, one at each
end of the Plant Air distribution header, to cushion pressure
variations in the system and to provide a temporary air source in
case of a plant power failure.

The portion of the compressed air diverted to thé'instrument Air
system passes through 2 desiccant-type Air Dryer {85-DB-14 and B,
one operating and one stand-by). The Instrument Air Drycr is &
regenerative type; thus, two full-size units are provided "85 that
one can be regenerated while the other is operativé. The drié# air
is then distributed throughout the plant to all facilities reﬁui:ing
air to operate instruments and controls. Twe Receivers, 85-TK-2B
ghd D, are provided, one at each end of the Instrument Air
distribution header, to cushion pressure variations in the system
and to provide a temporary air source in case of a plant power
failure.

Both the Plant and Instrument Air distribution systems are shown,
diagrammatically, on Drawing EE-371-018.

Pressure relief valves are provided in the Compressor discharge

header and all equipment to prevent the system from being

overpressurized.
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4.,3.8.6

Flyash Removal and Storage (Unit 92)

The Flyash system is designed to transport the concentrate extracted
from the Wash Water System (Unit 72) to two separate areas of the
plant, The areas are:

a. The Coal Preparation Area (Unit 2Q), and
b. The Flyash Storage and Disposal Area.

The flyash removed from the gas stream by the Wash Water System
(Unit 72) contains a relatively large quantity of unreacted carbon
which can be reeycled back to the gasification process. Therefore,

the flyash conveying system is designed to provide this i'ption.

Belt Conveyor 92-CV-1 tranaports the dewatered flyash councentrate
from the Rotary Vacuum Filters (Unit 72, Section 4.3.7.1) to the
feed end of conveyors 92-CV-2 and 92-CC-5 (as shown on Drawings

EE-071-001 and 013, Appendix D). At this point, the option is

provided to divert 50 percent of the flyash back to the Coal
Preparation System (Unit 20). A bifurcated chute and flow splitter
are provided at the discharge of Conveyor 92-CV-1 to divert half of
the flyash to Conveyor 92-CV-5 and the other half to

Conveyor 92-CV-2. Coaveyor 92-CV-5 recycles flyash back to the Coal
Preparation System and Conveyor 92~CV-2 transfers the ash to a
Storage Building. The discharge chute of Couveyor 92~CV-CV-1 is
designed to divert the entire £lyash quantity to Conveyor 92-CV-2,
should the recirculation of ash tc the system not be desirs * for any
given time period. Conveyor 92-CV-2 is designed to carry the
maximum plant flyash output to the Storage Building.

a. Flyash Recycle
Conveyor 92-CV-5 transports the flyash concentrate (50 percent

of the flow as a maximu) back to the pulverization area of the
Coal Preparation Facility (as shown on Drawing EE-071-005,
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Appendix D). The recycled flyash discharges te two belt
conveyors (92-CCV-7A and B) which transfer the flyash to the
"Pug Mill" of the Yulverigzers (20-PU-14, B, and C). A flow
splitter is provided in the discharge of 92-CV-5 to equalize
the flow split bestween Conveyors 92-CV-7A and 92-CV=-7B.
Conveyors 92-CV-~7A and B are reversing type, thus giving the
system ithe capability of feeding the flyash to any two of three
pulverizers.

b. Flyash Storage and Disposal

Conveyor 92-CV-2 tracsfers half, or all, of the flyash
reclaimed from the Rotary Filters to Conveyor 92-CV-3 (shown on
Drawing EE =-071-001, Appeundix D). Conveyor 92-CV-3 extends the
entire length of the Flyash Storage Building, its support
structure attached to the building roof trusses. Conveyor
95-CV-3 is provided with a Tripper (92-ME-4) mechanism which
will enable the conveyor to distribute the flyash throvghout
the lemgth of the building. The Tripper discharges to a
reversing-type shuttle Conveyor (92-ME-4), which is supported
by a Carriage (92-ME-5) mechanism. The Tripper mech- aism is
attached to the Carriage. The carriage terminals ride om
tracks supported on the building side walls. The tracks run
the entire length of the building. In this manner, the flyash
can be distributed over the entire area of the Storage Building
in the following way:

Flyash is retrieved from the Storage Building, for disposal, by the
use of a Bulldozer. The Bulldozer pushes the flyash into a trough
running the Qntire length of the Storage Bﬁilding. At the bottom of
the trough, also running the entire length of the building, is
Conveyor 92-CV-B. Conveyor 92-CV-8 is a belt conveyor with rubber
skirting running the entire length of the belt. "Skimming" plates
are placed, periodically, across the length of the conveyor, withinm
the Building, to level the flyash burden on the belt. Conveyor
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92-CV-8 transfers the flyash out of the Building to an elevated
Flyash Surge Hopper (92-TK-1), which provides temporary storage for
the agsh. The Surge Hopper then diacharges the flyash te either a
truck or railcar for removal from the plant site.

1. Tripper 92-ME-4, located on Conveyor 92-CV-3, discharges flyash
on to Reversing Coaveyor 92~CV-4 (92=CV~4 has the capability of

reversing flow directions);

2. Conveyor 92-CV-4 traverses the width of the Building (mounted
on a trolley mechanism riding on tracks) on Carriage 92-ME-5,
discharging the flyash across the width of the Building
(shuttle conveyor reverses direction, automatically, as it
rears the side walls of the Bulding);

3. Carriage 92-ME-5 traverses the length of the Building (rides on
tracks wounted on Building walls), enabling Conveyor 92-CV-4 to
distribute flyash over the entire lemgth of the Building
(Carriage 92-ME~5 reverses directiom, automatically, as it
nears the end walls of the Building).

Flyash is retrieved from the Storage Building, for disposal, by the
use of a Bulldozer. The Bulldozer pushes the flyash into a trough
running the entire length of the Storage Building. At the bottom of
the trough, also running the entire length of the building, is
Conveyor 92-CV-8. Conveyor 92-CV-8 is a belt conveyor with rubber
skirting running the entire length of the belt. "Skimming" plates
are placad, periodically, across the length of the conveyor, within
the Building, to level the flyash burden on the belt.

Conveyor 92-CV-8 transfers the flyash out of the Building to an
elevated Flyash Surge Hopper (92-TK-1), which provides teaporary
storage for the ash. The Surge Hopper then discharges the flyash to
either a truck or railcar for removal from the plant site.
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4.3.8.7

Slag Removal and Storage (Unit 94)

Slag Storage

The Slag System is designed to transport the slag extracted
from the bottow of Gasifiers 30-V-1A and B to the Slag Storage
and Removal Area. The System arrangement is shown on Drawings
EE-071-001, 007, and 008 {Appendix D).

The Gasifier Slag Extractors (30-ME~2A and B) discharge the
water-quenched slag to Belt Conveyors 30-CV-1A and B (one for
each Gasifier). Conveyors 30-CV-l14 and B discharge the wet
slag to Belt Conveyor 94~CV-2, which trensports the wet slag

out of the Gasification area.

Conveyor 94-CV-2 discharges the wet slag to Belt Conveyor
94-CV=3, which elevates the burden to the top of the Storage
Building. Conveyor 94-CV-3 discharges to Belt Conveyor
94-CV-4, which transfers and begins the distribution of wet
slag throughout the Storasge Building.

Tripper 94-ME-4 is iocated on Conveyor 94~CV-4 and acts as the
primary distribution mechanism. The balance of the wet slag
distribution system within the Storage Building is identical,
in configuration and operating procedure, to that of the flyash
distribution system described in Section 4.3.8.6, differing
only in the physical size of the'components. The balance of
the distribution equipment in the Storage Building consists of
a "Shuttle" Conveyor Assembly 94-CV-5 which includes:

1. A reversing belt conveyor mounted on & trolley carriage
which shuttles the conveyor back and forth, across the
width of the Building, automatically reversing direction
vhen nearing the Building sidewalls:

2. A bridge, supporking the trolley carriage, having
motorized end trucks which are supported or rails
extending the length of the Building; and
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4.3.8.8

B

3. A drive system for the bridge which will move the-conveyor
trolley carriage the length of the Building and reverse

- ite direection, automatically, when it approaches the
Bu;ldzng end wall,

.. B+  Slag Disposal

: Reciieﬁﬁliof slag from the Storage Building for disposal is
similar to the system demcribed in Section 4.3.8.6 The slag is
-pushed, by a Bulldozer, into a trough ruaning the entire length
of the Building. At the bottom of the trough, also running the
enczre Bulldlng length, is Belt Conveyor 92-CV-6, a
rubber-s lirted conveyor with skimming plates to egualize the
burden pver its length. Conveyor 94-CV-6 elevates the burden
to a Sq%ge Hopper (94-TK-1), which provides temporary storage
for th% disposalisystem. The slag is extracted from the bottom
of the:Surge Hopper by a metering Screw (94-CV-7) to either a

ﬁutﬁhck ér railcar for removal of the slag from the plant site.

;
Potable Water System (Unit B4)
Since the potable water system is relatively simple, mo flow diagram

or equzment arrangement drawings have been included in the drawing
append1c33.

Potable,.bt drinking quality, water will be taken from the City of
Philadelphia water supply, a tap being made from the city main at
the weséeru boundary of the property. Sanitary wastes, a by-product
of the éotable water system, will be returned to the City of

Philadelphia samnitary sewage .ystem, again at the western boundary
of thefproperty.

}
Potablé water will be distributed to, and sanitary wastes drained
from, jthe following areas of the plant:

"

i
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a. Administration Building

(1) Two rest rooms (one female and one male), and
(2) One drinking fountainm.

b. Warehouse

(1) One rest room, and

(2) One drinking fountain.

c. Locker Rooms {adjacent to Gasifier Switchgear/Central Comtrol
Room)

(1) Two rest rooms {one female and one male);
(2) Two shower rooms (one female and one male); and
(3) One drinking fountain.

d. Air Separation Facility Comtxrol Room

(1) oOne rest room, and
(2) One drinking fountain.

¢. Waste Treatment Facility

(1) oOne rest room, and

{(2) One drinking fountain.

Electric water heaters will be provided in each of the areas listed.
4.3.8.9 Steam Sewer System {(Unit Bﬂb
As in the potable water system, rainfall drainage from the plant

site is relatively straightforward; therfore, no flow diagram is

included in the drawing appendices.
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The Storm éewer design (pipe sizing) is based on the "50 vear - 24
hour" demnsity eriteria for the City of Philadelphia area. In
simpler terms, the system is designed to drain 0ff tThe average
quantity of rain that would fall in one hour, within a 24-hour
period, based on historical data documenting the maximum quantity of
rainfall for a 24~hour period within a 50-year time frame. ‘The
design of the drainage piping system is also based on the relative
elevation of the plant finished grade to the waximum river level,
since all rainwater will ba discharged to the Delaware River.

The Storm Sewer System is designed as two separate, independent
systems, since the size of the plant site is too large to enable one
system to flow, via gravity, into the river and have the discharge
above the river level. Catch basins and manholes are provided, in
strategic locations, to collect and direct the flow of rainwater to
the river.

(' b.4 PLANT ELECTRICAL DESIGN

4.4.1 Piant Electrical Design Criteria -

The plant eleetwical distribution syétem design was based on
providing the following:

a. Design a distribution system with utility system reliability
level to minimize power outages in all areas of the plant.
b. Provide an emergency power source to shut down the plant in a

safe manner in the unlikely event that the utility power is
lost to the facility.

¢. Provide sufficient capacity in equipment to allow for addition
of loads in the future.

d. Minimize voltage disturbances on the system when starcing large
13.2 kV and 4 kV motors.

e. Maximize plant efficiency.

(r f. Provide centralized control for each Process area.
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. 5_ . 4.4.2 Plant Electrical System

4.4.2.1 Plant Utility Power Supply

The plant power will originate in a Pailadelphia Eleetrie Ca. (PEG)
13.2 kV substation ring bus located approximately 3/4 mile from the
plant site. The PEC system is a 13.2 kV wye solidly grounded
system. Three PEC lines will leave the substation and run
underground all the way to the plant site. The three 1lines run
under Dyott Street at the southeast end of PGW plant site and
terminate in three 15 kV, 1200 A kirk key interlocked disconnect
switches in outdoor houses. Each switch is equipped with station

class lightning arrvesters and surge capacitors.

See 13.2 & 4.16 kV cable tray Drawing EE-271-004 and one line
Diagram EE-271-001.

P

The three lines will leave the load side of these disconnect
switches and go back underground rumning.to the 13.2 kV switchgear
building where they will terminate in three 13.2 kV Metal Clad
Switchgear incoming line breaker compartments. Each incoming line
breaker will be kirk key interlocked with the outdoor switch house
disconnect switch to prevent opening of the disconnect switch until
_ the incoming line breaker is open. The main power supply to the
N plant will come through double ended 13.2 kV 500 MVA metal clad

; switchgear operating with the bus tie breaker closed to parallel the
| f two PEC lines. With this operations the PEC lines will provide the
maximum plant power demand of 22 MVA. If one line is lost, the
remzining line can supply 22 MVA of load for 24 houxs omly. After
! § this period, the second line must be returned to service or the
' plant load reduced to 14 MVA. The third line will terminate in a
'77; : single 13.2 kV metal clad breaker dedicated to supplying the plant
i coal hendling and thaw shed load. This line is rated to carry 7 MVA
load continuous and 11 MVA on a 24 hour emergency basis.

P —
\
‘
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v 4,4,2.2 Plant Load Centers

The transformer sizing for all double ended 4.16 kV and 480 V lead
centers was done on the basis of being able to supply the tatal load
from one transformer with the bus tie breaker closed if one line is
lost. Also, extra capacity has been added for future loads. (Refer
to appendix 4.16 kV and 480 V load center calculation).

4.4.3 Plant Short Circuit Levels

4.6.3.1 13.2 KV Bus

PEC has given a tentatiQe three phase fault contribution from their
two lines on the 13.2 kV metal clad switchgear bus as 262 MVA
symmetrical RMS. (See'appendix short circuit calculatioms, Page 5.)
When the three phase fault contribution from the 10,000 HP, 13.2 kV
gynchronous motor and & kV and w60 V induction motors are added to
( PEG line contribution the total produces an interrupting in three

phase fault level on the 13.2 kv bus of 352,77 MVA. (See page & of
the short circuit caleulation in appendix and one line

‘diagram EE-271-001). Therefore, 500 MVA, 13.2 kV, 5 Hertz metal
clad switchgear breakers were selected for the conceptual design.

4.4.,3.2 4.16 kV Bus

The interrupting fault level for the 4.16 kV bus was calculated for
the desulfurization load center which is the largest having two

10 MVA tramsformers. The interrupting fault level on this 4.16 kY

bus is 191.43 MVA; therefore, 250 MVA, 4.16 kV, 5 Hertz metal clad

switchgear breakers were selected.

"4.4,3,3 4B0O Volt lLoad Center Bus

At the 480 V level the larges double ended load center is the Water
Treatment Load Center with 2000 VA transformers. The fault level
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4.4.3.4

4,44

4.4.4.1

on this bus is 38,541 amps symmetrical RMS. (Refer to appendix
short circuit caleculations, Page 17.)

The Coal and Handling and Thaw Shed Load Center 480 V bus will have
a fault level of 33,42] amps symmetrical RMS., The PEC line is the
only main source of fault current (See appendix fault calculations,
Page 16).

480 Volt Motor Control Center Bus

All motor contrel centers are provided with main incoming line 600A
current limiting fuses to limit fazult level on the motor control
center bus to 22,000 AMPS.

Plant Power System Operation

13.2 KV Power Distribution

The main part of plant power will enter the plant through two
Philadelphia Electric Co. (PEC) lines supplying & double ended
line-up of 13.2 kV, 500 MVA metal clad switchgear with electrically
operated stored energy breakers. A third (PEC) line will enter a
separate 13.2 kV incoming line breaker section with PEC CT and PT
metering section. This breaker will supply power to four single
ended coal handling and thaw shed 480V load centers. The switchgear
is in the 13.2 kV switchge=ar building located at the east end of the
plant north of the desulfurization process area. (5ee appendix,
Plot Planm, Drawinﬁ EE~071-001). Power is metered in each incoming
line breaker secti&ﬁ. PEC PT's and CT's are located in three
sections each adjacent to their incoming line breakers. The utility
CT's and PT's are connected to a separate PEC totalizing s2tering
panel mouated in the switchgear building. 13.2 kV power will be
distributed to five process area switchgear buildings which house
the 4.16 kV switchgear, 450V switchgear and 480V motor control
centers for their respective and adjacent areas. These switchgear
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4.4.4.2.

4.4.4.3.

buildings are lacated in and identified as Air éepnration Unit,
Gasification, Desulfurization, Water Treatment and Coal Handling,
and Thaw Shed. 15 kV three conduttor cables with overall continuous
imprevious aluminum sheath and outer PV¢ jacket, will run in an
overhead tray from feeder breakers and one incoming line breaker to
the load centers in each of the five switchgear buildings. One

13.2 kV feeder braaker is dedicated to supplying the 10,000 BP unity

P.F. synchronous motor driving the air separation unit wain
compressor.

13.2 kV System Relay Pfotection

Each incoming line breaker section is provided with a distance
directional relaSr (21) providing fault protection for the PEC
incoming line cables all the way back to the substation. Back up
relaying is provided for these lines by directional overcurrent

relays (67) and a direction overcurrent ground relay (67N).

If a line fault should occur, the (PEC) line protection relays will
trip and lock out the switchgear incoming line breaker and PEC sub-
station breaker approximated 3/4 mile away. The plant will now be
supplied through one line without interruption of power to the load,
Bus differential relays 87BA and 87BB will be provided to trip and
lock out the incoming line, bus tie breaker and feeder breakers on
either half of the bus for a bus fault. A standard complement of
coordinated ‘phase and ground overcurrent relays will be provided in
the incoming line and feeder breakers. This 13.2 kV switchgear
dis:ributiqn system has an axtreﬁely high degree of reliability.

4.16 kv quer Distribution

Four double eunded 4160 volt load centers far desulfurization,

gasification, water treatment and coal handling and pulverization
loads, distribute power to 300 HP and larger motors in their
respective areas (See Appendix One Line Diagram EE-271-001 and
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4.4.4.5

Switchgear Building Arrangement Drawings EE~271-001 and 012). The
4.16 kV system will operate as a low wxesistance grounded system with
neutral ground resistors in the secondary windings of each lead
center transformer.

The switchgear will be composed of two main secondary and enme bus
tiz electrically operated 250 MVA metal zlad breakers and medium
voltage & kV current limiting fused starters on the sime bus. Each
load center will operate with the bus tie breaker closed providing
the same high degree of reliability for loss of a transformer or
incoming line as for the 13.2 kV system. Operating with the bus tie
breaker closed also minimize voltage drop when starting large motors
connected to these load centers. ‘Iypicg,lljr"; three conductor 3 kV
cable will leave switchgear building running part way in overhead

tray and part in conduit to the motors in their respective areas. ;

4160 Volt Relay Protection .

Th2 complement of relays used on the main secondary breakers and the
bus tie breaker will be similar to the 13.2 kV switchgear. These
will consist of directional phase overcurrent relays (67) and
directional ground overcurrent (67G) for the main secondary
breakers. Bus differential relaying will alsc be provided. '?Ihe

medium voltage motor starter will have a complete complement of
motor protective relay consistent with operating requirements and
motor size.

On large motors 1000 HP and above, differential (87) protection will
be provided. Automatic single phasing protection will be imstalled

in all starters.

480 Volt Power Distribution

480V power is distributed by five double endec and four single ended
load centers which are! Air Separation and Delvuper, Gasification,
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4.4.4.6

4.4.4.7

Desulfurization, Water Treatment, Pulverization and four Coal
Handling and Thaw Shed. (For location, see Appendix, Switchgear

Building Equipment Arrangement Drawings EE-271-011 and 012). 1In
double ended load centers the two main secondary and bus tie
breakers will be electrically operated. All feeder breakers will be
manually operated except where used as motor starters which will be
electrically operated. The 4B0/277V system has & solidly grounded

neutral. The load centers will operate in a seccudary selective
mode with the wmain secondary breakers clesed and the bus tie breaker
normally open. On losa of either a line or transformer, their main
secondary breaker will trijp.and the bua tie breaker close supplying
the total load through a full rated transformer.

Load center feeder breakers supply Motor Control centers in the same
switchgear building. Motor Control Center power and contrcl cables

run in tray and underground conduit to the motor loads in the area.

480 Volt Relay Protection

All breakers are spring charged stored energy bresakers with solid
state uaits providing long time, short time instantaneous and ground
sensing protection. These unit provide a complete coordinated
selactive trip system between main secondary bus tie and feeder
breakers. ﬂ

480 Volt Emergency Power

Iwo emergency 200 KW, 480V, 3 Ph, 60 Hertz diesel generators, ome
located in the Gasification are and the other in the air separation
area will supply power to critical load in the unlikely event of
total loss of utility power to the facility. (See appendix one line
diagrams EE-271-002 and 003). The gasification area diesel
generator is located in the gasification switchgear building on the
ground floor under the locker room. (See appendix Plot Plan
EE-071-001 and Switchgear Building Equipment Arrangement Drawing
EE-271-011).
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4.4.4.8

4.4.4.9

The air separation unit (ASU) diesel generator and all other
electrical equipment associated with the process will be provided by
the vendor as part of this complex omn a turn key basis. This diesal

generator will be located in the (ASU) switchgear building shown on
Plot Plan Drawing EE-071-001.

Both diesel generator units will supply power for an orderly
shutdown of the complete facility. Each unit has its own 125V DC
cranking motor, starter, battery amd charger. Each unit is equipped

‘with a daytank, fuel forwarding pump and underground fuel storage

cank with sufficient capacity to run the generatore for three days.

In the event that normal.power is lost to the ASU complex only, its
diesel generator will provide power to liquid oxygen pumps which
will continue the supply of oxygen to the coal gasification trains

to keep them running. Instrumentation and control power will also
be provided for the ASU cowplex at this time.

The gasification diesel gemerator will provide power for the total
plant emergency lighting and auxiliary boiler lead. In addition,
instrumentation and control power for all other plant processess
(except ASU) will be supplied by this unit.

Uninterruptible Power Supply (UPS)

UPS units will be located near and provide power for eritical

instrumentation and control loads. 480V power from the Emergency
Motor Control Center bus will be transformed down tea 208/120V, 3 Ph,

four wire power for input to the battery charger, ioverters and
bypass circuits of the UPS units.

Plant Grounding and Lightning Protection

A grounding grid will be installed using soft drawn stranded copper.

The cable will ring and cross each process area. Ground rod will be
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4'4'5

4'4.5.1

4.4,5.2

4.4.5.3

installed "and spaced as required along the ground cable ringing each
area. All equipment will be grounded to this grid as required.
Lightning rods will be installed on building and equipment as
Tequivred.

Plant Motors and Motoras Control

13.2 %V Motor

The only 13.2 kV motor in the facility is th= 10,000 BP, 1.0 PF,
1200 RPM synchromous motor driving the main compressor in the Air
Separation Unit Complex. This motor will he totally enclesed water
cooled with a brushiess shaft mounted rotational excitation system.

The water to air coolers will be mounted im a pit under the motor.

4 kV Motors

4ll induction motors 300 HP and above will be &4 kV motors. All 4 kv
motors will have class "F" insulation with a 1.15 service factor.
The normal unity service factor operating range will have g class

"B" temperature rise which will provide higher efficiencies and
longer life.

Weather protected type II wotors will be used in hazardous outdoor
locations. Metors in hazardous coal handling areas will be
specified as Class II, Division I, Group "F" motors. Hazardous
motors for the coal gasification area will be Class I, Division 1I,
Group "C" motors.

460 Volt Motors

All 460 V induction motors will be severe duty TEFC high efficiency
type motors with class F insulation and 1.15 service factor. The
motors will have a Class B temperature rise when operating in the

1.0 sexvice factor area. All motors 50 HP and above used in full
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4.4.6

4.4.6-1

voltage nonreversing starter applications will have P.F. correction
capaci.tors. HazZardous area motors for c¢oal handling will be Class
11, Division I Group "F" motors.

These motors will conserve emerpy and provide economical operation

over the life of the plamt.

Piant Motor Comtrol

Five switchgear buildinpgs - Deasulfurization, Gasification, Air
Separation, Water Treatment and Coal Handling - will house central

motor control panels with necessary pushbuttons indicating lights
and or selector switches, etc. Every motor that receives power from
& kV starters and 480V motor control center starters in the five
switehgear buildings will be controlled from these control panels.

Pushbutton stations will also be provided at each motor location.

The central control room plant wide process control system will also
control some key motors and give permissive control to the local
process. The plant wide process control system is located on the
third fleoor of the Gasification Switchgear Building. All control

witing between switchgear room starters and local process motors
will be conventional hard wire. Status annunciators wiil be located
in each local swithgear room. The annunciator status points will be
sent to the plant wide process control system through I/0
multiplexing system via coaxial cables as described in the following

instrument and control system section.

Plant Instrument and Contrel System

General

Overall contrel of the gasification facility will be effected
utilizing a centralized control system. This will be a high speed
microprocessor-based digital electronic process controller. The

plant operators will have full supervisory functions and complete
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4.4.6.2

4.4.6.3

manipulation capabilities from a single control room location.
Operating stations lecal to vartious areas of the proceas will be

provided having interaction with central comtrol eperation.

The centralized control system will utilize status and analog
signals from and dispatch status and analog signals to the primary
devices in the facility via a dual redundant coaxial cable data
highway network. This signal transport system will make possible

any form of interaction required emabling control systems throughout
the facility to work together in coordinating plant fuactions.

The following sections will describe the overall process countrol

system and its components.

Centralized Gontrol

The main control room location will be in the gasification area
switchgear building an the third floor. This third floor level is

to be used solely for the main control system, related hardware,
recording equipment, etc,

The primary control devices will be in the local areas for each
respective process. They shall be either microprocessor-based
multiple loop controllers or conventional individual 1cop
controllers depending on complexity, reliability, and suitability to
be determined in final design.

Control System Architecture

Plani operator interface will be via CRT consoles with all necessary
contrel functions offered at the console keyboards. The GRT
consoles will be provided in duplicate and both shall be operated
continuously such that there is an immediate backup. Use of the CRT

consoles places control information and responses conveniently in
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front of the operator in & manner which promotes better surveillence
of systems and more rapid response te control situations. The
operator will have easy access to all data from the process as well
as being able to modify setpoihts, valve positions, etc. without
having to walk from device to device among parels in the control
room. The entire gasification facility can be operated from this

main control raom location.

A coaxial cable data highway system provided by the process
controller manufacturer is used to transport signals to and from the
main control room. Actual wiring for control signals need only be
routed to and from satellite stations strategically placed at chosen
locations in the plant. Actual wire lengths end costs are greatly
reduced.

All plant instrumentation, with the exception of special purpose or
local only situations, will be electronic. Conversion of flows,
temperatures, pressures, eke. to electronic signals will be by
conventional means using two and four wire transmitters. These
signals will be hardwired to the nearest satellite station. for the
operation of valves, electronic signals from the satellites will be

converred to pneumutic signals using standard current to pneumatic
converters.

The following five locations have been selected for satellite

stations:

a. The gasification area switchgear building itself is in a
suitable iccation to hardwire many signals such as those from
the gasifiers, coal handling area, ete. A satellite stat™n

ghould be placed on thwe second floors.
b. A satellite station must be placed in the air separation plant

control room for the purpese of collecting operating data and

to provide demand signals ro rhat facility.
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¢. A satellite station should be placed in the desulphurization
switchgear room to interface with the vendor supplied Stretford
desulphurization equipment and to deal with gasification and
storage signals in that vicinity.

d. The product gas area shall have a satellite station to deal
with signals involved in final pressurization, conditioning and

measurement of the gas.

€. A satellite station shall be placed in the wastewater creatment
area due to the number of signals to and from that area as well

as the cooling tower and raw water intake areas nearby.

All gignal information at these satellite stations is automatically
transmitted over the coaxial cable data highway system and becomes
available at any other zatellite or the CRT consoles. Electronie
transmission of these signals and all system internal organization
is automatically regulated by a master executive system which is
located in the main countrol rcom. This master executive system, the
CRT consoles, and the coaxisl cable networks all will be installed

in duplicate to provide redundancy for fail safe operation.

The satellites and the devices in the main control room will have an
uninterruptible power supply wiith chargers and batteries such that
the entire system will continue to function for up to two hours in
the event of line voltage failure. This sytem will be powered from
the 480 volt critical load bus such that the UPS unit will only need
to supply backup power if the line volt;ge fails and the diesel
generator has not yet started.

The actual routing of the dual coaxial cables will be via the
uppermost level of the cable tray where possible.

In some instances control functions may be considered too critical

to use the process dontroller due to possible controllex or data
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highway failure. Provision is made to easily utilize a dedicated
conventional process controller in that area with an interface to
the overall process controller. Decigions as to when to do this -
will be left to final design.

The various field mounted instrumentation is shown on the flow
drawings (EE-371-001 through 0185} to indicate their relative
locations and uses. The devices bear numbers which relate to their
flow drawing and area of vse. An ingtrument summary list is
provided in Appendix H. The aﬂalog logic drawings (Appendix G
Drawings EE-271-015 through 041) show the complete interconnection
of the devices. The use af I/D, the data highway system, and rhe
overall process controller is uot indicated on the logic drawings.
A process controller vendor has not been selected and without vendor
information and methods available, actual layouts for I/0,

electronic modules, etc. are impossible.

Process Controller Capabilities

The following comtrol capabilities must be provided in a system
suitable for the overall operation of the gasificztion plant.

a. Complete data acquisition and display - the process controller
system must be capable.of transporting to and displaying on the
CRT consoles any analog or digital signals which are generated
by the process and delivered to a satellite location. The
system must alsoc transport control signals from the comscles to
any satellite location as needed.

b. Operator interface - uwaing the CRT displays and the console
keyboard, the main operator must be able to monitor all process
variables and be able to manipulate all control setpoints,
valve positions, ete. as required to have complete control over
the gasification process.
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Alarm capabilities - the process controiler must have the
ability to detect an abnormal condition on any input or output

and be able to audibly and visually alert the operator to these
conditions on 2 first out basis. Some type of sounding device
will be provided and visual indications will be on the CRT

console.

Becording capabilities - sufficient hard copy and electronic
recording equipment will be provided in the central control
room location. Hard copy will be made utilizing multi-pen

strip chart recorders in instances where a permanent record of
process variables is desired. Electronic recording of signals
will be with magnetic memory techniques such as £]appy disk and
should be available for large numbers of signals; These
recordings are useful as an operater aid in debugging and fine

tuning the plant. Most modern process controller systems offer
the operator choices as to which signals are to be recorded.
He can change them at will simply by using the CRT console

keyboard to address the chosen variables ro the electronie
recording channels,

Computer capabilities - sufficient intelligent capability must
be provided either directly in the process controller or
through outside computer interface such that the costrol system

can optimize the operation of the plant in the following ways:

l.  Energy Management - Energy uses in the facility are large
and the interplay between electric and steam as power
sources is complex. The process control system should
steer the plant to the highest efficiencies and make the
most possible use of internal energy sources.

2. Process Sequences - The control system should minimize
inefficiencies caused by start-up, shut-down, load

changes, ete. This can be accomplished by performing
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these operations in as timely a manner as possilbile and by
eliminating overshoot, ina:curaﬁy and operator errors.

3. FPeedforward Signals - Load following capability and
efficiency of the plant should be improved using the
computer to predict the arrival of ioad savings which tend

to be predictable or periodic.

4.4.6.5 Plant Control Subsystems

Major plant control subsystems are as follows:

a.

Gasification Production Rate

The gasifier production rate control system is the most complex
and most critical. This control system involves the gasifier
combustion control loops, the oxygen plant demand control, and
the gas holding tank volume codtrol. It is a feedback control
loop which adjusts the existing'ﬁroductibn rate to match the
gas usage rate and to stabilize the gas holding tank volume.
This is done on an automatic basis. As long as the gas demand
remains within the allowable gasifier waximum or minimum firing
rate limitation, no operator actions are requ{red. If the
demand drops below 70 percent of plant capacity, the gystem
will automatically divert to excess gas production to the flare
since the gasifiers canmot be turned down to less than 70
percent each., If theldemand drops teo less than 50 percent and
the operator feels that flaring is excessive or that thishlow
demand will persist, he must manually shut down one gasifier
unit. The control gystem will then automatically increase the
firing rate of the remaining gasifier and reduce the extent of
flaring. If plant demand drops to and persists at a level
below 35 percent. If necessary, all control can be done by
manual means. Flaring will be unavoidable since this demand is

below the minimum production of one gasifier alone.
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Signal logic for the automatic production rate contral system
is based on algebraic manipulation of flow signals and the gas
heolding tank level signal. Pressure control loop 1243
regulates the gas pressure in the distribution pipeline by
modulating pressure contzol valve PV-1243. The flow indicating

transmitter FIT-1240 produces a signal which is proporticnal to

the gas flow required to maintain the steady supply pressure in
the pipeline. This flow is the customer demand. Flow
indicating transmitter FIt-1242 produces a signal which is
proportional to the gas flow required for internal uses. These
signals from FIT-1240 and FIT-1242 are summed &nd the result is

a total gas usage signal. To this signal, a factor from the
gas holding tenk level {from LT-1555) signal is added to
produce an actual gasifier production rate target value.

Thusly if the gas holding rauk is not at the desired standby
level, the gasifier production rate is modified slightly to
produce an excess or deficiency in order to steer the gas
holder to the desired level. The target production rate signal
is applied to the plant master controller FIC-1580 as a remote
setpoint. This controller utilizes as feedback flow signals
from flow indicating transmitter FIT-1580, which indicate the

current production rate. The output from controller FIC-1580
is conditioned for maximum and minimum limits and ramp rate

limits. It is then utilized as the actual gasifier feedstock
firing rate signal to the gasifier combustion control systems.

This feestock firing rate determines the quantity ‘of gas
produced.

Two control functiens are provided to protect the plant from
excessive gas load draw which would disrupt the dehydzation and
desulphurization operations. First, flow indicating
controller FIC-1580 is conditioned for maximum and minimum
limits and ramp rate limits. It is then utilized as the actual
gasifier feedstock firing rate signal to the gasifier
combustion systems. This feedstock firing rate determines the
quantity of gas produced.
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Two control functions are provided to protect the plant from

excessive gas load draw which would disrupt the dehydration and
desulphurization. operationa. pirst, flow indicating

controller FIC~1240 will respond to any excéasive flow rates by
overriding pressure control logp 1243 apd closing the final
pressure control valve PV=1243 gs much as required to limit the
gas flow rate to a predetermined limit, Second, if a plant gas
supply pressure drop is sensed by pressure indicating ‘
controller PIC-1240A, this controller will alsc ovverride

loop 1243 and clese the final pressure control valve PV-1243.

Oxygen Plant Interface

' The oxygen plant receives z faed forward signal from the plant

master controller Fle-1580 ag ap early indication that oxygen
demand is changing. The oxygen plant must send a confirming
signal indicating that the required oxygen is available before
the plant master controller dewsnd sigual can reach the
combustion centrol systems. A}g0, any sudden shortage of
oxygen supply will be evident ¢p the availability confirming
signal and this will override gnd reduce the plant demand

signal ~from IC-1580. A warning %ill be provided to alert the
operator that there is a shortage of oxygen.

An actuai oxygen usage rate gigpal which is the currenc oxygen
flow needed at the burners is gerived by summing the individual
gasifier firing rate demand gigpals. The oxygen plant
operators will also be provideq with all gvailable data
concerning known and predictable load swings.

Gasifier Combustion Control
Combustion control for the gasifiers involves two stages., The

first stage requires the mixing of oxygen with steam at a Fixed
ratio. This is done-ui & basis which provides an oxygen and
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steam mixture header f£rom which take—offs are tﬁpped for burner
feeds. Both the oxygen and the steam nupply to each of these
headers is provided with a f£low sensor, a flow controller, and

. a flow control valve so each ingredient can be accurately

metered into the wixer. A signal from the gasification
production rate contrcl system togeﬁher with a header pressure
signal is used to establish a setpoint to these flow
controllers to regulate the quantity of mixture produced.

The seéond stage of combustion control is the combining of
pulverized coal with the oxygen/steam mixture in the proper
quantity and ratio. This is accomplished on an individual
burner basis, two feed systems, per burner. The firing rate
demand signal is brought to the coal feed screws and to the
oxygen/steam mixture dispensing valves through lead-lag control
systems. The mixture ratio must not go excessive in oxygen, so
tﬂﬁ lead-lag system require the coal feed screws supply and

confirm at a high enough rate before allowing an equivalent
oxygen/steam mixture feed rate.

Gasifier Drum Level

Feedwater flow to the gasifier boiler drums will be by single
element feedwater control leaps. Both high and low pressure
drums are equipped with electromic level transmitters.
Electronic contral of the drum feedwater will be effected
utilizing conventional current to preumatic tranaducers to
convert preocess controller output signals for pneumatic

operation of feedwater flow control walves.

Gas Booster Compressor Control

The gas booster compressors provide pressure to move the raw

gas through the “Stretford" desulphurization system. They

“digcharge into a common header ahead of the static mixers. The

4-107




gas pressure in this header is regulated to a constant lavel by
modulating the inlet valves to the bosster compressors. A
pressure transmitter on the common header supplies a signal te
a single pressure controller for operazion of the inlet wvalves.

Because of the possibility of insufficient gas being available
at the inlet header, a pressure transmitter is provided to
sense low pressure there, Minimum pressure controller is

provided which has the ability to override the outlet header
pressure countroller and close the compressor inlets as required

to avoid drawing & low pressure on equipment upstream.

£. Product Gas Compressor Control

The product gas compressars are supplied with g4as on a common
header and all discharge to @ commen header. DOne pressure
signal is taken from the discharge header and used for control
of all three compressors. This signal is taken to three |
pressure controllers, one dedicated to each compressor.
.Regulation of header pressure is accomplished by restricting
the inlet flow. A recirculation passage with a control wvalve

is used to prevent compressor surge. Operation of the
recirculation valve will be decided in final design.

Here again, because of the possibility of insufficient gas
being available at the inlet header, a pressure transmitter is
provided to sense low pressure there. This controller will
override the outlet header pressure controller to avoid drawing

4 low pressure on equipmenf upstream.
4.4.6.6 Future Adaptability
A new technology plant such as rhis one is likelv to benefit from

the ease with which a wodern process controller can be reconfigured
to handle alternate control schemes, additional inputs, changed
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4.4.7

4.4.7.1

4.4.7.2

4.4.7.3

4.4.8

operator interface layouts, etc. The process controller needs only
be reprogrammed or reconfigured eleectromically and little change in
actual hardware is required to make major modifications in control
phileosophy. Typical gystems of the nature being considered suitadle
for this plant can be expanded to five or tem times the complexity
required in this gasification plant before becoming fully loaded im.

terms of inputs, outputs, and data processing capability.

Plant Lighting

Outdoor Non~hazardous Areas

:
!

i
All ountdoor lighting for roadways aud process areas will be 480%
high pressure sodium with contactors and photo cell control. The

equipment storage area will have high pressure sodium ficod lights.

Hazardous Areas

In hazardous coal handling areae, both outdoor and indoor, Class II,
Divieion I, Group F high pressure sodium lighting will be applied.
For gasification areas, Class I, Division IX, Group D high pressure
sodium lighting will be applied.

Indoar Non-hazardous Areas

Office areas, Administration Building, Switchgear and Control Room
Building will have a 3 phase, 4 wire 208/120V system for fluorescent
lights. TIlluminating levels will be as required by I1luminating
Engineering Society (IES) for the application. Battery pack short
term emergency lighting will be provided. Long term emergency
lighting will be provided by diesel gemerators.

Plant Communication Systems

Plant communications consists of a telephone system znd a separate

paging ~ intevrcom system.

4~109




4.4.8.1

4.,4.8.2

4.4.9

Telephone System’

Telephones are located in the administration building, warehouse,

main guardhouse, and the control rooms for the gasifier,

desulfurization, coal handling, air separation and water treatment.
Intercommunicaticn’ System

The paging?intercom gsystem consists of hand set stations and speaker
amplifiers located throughout the plant. All normal intraplant
communications will be done over the paging—intercom system. Hand
set stations and speakers have been located to achieve complete
plant coverage, The intercom system is a multi-party system which
permits up to five simultaneous separate conversatiocns over the hand
set sta:ions: Each hand set station has a channel select bufton and
a page button. The page system includes a muting system for all
outdoor speakers to limit toise spillover from paging during quiet

periods such as evening, night and weekends.

Plant Fire Protection System

The fire alarm system.consists of a ceantral control console, two
remote annuciztors, herns, smoke detectors, heat detectors, water
flow switches and manual pull stations. The central fire alarm
control panel is located in the gasifier control room with remote
annunciators located in the main guardhouse and in the
administration building.

The plant has been divided into four main fire protection zones and
each zone is further divided into approximately six sub areas. The
alarm system is zone coded to indicate the lacation of the alarm
condition. Indication on the contro: console and remote
annunciators will shuﬁ_:he exact lacation of the actuated device,

Thé~system is an active system which continually scanned for alarm

" initiation and failure of the system compoments. A component
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4.4.10

4.4'11

4.4.12

failure will be indiecated at the control unit to alert the operator
as to the system trouble, Operation of an zlarm initizting device
will start the audible and visual slarm indicating devices.

Plant CO Monmitoring System

A carbon monoxide detection system has been provided in the gasifier
and desulfurization areas for persomnel protection. The CO
detection system consists of a combination of remote sensing heads
connected to a system cabinet located in the gasifier comtrol room
and single units located in remote areas in the gasifier and
desulfurization areas. The units will initiate both a visual and
audio alarms to warn personnel to evacuate areas with high

concentrations of CO.

Plant Security System

The security system consists of an access control computer with
printer and security fencing. Security fencing is installed
completely around the perimeter of the property with two persomnel
entrances. Each employee is issued a coded identification ecard which
is inserted in a card reader at the turnstiles on entering and
leaving the plant. The card readers are connected to the access
control computer which prevents unauthorized access and will
maintain a log of personnel on site at apy time. Visitors will

obtain entry only through a guard station with proper authorization.

Determination of Annual Electrical Usage

The total connected load of the plant is 22 MVA. By reviewing the
operational profile of the plant and the demand placed on each

process asrea, the annual consumption of electricity has been
calculated.
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The motor list for the plant is shown in Appendix K. Each motor has
been reviewed for usage, and a load factor is indicated. By
weighing the load factor and horsepowar, the running KVA for each
process area has been determined, This is indicated on Table 4-1,

The resistive EW is also indicated from a similar determination.

As indicated on Table 4-2, the weighted KVA is reduced to actual KW
by applying a demand factor of 0.8 and a power factor of 0.95. A
unity power factor air compressor motor and resistive heating
contribute 5,600 and 332 XW, respectively, for a use load of

15,612 KW. This converts to 136,761 KWH per year.

GAS DISTRIBUTION SYSTEM

Design Basis

The gas nmetwork is designed to serve medium Btu gas of approximately
290.5 Btu per cubic foot from the coal gasification plant on Beach

Street north of Sciaria to four customers with the following load
requirements:

Minimum Approximate
Delivery Distance From
Load Prescure Customer to Gas
Compan: SMCF /Hr. PSIG Plant - Feet
1. Allied Chemieal 961 10 23,650
2. Hational Sugar 1147 10 4,600
3. Newman Paper © 287 1 41] 27,950
4, Schmidt Brewery 287 10 7,000
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UNIT NO.

10
15
20
30
42
I
50
62
64
72
74
81
82
83
84
85
92
94

—

TOTAL

TABLE 4=1

WEIGHTED KVA (Running KVA x L.F.)

480 RvA

42
32
170
855
118
88
1153

160
515
134
782
350

101

426
182

5,110

4160 KVA

63

936
1728
2736

432

1080

7,577

4-113

I

162
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TABLE 4-2

ANNUAL ELECTRICAL USAGE

Weighted KVA Load

X Demand Factor

* Power Factor

+ Alr Compressor
+ Resistive Heat

TQTAL LOAD

¥ Hours per year
ANNUAL USAGE

4~114

12,287 Motors
300 HVAC
150 Lighting
12,737 Rva
0.8
10,190 RVA
0.95
9,680 KW

5,600 KW
332 KW

15,612 Xw

x_8,760
136,761 KwWH




4.5.2

Degign Approach

The ocutput pressure at the coal gasification plaant on Beach Street

is assumed at 35 psig and the minimum delivery pressure at the
customers' premises would be 10 psig. The calculations are based on
swooth interior coated and wrapped schedule 40 steel pipe,
Allowances are made in equivalent pipe lengths for sectionalizing
valves in the lines. The valves would be iustalled primarily at

intersections where tees are required.

The pipe design is based on the Weymouth Intermediate pressure

formula which is shown below:

(P12 - py2) D5.333)1/2
GTsl ) )
Q = MCF/Hr = Flow in Thousands of Cubic Feet per Hour

Q = 1.312¢ (To/Pp)

Tp Degrees Rankin = Temperaturs base -~ assumed 4929 Rankin

By, = Pounds per square inch - pressurgnpase - atmospheric
assumed at 14.7 '“

Tg = Degrees Rankin ~ Temperature of fléw‘= 522.6° Rankin

D = Internsl Pipe Diameter in inches

L = Length of pipe in feet

Py} = Initial pressure in pounds per square inch absolute

P2 = Final pressure in pounds per square inch absolute

G e Specific Gravity of the Gas = .6946

4-1135




To solve for the pressure drop (P;2 - P32) = P2 the formula is

transposed as fcllows:

QZ = 1,31242 (492)2 (P]_2 - p22) p5.333

(14.7) (.6946) (522.6) L

2 (.6946) (522.6) L
(P12 - P92) = p2=2__..
A R TP Y ( 492)2 p5.333
( 14.7)

P2 = Q2 (.1684) L

p5.333

The steps to determine the required pipe diameters for a radiel feed
gas system are listed as followa:

STEP

Determine the waximum allowable pressure drop in the
system. For this design the maximum Pj2 - P25 = (35 +
14.7)2 ~ (10 + 14.7)2 = 1860,

Starting mlth the customar farthest from the source, by
trial and error suhstltu e pipe diameters in the flow
formula until the P12 --Pzz for the distance from the
customer to the source 1s less than the maximum allowable
drop (in this case 1860). The pipe diameter from the
customer to where the flta increases is now established.
The place where the flows increase is termed a "Node"
point on the system. Wezﬁill call it the first node point
for illustration. i *
Using the flow for the farthest customer and the distance
from the customer back to the first node determine the
P32 - P% for this section of pipe and subtract

it from the maximum allowable (1860 for the start). The
remainder is now the maximum allowable P§ ~ P for

the drop from the first node peint back to the source.
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( 4 Repeat the process until all pipes are sized based om the
flows in the pipe.

4.5.3 Sample Calculation

The ateps to solve for pipe diemeter are shown below:

Allied Chemical

|
£
S
=
981 + 287 = 12.8 MCF/Hr o|| 287 MCF/HR
—— —p | ————
- |
Gas First Node—j Newman
Plant Paper
35 psig Minimum
- Pressure =
i - 10 psig

- Solve for pipe diameter between Newman Paper and gas plant
Distance = 5500 + 22450 = 27950 ft.
Flow = 287 MCF/Hr

Maxipum allowable pressure drop: =

(35 + 14.7)2 - (10 + 14.7)2 = 2470.09 - 610.09 = 1870

Try 8" schedule 40 pipe - inside diameter - 7.981 inches.

p2 = 2g72 {:1685) 27950

= 59953 This is larger than 1860
7.981 5.333
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4.5.4

Try 10 inch schedule 40 — inside diameter - 10.02 iaches.

P2 = 2372 = {:1684) 27950 1781; This is less than 1860
10.02 3.333

So the pipe diameter from Newman Pdper to the first node poimnt is

10" pipe, and the pressure drop for this section iss

Ap2 = 2872 (.1684) 5500
10.0216/3

Remaining maximum AP2 from first node point back to the plant is
1860 - 350 - 1510.

= 350

STEP III - Solve for pipe diameter from first nede point back to gas
plant.

First try 16"schedule 40 pipe - inside diameter = 15.000 inches,

AP2 = 12482 (.1684) —22430 _ . 3147 This is more than 1510
15.0 5.333

Next try 20" achedule 40 pipe - inside diameter = 18.B12 inches

AP2 = 1248 (.1684) ——22%30 __ o 941, This less thaa 1510
18.812 5.333

So the pipe diameter from the Allied top off to the plant is a 20"
nowinal schedule 40 steel pipe.

Design Description

The distribution system is shown in Appendix E, Drawing DD-371-017.
The system design is based on an outlet pressure at the gasification
plant of 35 psig and a minimum pressure of 10 psig to any customer.

Approximately 22,450 feet of 20-inch schedule 40 steel pipe is

required from the gasification plant on Beach Street to the
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intersection of Tacony and Bridge Streets. The routing of this lire
is Beach Street to Richmond; Richmond to Bridge Street; and
Bridge Street to Tacony.

Approximately 6,700 feet of 10-inch schedule 40 steel pipe is
required on Tacony from the service point for Allied Chemical (about
500 feet south of Bridge Street) to Newman Power at Tacony and
Devereaux Streets and two 10 inch sectionalizing valves are needed

on Tacony, one north of Bridge and one scuth of Bridge Street,

Approximately 2400 feet of 8~inch schedule 40 steel pipe is required
on Shackamaxon Street from the Schmidt Brewery to National Sugar at
the intersection of Beach and Delaware Streets and appro;imately
4600. feet of lb6-inch schedule 40 steel pipe on Delaware Street back
to the gasification plant. One 8-inch sectionalizing valve is
needed on Shackamaxon just west of the tap into National Sugar. All
pipe should be coated and wrapped steel and cathodically protected.
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5.1

ALTERNATE OPERATING SCENARIOS

The gasification plant design that is presented in this report is a
"orass voots" facility based upon the agsumption that the plant will
be built and operated with minimal external influence. Throughout
the project, the possibility of modifying the design and the
operating methodology of the plant to accommodate external influence
wvas reviewed and considered. However, modifications ro the basie
design are to be considered apart from the base case, in that they
have not received sufficiently detailed study to be considered
within the definjtive design. Several alternate operating scenarios
are presented in this section as an indication of areas to be
explored at the onset of detailed plant design.

PURCHASE OF OXYGEN

The basic plant design incorporates an oxygen plant which is owned
and operated by the coal gasification project. GUOperating costs
associated with the oxygen plant are shared with the total facility.
As a means of reducing the capital requirvements of the overall

project, it is possible to purc¢hase oxygen from an outside supplier
which ouns and operates the oxygen plant.

Potential oxygen suppliers have indicated that the cost of oxygen to
the project would be based upon debt reductior and operating costs.
For a 1,200 tpd oxygen plant, debt reduction would be $6 millien per
year in 1981 dollars. Operating costs would be passed through.

Accordingly, the following impact would be realized on the base case
operation:

Decrease Capital by $27 Million (1981 §'s),
Increase unescalated fixed costs by $6 Million per year, and
Operating costs remain unchamged.
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* 5.2

COAL VIA THE PORT RICHMOND TERMINAL

Toward the end of this phase of the project, CIBRO Corporatieon
announced that it was going to bulld an export coal terminal in the
Port Richmond Rail Yard, adjacent to the Riverside Site. The
terminal is to be completed before 1985 and will tramesfer as higﬁ as
15 million tons of coal per year. It is probable that PGW will be
in a position to negotiste an agreement with CIBRO whereby coal is
stored at the terminal and tramnsfared to the gasification project on
demand.

This arrangement would effect the gasification project in several
ways. First, the capital reduction would be significant by
eliminating the requirement for coal handling and unloading
equipment and associated site improvements such as the coal pile and
rail facilities. An 800 foot conveyor system would be installed to
convey coal from the terminal to the coal preparation area of the
gasification plant.

It is expected that operating costs would not be significantly
affected. Both manpower and electricity should trade off in
operation maintenance and power comsumption. CIBRO indicated to PGW
that they would require a terminalling fee per ton of coml. Rather
than adding this to the cost of ceal, it is probable that the
benefits associated with the volume purchases passing through the
terminal in both initial ceal cost and transportation will result imn

a8 net coal cost equal to the present estimate.

It is expected that the following impact would be realized on the

base case operation:

Decrease Capital by $15 Million (1981 §'s), and

Operating Costs (Including Coal) remain unchanged.




5.3

CO GENERATION FOR LOAD LEVELING

The two-gasifier coal gasification plant has been designed for base
load operation on a seven—day, 24-hour schedule with maximunm
operational availability. Under conditione aof producing synthesis
gas or fuel gaa for single ecaprive users, baseload operation is to
be expected. However, in the case of this project, which is serving
multiple users of variasble load profiles, a method of levelizing the
gan production to maintain baseload operation has been considered.
The approach taken to levelize productiom is to produce electricity
with the excess pioduct gas and to sell power to Philadelphia
Electric Company as & small producer under the Publie Utility
Regulatory Policies Act (PURPA) of 1978.

A ptudy was conducted on a conceptual design level to determine the
feasibility of generating electricity from excess fuel gas
produetion. It was assumed that 300 Btu per cubic fuot gas at the
rate of 4 billion Btu per day would be avaiiéble.‘ Other assumptious
were:

Fuel Supply Condition - 35 psig/1600F,

Operating Hours/Year - 7,800,

Plant Elevation - Sea Level,

Selling Price of Power - $.05/kWh, and

Restrictions — Stand-alone installatiom apart fromw existing
design.

To generate the electricity from the excess gas, three alternates
were considered. They are: simple cycle gas turbine, combined

cycle gas turbine, and steam turbine cycle

a. Simple Cyele Gas Turbine

The system schematic for a simple cycle gas turbine is shown on
Figure 5~1. The heating value of the gas used here is lower
than the conventional fuels (natural gas or oil) and,
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MEDIUM BTU BAS
165.67 X 106 BTU/HR (AT 300 BTU/SCF)
31,555 LB/HR

1500 K¥ } 35 PSIG/160° F

MGTOR

FUEL COMPRESSOR

’//-. COMBUSTION CHAMBER
y

BAS TURBINE
AIR COMPRESSOR
] 11400 KN
GENERATOR
80° F AND ATM PRESS
464, 945% LB/HR
AIR
0 STACK
BOO® F

48%,500* LB/HR

*  ESTIMATED VALUE
NET POWER GENERATED -~ 9300 KW

FIGURE 5-1
SIMPLE CYCLE
8AS TURBINE




(; therefore, it requires a slightly bigger size gas—turbine tham
it would require with the conventional fuels.

With heat input of 166.67 x 106 Bru/per hour into the system,
power generated from the gas=turbine is 11,400 XW. This
requires a gas turbine nominally rated at 14,000 KW. 4 fuel
compressor is required to compress the gas from 35 psig to
combustor pressure condition. Tais compressor requires

1,500 XW power for its motor drive.
The following majoz-items are included in this system:

Gas turbine with generator and exciter,
Fuel compressor,
Switchgear and necessary electrical auxiliaries,
All necessary controls for the system,
Piping, duct work, ete.,
( . Exhause stack and silencer, and

Building.

b. Combined Cycle Gas Turbine

The system schematic for a combined cycle gas turbine is shown
on Figure 5-2. With heat input of 166.67 x 105 Btu per hour
into the system, power generated from the gas turbipe is

11,190 KW and from the steam turbine is 4,760 KW. It requires
14,000 KW of nominal vating gas turbine and 5,000 KW steam
turbine. In this case also a fuel compresscr is required. The
system requires 1,760 KW power to run the ail auxiliary drives
including the fuel compressor motor.

The following major items are included in this system:

Gas turbine with generator and exciter,

Fuel compressor,
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Switehgear and necessary electrical auxiliaries,
All necessary controls for the system,
Piping, duet work, etc.,

Unfired boiler,

Steam turbine with generator and exciter,
Condenser,

Cooling tower,

Deaerator,

All required pumps and fans,

Enclosed building, and

Stack.

c. Steam Turbine

The system schematic for a steam turbine cycle is shown on
Figure 5~3. With heat imput of 166.67 x 106 Btu per hour to
the boiler, power generated from the steam turbine is

12,630 KW. This requires a steam turbine nominally rated at
14,000 XW. The system requires 560 KW power to run the
auxiliary drives.

The following major items are included in this system:

Boiler,

Steam turbine with generator and exeiter,
Switchgear and necessary electrical auxiliaries,
All necessary controls for the system,
Piping, duct work etc.,

Condenser,

Cooling Tower,

Deaerator,

All required pumps and fams,

Enclosed building, and

Stack.
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5.3.1

5.3.2

Capital Costs

The capital cost eatimate is shown on Table 5-1. The type of
estimate gubmitted is one of the preliminary concepts and the degree
of accuracy which can be expected for the capital costs estimate is
=10 to +30 percent. The capital costs for the three alternates are:

Simple cycle gas turbine - $7,348,000,
Combined cycle gas turbine - §13,655,000, and

Steam turbine cvele - 510,860,000,

Operating Costs

The operating costs (or net revenue) were developed for the three
alternates and are shown on Table 5-2. The operating costs are
catagorized by the electrical power requirement for auxiliary drives
and manpower requirements. Fuel costs associated with gas
production is not considered here. The excess power generated is
sold back to Philadelphia Electric Co., at the rate of $0.05/kWh.

The net revenue generated from the three alternates are:
Simple cycle gas turbine - $3,721,000,

Combined cycle gas turbine - $5,294,000, and
Steam turbine cyele - $4,467.000.
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TABLE 5-1
ESTIMATED CAPITAL COSTS (1981 $'s)
SUPPLEMENTARY TURBINE GENERATOR CYCLES

Simple Gas Combined Cycle  Steam Cycle

Turbine Gas Turbine 14000 Ew
12000-14000 KW  12000-14000 KW GT 1250 psig -

Westinghouse 191 3000 KW ST 1000 of
Site Preparation ‘ $ 10,000 $ 15,000 $ 20,000

Gas Turbine Generator

Delivered 4,000,000 4,000,000 -
Steam Turbine Delivered - 1,800,000 2,700,000
Erect and Assemble Turbimes 100,000 300,000 250,000
Turbine Foundation 150,000 225,000 80,000

Fuel Compressor 800,000 800,000 -
Boiler Delivered and Erected - 800,000 1,200,000
Condenser, Cooling Tower & Aux. - 600,000 1,000,000
Cooling Tower Basin - 50,000 . 100,000
Building Work 200,000 800,000 700,000
Piping Mechanical 200,000 ) 800,000 1,800,000
Instrumentation and Controls * 30,000 60,000 100,000
Switchgear 150,000 175,000 160,000
Elactica} & Wiring 50,000 150,000 200,000
Sub Total Direct Costs 5,690,000 10,575,000 8,310,000
Engineering 450,000 950,000 800,000
Construction Supervision 150,000 200,000 200,000
Startup Services 100,000 150,000 150,000
Sub Total Indirect Costs 700,000 1,300,000 1,150,000
Sub Total 6,390,000 11,875,000 9,460,000
Contingency (15%) 958,000 1,780,000 1,400,000
Total $7,348,000 $13,655,000 $10,860,000




:" TABLE 5-2
OPERATING COST (1981 §'s)
SUPPLEMENTARY TURBINE GENERATOR CYCLES

Simple Combined Cycle Steam
Gas Turbine Gas Turbine Cycle

1250 psig ~ 1000°F

Available Btu/per hour 166.67 x 106 166.67 % 106 166.67 x 106
Heat Rate (HHV) Btu/XWH 14,650 est. 10,450 est. 13,200
KW Generated - Gas Turbine 11,400 11,190 -
KW Generated - Steam Cytle - 4,760 12,630
KW Generated - Total . 11,400 15,950 12,630
KW Req'd. for Fuel Compr. 1,500 1,500 -
K¥ Req'd. for Aux. - 260 560
(. KW Net 9,900 14,190 12,070
Operating Hours 7,800 7,800 7,800
‘ HK'JH)Year Sale - M 77,220 110,682 94,146
Unit Sale Price to PE $ .05 $ .05 $ .05
Sales Value, Grosa $3,861,000 $5,434,000 $4,707,000
Labor Cost 100,000 200,000 200,000
Sup., Qost 40,000 40,000 40,000
NET REVENUE $3,721,000 $5,294,000 $4,467,000






