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EXECUTIVE SUMMARY

INTRODUCTION

The emergy crisis and the loss of industries in the City of Philadelphia have
been the driving forces behind this project to build a central coal
gasification facility in the city for producing medium-Btu gas for industrial
usage.

Tha energy crisis has created a situation in vwhich low sulfur fuel o0il has
become gcarce and expensive. Domestic natural gas has also become scarce and
has either not been available to large industrial consumers of energy or has
been available on an inconvenient and interruptible basig.

The City of Philadelphia has been losing jobs because industry is moving avay
from the area for a variety of reasoms, including the difficulty in obtaining
a clean burning fuel. The making of a fuel, such as environmentally
acceptable coal gas, available to industries would be a Factor helping to
allow for industrial expansion and enticing new industries to the area.

The Industrial Fuel Use Act of 1978 was enacted to ﬁfohibit, with exceptions,
the use of petroleum and natural gas in new, large industrial and utility
boilers and provided for possible extension to other industrial processes.
The U.S. Department of Energy daveloped a mz2jor national policy of conversion
from fuel oil and natural gas tec the more abundaut coal resources.

Although there are numerous low- and wedium-Btu gasification plants operating
overseas, there are ounly limited coumercial usera of low-Btu coal gas and no
medium-Btu commercial plants in the United States today. Modern technology
has resulted in the coal gasification process available today which can
manufacture clean burning coal-derived g8 in an environmentally acceptable
manner.

On March 15, 1979, the United States Department of Energy released a Program
Interest Notice (PIN) on a low/medium=-Btu coal gasification assessment program

for potential users in order to reach a “realistic assessment of the
]

The feasibility Btudy addressed market-analysis cuasiderations, Preliminary
economic/operational analysis, heating value considerations, conceptual design
of the gasification plant, and recommended economic/operational trade-offs.

The year-long study which culminated in g final report which was released in
February 1981 concluded that the potential range of gas costs compared
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favorably with No. 6 fuel 0il as an energy sourcej however, the cost was very
dependent on coal costs.

Additional funde were awarded to PGW in October 1980 from the U.S5. DOE under
Public Law 96-126 for a 12-month atudy to define the means by which they would
proceed toward construction and operation, comsidering the following factors:

a. Technical and economic feasibility,

b. Financing alternatives,

¢. Resource assessment and availability, and

d. Ability to comstruct and operate a commercial plant in an
environmentally acceptable manmer on a selected site.

As part of the feasibility study and in accordance with the National
Environmental Policy Act which stipulates that an environmental assessment
shall be prepared for Federally funded projects, an enviromnmental assessment
of the project was prepared to evaluate the positive and negative impacts, and
when potentially negative impacts could occur, to explain the mitigative
measures which would be taken to avoid or minimize them. This document, which
describes the results of the environmental assessment, contains the following
gections: (1) Project Description; (2) Description of the Enviromment; (3)
Environmental Impacts of the Proposed Project; (4) Alternatives to the
Proposed Action and Their Impacts; (5) Agencies and Companies Contacted; and
an Appendix which contains letters of endorsement from agencies and companies
contacted.

PROJECT PHILOSOPHY

The underlying philosophy behind the project is to design a coal gasification
plant in Philadelphia using state—of-the—art pollution control tachnology and
process equipment for producing a clean medium-Btu gas which can be both
produced by the facility amd burned by industrial users in an envirommentally
acceptable manner by complying with all applicable Philadelphia, Pennsylvania,
and Federal environmental regulations. The coal gas will replace 198,388 gpd
of Wo. 6 fuel oil which the industries would octherwise use as fuel. An
architectural rendering of the proposed facility is shown in the frontispiece.

ENVIRONMENTAL IMPACTS

The overall eavironmental impact of the project is a gositive one. The
facility will have the capacity to produce 20.58 x 10 Btu per day of clean
burning medium-Btu gas (HHV = 290 Btu per eu £t). This will replace

198,388 gpd of low sulfur No. 6 fuel oil which the industries would otherwise
use as fuel., The project will have a stimulatory impact on the econcmy.

Plant construction will boost total city employment by a high of 715 jobs in
1984. Plant operation will increase total city employment to 105 jobs. The
major economic effects of the plant will begin to occur in 1987, as a result
of the retention of the 1,500 manufacturing jobs. After accounting for ripple
effects, city employment will be higher by 2,262 in 1987 and by 2,695 in 1990
because of the coal gasification plant. By 1990, the gross city product will
be increased by $110.85 million annually, personal iucome will be increased by
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$47 willion, and the city wage and earnings tax will be increased by ?
$2.3 million. During the construction period, an estimated 500 construction '
Jjobs created by the project will have a positive effect on the Philadelphia g

economy for several calendar quarters. The operating facility is projected to %

provide 105 full time jobs. The increased demand on the Pennaylvania coal B
industry to supply 329,376 tpy of coal will benefit that industry. o
Philadelphia industries which are presently operating on fuel oil or \
interruptabla natural gas would potentially close down or move away from the

city if their conventional sources of énergy were to become unavailable or too

expensive. This trend could severely impact the city's economy at a time when

there is an active program to attract new industry to Philadelphia. The

facility will provide a relisble source of fuel to these industries.

The coal gasification plant will occupy a 43-acre site, known as the Riverside
Site, which is located along the Delaware River next to Port Richmond between
the Betsy Ross and Benjamin Franklin Bridges. The cleared site was previously
used for industrial purposes and has a G-2 industrial zZoning.

Adverse impacts dyring the comstructicn phase of the project are nct axpected
to be significantly different than those occurring during any maior industrial
construction project. Adverse impacts will be avoided or minimized whenever
possible through the use of good engineering practices.

During operation of the coal gasification facility, specific mitigative
measures have been designed into the facility to avoid adverse enviroumental
impacts wherever possible. In addition to these extensive engineering
safeguards, elaborate monitoring and control instrumentation shall be uged,

The GKT entrained bed, oxygen-blown gasification process provided by
Krupp/Roppers was selected because it is a commercially proven system and
because of its positive eavironmental characteristics such as its ability to
gasify many coal types and the fact that it does not produce tars, phenols, or
ammonia. During gasificationm of the coal, pollutants such as heavy metals in

the coal are concentrated into the slag and ash. None of these pollutants are
found in the product gas,

The facility will produce 250 tpd of non~hazardous slag and fly ash., The

proportion of this whieh is fly ash will be reduced to a minimum by returning

to the gasifier a portion of the unburned carbon in the recovered fly ash. .
The combined slag and fly ash will occupy 347 cubic yards per day of landfill -
volume. Available haulers and landfills have been identified. Other methods

Eor solid waste disposa), including returning the solid waste to the mines
from which the ¢oal came, are being explored,

Process water requirements (1,396,000 gpd) will be supplied directly from the
Delaware River. This is a very swall perceatage of the total flow of the
river. Cooling tower blowdowm, traated wastewater, and treated coal pile
runoff (360,000 gpd) will be returned to the river. Twenty-five percent of
the water removed from the river will be returned to the river. The total
quantity of Delaware River water consumed because of evaporatiom and procesa
utilization will be 1,057,300 gpd. City of Philadelphia water will be used at

the rate of 11,000 gpd for potable, sanitary, and miscellaneous uses and then
returned o the city sanitary systan.
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The K-T gasifier has an uninterrupted history of safe operation. In an
emergency such as loss of the coal feed system or a change in oxygen presaure
the gasifiers can be shut down almost instantaneously.

A sophisticated health and safety program shall be required by the operator of
the facility. This will include appropriate monitoring instruments for CO,
Hys st, polynuclear aromatic hydrocarbons, organic compounds, and coal dust.

Air emissions from operation of the coal gasification plant are not considered
significant. During start-up, product gas will be flared. Overall air
impacts of the facility have been examined by comparing air emissions which
would result if the four industries were to burn medium-Btu gas and No. 6 fuel
oil (0.5 percent S). Sulfur dioxide emissions resulting from burning low
sulfur oil and medium-Btu gas will be approzimately the same; amd, less than
70 percent of the maximum permitted by city air quality standards for burning
the quantity of fuel which will be produced. Nome of the proposed induatrial
users of the medium-Btu gas is in a non-attainment area for SDZ.

Conversicn to medium-Btu gas will result in a decrease in both nitrogen
dioxide and particulate emissions. Nitrogen dioxide emissions will decrease
from 10,667 lbs per day to 4,600 lbs per day, and particulates will decrease
from 3,067 lbs per day to 360 1lbs per day.

Conversion to burming of the medium-Btu gas from fuel oil by the four
industrial users should cause a decrease of 283 tons per year of total

suspended particulate emissions and a decrease of 1,001 tons per year of
nitrogen oxide emissions.

Air emisaions from the cooling tower will consist of water vapor. The cooling
towers will make a minimal contribution to the water vapor already in the
atmosphere and will cause no additional fogging or icing conditions in the
vicinity of the plant. Air emissions from the plant flare and from vents
located on various process unitse will consist primarily of water, air, and
possible trace amounts of other gases which should neither be able to be
smelled beyond che immediate area of the vents nor create a health or safety
hazard to workers or the community.

Dust control systems have been designed into the facility to minimize fugitive
dust emissions so that they comply with the City of Philadelphia air
regulations for fugitive and nuisance dusting. Water and polymer sprays shall
be utilized to control dust at the coal piles. A wind, time-activated spray
system shall be used on the reserve coal pile. At other points wherxe coal
dust could be generated, such as at the delumpers, silos, and pneumatic
coaveyors, highly efficient fabric filters shall be used to prevent coal dust
particles larger than 0.04 microns from entering the atmosphere. All coal
conveyors shall be shrouded. Slag and ash shall be stored in covered hoppers

and a spray system shall be used to minimize dusting when the material is
transferred to cavered trucka.

Other than medium-Btu gas the only recycleable by-products which will de
recovered from the facility will be saleable elemental sulfur, and slag and
fly ash which may be saleable. Buyers for the sulfur have besn identified.
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The Stretford plant, used to recover sulfur from the raw product gas, will use
a Nittetu reductive incinevation process to decompose the purge stream which
would otherwise constitute a wastewater disposal problem.

Noise from operating the gasification facility will be minimized by using
acoust ical insulation and noise is not expected to be discernible amomg the

backg: ound of industrial and highway noises already heard at the residential
areas near the aite.

Rail traffic through Port Richmond will increase by ome 70~car train per week
which will unlo:l during & two or three day period. Thirteen 23-tom truck
loads of slag/ash will leave the facility five days per week. The train
traffic resulting from supplying coal to the gasification facility is less
then three percent of the traffic which will be generated from the scheduled

expansion of adjacent Port Richmond so that it can serve as a major coal
exporting yard.

Quick access to Interstate Route 95 from the site should not cause a
discernible increase in either traffic or noise in the area. Increased
traffic because of employees is also not expected to cause a substantial
difference in traffic flow near the site. On-site parking will be provided,

ALTERRATIVES

Several alternatives were considered in the study. The Riverside site was
selected from more then 16 sites examined because it was the only available
environmentally acceptable site of sufficient size for the facility near
potential ugers of the gas within the City of Philadelphia.

Medium-Btu gas was selected as the coal derived fusl of choice because it can
be transported a short distance to designated industrial users from a central
plant in Philadelphia at a price which is projected to be lower than the price
of No. 6 fuel oil in 1985, minimal retrofit expense is required by industrial
users of the gas, and environmental considerations are rearricted to a single
facility.

The KT gasifier was selected from three alternative gasifiers because it is
commercially proven and because of its umique ability to gasify many coals and
because of the fact that it does not produce tars, phencls, or ammonia and is,
therefore, an environmentally cleaner plant.

A Stretford desulfurization unit was selected from alternative systems because
of its low cepital cost for small capacity plants. The molten sulfur

configuration wae selected because it produces a saleable product and resultas
in no solid or liquid waste.

The alternative of taking no action was rejected at the start of the

feasibility study whose purpose was to explore the use of coal pas as a
substitute for fuel oil and natural gas.
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AGENCIES AND COMPANIES CONTACTED

.The following agencies or companies have been contacted concerning the project
and in some cases have already provided letters supporting the project:

Delaware River Basin Commission,

Pennsylvania Department of Environmental Resources,
Philadelphia Department of Licenses and Inspection,
Philadelphia Air Management Services,

Fhiladelphia Water Department,

Philadelphia Port Corporation,

Philadelphia Industrial Development Corporation,
Philadelphia Planning Commission,

United States Envirommental Protection Agency,

U.8. Army Corps of Engineers,

U.S, Energy Management Agency,

Conrail,

Danella Bros., Inc.

Lanchester Corporation,

Arco Chemical Co., and

Essex Chemical Corporation.
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PROJECT PESCRIPTION
INTRODUCTION

The energy crisis and the loas of industries in the City of
Philadelphia have been the driving forces behind this project to
build a central coal gasification facility in the city for producing
medium~Btu gas for imdustrial usage,

The energy crisis has created a situation in which low sulfur fuel
oil has become acarce and expensive. Domestic natural gas has also
become scarce and has either not been available to large industrial

consumers of energy or has been inconveniently available on an
interruptible basis.

The City of Philadelphia has been losing jobs because industry is
moving away from the area for a variety of reasons, including the
inability to obtain a clean burning fuel. The making of a fuel,
such as envirommentally acceptable coal gas, available to industries
would be a factor in helping to allow for industrial expansion and
enticing new industries to the area.

The Industrial Fuel Use Act of 1978 was enacted to prohibit, with
exception, the use of petroleum and natural gas in aew large
industrial and utility boilers and provided for posaible extenaion
to other industrial processes. The U.S. Department of Energy
developed a major national policy of conversion from fuel oil and
natural gas to the more abundant coal resources.

Although there are numerous low and medium-Btu gasification plants
operating overseas, there are only limited commercial users of
low-Btu coal gas and no medium-Btu commercial plants in the Uniied
States today. Gas derived from coal 1it the streets of Phitadelphia
before natural gas became available; however, the process used to
produce the gas then would not be acceptable with teoday's strict

1-1




environmental standards. Modern technology has resuited in the coal
gasification process available today which cun manufacture clean
burning coal-derived gas in an enviroomentally acceptuable manner.
Other, larger coal gasification plants using technology similar to
that proposed for the Philadelphia projecr are being planned by the
Tennessee Valley Authority in Murphy Hill, Alabama, and by the City
of Memphis, Tenneasee.

On March 15, 1979, the United States Department of Energy released a
Program Interest Notice (PIN) on a low/medium-Btu coal gasification
asgegsment program for potential users in order to raeach a
"realistic assessment of the feasibility (from the owner/user's
point of view) of utilizing low or medium Btu gas from coal in a
variety of industrial applications and/or commercial gasification
syatems,"

Because the Philadelphia Cas Works is vitally interested in

exploring the feasibility of using environmentally acceptable coal

gas to help meet their charter for satisfying the city's demands for

gas they responded to the PIN and were awarded funds for the Phase I
feasibility study in October of 1978.

The feasibility study addressed market-analysis considerations,
preliminary econcmic/operational analysis, heating value
considerations, conceptual design of the gasification plant, and
recommended economic/operational trsde-offs.

The year long study that culminated in a Final report, which was
released in February 1981, concluded that the potential range of gas
costs compared favorably with N:. 6 fuel oil as an energy source;

however; the cost was very dependent on coal costs.

Additional funds were awarded to PGW in October 1980 under Public
Law 96-126 from the U.S. DOE for a 12-month study to define the




means by which they would proceed toward comstruction and operation,
congidering:

Technical and economie feasibility,
Financing altexnatives,
Regource assessment and availability, and

Ability to construct and operate a commercial plant in an

environmentally acceptable manner on a selected site.

As part of the feasibility study and in accordance with the National
Environmental Policy Act an Environmental Assessment contained in
the following document was prepared to demonstrate how the facility

will be constructed and operated in an environmentally acceptable
manner.

BASIS FOR DESIGN

The underlying philosophy behind the project is to design a coal
gasification plant in Philadelphia using state~of-the-art pollution
control technology and process equipment for producing a medium~Btu
gas which can be both produced by the facility and burmed by
industrial users in an envirommentally acceptable manner. The coal
gas will replace 198,388 gpd of No. 6 fuel oil which the industries

would otherwise use as fuel. Specific features of the project are
liated as follows:

Iype of Plant: Coal gasification plant producing medium-Btu gas for
industrial users.

Plant Site: City of Philadelphia on the Delaware River at the

Riverside site located between the Benjamin Franklin and Betsy Ross
Bridges.

Plant Size: TIwo gasifiers with a capacity of producing 20.58 x 109
Btu/day of medium~Btu gas for distribution to industry.




Coal Feed: 1,128 tpd (329,376 tpy) of Pittsburgh No. 8 and/or other
eagtern bituminous coals. Characteristics of the coal are shovn in
Table 1-1.

Coal Storage: Live storage; 10,000 tons. Dead storage;
26,000 tons.

Gasification Process: GKT gasification process provided by
Rrupp/Koppers.

Sulfur Removal and Recovery: Stretford plant designed to remove

essentially all HpS from product gas. COS is not vemoved from gas,
resulting in 0.1 mole percent sulfur in product gas. 27.2 toms per
day of pure elemental molten sulfur will be produced for sale to the
chemical market.

Make-up Water Supply: Potable water (11,000 gpd) is to be supplied
from the City of Philadelphia Water Department. Plant water

requirements (1,396,000 gpd) are supplied directly from the Delaware
River.

Wastewater Disposal: Sanitary wastewater (11,000 gpd) discharged to
the City of Philadelphia Sanitary System; cooling water blowdown,
treated wastewater, and treated coal pile runoff (360,000 gpd)
discharged into the Delaware River. Twenty-five percent of the
water removed from the river will be returned to the river at the
facility.

Solid Waste Disposal: Non-hazardous fly ash from gas scrubbing
(202 tpd) and slag from gasifier bottoms (48 tpd) picked up at the

plant gate by a contracted hauler and transported to & licensed

landfill. The volume of solid waste produced will be 347 cubic
yalrde per day,




( Health and Safety: A health safety program for worker protection i

includes wonitors and slarms for H3S, CO, Ha,» dust, polynuclear =
jfﬂ . aromatic hydrocarbons, and organic compounds. Almost instantaneocus Ny
S shutdown of the gasifier is possible in the evenr of an emergency

such as Jouss of the coal feed system or a change in oxygen pressure.

Dust Control: Dust control and filters, sprays, and enclosed Q
structures used to control dust during storage and handling of coal,
ash, and slag.

N B

Noise: Enclosed buildings, accoustieal shrouding, aund insulation
specified at major sources of noise such as at the coal unloading

R area and coal crushers. fﬁ-

1.3 OVERALL PROCESS DESCRIPTION . ‘:;'..:;‘_f‘

The preliminary design completed during Phase II of the PGW Coal §

.t pora ot e aan

ff?  ( Gasification Project ia based on the gasification process offered by .
A | GKT. The GKI Gasification Unit consists of two perallel .
gasification and clean-up trains. No spare trains are provided in
the present desipgn. An overall proceas black diagram of the PGW

gasification plant is shown in Pigure 1-1. The gasification plant
basically comsists of the following units:

10 Coal Peceiving and Handling
15 Coal Dust Supression
’53;; 20 Coal Preparation and Conveying
-9 30 GKT Gasification
40 Suifur Removal and Recovery
42 Stretford Desulfurization
; 44 Nittetu Incineration
ii 50 Air Separation :
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Unit No, o

&0 Product Gas Handling
62 Gaa Compression
64 Gas Dehydration
70 Water Treatment
72 GKT Wash Water
74 Waste Water y
80 Utilities ”tf
8l Cooling Water ‘
82 Steam, BFW, and Condensate Return
83 Firewater
84 Plant & Potable Water
85 Plant and Instrument Air
86 Sewer and Sanitary Drain
a7 Boiler
920 Offsites
91 Main Process Flare & Relief Lbf
92 Fly Ash Removal and Storage .
94 S5lag Removal and Storage

For the GKT gasification plant 2.0 in. by 0 in. sized coal is
delivered by unit train via in-plant tracks to the Coal Receiving
and Handling Unit. 1In this unit the coal is unloaded £rom the unit

train to the storage area, where a stack pile is formed by a
lowering well. From the storage ar2a, belt conveyors deliver the
coal to bunkers for coal preparation at the rate of approximately
1200 tons per day (as received, without loss).

In the Coal Preparation and Conveying Unit the coal is fed from the
bunkers to pulverizers where the coal is dried and pulverized to the
following GRT gasifier feed requirements:

o Size - 90 perceat through 170 mesh and 70 percent through
200 mesh

¢ Moisture Content - one percent

1-6




An air heater which uses medium-Btu product 258 is used to heat air
for the purpose of reducing the ¢oal inlet moisture to one percent
in the pulverizer. The heated air pneumatically carries the coal
from the pulverizer to a particulate removal aystem. Coal dust

(pulverized coal) from the removal system is collected and
pneumatically conveyed via by-product nitrogen from an air
geparation plant to service bims within the GKT Gasification Unit
battery limits.

In the entrained bed gasifiers, the coal dust is oxidized by oxygen
in the presence of steam, Coal, oxygen, and ateam are brought
together and distributed to four gasifier burner heads which are 90°
apart. Reaction temperature at the burner head discharge is
3300-3500°F and the operating pressure is slightly above
atmospheric. The coal is gasified almost completely and

immediately, Under the process conditions prevailing in the

gasifer, carbon and hydrocarbons contained in the coal are converted

to carbon monoxide, hydrogen, and carbon dioxide.

The gasifier is a refractory lined steel shell equipped with a water
jacket for producing low-pressure process steam at 28 psig. The low

presaure stz2am from the jacket is more than enough to meet the
gasifier's needs.

Oxygen for the gasification reactian is provided by an air
separation plant. The air separation plant will be a turnkey
facility, and engineering and design services will be furnished by a
contractor experienced in this field. The oxygen purity for the
Plant is 98 vol percent with 2 percent inerts (mostly argon).

By-product nitrogen (98 vol perceat purity) from the plant is used

for coal dust conveying and gasification system purging and
blanketing.

In the gasifier, approximately 30 percent of the coal ash particles

coalesce and drop out as slag into a slag quench and removal system.




e T LU

The slag is removed by belt conveyor to temporary slag storage
facilities (Unit 94) prior to rail loading for disposal,

The remaining 70 percent of the fine ash particulates are carried
overhead out of the gasifier as fly ash entrained with unburned
carbon and are removed downstream by the gas clean-up train.

The mediem-Btu product exits the gasifier at approximately 2700°F.
The gas passes through a waste heat boiler which produces 925 psig
saturated steam. At the exit of the waste heat boiler the gas
temperature is reduced to 6000F, The gas then passes through a
clean-up train where thse temperature of the gas is subsequently
reduced to 959F and the mzjority of the entrained fly ash and carbon
particulates are removed.

In the clean-up train the fly ash is removed via a eirculating wash
water system which scrubs the gas. The wash water stream ladden
with fly ash and unburned carbon is sent to the GKT Wash Water
Treatment (Unit 72). In the wash water treatment the entering wash
water stream is seut to two rectangular settling ponds. The fly ash
sludge from the settling ponds is sent to a common thickener. The
underflew of the thickener ia pumped to rotary vacuum filter where
the moisture is reduced to 50 percent. The fly ash filter cake is
then gent via belt conveyor to temporary storage facilities

(Unit 92) prior to disposal by rail or truck. The amount of fly ash
to disposal for a typical Pittsburgh No. 8 coal at the plant design
production rate is 345 tpd.

To reduce the sludge disposal problems, and also to reutilize some
of the carbon in the fly ash cake, recycling of up to 50 percent of
the aludpge cake to the gasifiers is incorporated in the preaent
design. Recycle of 50 percent of the fly ash cake will increase the
gasifier carbon conversion from 88.0 to 93.6 percent while reducing
the raw coal feed by & percent. The recycle of sludge to the
gasifier is limited to 50 percent, since the pulverizer and air

e e e e L e .




heater design is currently limited to a maximum of 12 perceat
moisture. Recycle of 50 percent of the sludge cake to the gasifier
will not siganificantly affect the gasifier gas production or
compogition, since the hydrogen, oxygen, nitrogen, and sulfur to
carbon ratios in the mixed feed are essentially the same as the raw
coal feed,

Summarized in Table 1-1 is the material balance for the recycle of
sludge cake cases. The material balance represents a F:oduct gap

production rate of 20.58 billion Btu/day at the plant battery limies
(high heating value, no semsible heat credit basis).

Downstream of the gas clean=-up train the two gasification traing
join together to form a single train. The gas then passes through a
gas holder and an electrostatic precipitator for final particulate

removal before exiting the GKT battery limits. The composition and

conditions of the product gas exiting the GKT battery limits are
shown below:

Component MoleX

Hp 27.29
N2 0.92
Ar 0.57
6.36
o 58.61
CHy4 0.01
HaS 0.85
0.09
HCN 75 PPMV
Ha0 —23:30
TOTAL 100.00
Temperature, OF 95
Presaure, in. ¥.C. 22
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From the GKT Gasification Unit the gas is compressed to
approximarely 6 paig prior to entering the Desulfurization Unie,

The desulfurigation unit is a Stretford process which removes Has
present in the raw gas by couverting it to recoverable elemental
sulfur. The Stretford process is a low temperature
abgorption-direct oxidation desulfurization proceas. The raw gas
from the GKT gasifier contains about 0.90 and 0.09 percent of Hys
and COS, respectively, on a dry gas volume basis. To comply with
the EPA euvironmental regulations set by the City of Philadelphia
(500 PEMV or 0.86 1b 502/106 Btu input), the raw g3s must be cleaned
before being utilized in the boilers. The Stretford desulfurization
Process removes almost all HpS from the gas. COS in the gas is not
removed; however, its content is low and burning the gas will
produce only 350 PPMY S03.

The Stretford process basically consists of an absorber, oxidizers,
a sulfur removal system, an incineration unit for handling Stretford
purge solution, and associated pumps, air blowers, and solution
makeup equipment. Removal of H28 occurs in the Stretford absorber
mixer and reaction vessel where the product gas stream contacts the
lean Stretford eolution. The clean gas exiting the weaction vessel

is delivered to the Gas Compression and Dehydration Units at 1D50F
and 2 psig.

The sulfur removal system employed for the Stretford process
produces a saleable molten sulfur product. The molten sulfur ig
gtored in a storage pit prior to rail loading. The molten gulfur
produced at design gasification Plant capacity for a typical
Pittsburgh No. 8 coal is 27.3 TPD.

In the Stretford process, salts (NazS0;, Na38203, & NaSCN) are
produced during the absorption and oxidation steps. The salts
accumulate in the Stretford solution and the free zlkali portion of
the working solution is suppressed. To remedy this, a pPurge stream
from the Stretford solution containing salts formed during the
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Process is sent to a Nittetu Incineration Plane (Unit 44) to
decompose the salts via reductive incineration. In the Nittetus wnit
the purge solution is vaporized and the salts decomposed in a
furnace. Reformed molten saltes are then quenched and the solution
returned to the Stretford process. Decomposcd gases (containing
H2S) formed during the quench operation are gent to the inlet of the
Stretford absorber where they are mixed with the raw
from the GRT plant.

praduct gas

From the Desulfuriéatien Uait the desulfurized product gas ig
compressed to 35 psig in a set of parallel compressors. The two
compressors are centrifugal machines with aftercoolers and are
driven by condensing steam turbines using excess low preasure steam
from the gagifier jacket. A third compressor driven by electric

motor will provide a 50 percent standby capability for startup and
emergency situations.

From the Gas Compression Wait (Unit 62) the product gas enters the
Gas Dehydration Unit, In the gas dehydration unit, excess water
from the compressed gas (40 peig) is removed top meet the selected
product gas water content. Most naturgl gas pipelines
specifications require a water content not to exceed 7.0 1b Hy0) /M

SCF due to long pipeline distances and pressures up to 1000 psia.
The PGW application requires transmission distances of only

five miles and & discharge pressure of 35 Psig. Therefore, a low
gas water content specification is not necessary and economic
cousiderations have led to the selection of 53.3 1b H20/MM 5CF (or
20°F dew point). The wet compressed gas at 40 psig and dew point of
1009F has a water content of 851.1 1b/MM SCF. The dehydration unit
will remove the excess water (797.8 1b/M4 SCF) to prevent gas
freeze-ups and gas transmission problems such as pipe line

corrosion. A standard triethylene glycol system is employed for the
Dehydration Uait (Unit 64).
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From the gas dehydration unit the product gas is metered prior to
exiting the plunt battery limits and entering the product gas
distribution syatenm. The composition and conditions of the produei
8as exiting the plant battery limits are shown below:

Cumgonent MoleZ

Hy 28.45
No 2.45
Ar 0.59
€0y 7.22
co 61.08
CH,, 6.0l
HyS -
Cos 0.09
HCN 26 PPMV
Ha0 D.11
100.00
Temperature, oF 150

Pressure, psig 35
HBHV, Btu/ScF 289.5

The design heat duty of the medium Btu gas delivered from the
gasification battery limits to the users is 20.58 billion Btu/day
(HHV basis). The cold gas efficiency is 66.7% baged on the
following definition:

Cold Gas (HHY of Product Gas_at 609F at GKT battery limits)
Efficiency &= (HEV of a.R. Coal Feed) x 100

COAL RECEIVING ANWD HANDLING

- Two traing are Provided for coal unloading, and one train
for stacking, reclaiming and conveying equipment. A Process flow




diagram for the Coal Receiving and Handling Unit (Unit 10) is shown
in Figure 1-2. Although the receiving and nandling facilitiea are
designed for Pittsburgh No. 8§, the storage and conveying facilities
are capable of handling other eastern bituminous coals selected as
possible candidates.

Coal Receiving

Waghed coal is delivered to the plant by unit trains consisting of
seventy 100-ton bottom dump cars (or their equivalent). The design
coal has a nominal size of 2-inches x O-inches, weighs 50 pounds per
cubic foot, and has an angle of repose of 3B degrees., Allowance is

made, however, for accepting reasonable variations in these
parameters.

Coal is received at two parallel track unloading hoppers. An
enclopure is provided over each hopper, incorporating thaw shed and
a manually operated car shaker to assist in unloading wet or frozen
ceal. Dust suppression ard collection systems are provided to

control the fugitive dust emissions generated by the unloading
operation (Onit 15).

Each unloading hopper with a capacity of 100 tons has manually
operated chutoff gate amd four vibrating feeders. The vibrating
feeders discharge to the two parallel unloading conveyors, each

48 inches wide. Coal unloading from the unit train is completed in
two days, based on ome shift (8 hours) per day.

Conveying to Storage, Weighing, and Sampling

The hooded coal unloading trcusfer conveyor is 48 inches wide and
has a capacity of 1000 TPH. It conveys coal from the hopper

unloading conveyors to a live astorage pile {10,000 tons) via a
lowering well (stacking tube).
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As the conveyor leaves the unloading hopper tummel, at a point just
above grade elevation, a self-contained weigh scale is provided.
The weigh scale is caprble of determining flow rate and total
integrated accumulated flow, and has provisions for periodic

calibration.

The unloading transfer conveyor head puiley is located im the
sampling system enclosure. A magnetic separator is provided to
remove tramp iron from the coal stream. The rejects are chuted
ountgide of the sampling enclosure to a tote box at grade. Periodice

truck removal of tramp iron is made.

A sampling system is installed to collect coal samples for
laboratory analysis and coal supplier's use. The system enclogure
is ventilated, and dust supression and collection systeme are also
installed (Unit 15).

Coal Storage

The coal is stored as a leng pile, which is capable of atoring
66,000 tona of coal. The coal storage area ias sized for
approxiatmely 60 day supply of coal. About 10,000 tons of coal eor
10 days supply is placed in "live storage". The live storage pile
is formed by & lowering well at ome end of the pile, fed by the
transfer conveyor.

Underneath the live pile are three reclaim hoppers, from which a
belt conveyor of 200 TPH capacity and 30 inches wide conveys the
coal to the two coal storage silos. Each storage silo is 25 feet
diameter and has a live capacity of 600 tons. The top of each silo
is at an elevation of approximately 123 feet above grade. The
bottom of each silo has a power operated shutoff gake and a
vibrating feeder with a variable capacity up to 50 TPH. The
vibrating feeders discharge divectly into the pulverizer assemblies,
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The "dead storage" section of the pile (56,000 tons) is formed by
moving the coal with a bulldozer. This coal is usged only in case of
supply interruptiona. The pile is compacted and aprayed with an
organic polymer crusting agent to minimize both dusting and rain
erosion problems. The entire coal pile is diked and lined with a
clay base to prevent seepage. GContaminated rainfail runoff is
collected in & lined settling pond. Settled particles are
periodically removed and sent back to the coal pile. The water from
the pond is pumped to a waste Ereatment facility and neutralized
before being discharged to the river.

COAL PREPARATION AND CONVEYING

In the coal preparation unit the bunker coal or a mixture of the
bunker coal and recycled fly ash sludge cake (50 percent moisture
from the GKT coal gasification plant) is dried and pulverized to the
fallowing GRT gasifier feed requirements:

o Size - 90 percent through 170 mesh and 70 percent through
200 mesh

0 Moisture content - One percent

Paeumatic cenveyors transport the dried and pulverized coal from the
pulverized coal atorage bin to the gasifier service bins.

Compressed nitrogen from the air separation plant is used ag the
conveying medium.

It should be noted that the fly ash has a high carbon content and
the recycle approach is selected for a higher carbon utilizstion.
For the design coal (Pittsburgh Nao. 8) 50 percent of the filter ecake
recovered in the GKT gasification plant is recycled. However,
depending upon the coal being processed, averall moisture removal
and heat duty required in the pulverizer, the recycle rate can be
varied. The equipment ig designed to provide this flexibility.

More discussion of the recycle of the filter cake and its effect on

overall carbon utilization is given in Appendix B.
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The complete system as shown in Figure 1-2 is deaigned to provide
magimum in safety, reliability, and flexibility. Each train ig

designed to process 25 tph (600 TPD) of puliverized coal/filter cake
mixture (dry basia).

The coal preparation unit consists of two 50 percent roller mills,
and two 50-percent trains of associagted ancilliary equipment such as
bag collector, recycle fan and air heater. The pulverized coal

conveying unit has twe trains, each consisting of a storage silo,

pneumatic pump and a conveying line feeding to the gasifier service
bins.

The roller mills are designed to process coal with a Hardgrove
Grindability Index of 50, and a maximum moisture content of

12.0 percent. Provisions are made to recycle up to 50 percent of
the £ly ash cake from the GKT unit with the base coal. For higher
ash coals a smaller recycle percentage is recommended. For the
design coal (4.6 percent moisture) with 50 percent filter cake
recycle, the heating load required for the pulverizer heater is
about 20.5 MM Btu/hr. For a 12 percent moisture raw coal feed the
heating load increases to about 34.4 MM Btu/hr. & small portion of
the clean product pgas from the gagification unit will be utilized in
a heater for producing the hot air for the pulverizers.

Each mill and its associated equipment, with the exception of the
bag collector, are designed for 50 psig in accordance with the NFPA
code. The bag type dust collector is suitably equipped with an
explosion door which reseals - to prevent the infileration of
ambient air into the system after relieving. 1In addition, partial
recirculation of gases from the clean side of the collector back ta
the roller mill further increages the safety and reliability of the
pulverizing circuit. This recycle laop, containing less than

0.02 grains of particulate per actual cubic foot, insures a
sufficiently low oxygen content in the system gases, which minimizes
the hazardous nature of the finely pulverized coal. Each baghouse
is sized for 36,000 ACFM and has an air/cloth ratio of 4.5/1.0.
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Pulverized coal from each baghouse gues to a 15-tom capacity
pulverized coal storage bin, which is 10 feet in diameter. The top
of the bin is at an elevatin of approximately 28 feet above grade.
The bottom of the bin has rotary air lock and discharges directly
inteo the pneumatic pump inlet hopper. Compressed nitrogen

(98 percent purity) at 35 psig is supplied from the air separation
plant. The coal is conveyed via a carbon steel conveying pipe to
the gasifier service bins through a 4-way splitter.

1.6 GKT COAL GASIFICATION AND WASH WATER TREATMENT

Por the production of medium-Btu gas from coal, GKT's entrained bed
coal gasification process has been selected for the PWG plant. Coal
dust pulverized and conditioned to 70 percent through 200 mesh size
and one percent water content from the Coal Preparation and
Conveying Unit is processed through the gasifier and partially
oxidized under exothermic conditions at pressures slightly above
atmospheric. Process flow diagrams for the GKT Unit (Unit 30) are
shown in Figures 1-3 and 1-4. The GKT Wash Water Treatment Unit
(Unit 72) ie ahown in Figure 1-5.

To produce approximately 20 billion Btu per day of medium Btu gas
from a typical bituminous coal, two four-headed GKT gasifiers are
required. As feedstock to the gasifier, in principle, any kind of
coal can be used. The efficiency, however, defined by the overall
carbon conversion and the output of useful gas (carbom monoxide plus
hydrogen) is to a certain degree dependent on the type and quality
of the feedstock. For the PGW plant, a typical Pittsburgh No. 8
coal has been used as the design coal for the plant degign. Enough
flexibility, however, has been added to the gasification plant

design to accommodate a variaty of eastern bitumiaous coals.

The material balanee for the GKT plant is shown in Table 1~2. The
gasification plant is designed to handle 1200 tpd as-received coal

(2 in. by 0 in.). Raw coal is dried and ground to the required size
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in the Coal Preparation Unit.

Pulverized coal is then Pneumatically
transported from the CGoal Prepa

ration Unit to the GKT gasifier

within the GKr battery limits,
the atmosphere through filters a
flows by gravity from the gervie
service bins and four feed bins

The conveying nitrogen is vented to

t the service bins. Pulverized coal

e bind to the feed bins. Four

fier. The

a total of approximately 15 minutes of

storage for the gasifiers at design useage rates.

Controls regulate the intermittent fee
bins to the feed bins which are connec
coal screw feederg,

ding of coal from the gservice
ted co twin variable-gpeed
Four double ¢oal screw feeders are provided per
lverized coal to each burner head. The
pulverized coal is continuously discharged from the twin
mixing nozzles where it is entrained in o

steam. For each gasifier 48,230 1b/ke (5
coal react with 47

gasifier to supply pu

kygen and low preggure

79 TPD) of Pittsburgh No. §

435 1b/br (569.5 TPD) of oxygen and 4422 lb/hr of

steam for the production of 10 billion Btu Per day of pedi:

The mixtu;
twin blow pipes to each burner head.
burner velocity prevents the veaction
enter the gasification zone,

(lower heating value basig). re is then delivered through

Moderate temperature and high
of coal and oxygen until they

Oxygen/steam mixers are Provided to insure
injection into the bloy pipes.
per gasifier.

Pittsburgh No. 8 coal is 0.98 1b/1b and the normal steam/coal ratio
is 0.09 1b/1b, The oxXygen required for t
reaction is provided at 98 vol.
separation plant.

complete wixing hefore

Two oxygen/steam mixers are provided
The normal oxygen/ coal ratio for g typical

he partial oxidarion
Peércent purity from an ajr
Appraoximately 34,950 1b/hr of 1low Pressure steam

at 28 psig is generated from each gasifier jacket.
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In the gasifier, the coal dust is oxidized by oxygen in presence of
steam. Under the process conditions prevailing in the gasifier,
carbon and hydrocarbons contained in the coal are converted to
carbon monoxide, hydrogen, ané narbon dioxide. Begides these
components, sulfur compounds in accordance with the sulfur content
of the feedstock, and uitrogen resulting from the impurity of the
oxygen and the feedstock, are contained in the generated gas.
Iraces of methane, not exceeding 0.01 percent by volume, are also
produced. However, no hydrocarbons, phenols, aromatics, or any
other organic compounds are generated in the GRT gasification
process.

The gasification reaction (partial oxidation) of the coal is carried
out in two four-headed gasifiers, each of which is connected to a
waste heat recovery system for generation of high pressure steanm
(925 psig). The gasifier itself is a double-shell reactor, lined
with refractory, and generates low-pressure steam (28 psig) within
ivs shell. Endothermic reactions, occuring in the gasifier between
carbon and steam, and radiation to the refractory walls
substantially reduce the flame temperature from 35000F to 2700°F.

Ash in the coal feed is liguified in the gasifier high temperature
zone. Approximately 30 percent of the ash is dropped out of the
gasifier as molten slag and is quenched and collected in a water
seal type slag quench tank and recovery system at the hottom of the
gasifier. The recovered granular slag is trangported from the
bottom of the slag recovery system, via a slag extractor (drag chain
conveyor), where the slag is dewatered and delivered to a belt
conveyor. Belt conveyors, in turm, deliver the slag to an on-gite
storage area prior to disposal.

The remainder of the ash and the unrescted carbon are entrained in
the gas exiting the gasifier. Water eprays quench the gas to reduce
the temperature below the ash fusion temperature to prevent slag
particules from adhering to the tubes of the waste heat boiler
mounted over the geaifier.
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The raw gas from the gasifier passes through the waste heat boiler
where 55,550 1b/hr of high pressure, saturated steam (925 paig) is
generated per gasifier. After leaving the waste heat boiler, the
gas at 600CF is cleaned and cooled in a gas clean-up system. The

system consists of a cooling washer which removes the largest
particulates and ccols the gas to 100°F, followed by a
"disintegrator" type scrubber which reduces the particulate content
of the gas to approximately 0.004 grainas per standard cubic feet.

To reduce the water droplets carried with the raw gas, a separator
is linked downstream to the disintegrator by which the majority of
the water is recovered. The collected water is recycled to the
cooling washer. After leaving the separator, the pas passes through
a second separator for final treatment and is routed to the raw gas
blower which feeds a gas holder and an electrostatic precipitator.
The gas blower pressurizes the raw product gas to a delivery
pressure at the GKT Gasification Unit battery limits (downstream of
electrostatia precipitator} to approximately 22 inches of water.

Downstream of the raw gas blowers the two gasification trains joim
together to form a single train. The combined presaurized raw
product gas passes into a single gas holder. The capacity of the
gas holder is approximately 1.117 MMSF of raw product gas. The gas
holder provides approximately 20 minutes of storage capacity at the
design usage rate in the event of a short term upstream gasification
system failure. The gas holder also helpe to smooth out the product
gas user demand fluctuations. From the gas holder the gas is
discharged to an electrostatic precipitator which removes the

remaining fine particles before the gas enters the Desulfurization
Unit for final clean-up.

Particulate-laden water from the GKT gas cleaning and cooling system
is channeled to settling basins in the GRT Wash Water Treatment Unit
(tnit 72). A portion of the fly ash carried over from the gasifier
will be collected at the fly ash sump and pumped as slurry to the
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waste water treatment settling basins. The major portion of the
particles, however, arz channeled with the circulating waste water

which, after leaving the wash cooler, flows tc aettling basins for
particulate removal.

In the Wash Water Treament Unit, two 33 ft by 197 ft settling basins
are provided to separate the ash and carbon particles entrained in

the wash water from the GKT Gasification Unit. The settling basins

are designed with adequate residence time to allow the settling of
particles to the bottom of the settling basins, from which they are
pushed by scrapers to a collecting sump adjacent to the settling
bagins. The ash slurry from the collection sump is pumped to a
thickener. From the underflow of the thickener, a slurry pump
transports the ash sludge to rotary vacuum filters for water
removal. Two rotary vacuum filters are provided to reduce the
sludge water content to 50 percent.

The fly ash sludge from the rotary filters is transported to the ash
storage area via belt conveyors for temporary on-site storage. For
Pittsburgh No. B coal with an ash content of 7.83 percent this would
result in an ash sludge production rate of 345 tpd at design
capacity. To reduce the ash disposal problem the GKT gasification
plant has been designed with the capability of recycling a waximum
of 50 percent of the as}h sludge to the pulverizers, (The recycled
sludge ceke is tramsported to the pulvarigers in the Coal
Preparation Unit via belt conveyors). The sludge, at 50 percent
recyele, contains approximately 26 percent unused carbon and will
increase the gasifier carbon conversion from 88.0 to 93.6 percant
while reducing the raw coal feed by 6 percent. The mixed feed would
contain approximately 11.5 perceat moisture compared to 4.6 percent
for the Pittsburgh No. 8 fresh feed coal. The pulverizer and the

pulverizer air heater are sized to handle the ash recycle operation.
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During start-up of the gasifiers, the off-spec product gas will be
routed to start-up i'lares provided within the GKT battery limits. A
start-up flare is pzovided for each GKT gasifier train. Product gas
is diverted upstream of the raw gas blowers to each flare. The
start-up of a gagifier frem ambient to design conditions takes a
maximum of ten hours. Restart of the gasifier after a short

shut-down period (about one hour), however, takes only 30 minutes.

A single GKT gasifier can be turned down to approximately 70% of its
full load capacity within a few minutes. The product gas output
from the two-gasifier GKI plant can therefore be adjusted in the
range of 35-100 percent.

SULFUR REMOVAL AND RECOVERY

The sulfur removal and recovery system consists of two units. The
first unit consists of a Stretford desulfurization plant (Unit 42)
which removes HpS present in the raw gas by converting it to
recoverable elemental sulfur. The Skretford plant generates a purge
liquor stream containing insoluble Na3804, NapSp03, and NaSCN salts.
The purge stream has a high COD value and ia decomposed in the
second unit, the Nittetu reductive inecineration plant (Unit 44),
Part of the clean product gas from the Stretford plant is burned
with substoichiometric air in the Nittetu plant to produce the hot
reduced gas necessary for the decomposition of the salts. Sodiun
vanadate, a component of Stretford Solution, is recovered with
caustic alkali in the Nittetu plant and is recycled o the Stretford
plant. The deccmposed gas produced in the Nittetu plant containg
H7S and is recycled to the Stretford plant to combine with the raw
gas from GKT gasification plant for sulfur removal.

Stretford Desul furization

The Stretford desulfurization process devaioped by the British Gas
Board is a direct oxidation process. The Stretford Plant is




degigned to remove 90 percent of the sulfur contained im the product
¢a9 produced from the gasification of Pitteburgh No. 8 coal, which
contains 2.64 percent sulfur by weight (dry basis). The product gas
from the GRT gasification plant contains 0.90 percent H2S and

0.09 percent COS on a dry volume basis. The Stretford plant wemoves
almost all H28. C€OS is not removed from the gas; however, when
burned it will produce only 350 ppmv S02 or 0.60 1b. 802/105 Btu
heat input which is well below the 500 ppmv or 0.86 1b. S02/106 Btu
limit set by the City of Philadelphia.

The Stretford plant can be designed to produce either filter cake or
moiten sulfur. The selection depends on the plant capacity,
environmental restrictions, by-product sulfur credit and the filter

cake disposal costs. The molten sulfur configuration generates a

purge liquor stream which requires either on-site treatment by

reductive incineration or disposal by hauling it to a hazardous
waste treatment facility. Again the selection between the two
depends on the size of the plant and economics. An economic
evaluation of the above options was performed (seze Appendix C) and

the results favored the gelection of the molten sulfur option with
on=site reductive incineration.

Process Chemiatry

The Stretford solution is an aqueous mixture of
anthraquinonedisulfonic acid (ADA), socdium metavanadate, and sodium
carbonate. The removal of HgS and its comversion to elemental
sulfur are represented by the following idealized reactions:

2H9S + 2Na003 4 2NaHS + 2NaHC03

2NafS + 4NaVO$3 + H20 .+ NagV409 + ANaOH + 2S
NagV409 + 2 NaOH + KgO + 2ADA ., 4NAVO3 + 2ADA(H3)
2NaHCO3 + 2NaOH 4 2NazC03 + 2020

2aDA(H2) + 02 » 2ADA + 2H30




!
the reactants in aqueous solution are usually involved. The sum of ;
the foregoing reactions gives the overall reaction g

2HpS + 03 * 2Hz0 + 25. P

In this sequence of reactions, the hydrosulfide reaction product is
oxidized to free elemental sulfur by reduction of vanadium frem the
pentavalent to the quadrivalent oxidation state, and the reduced
vanadium is reoxidized by reduction of ADA. Air is blown through
fhe solution in the oxidizer vessel to reoxidize the reduced ADA.
Although the rate of HpS absorption increases with the alkalinity of

the solution, pH values above 9.5 are unfavorable for conversion to |
elemental aulfur. |
|
i

Process Description

{ For the design coal (2.64 percent S, dry basia) the Stretford plant yr
capacity is 27.3 tpd sulfur. Equipment sizing for the process is s

Boverned by the total quantity of sulfur in the fuel gas from the o\

GRT gasification plant. The present design consexrvatively assumes '

that all the sulfur presecc in the coal appears in the gas.

However, in the actual operation, some sulfur is retained in the

ash. This allows a margin for using a higher sulfur coal.

Figure 1-6 shows the process flow and Table 1-3 gives the material
balance for the Stretford plant. The raw gas from the GRT
gasification plant at 95°F and 15.5 peia, and the decomposed gap
from the Nittetu plant at 12G9F and 15.5 psia are combined and
compressed in the blower. The combined gas is rooled and washed in v
static mixers with the oxidized Stretford solution. The gas and the L
solution from the static mixers discharge into the reaction vessel
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which is sized to allow sufficient residence time for the sulfur
forming reaction mechanism to 80 to completiom,
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The treated gas exits the top of the reaction vessel and enters the
gas compression and dehydration units. The solution from the
reaction gone in the resction vessel flows to zn oxidizer tank where
an aerator disperses air supplied by the air blower. Sulfur slurry
overflows from the oxidizer tank into the sulfur sluryy tank by
gravity. The oxidized solution is recycled from the pump tank to

the static mixers. A cooling tower and circulating pump are

provided with the pump tank to maintainm the heat and water balance
in the unit.

The sulfur slurry which flows to the slurry tank is agitated and,

thus, deaerated. Slurry from the slurry tank is then pumped to a

centrifuge. The recovered solution in the centrifuge goes back to

the oxidizer tank and the 50 percent concentrated sulfur cake passes

to the reslurry tank. The concentrated sulfur slurry is mixed with
water to a 30 percent slurry, which is pumped to the sulfur melter
by a reslurry pump. The sulfur melter consists of a gteam-heated
exhanger where the temperature of the slurry is raised above the
melting point of the sulfur at a pressure sufficiently high to
prevent the solution from boiling. Separation of the molten sul fur
and the hot solution occurs in the gulfur aeparator due to large

difference in specific gravity. The molten sulfur passes to the
sulfur storage pit with the hot golution being returned to the
reaction vegsel., A chemical mix tank is required for preparing
fresh Stretford solution and adding makeup chemicals.

A purge stream from the recirculating Stretford solution stream is
sent to the Nittetu incineration planmt.

1.,7.2 Nittetu Imcineration

The stretford plant purge liquor (containing sodium salts) has high
COD value and cannot be biodegraded. The Nittetu reductive

incineration proness is designed to decompose the purge liquor under
high temperature and reducing atmosphere in which aceumulated inpert




compounda such as Na3804, NapS203 and NaSCN in the solution are
converted to the active components NapC03, NaHCO3 and NaHS. Also,
sodium vanadate is recovered with caustiec alkali. Decomposed gas
containing HPS is recycled back to the Stretford plant.

The Nittetu process is shown in Figure 1-7, and Table 1-4 gives the
material balance. The purge liquor fram the Stretford process,
containing about 70 percent water, is fed to an evaporator at the
operating conditions of about 1400F and 100~200 mm Hg abs, where it
is concentrated by use of decomposed gas as a heat source.
Vaporized water from the evaporator is sent to a surface condenser,
where it is condensed and recycled to the quench tank. The
concentrated waste, with a total solid content of 40 to

45 wt percent, is fed to a furnace using spray nozzles. At the

upper section of the furnace, a hot gas generator burns the product
fuel-gas with substoichiometric air to produce hot reducing gas, In
the furnace, water is vaporized from the waste liquor and the
inactive salts are decomposed under the reducing atmosphere. These
salts are in molten state. Some are carried over by hot decomposed
gases and some flow along the refractory-lined wall to the quench
tank located below the furnace. Here the gases are cooled quickly
and the salts are collected and dissolved in the liquid. Hor
decomposed gases are injected into the liquid through a downcomer
tube and rise through an annular sectior “.tween tube and weir where
they are contacted intimately with water. The recovered solution is
collected in the recovered solution tank and pumped back to the
Stretford plant. The decomposed gas leaving the quench tank is
first sent to the evaporator heat exchanger for heat recovery and
finally to a gam cooler. The decomposed gas containing HsS is sent
back to the Stretford Plant to be mixed with the raw gas from the
GKT gasification plant.
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MATERIAL BALANCE FOR NITTETU INCINERATION PLANT

TABLE 1-4

STREAM NUMBER

Temperature, OF
Pregssure, psia
Total Flow, lba/hr
Liquid, gpm
Flowing, 1bs/gal
Vapor Flow, ACFS
Flowing, lbs/ft3
Vapor Mol. Wt.
ADA Solution, 1b/hr
COo92
co
Hz

N2
Ar
CHy,
Ho0

120
15.5
7424
0594
8.25
27.7¢
0.0743
29.17

60.84
23.99
11.13
120.99

29.10
4‘02

250.07

154.15

alao

158.45




AIR SEPARATION

A 1200 TPD ajr separation plant ig required to provide oxygen for
the GRT Gasification Unit. The by=product nitrogen from the air
separation plant ig utilized for PRevmatie conveying of pulverized
coal from the coal Preparation area to the gasification unit and for
gasifier unit purging and blanketing.

The oxygen Purity specified for the plant is g8 vol. percent with

2 percent inerts (mostly argon). The by-product nitrogen containg a
maximum of 2 Percent oxygen and jg bone-dry. The Tequired pressures
for the oxygen and by-product nitrogen at the air separation plant
battery 1imirs are 1 psig and 40 psig, respectively, The oxygen
product piped from the air separation pPlant is compressed tgo
approximately 15 psig by a compressor within

The by=-product nitrogen available at 49 peig

cord box will be adequate for the GgT gasification upit conveying
and purging requirements,

The total normal nitrogen requirement for GKT gasification plant
conveying and pPurging is shown below. The conveying nitrogen
estimate jis baged on 7.0 1bs. of coal conveyed per 1b of Ditrogen.

the nitrogen

Conveying 186,140 Scf/nr (35 psig)
Purging & Bl anketing 148,900 Scf/hr (25 psig)
Total Normai 335,040 scf/nr

Emergency Shutdown Purging 893,470 Scf/hr (15 psig)

The air separation Plant (Unit 50) js 4 turnkey facility,

Engineering and design will be furnished by a contraceror experienced
in this field.




The basi¢ proceas for separating oxygen from air is a distillation
operation that takes place at low temperatures under moderate
preasure in which air is reduced to the liquid state and the
components are separated by fractiomation. The cryogenic
temperatures are achieved by special heat exchange equipment and
expangsion turbines that efficiently transfer heat and energy between
feed and products to make the operation economically practical.

In a simplified form, the main process steps to produce oxygen and
by~product nitrogen in an air separation plant include: air
compression, water and carbon dioxide removal, cooling to liquid air
temperature, gas expansion to produce refrigeration, separation of
air by distillation, product heating by heat exchange with the
incoming air, and compression of oxygen to the required pressure,
Figure 1-8 depicts a typical low pressure cycle oxygen plant with
liquid oxygen and nitrogen storage.

In the air separation plant the refrigeration process used to reach
liquid air temperatures is regenerative. Warm process air entering
the plant is cooled by the separated products as they leave in a
reversing heat exchanger. The heat recovery is imcomplete, however,
8o refrigeration must continuously be added.

Air also contains variable quantities of dust, water, carbon dioxide
and hydrocarbons. These impurities must be removed from the system
to insure a safe, efficient operation., 1In the process, dust is
removed by a filter on the inlet of the main air compressors. The
dust that goes by, slong with other contaminants, is removed in g
water wash tower.

For reliability and flexibility in turndown, two 50 percent aiy
separation trains (600 tpd each) will be provided. In additiocn,
there will be two main air compressors - ome driven by an electric
motor, the other by & steam turbine. Approximately 93,000 1b/hr of
saturated steam at 925 psig is available for use by the air

1-40




e b, A L,

T

ARBYPASS

\FUBE O VAPCR

N

MRAVASTE Nz,

-
e
Y
e
ey

\

WASTE Na YAROR

feBcHL
RICH_Lian! -r
LIoUD O,

PURE N, VAPOR
BYFRODUCT N, GAS

EXOAMDED .

=1
[N




§ | 4 | 3
* 2 1

G d

vou RECCLY

i M TO STORAGE o TON ‘—ﬂ

PRODUCT LVAUID Ne R, l&ow i
T by VAROR = TORAGE.

{Z8TON
@-— CAPACITY)

URE

o
L

__g" CARRCYTY)

Ll

0 Ny REFLUA

i e e . SR, e e sl

h,g,cggumg../

OXYGEN

150 FIG
STEAM

N BIRINLEY
RIZH LIGUID O,

WCH LIOWD O

\QUID_ O

NAROR

PRODUCT O¢ GAD A

@wd& ¥

e PG

@

BY-PRODUCT GASEOUS

———rn) GENERATE
FOWER TO“
AN PLANTY usEg

RITROGEN

L
!391&1“0“‘“ QXYGEN STORAGE TANA
WO\ FRESTIRE 18 8 PLIG, L\QUID
CKYGEN STORAGE TANK WO.2L
PRESSUAL 15 15 PSIG,

FIGURE 1-8

REYISIONS

CORSTRUCTION
PRELIJNARY HOT FOR CORSTRUCTION __
BICDING PURPLSES

RELEASED FOR

PHILADELPHIR GRS BORKS
COAL GASIFICATION PLANT
PHILADELEHIA, PA

PROCESS FLOW DTASRAN
A1R SEPARATIDN FLANT
(UNLY BOY

GILBERT A3SOCIATES, INC.
TS OB CORVUTANTS  ELIBOG, PA

IMETERIS INTEAPASER

DATE

REVISIORS

______ v 0 g e

08|8276 | G-67I-009|A

YPOAVED

R — ‘
B Y

T O I I T T L

SAANIND HEMRUN RAY

T} A P A S S L P T oI A iy & e




compressor steam turbine. This is approximstely 65 percent of the
total compressor power requirement. The electric driven compregsor
is sized to provide 50 percent of the air compressor requirement.

Compressed air from the main air compressors enters the basa of
water wash tower and is cooled by a countercurrent direct contact
with water sprayed into the top of the tower. The warmer water is
returned to the cooling water system by process air pressure. Air
leaves at the top of the tower at near ambient temperature and ilgws
to the reversing heat exchangers.

Compreased process air is cooled to liquid air temperatures in
reversing heat exchangers by the outgoing streams. During thig
process, contained water and carbon dioxide are frozen and deposited
as golids inside the exchanger.

At regular intervals, the air and the waste nitrogen stream, which
is the larscst effluent stream, are interchanged. Both continue to
flow in the same directicn, across the same temperature gradient,
but the passages through which they flow are switched. As a result,
the water and carbon dioxide deposited by the air before reversal is
evaporated completely and removed from the Plant by waste nitrogen.
Bwitching is accomplighed by an automatic system of timers, warm~end
reversing valves, and cold-end check valves.

Slightly superleated ajr leaves the reversing exchanger, enter the
high pressure column and is separated into an oxygen rich liquid at
the bottom, pure liquid nitrogen at the top, and impure liquid
nitrogen part way up the columm. :

Pure nitrogen gas from the top of the high pressure columu is
condensed in the reboiler by boiling pure liquid oxygen in the low

préssure column. The returning liquid nitrogen serves as reflux for
the high pressure column.

1-41




Further down the high pressure columm, impure liquid nitrogen ia
withdrawn and subcooled, part of it providing reflux for the low
pressure column and part of it acting as a subcaoling medium for
liquid oxygen product in the product subcooler, if required. Waste
nitrogen vapor is withdrawn from the top of the low pressure column.

Rich liquid oxygen is taken from the base of the high pressure
column, subcooled via the waste nitrogen stream, purified in the

rich liquid filter, and passed to the feed entry tray of the low
pressure column.

Provisions for nitrogen drawn off the top of the high preasure
column will be made in two places. First is the pure liquid
nitrogen stream sent to a nitrogen flash separator where resulting
liquid js sent to nitrogen storage. The flash frem the separator is
combined with the effluent gas of the turbo expander and sent
through the reversing exchangers for recovery of its refrigeration,
then on to product usage, otherwise it poes out as waste nitrogen
through the silencer. The operator will control just how much
liquid nitrogen is withdrawn, from the high pressure column.

The other etream, cold pure nitrogen gas, is sent to the reversing
exchanger. Part of this gas is drawn off at the midpoint and gent
to the expander. Expander exhaust along with the possible flash
from the separator is sent back to the reversing exchanger as
described above.

Final separation of oxygen takes place in the low pressure column.
Provisions for liquid oxygen to be taken from the bage of low
pressure column, passed through 1iquid oxygen guard absorber,
subcooled in product subcooler, and then sent to storage will be

made. The subcooling medium would be impure nitrogen from the high
pressure column.




Product oxygen gas is taken off just shove the bottom of the low
pressure column and sent through air liquefier exchanger, where it
may be superheated by a slipstream of condensing air, and then to
the reversing cxchangers for the recovery of the rest of its
refrigeration, and finally to delivery to the GKT Gasification Unit
battery limits.

Liquid oxygen and nitrogen storage facilities are required to
provide 24 hours of back-up product oxygen and nitrogen duriag an
emergency shutdown. Since the oxygen plant is dual train and has
the capability of operating one train on either steam or
electricity, it is expected that a zhutdown would only reduce oxygen
production by 50 percent. For this veason, the liquid storage

requirement ias 50 percent of deeign capacity for 24 hours, i.e.,
600 tons.

The liquid oxygen storage consistz of a main 600 ton liguid oxygen
storage tank at 5 psig and a 25 ton liquid oxygen tank at 15 psig.
Two 108 percent liquid oxygen pumps are provided to pump liquid
oxygen from the 600 ton tank to the 25 ton tamk. A vaporizer at the
discharge of the 25 ton tank vaporizes the liquid oxygen for
delivery to the GET battery limits. The minimum delivery pressure
of gaseous oxygen to the GKT battery limits is 1 psig. This system
will insure that fluctuation of the oxygen pressure does not occur
in the event that response time of the ai¥ separation unit is slow
relative to the oxygen demand rate of the gasifiers,

The 1iquid aitrogen storage system consists of a 275 ton storage
tank at 40 psig and a vaporizer which provides the normal nitrogen
required for conveying and purging in the event of an air separation
plant shutdown. The storage system will be capable of asupplying
nitrogen gas at 40 psig at a design withdra%al rate of 6000 SCFM.
For gasification system emergency shutdown purging, a high pressure
nitrogen tube trailer (rental) is provided. The high pressure tube
trailer will provide an instantaneous supply of nitrogen for
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gasifier system purging. The tube trailer will be designed for a
maXimum withdrawal rate of 15,000 SCFM for 15 minutes, i.e.
225,000 SCF storage capacity.

PRODUCT GAS HANDLING

Gaa Compression

The clean fuel gas from the Stretford plant is compressed to 40 pasig
and cooled to 100OF prior to dehydration and distribution. The
product gas leaves the Stretford absorber at 105°F and 1.5 psig
saturated with water vapor. The gas is compressed in a set of
parallel compressors. The compressors are centrifugal machines with
aftercoolers.

The compressors will be driven by condensing steam turbines using
excess law pressure steam from the gasifier jackets. The steam is
superheated prior to entering the turbines at 25 psig and 322°F
(559F superheat), There is sufficient steam to provide 100 percent
of the compression duty. Because of the high apecific volume of the
steam, two turbines will be needed to handle the steam available. A
third compressor driven by electric motor will provide 50 percent of
the plant output and will be used for startup and standby duty.

The outlet gas from the compressor will be cooled in a shell and
tube heat exchanger to 100OF with cooling water in order to condense
as much water as possible, It is intended to minimize the lcad on
the dehydration unit. The condensate from the compressor
aftercoolers will be used as make-up to the plant main cooling
tower.

Gas Dehydration

In the gza dehydration wnit (Unit 64), excess water from the

desulfurized and compressed gas (40 psig) is removed to meet the




