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1.0

1.1

INTRODUCTION

The major objective of the feasibility atudy funded under DOE Grant
Ne. DE-FGD1-8CRA50371 was to praoduce a definitive desigh and cost
estimate for the PGW Coal Gasification Project, thereby producing
design and economic information in sufficient detail to enmsble PGW

to make a "go" or "no-go" decision on the project.

This report is a compilation of the design effort, beginning with a
review of the previous feasibility study under NPI BA-21 with a
discussion of the rationzle leadiug to the overall plant design
effort.

PROJECT BACKGROUND

The Philadelphih Gas Works (PGW), a munieipally owned gas utility,
distributes gas for residential, commercial, and industrial uses to
about 540,000 customers within the limits of the City of
Philadelphia.-

Philadelphia Gas Works has experienced difficulties in securing a
sufficient supply of natural gas to meet the requirements of all who
would prefer to use this fuel. Restrictions have had to be placed
on the acceptance of new industrial customers. This inability to
project a reliable, sufficient, and moderately priced supply of
natural gas for the future contributed to Philadelphia's
difficulties in retaining the present industrial base as well as
attracting new companies to the area.

At the Bame time, o0il users are encountering rapidly escalating fuel
costs, and uncertain about the future availability of low sulfur
fuel oil. The situation is also complicated by legislation aimed at
reducing oil consumption and by difficulties in gﬁsuring.a long term
supply of natural gas. The result is a threat to the continued
well-being of industrial activity in Philadelphia.

uF
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In view of the potentially serious impact that the lack of a
reliable competitive energy supply will have on the City of
Philadelphia, PGW eubarked on a search to develop aliwrnate sources
of fuel for industry within the city.

At the present time gas utility companies are not operatiag coal
gapification plants in the United States. Although PGW can draw
upon valuable past experience, technclogies and econcmic conditions
have changed significantly since coal gas was last distributed by
PGW in Philadelphia. As a result, many issues had to be
investigated prior to committing large amounts of zapital to the

implementation of a central coal gasification plant.

An assessment of a central coal gasification plant was initiated in
November 1979 by PGW under s grant provided by the Department of
Energy through NPI RA-21. The objective of that study was to assess
the technical and economic feasibility of producing, distributing,
selling, and using coal gas for industrial applications in
Philadelphia.

The study, which was completed in October 1980, served as the basis
for the PGW Coal Basification Project. It resulted in the
identification of: (1) usexs for the gas, (2) selection of a
commarcially proven gasification process, (3) a couceptual system
design and cost estimate, and (4) a financial analysis. The

specific tasks and their results are summarized on Table 1-1.

As a result of the Conceptual Design and Feasibility Study (or
Phase I), PGW determined that the Coal Gasification Project can
serve as a point of industrial growth and stability in Philadelphia.
PGW looks upon this project as making a significant contribution to
the energy supply of Philadelphia and has entered into Phase II of
the project which is the definitive design stage.

1-2
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REVIEW OF PHASE Y

Mgrket Analyais

Define Transmission Options

"Site Selection

Process Selection and
Conceptual Design

Retraofit Assessment

Finanecial Analysis

1-3

Contacted 160 users throughout
the city. Resulted in design
basis cancentrating on major users
along Delaware River.

Computer amnalysis of wvarious
distribution systems demonstrated
feasibility of isolated system for

- transmission of low-medium-Btu gas.

A segrepated system dedicated to
industrial customers will ensure
protection from intexruption by
residantial market.

Reviewed suitability of 16 sites
throughout the city. Concluded
that three sites on Delaware River
are most suitable.

Evaluated six different coal
gasification processes. Selected
the Koppers-Totzek for conceptual
degign for plant to praduce

20 billion Btu per day of medimm
Btu gas.

Evaluated the feasibility of
producing LBG versus MBG. Concluded
that LBG is feasible for large
users with some derating, but MGB

is most suitable for distribution

to variety of users., Customer

could take advantage of retrofit

tax credits,

Conducted detailed financial analysis
for municipal and private owmership
scenarios, Concluded that MBG

is competitive with Ro. 6 fuel oil.




1.2

1.3

PROJECT OVERVIEW

The overall design and construction schedule for the PGW Coal
Gasification Project is showm in Figure l1=-1. It can be seen that
the Conceptual Design and Feasibility Study was completed in
October 1980 and the Definitive Study, or Phase II, was imitiated
immediately thereafter. The Phase II effort consists of a review of
Phase I, a determination of the market for medium-Btu gas, a
definitive engineering design and cost estimate, and a
financial=risk analysis. Phase II also includes a determination of
coal availability, an assessment of envirosmental impact, and an
engineering/construction schedule. The result of Phase II is a
Business Plga.with which PGW can approach the financial community

and users of the gas for support to proceed with the project.

If PGW proceeds with the project, detail design will begin in early
1982 with subsequent procurement and censtruction activity leading
to plant start-up in early to mid-1965. Commercial opefa:ion and
production of gas is planned for Late 19835,

APPROACH TO DEFINITIVE DESIGN

The objective of this work is to develop a definitive design and
cost estimate for the gasification system selected for conceptual
design. The level of detail in this phase reflects the application
of approximately 10 to 15 percent of the engineering for the
project.

The objectives of this phase are accomplished by first establishing
process criteria for the design., In tranmaitiom from conceptual to
definitive design, process suppliers in areas such as gasification
and desulfurization will be requested to supply coal~ and product
gas-specific heat and material balances. The net result is a
process description with process flow drawings to be used as the
basis for design.

1-4 ‘ {
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The definitive design entails developing 2 list of equipment and
preparing epecifications for the major items and evaluating the
quotations received from vendors in sufficient detail to select the
best offerings for estimating purposes. The cost estimate and the
design then serves as the basis for the decision to enter into the

detail plant design and construction phases.

Task 1.0 of Phase II was reserved to review Phase I and to establish
criteris for definitive design. Included in this task were:

a. Review of projected fuel requirements,

b. Description of site,

€. Review market‘peuetrations,

d. Review feedstock supply and byproduct dispositiom,

e. Review conceptual design of plant and distribution systems, and
f. Review overall conceptual design.

The result of Task 1.0 was an assessment of the project and an

establishment of criteria for the definitive design.
Market and Fuel Use Considerations

The three major emergy usgers that were identified in Phase I were
contacted individually to review Phase I and to discuss the

competitive popition of MBG with alternative fuels.

Each of these companies was given a copy of the Phase I Draft Report
and meetings were held with each on separate days during the week of
November 17, 1980. The pertinent information discussed at these
mestings was 2 review of the Phase I effort and the resultant
economic analysis. Fuel price comparisons for Philadelphia were
developed in current dollars and were compared with the projected
costs for MBG. The gas users were advised of the effort involved in
Phase II of the Project and that PGW intends to develop a negotiable

cost figure for MBG by August 1981. The users were requested to




indicate their interest and to provide further information with

reapect to load characteristics and future requirements.

A S LTI 14 [
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: Repults of these meetings are summarized as follows:

-~ Rohm & Haas - Indicated that they are evaluating several
options, one of which is MBG. They are the only company of the
three that can economically consider conversion to direct

i : firing of coal. They asgreed to maintain interest in the MBG

: alternative as requegted, and would advise immediately if it

were removed from consideration.

; - Allied Chemical - Indicated that direct firing of coal was

' still an option but it did nat appear viable. Other offerers
of fuel gas from coal had been notified by Allied that they
were not being considered in deference to PGW. ‘Allied agreed
to maintain interest and would provide load information as

- requested.

= National Sugar - St}ted that the results of PGW's coal
gasification study would be evaluated in comparison with

; National's future alternatives. They did not consider direct

; firing of coal to be an altermate because of the large capital

: costs. They also agreed to maintain iaterest and would provide

load information as requested.

; A furcher penetration of the MBG market in Philadelphia was

conducted by exploring the interest of the following companies and
agency:

. a. Publicker Industries,

% b. Amstar Sugar,

c. Philadelphis Navy Yard, and
d. Newman Paper.




1.3.2

As with the three major uséra, copies of the Phase I Draft Report
wera distributed ko each and a single meeting was heid with each
group represented. The results of that meetiﬁélindicated that
ingufficient interest in MBG exists to warramt distribution south of

National Sugar. Newman Paper expressed considerable interest and
was included as a point of distribution for the project.

Conclusions reached from the user amalysis in these Subtasks are:

~ Interest expressed by the tbree major users and Newman Paper is
sufficient for the basis of a distribution system.

= The total connected load of these users is approximately
20 billion Btu per day.

= The number of gasifiers required to supply these customers is
in excess of one, and considerably less than three. Therefore,
the plant design will be based on two GKT gasifiers.

~ Each user will be expected to waintain a duval fuel burner
capability, probably using No. 6 fuel oil as the backup.

Site Considerations

The conceptual design of Phase I identified the former gasifier site
of PGW as the site for definitive design. Thias selection was made
after determining the feasibility of locating the plant at various
sites within the city and along the Delaware River. Early in

Phase II, the PGW site was precluded from consideration as a plant
site in view of its potential use for futures peak shaving facilities

by PGW. It became mnecessary to identify and evaluete alternate
sites for the gasification plant.

1-2
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Lo The following alternate asites were identified:

Eastern Gas . Not acceptable on the basia
that siting would requize
purchase and demolition of the
Philadelphia Coke Works. .

Northern Metals No longer available.
Eerr-McGee No longer available.
Riverside This site was the second

choice in the conceptual study.
At the time of Phase IIL

evaluation, ownership and
availability was not clear,
which necessitated review

of additional sites.

Port Richmond Coal Terminal Two parcels of land

available from Conrail om 2

long~term lease basis.
Suitability of one parcel
was determined.

Frmpm e el iy I e Ot A S e

1.3.2.1 Evaluation of the Port Richmond Site

st

The Port Richmond site, cucrently owned by Conrail, is located
between Conrail's Port Richmond rail yard and Allegheny Avenue. The
site would be available Efvom Conrail on a 50-year lease basis.

The Port Richmond site essentially consists of four piers (A, B, C,

and D) and a portion of the rail yard. The site is dissected by

Shore Road, Conrail's private road. In addition, Conrail requires a
-~ right~of-way for two Philadelphia Belt Line railroad tracks which
S cross the property below Shore Road.

e Ty T
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To implement the preposed plant layout it is recommended that the
waterways between Piers A, B, C, and D be totally €illed with an
appropriate £ill material. An attempt to partially £ill the pier
waterways would result iv zrowding of the proecess units which could

‘lead to safety and layout problemsa in the detail design phase of the
project.

The total volume of fill required between the piers (assuming an
average depth of 30 feet) is approximately 400,000 yd3, Assuming a

very low cost of $10 per yd3 for the £ill operation, the total cost
to fill the pier waterways is four million dollars.

From a technical viewpoint the only advantage of the Port Richmond

site is the presence of the existing rail yard for coal unloading.

The disadvantages of the site, however, are numerous and are listed
as follows:

a. The pier waterway fill operation is not economically feasible
compared to the cost of the alternative Riverside site.

b. The ability to obtain permits from the EPA, Department of
Interior, and the U.S. Army Corps of Engineers for the filil
operation is uncertain.

c. The right-of-way for the Philadelphia Belt Line railroad track
and Conrail's Shore Road reduce the usability of t»: site. In

addition, aaféﬁy and insurance problems may result dve to these
rights-of-way.

d. The demolition of the warehouse on Pier B and the boat salvage

increase the cost and time required for site preparation,

As a result of the above evaluation it was recommended that the Port
Richmond site be dropped ss & possible gasification plant site.

1-9
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1.3.2.2

1.3.3

The second site in the Port Richmond yard was not considered because
Conrail has entered into negotiations with a third party for lease
of that site.

Evaluation of the Riverside Site

The site is located in the northeastern section of Philadelphia,
south of Richmond Street and between Dyott and Cumberland Streets.:
The location has direct Lzlaware River frontage with a shipping
berth on the eastern side of the site.

The site is located adjacent to the Conrail's Port Richmond rail

yard. As & vesult, che site should have easy access to existing
rail lines.

Based on the assumed rail yard configuration and the area .
requirements for the major process units, the site appeared to be
feasible.

From a preliminary layout viewpoint, the site allows sufficient area
for plant roads, cenveyor systems, drainage ditches, pipe racks, and
cable trays.

The owners of the Riverside Site were contacted to enter into
negotiations for a one year option to purchase the site. In view of
the limited availability of alternate sites for this project, the
definitive design proceeded under the assumption that the Riverside
Site is available.

Coal Considerations

In Phase I, a typical Pittsburgh No. 8 c¢cal was used as the base
coal in conceptual design. The base coal was only generic in that
it was not identified with any specific coal suppliers and, as a

consequence, some kay data such as coal costs, availability, ete.
were not firmly established.

1-10




1.3.4

In Phase II, a search for a design coal with identifiable coal

suppliers was conducted to rectify these uncertainties.

The coal search was initiated by developing a design coal
specification, followed by prescreening of coal companies in the

five-state area, including Pennsylvania, West Virginia, Ohio,
Kentucky, and Maryland. Letters of solicitation for eoal
data/information were sent to 15 potential coal suppliexs, five of
which responded. The coal data, as'provided by the coal companies,
were then analyzed and compared, and the impacts on the plant

performance plant economics evaluated. A detailed descriptien of

the coal search and a summary of the evaluation is presented in

Appendix A.

The results of the initial evaluation showed that the C&K coal is
the preferred design coal in that it has the advantage of yielding
relative potential savings compared to a somewhat arbitiary cost for
Pittsburgh No. 8. It also haa the advantage of abudant cozl
reserves and large production rate to meet the PGW gaaificaﬁion

plant requirements.

In order to procede with the definitive design in a timely manner,
the heat and material balances for the gasification process were
based upon the analysis of Pittsburgh No. 8 which is very similar to

the anlaysis of C&K and several other coals under evaluation. The
supplier of the gasification process indicated that these similar
coals would all produce essentially the same balances of this level
of analysis, and that precise performance guarantees could not be
determined without full commercial testing of the specific design
coal,

- Process Considerations

The process seiéétiqn criteria for this project was based upon the

requirement to.use commercially proven processes. ‘The commercial

1-11




.- viability of this plant required that the level of technological
risk identified with the process be minimal. Therefore, it was

imperative that the processes making up the complete system be
selected from those which are commercialiy proven and are guaranteed
by a process supplier.

s e

1.3.4.1 (Gasification System

N L TP ey

R

The Koppers-Totzek (KT) Eatrained Bed gasification process was
i cselected and Gessellschaft for Kohle~Technologie mbH (GKT) of West
' Germany is supplying process information. Since the start-up of the

first KT plant in 1951, more than 50 gasifiers have been delivered

e 2ie
e

to 14 different clients to produce synthesis gas, primarily for
ammonia production. The daily ammonia capacity of KT plamts in
operation is in the range of 4,000 ton per day, which represents

more than 90 percent of the world's coal-based ammonia production.

By experience gained in actual operation, the commercial capability
. of the KT pfScess has been proven. A range of feedstocks can be

. gasified, from lignite to anthracite as well as petroleum coke,

' charcoal, tars, and heavy residues.

Feedstocks of high ash and/or sulfur content, which are not
acceptable for conventional processes because of technical or
env1ronmenta1 aapects, can be easily utilized by the RT process.
& Unllke fixed bed and fluidized bed processes, no limitation

K. regarding size distribution exists with the KT process, and the
entire mine output can be utilized. In general, critiecal design

considerations with respect to ash or coking properties of the coal
are not existent.

L

1.3.4.2 Desulfurization System

SAadnyriytye e

Other processes selected for this plant were also judged on proven

asphiTniyEt

commercial background. The most pertinent of these is the

desulfurization plant, for which the Stretford process was selected.

e

fgen ne

-
fioc
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1.3.4.3

1.3.5

The Stretford process uses reliable,.rugged, simple technology for

almost total removal of HS from gas atreams. There are

31 successful Stretford units operating around the world. These
involve a variety of applications: town~gas, coal gas, SNG,
ecoke-oven gas, and natural-gas procesaing.

This proprietary process has been developed by W.C. Homes & Co.
Lzd,, England, a part of Peabady Galion Corporation of New York.
This process is now available for wider use in the U.S. with four

installations already operating successfully in St. Louis, Honolulu,

‘Ontario, and York, Pemnsylvania. The sulfur tomnage handled by

individual Stretford plants has grown over the past l4 years from
200 1b per day to & capability of 30 long tons per day in a
single~train. PGW is alsc using the Stretford proceas for
desulfurization of gas produced in thes 60 MMCFD synthetic gas plant.

Reliability Factors

Reliability and on-stream factors were comsidered in completion of
the plant design. The plant will be operated as a baseload facility
with a 50 percent turndown capabiliry on weekends and & two or three
week scheduled shutdown per year. It is anticipated that routine
maintenance will be scheduled on dual train equipment for weekends.
The stream factor of all equipment in this plant is rated above

90 percent. This is either stated by the process supplier or is
specified in the design.

Critiera for Definitive Desigg

Having given due consideration to the information generated in the
review of Phase I, an updated conceptual plant design was developed.
This design is presented in a topical report entitled PGW Conceptual
Plant Design Review, and is presented as Appendix I.

1-13
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2.1

2.2

BASIS FOR PROCESS DESIGN

PLANT SITE

Riverside Industrial Park, the 43-arce site for the PGHW coal
gasification project is localed in Northeast Philadelphia along the
Delaware River, west of Conrail’s Port Richmond rail yard and
halfway between the Betsy Ross and the Benjamin Franklin Bridges.

It is the only available site of this size in the city of
Philadelphia which is designated as industrial zone and is near
major industrial users of the medium~Btu gas to be generated by the
gasification facility. The ¢leared and nearly level site consists
of fill and rubble and remnants of piers and dry docks which existed
during World War II when the site was known as the Camps Ship Yard.
The L-shaped site is bovdered to the northeast predominantly by
water adjacent to Pier 20, to the southwest predominantly by watez
adjacent to Pier 75, to the northwest predominantly by Beach Street,
and to the east by the Delaware River. Elevaticn of the site is

10.0 feet (USGS datum), the same as the 100 year flood level.
PLANT SIZE

The plant size of the coal gasification facility is nominally

20 billion Btu per day based on the higher heating value (HHV) of
the product medium-Btu gas, which will be distributed to industrial
users through a gas distrubition system at 35 psig. Based on the
projected gas demand, the gasification facility is to operate at
full load during the weekdays and at half load during the weekends
(Saturday and Sunday). On a weekly basis, therefore, the expected
on-stream factor is 6/7th or approximately 85.7 percent. However,
the annual on-stream factor will be about 80 percent, takiné

scheduled and unscheduled shutdowns into account.

2-1




TABLE 2-1

COAL CHARACTERISTICS

Rank Classificatien
State, County
Bed Name & Number
Proximate Analysis, Wt. Z, A.R.
Mositure (seam)
Volatile Metter
Fixed Carbon
Ash
TOTAL

High Heating Value, Btu/lb
As Received
Moisture & Ash Free (MAT)
Ultimate Analysis, Wt %, Dry
Hydrogen
Carbon
Nitrogen

Oyxgen
Sulfur

Ash

TOTAL
Free Swelling Index (FSI)
Ash Fusibilicy Tewp., ©F

Initial Deformation
Softening

Fluid

Hardgrove Grindability Index

Reducing
2093

2138
2156

2=2

Bituminous
PA, Greene
Pittsburgh No. 8

4.58
7.33
50.26

7.83

100.00

13,442
15,330

5.28
77.71
1.42
4.74
2.64
8.21
100.00
7.5

Oxidizing
2444
2480
2516
64
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2.3

2.4

GOAL FEED

The design coal for the facility is a typical Pittsburgh NO. 8 coal,
the characteristics of which are shown in Table 2-1. Although the
generic properties of this coal were used for the basic process
design and performance calculations, many other coals can also be
used as feed, since the gasifier can handle a wide range of coal
types (see Appendix A). The feed coal (2-inches by O-inch) will be
brought into the plant site by unit traine via Conrail's Port
Richmond rail yard. An approximately &0-day supply of coal will be

stored on-site.
GASIFICATION PROGESS

The GKT process as offered by Gesellschaft f;r Kohle-Technologie of
Espen, West Getrmany, is used as the gasification process in the
present design. The GKT process, which was previously known as the
Koppers-Totzek process, was gelected during Phase I {Conceptual

Design) of the curremnt project.

The GKT gasifier is an entrained-bed, oxygen blown unit. It is
Elexible in coal Eeed types and does not reject coal fines nor
generate tars, oils, and phenols. When fed with an Eastern
bituminous coal, the carbon conversion efficiency of the gasifier is
in the range of 88 to 95 percent. TFor the present design, a
conservative figure of 88 percent has been recommended by GXT (in
conjunction with the Pittsburgh No. 8 design coal) to provide a
margin of flexibility to account for variations in coal feed.
Furthermore, a scheme of recycling fly ash {containing unburned
carbon) to the gasifier is also included in the present design which

will provide an additional degree of carbon conversion efficiency.
For the present design basis of a nominal 20 billion Btu per day

plant, two four—-headed gasifiers have been proposed by GKT. The GKT
battery limits will include two trains of gasifier with ancillary

2-3




2'5

2.6

equipment, waste heat recovery boilers, gas clean-up equipment, and
a common gas holder, electrostatic precipitator, and wash watexr
treatment wnit. All other units interfacing w'th the GKT units are
made compatible with the gasification process as offered by GKT.

SULFUR REMOVAL AND RECOVERY

The raw gas from the GRT plant will be desulfurized in a Stretford
process, which was also selected during the Conceptual Design Phase.
The Stretford plant is designed to remove the bulk of sulfur
compounds in the raw gas such that, when the final clean gas is
burned in industrial beilers, the emission will comply with the

Limit (500 ppmv 502 or 0.86 1b 802 per 108 Btu) set by the City of
Philadelphis.

The Stretford process is a direct conversion process which is
capable of removing HS present in the raw gas and subsequently
converting it to a recoverable elementary sulfur, In the present
design, 27.2 tons per day ¢f sulfur is recovered as high quality
molten sulfur, which is salable at about $110 to 125 per tom at the
plant gate. Purge liquor associated with molten sulfur production
will be treated on-site so that there will be no hazardous discharge
Erom the sulfur removal and recovery umits.

MAKEUP WATER SUPPLY

Approximately 1.4 million gallons per day of plant makeup water is
required for process system uses. Economics favor providing an
on-site river water treatment 8ystem to supply process system uses,
in lieu of purchasing treated water from the City of Philadelphia
Water Department (approaching $0.7?5 per 1,000 gallons). For potabla

water supply and sanitary purposes, City of Philadelphia water is
the exclusive source.

2-4




2.7

SOLID WASTE DISPOSAL

The coal gasification facility will praduce two types of solid
wastes - granular slag and fine Fly ash mixed with unburned carbon.
Approximately 30 percent of the coal ash ié recovered as guenched
molten slag from the gasifier bottom and the remaining 70 percent
{entrained in the raw gas) is recovered in the form of a wet filter
cake from a downstream gas cleanup esystem. The high temperature
oxidation process results in these materials being stabilized and

free of organics. They are suitable for disposal in a land fill.

In order to alleviate solid waste disposal problems, and also to
reutilize some of the carbon conctained in the fly ash filrer cake,
reeycling of up to 50 percent of the fly ash cake to the gasifier is
incorporated in the present design. The quantity of net solid
wastes that must be disposed of varies with the recycling rate - at
0 percent recyle, it is 378 tpd (33 tpd of slag and 345 tpd of fly
ash) and at 50 perceat recycle, it is 250 tpd {48 tpd of slag and
202 tpd and fly ash), or only two~third of the non~recycle case.

5
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( 3.0 PROCESS DESCRIPTION
3.1 OVERALL PROCESS DESCRIFTION

The preliminary design completed during Phzse 1Y of the PGW Coal
Gasification Project is based om the gasification process offered by
GKT. The GKT Gasification Unit consists of two parallel
gasification and clean-up trains. No spare trains are provided in
the present design. An overall process block diagram of the PGW
gasification plant is shown in Figure 3-1. The gasification plant
bagically consists of the following units:

Unit No.

10 Coal Receiving and Handling
15 Coal Dust Supression

20 Coal Preparation and Conveying

30 GKT Gasification

40 Sulfur Removal and Recovery

( 42 Stretford Desulfurization

44y Nittetu Incineratiom

50 Air Separation ‘

60 Product Gas Handling
62 Gas Compression
54 Gas Dehydration

70 Water Treatment
72 GKT Wash Water
74 Waste Water

80 Utilicies
81 Cooling Water
82 ‘Steam, BFW, and Condehsate Return
83 ' Firewater
84 Plant & Potable Water
85 Plant and Instrument Air
86 ' Sewer and Sanitary Drain
87 Boiler
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Unit No.

50 offsites
91 ' Main Process Flare & Relief
92 ¥ly Ash Removal and Storage
94 Slag Removal and Storage

For the GKT gasification plant 2-inches by O-inch sized coal is
delivered by wnit train via in-plant tracks to the Coal Receiving
and Handling Unit. Io this unit the coal is unloaded from the unit
train to the storage area, where a stock pile is formed dy a
lowering well. From the storage area, belt conveyors deliver the

eoal to bunkers for coal preparation at the rate of approximately
1,200 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 cosl is dried and pulverized to the

following GKIT gasiéier feed requirements:

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

o Moistura Content - one percent

An air heater which uses medium=-Bru product gas is used to heat air
for the purpose of reducing the coal inlet moisture to ome percent
in the pulverizer. The heated air pneumatically carries the coal
from the pulverizer to a particulate remcval system. Coal dust
(pulverized coal) from the removal system is collected and
pneumatically conveyed via by-product nitrogen from an air

geparation plant to service bins within the GKT Gasification Unit
battery limits.

In the entrained bed gasifiers, the c¢oal dust is oxidized by oxygen
in the presence of steam. Coal, oxygen, and steam are brought
topether and distributed to four gesifier burner heads which are 30°
apart. Reaction temperature at the burner head discharge is 3300 to

32
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35009F and the operating pressure is slightly above atmospheric.

The coal is gasified almost completely and immediately. Under the
process conditieas prevailing in the gasifer, carbon and
hydrocarbons concained 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
Pressure steam from the jacket is more than enough to meet the
gasifier's needs.

Oxygen for the gasification reaction is provided by an air
separation plant. The air separation plant will be a turnkey
facility, and engineering and design services will be furnighed by a
contractor experienced in this field. The oxygen purity for the
Plant is 98 volume percent with two percent inertaaﬂyestiy argon},
By-product nitrogen (98 volume Percent 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.
The slag is removed by belt conveyor to temporary slag storage
facilities (Onit 94) prior to raii loading for disposat.

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 medium-Btu product exits the gasifier at approximately 2700°F.
The gas passes through 2 waste heat boiler which produces 925 psig
Saturated steam. At the exit of the waste heat boiler the pas
temperature is reduced to 600°F. The gas then Passes through a
clean-up train where the temperature of the gas is subsequently

reduced to 95°F and the majority of the emtrained fly ash and carbon
particulates are removed.
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In the clean—up train the fly ash is removed via a circulating wash
water system which scrubs the ‘gas. The wash water stream ladden
with £ly 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 sent to two rectangular sottling ponds. The fly ash
sludge from the settling ponds is sent to a common thickener. The
underflow of the thickener is pumped te rotary vacuum filter where
the moisture is reduced t£o 30 percent. The fly ash filter cake is
then gent via belt comveyor 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 desipn
production rate is 345 tpd.

To reduce the sludge disposal problems, and alsc to reutilize some
of the c¢arbon in the fly ash cake, reeycling of up to 50 percent of
the sludge cake to the gasifiers is incorporated in the present
design. Recycle of 30 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 six percent. The recycle of sludge to the
gasifier is limited to 50 percemt, since the pulverizer and air
heater design.is currently limited to a maximm of 12 percent
moisture. Recycle of 50 percent of the sludge cake to the gasifier
will not significantly affect the gasifier gas production or
composition, 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 3-1 is the material balance for the recycle of
sludge cake cases. The material balance represents a product gas
production vate of 20.58 billion Btu per day at the plant battery

limits (high heating value, no sensible heat credit basis).

Downstream of the pas clean—up train the two gasification trains
join together to form a single train. The gas then passes through a
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gas holder and an electrostatic precipitator for final particulate
removal before exiting the GRT battery limits. The composition and
conditions of the product gas exiting the GKT battery limits are
shown below:

Compcuent MoleX
Hy 27.29
Np 0.92
Ar 0.57
COo 6.36
co 58.61 ’
CHy, 0.01
HpS 0.85
cos 0.09
BCN 75 PPMV
Hg0 5.30

TOTAL 100,00

Temperature, 9F 95

Pressure, in. W.C. 22

From the GKT Gasification Unit the gas is compressed to
approximately 6 psig prior to entering the Desulfurization Unit.
The desulfurization unit is a Stretford'process which removes H3$
present in the raw gas by converting it to recoverable elemental
sulfur. The Stretford process is a low temperature gbsorption-
direct oxidation desulfurization process. The raw gas from the GKT
gasifier contains about 0.90 and 0.09 percent of H3S and COS,
respectively, on a dry gas volume basis. To comply with the EPA
environmental regulations set by the City of Philadelphia (500 PPMV
or 0.86 1b SO2 per 106 Btu input), the raw gas must be cleaned
before being utilized in the boilers. The Stretford desulfurization
process removes almost all HoS from the gas. COS in the gas is not
removed; howaver, its content is low and burning the gas will
produce only 350 PPMV S05.
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The Streitford process basically consists of an absorber, oxidizers,
a sulfur removal system, an incineration unit for handling Stretford
purge solutien, and associated pumps, air blowers, amnd solution
makeup equipment. Removal of H2S occurs in the Stretiford absorber
mixer and reaction vessel where the praduct gas stream contacts the
lean Stretford solution. The clean gas exiting the reaction vessel
is delivered to the Gas Compyession zad Dehydration Units at 1050F
and 2 peig. '

The sulfur removal system employed for the Stretford process
produces a saleable molten sulfur product. The molten sulfur is
stored in a storage pit prior to rail loading. The molten sulfur

produced at desipgn gasification plant capacity for a typisal
Pittsburgh No. 8 coal is 27.3 tpd.

In the Stretford process, salts {(NapS04, NapS203, and NaSCN) are
produced during the absorption and oxidation steps. The salts
accunulate in the Stretford solution and the free alkali portion of
the working solution is suppressed. To remedy this, a purge stream
from the Stretford solution containing salts formed during the
process is sent to a Nittetu Incineration Plant (Unit 44) te
decompose the salts via reductive incineration. In the Nittetu wnit
the purge solution is vaporized and the salts decomposed in a -
furnace. Reformed molten salts are then quenched and the solution
returned to the Stretford process. Decomposed gases (containing
HpS) formed during the quench operation are semt to the inlet of the
Stretford absorber where they are mixed with the raw product gas
from the GKT plant.

From the Desulfurization Unit the desulfurized product gas is
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 pressure steam
from the pasifier jacket. A third compressor driven by electric
motor will provide. a 50 percent standby capability for startup and
emergeacy situatiomns.

3—11 v




From the Gas Compression Unit (Unit 62) the product gas entera the
Gas Dehydration Unit. In the gas dehydration unit, excess water
from the compressed gas (40 psig) is removed to meet the selected
product pas water content. Most natural pas pipelines
specifications require a water content not to exceed 7.0 1b H90 per
MM SCF because of long pipeline distances and pressures up to

1000 psia. The PGW application requires transmission distances of
only five miles and a discharge pressure of 35 psig. Therefore, a
low gas water content gpecification is not necessary and economic
considerations have led to the selectiocn of 53.3 1lbs H20 per MM SCF
(or 209F dew point). The wet cowpressed gas at 40 peig and dew
point of 1000F has a water content of 851.1 1b per MM SCF. The
dehydration unit will remove the excess water (797.8 1b per MM SCF)
to prevant gas freeze-ups and gas transmission problems such as pipe
line corresion. A standard triethyleme glycol system is employed
for the Dehydration Unit (Unit 64).

From the gas dehydration unit the product gas i metered prior to
exiting the plant battery limits and entering the product gas
distribution system. The composition and conditions of the product

gas exiting the plant battery limite are shown below:

Component MoleX
Hg 2B.45
No 2.45
Ar 0.59
€0y - 7.22
co 61.08
CHy, 0.01
HaS .-
coSs 0.09
HCN 26 PPMV
Hg0 0.11

100.00

Temperature, °F 160
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3.2

3.2'1

Pressure, psig N 35
HHV, 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 percent based on the
following definition:

Cold Gas o (HHY of Product Gas at 60OF at GKT battery limits) . 100
Efficiency (BHV of &.R. Coal Feed) X
COAL RECEIVING AND HANDLING

Complete coal handling facilities are provided for receiving and
storing coal delivered by rail and tramnsferring the coal to the
plant. Twe trains are provided for coal unloading, and one train

for stacking, reclaiming and conveying equipment. A process flow
diagram for the Coal Heceiving and Handling Unit {Unit 10) is showm
in Figure 3-2. Although the receiving and handling facilities are
designed far Pittsburgh No. B, the storage and conveying facilities -
are capable of.handling other eastern bituminous coals selected as
possible candidates (see Appendix A).

Coal Receiving

Washed coal is delivered to the plant by unit trains consisting of

seventy 100-ton bottom dump cars (or their equivalent). The design
coal has 3 nominal size of 2-inches by O-inch, weighs 50 pounds per
cubic foot, and has an angle of repose of 38 degrees. Allowance is
made, however, for accepting reasonable variations in these

parameters.
Coal is received at two parallel track unloading hoppers. An

enclosure is provided over each hopper, incorporating thaw shed and

a4 manvally operated car shaker to assist in unloading wet or frozen
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3.2.2

coal. Dust suppression and collection systems are provided to
control the fugitive dust emissions generated by the unloading
operation (Unir 15).

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

48 inches wide. Coal unloading from the unit trajn is completed in
two days, based on one shift (eight hours) per day.

Conveying To Storage, Weighing, and Sawpling

The hooded coal unloading transfer conveyor is 48 inches wide and
has a capacity of 1,000 tph. It conveys coal from the hopper
unloading conveyors to a live storage pile (10,000 toms) viz a
lowering well (stacking tube).

As the conveyor leaves the unloading hopper tunmel, at a point just
above grade elevation, a seli-contained weigh scale is provided.
The weigh scale is capable of determining flow rate and total
integrated accumulated flow, and has provisions for periedic
calibration.

The unloading transfer conveyor head pulley is located in the
sampling system enclosure. A magnetic separator is provided to
rewove tramp iron from the coal stream. The rejects are chuted

outside of the sampling enclosure to a tote box at grade. Periodic
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 enclosure

is ventilated, and dust supression and collection systems are also
installed (Umit 15). '
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3.2.3

3.3

Coal Storége

The coal is stored as a long pile, which is capable of storing
66,000 tons of coal. The coal storage area is sized for

approxiatmely 60 day supply of coal. About 10,000 tons of coal or
10 days supply is placed in "live storage." The live storage pile
is formed by a lowering well at one 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 c¢apacity 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 gate and a
vibrating feeder with a variable capacity up to 50 tph. The

vibrating feeders discharge directly into the pulverizer assemblies.

The "dead storage" section of the pile (56,000 tons) is formed by
moving the coal with a bulldezer. This coal is used only in case of
supply interruptions. The pile is compacted and sprayed with an
organic polymer crusting apent to minimize both dusting and rain
erosion problems. The entire coal pile is diked and lined with a
clay base to prevent seepage. Contaminated rainfall rumoff is
collected in a 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 treatment facility and neutralized
before being discharged to the river.

COAL PREPARATION AND CONVEYING
In the coal preparation unit the bumker 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
following GKT gasifier feed requirements:

3=15




o BSize - 90 percent through 170 mesh and 70 percent through
200 mesh
o Moisture content — One percent

Poneumztic ~onveyora transport the dried and pulverized coal from the
pulverized coal storage bin to the gasifier service bims.
Comprassed nitrogen from the air separation plant is used as the

conveying medium.

it chould be noted that the fly ash has a high carbon conteat and
the recycle approach is selected for a higher carbon utilization.
For tbe design coal (Pittsburgh No. 8) 50 percent of the filter cake
recovered in the GKT gasification plant is recycled. However,
depending upon the coal being processed, overall moisture removal
and heat duty required in the pulverizer, the reeycle rate can be
varied. The equipment is designed to provide this flexibility.

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

overall carbon utilization is given in Appendix B.

The complete system as shown in Figure 3-2 is designed to provide
maximum in safety, reliability, and flexibility. Each train is

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

The coal preparation unit comsists of two 50 percent roller mills,
and two 50 percent trains of associated ancilliary equipment such as
bag collector, recycle fan and air heater. The pulverized cozl
conveying unit has two trains, each consisting of a storage silo,
preumartic 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 30, and a meximum moisture content of

12.0 percent. Provisions are made to recycle up to 50 percent of
the fly ash cake from the GRT unit with the base coal. For higher

3-16




3.4

agh coals a smaller recycle percentage is recommended. For the
design coal (4.6 percent moisture) with 50 percent filker cake
recycle, the heating load required for the pulverizer heater is
about 20.5 MM Btu per hour. For a 12 percent meisture raw coal feed
the heating load increases to about 34.4 MM Btu per hour. A small
portion of the clean product gas from the gasification 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 colleector, are designed for 50 pasig in accordance with the NFPA
code. The bag type dust collector is suitably equipped with am
explesion door which reseals, to prevent the infiltration of ambient
air iato the system after relieving. Im addition, partial
recirculation of gases from the clean side of the collector back to
the roller mill further increases the safety and reliability of the
pulverizing cirxcuit. This recycle loop, 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 to 1.0,

Pulverized coal from each baghouse goes to a l5-ton 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
into 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 ecarbon steel conveying pipe to
the gasifier service bins through a four-way splitter.

GKT COAL GASIFICATION AND WASH WATER TREATMENT
For the production of medium-Btu gas from coal, GKT's entrained bed

coal gasification process has been selected for the PWG plant. Coal
dust pulvericzed and conditioned to 70 percent through 200 mesh size

3-17




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 3=3 and 3-4. The GRT Wash Water Treatment Urit
(Unit 72) is shown in Figure 3-5.

Note that a single gasification trein is shown on Figure 3-3 for
clarity. This is reflected in Table 3-2, GKT Gasification Unit
Material Balance. This balance is independent of ash recycle, as it

is restricted to the gasification process and wash water treatment.

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 eoverall
carbon conversion and the output of useful gas (carbon 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. &
coal has been used as the design coal for the plant design. Enough
flexibility, however, has been added to the gasification plant
design to accommodate a variety of eastern bituminous coals.

The gasification plant is designed to handle 1,200 tpd as-received
coal (2-inches by 0-inch). Raw coal is dried and ground to the
required size in the Coal Preparatiom Unit. Pulverized coal is then
pneumatically transported from the Coal Preparation Unit to the GKT
gasifier trains via conveying nitrogen supplied from the Air
Separaticon Unit. The pulverized coal is routred via a flow splitter
to service bins within the GRT battezry limits, The conveying
nitrogen is vented to the atmosphere through filters at the service
bins. Pulverized coal flows by gravity from the sexvice bind to the
feed bins. Four service bins and four feed bins are provided for
each gasifier. The sg¢rvice bins and feed bins provide a guaranteed

supply of coal to the gasifiers in the event of an upstream
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emergency shut-down. The service and feed bins provide a total of
approximately 15 minutes of storage for the gasifiers at design

usage rates.

Controls regulate the intermittent feeding of coal from the service
bins to the feed bins which are connected to twim variable-speed
coal screw feaders. Four double coal screw feeders are provided per
gasifier to éupply pulverized coal to each burner head. The
pulverized coal is continuously discharged from the twin screws into
mixing nozzles where it is entrained in oxygen and low pressure
steam. For each gasifier 48,230 1bs per hour (579 tpd) of
Pittsburgh No. 8 coal react with 47,4535 lbs per hour (569.5 tpd) of
oxygen and 4,522 lbs per hour of steam for the production of

10 billion Btu per day of medium-Btu gas (lower heating value
basis). The mixture is then delivered through twin blow pipes to
each burner head. Moderate temperature and high burmer velocity
prevents the reaction of ecoal and oxygen until they enter the
gasification zome.

Oxygen/steam mixers are provided to insure complete mixing before
injection inte the blow pipes. Two oxygen/steam mixers are provided
per gasifier. The normal oxygen/ coal ratic for a typical
Pittsburgh Wo. 8 coal is 0.98 1b/1b and the normal steam/coal ratio
is 0.09 1b/1b. The oxygen required for the partial oxidationm
reaction is provided at 98 volume percent purity from an air
separation plant. Approximately 54,950 lbs per hour of low pressure

steam at 2B psig is generated from each gasifier jacket.

In the gasifier, the coal dust is oxidized by oxygen in presence of
steam. Under the process conditioms prevailing in the gasifier,
carbon and hydrocarbons contained in the coal are converted to
carbon monoxide, hydrogen, and carbon dioxide. Besides these
components, sulfur compounds in accordance with the sulfur content
of the feedstock, and nitrogem resulting from the impurity of the
oxygen and the feedstock, are contained in the generated gas.




Traces of methane, not exceeding 0.0l percent by volume, are also
produced. However, nuo hydrocarbons, phenols, aromatics, or any

other orgamic compounds are gemerated in the GKT gasification
‘proceas.

The gasification reaction (parrial oxidation) of the coal is carried
out in two four-headed gasifiers, each of which is comnected to a
waste heat recovery system for generation of high pressure steam
(925 psig). The gasifier itself is a double-shell reactor, lined
with refractory, and penerates low-pressure eteam (28 psig) within
its shell. Endothermic reactions, occuring in the gasifier between
carbon and .stedm, and radiation to the refractory walls

substantially reduce the flame temperature Irom 35009F to 2700°F.

Ash in the coal feed is liquified 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 & water
seal type slag quench tank and recovery system at the bottom of the
gasifier. The recovered granular slag is transported 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 turn, deliver the slag to an on-site
storage area prior to disposal.

The remainder of the ash and the unreacted carbon are entrained in
the gas exiting the gasifier. Water sprays 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
mcunted over the gasifier.

The raw gas from the gasifier passes through the waste heat boiler
where 55,550 1lbs per hour of high pressure, saturated steam

(925 paig)} is generated per gasifier. After leaving the waste heat
boiler, the gas at 6009F is cleaned and cooled in a gas clean-up

system. The syrtem consists of a cooling washer which removes the
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largest particulates and cools the gas to 1709F, followed by a
"disintegrator" type scrubber which reduces the particulete content
of the pas to approximately 0.004 grains 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 gas passes through
a second separator for final treatment and is routed to the raw ges
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

electrostatic precipitator) to approximately 2% inches of water.

Downstream of the raw gas blawers the two gasification traims join
together to form a single train. The combined pressurized raw
product gas passes into a single gas holder. The capacity of the
gas holder is approximately 1.117 MM SCF of raw product gas. The
gas holder provides approximately 20 mpinutes of storage capacity at
the design usage rate in the event of a short term upstream
gasification system failure. The gas holder also helps 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 GKT Wash Water Treatment Unit
(Unit 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
waste water treatment settling basins., The major portion of the
particles, however, are channeled with the circulating waste water
which, after leaving the wash cooler, flows to settling basins for
particulate removal.
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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 basims, from which they are
pushed by scrapers to a collecting sump adjacent to the settling
basins. 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. Twe rotary vacuum filters are provided to reduce the

3ludge 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. 8 coal with an ash content of 7.83 percent this would
result in an asz sludge production rate of 345 tpd at design
capacity, To reduce the ash disposal problem the GXT gasification
plant has been designed with the capability of recycling a maximum
of 50 percent of the ash sludge to the pulverizers. {The recycled
sludge cake is transported to the pulverizers in the Coal
Preparation Unit via belt cenveyors). The sludge, at 50 percent
recycle, contains approximately 26 percent unused carbon and will
increase the gasifier carbon conversion from 88.0 to 93.6 percent
vhile reducing the vaw coal feed by 6 percent, The mixed feed would
contain approximately 11.5 percent mojsture compared to 4.6 percent
for the Pittsburgh Ne. 8 fresh feed coal. The pulverizer and the

pulverizer air heater are sized to handle the ash recycle operation.

During start-up of the gasifiers, the off-spec product gas will be
routed to start-up flares provided within the GKT battery limits. A
start-up flare is provided for each GKT gasifier traim. Product gas
is diverted upstream of the raw gas blowers to each flare. The
start-up of 2 gasifier from 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.
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3.5

3.5.1

A single GKT gasifier can be turned down to approximately 70 percent
of its full load capacity withir a few minutes. By shutting down
one gasifier completely and turning the remaining gasifier down to
70 percent, the plant praduction is reduced to 35 percent.
Therefore, the product gas output from the two-gasifier GKT plant
can be adjusted in the range of 35 tr 100 percent.

SULFUR REMOVAL AND RECOVERY

The sulfur removal and recovery system comsists of twe units. The
first unit consists of a Stretford desulfurization plunt (Unit 42)
which removes H25 present in the raw gas by comnverting it to
recoverable elemental sulfur. The Stretford plant generates a purge
liquor stream containing insoluble NajS04, ¥a25203, and RaSCN salts.
The purge stream has a high COD value and is decomposed in the
second unit, the Nittetu reductive incineration plant (Unit 44).
Part of the clean product gas from the Stretford plant is burned
with substoichiometric air in the Nittetu plamnt to produce the hot
reduced gas necessary for the decomposikion of the salts. Sodium
vanadate, & component of Stretford Solution, is recovered with
vaustic alkali jiau the Nittetu plant and is recycled to tﬁe Strerford
plant. The &«.: _.ased gas produced in the Nittetu plant contains
HoS and is recycled to the Stretford plant to combine with the raw

gas from GKT gasification plant for sulfur removal.
Stretford Desulfurization

The Stretford desulfurization process developed by the British Gas
Board is a2 dir.ct oxidation process. The Stretford Plant is
designed to remove 90 percent of the sulfur contained in the product
gas produced from the gasii“:ation of Pittsburgh No. 8 ecoal, which
contains 2.64 percent sulfur by weight (dcy basis). The product gas
from the GKT pasification plant contains 0.90 percent HzS and

0.09 percent COS on a dry volume basis. The Stretford plant removes

almost all HyS. CO05 is not removed from the gas; however, when
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3.5.1.1

burned it will produce only 350 ppmv S0 or 0.60 1b SO3 per 106 Btu
heat input which is well below the 500 ppmv or 0.86 1b §02 per 106
Btu limit set by the City of Philadelphia.

The Stretford plant can be designed to produce either filter cake or
molten sulfur. The selection depends on the plant capacity,
environmental reatrictions, by-product sulfur credit and the filter
cake disposal costs. 'The molten sulfur confipuration gemerates a
purge liquor stream which requires either om-site treatment by
reductive incineration or disposal by hauling it to a hazardous
waste treatment facility. Agein the selection between the two
dependa on the size of the plant and economics. An economic
evaluation of the above options was performed (see Appendix C) and
the results favored the selection of the molten sulfur option with

on-gite reductive incineration.
Process Chemistry

The Stretford solution is an agueocus mixture of
anthraquinonedisulfonic acid (ADA), sodium metavanadate, and gsodium
carbonate. The removal of HgS8 and its conversion to elemental

gulfur are represented by the following idealized reactioms:

2H78 + 2NaC03 + 2NaHS + 2NaHCO3

2NaHS + 4NaV0D3y + H30 + NagVi0g + 4NaQH + 2S
NagV;0g9 + 2 NaQH + Hp0 + 2ADA » 4NAVO3 + 2ADA(H)
2NaHCOg3 + 2RaOH + 2NaqCO3 + 2Hg0

2ADA(Hg) + 02 + 2ADA + 2Hg0

where ADA(Hp) represents the reduced form of ADA. Ionized forms of
the reactants in aqueous solution are usually invelved. The sum of

the foregoing reactions gives the overall reaction

2H,S + 03 + 2H20 + 28,
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3.5.1.2

In this sequence of reactions, the hydrosulfide reaction product is
oxidized to free elemental sulfur by reduction of vanadium from the
pentavalent to the quadrivalent oxidation state, and the reduced
vanadium is reoxidized by reduction of ADA. Air is blown through
the solution in the oxidizer vesael to reoxidize the reduced ADA.
Although the rate of HzS absorption increases with the alkalinity of
the solution, pH values abave 9.5 are unfavorable for conversion to
elemental sulfur.

Process Description

For the design coal (2.64 percent S, dry basis) the Stretford plant
capacity is 27.3 tpd sulfur. Equipment sizing for the process is
governed by the total quantity of sulfur in the fuel gas from the
GKT gasification plant. The present design conservatively assumes
that 21l the sulfur present in the coal appears in the gas.
However, in the actual operation, some sulfur is retained in the
ash. This allows g margin for using a higher sulfur coal.

Figure 3-6 shows the process flow and Table 3-3 gives the material
balance for the Stretford plant. The raw gas from the GKT
gasification plant at 95°F and 15.5 peia, and the decomposed gas
from the Nittetu plant at 1209F and 15.5 psia are combined and
compressed in the blower. The combined gas is cooled and washed in
static mixers with the oxidized Stretford solution. The gas and the
solution from the static mixers discharge into the reaction vessel
which is sized to allow sufficient residenmce time for the sulfur

forming reaction mechanism to go to completion.

The treated gas exits the top of the reactiom vessel and entera the
gas compression and dehydration units. The solution from the
reaction zone in the reaction vessel flows to an oxidizer tank where
an aerator disperses air supplied by the air blower. Sulfur slurry
overflows from the oxidizer tank into the sulfur slurry tank by

gravity. The oxidized solutiom is recycled from the pump tank to
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3.5.2

the static mixers. A cooling tower and circulating pump are
provided with the pump tanmk to maintain the heat gnd 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 ta the sulfur melter
by a reslurry pump. The sulfur melter consists of a steamheated
exhanger where the temperature of the slurry is raised above the
melting point of the sulfur at a pressure sufficiemtly high to
prevent the golution from boiling. Separation of the molten sulfur
and the hot solution occurs in the sulfur separator because of a
large difference in specific gravity. The molten sulfur passes to
the sulfur storage pit with the hot solution being returned to the
reaction vessel. A chemical mix tank is required for preparing
fresh Stretford solutien and adding makeup chemicals.

A purge stream from the recirculating Stretford solution stream is

sent to the Nittetu incinération plant.

Nittetu Incineration

The stretford plant purge liquor (containing sodium salts) has high
COD value and cannot be biodegraded. The Nittetu reductive
incineration process is designed to decompose the purge liquor under
high temperature and reducing atmosphere in which accumulated inert
compounds such as NaS504, Nas5303, and NaSCN in the solution are
converted to the active components NapC03, NaHCO3, and NaHS, Also,
sodiym vanadate is recovered with caustic alkali. Decomposed gas
containing HpS is recycled back te the Stretford plant.
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3.6

The Nittetu process is shown in Figure 3-7, and Table 3-4 gives the
material balance. The purge liquor from the Stretford process,
econtaining about 70 percent water, is fed to an evaporator at the
operating conditions of about 1409F and 100 to 200 wm 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 nozzlea. At the
upper section of the furnace, a hot gas generator burms 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 =alts are decomposed under the reducing atmosphere. These
salts are in molten state. BSome are carried over by hot decomposad
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 dre coliected and dissolved in the liquid. Hot
decomposed pases are injected into the 1liquid through a downcomer
tube and rise through an annular secticn between tube and weir where
they are contacted intimately with water. The reccvered solution is
collected in the recovered solution tank and pumped back to the
Stretford plant. The decomposed gas leaving the quench tamnk is
first sent to the evaporator heat exchanger for heat recovery and
finally to a gas cooler. The decomposed gas containing H2S is sent
back to the Stretford plant to be mixed with the raw gas from the
GKT gasification plant.

AIR SEPARATION

A 1,200 tpd air separation plant is required to provide oxygen for
the GKT Gasification Unit. The by-product nitrogen from the air
separation plant is utiliged for pneumatic conveying of pulverized
coal from the coal preparation area to the gasification unit and for
gasifier unit purging and blanketing.
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TABLE 3-4
MATERIAL BALANCE FOR NITTETU INGCINERATION PLANT

STREAM NUMBER 1 2 3 4
Temperature, OF 105 1z0 185 105.2
Préasure, psia 16.2 15.5 44.7 124.7
Total Flow, lbs/hr 1892 7424 3540 3500
Liquid, gpm - .0594 6.1 6.17
Flowing, 1bs/gal - 8.25 9.67 9.45
Vapor Flow, ACFS 13.6 27.70 - -
Flowing, 1lbs/ft3 0.0591 0.0743 - -
Vapor Mol. Wt. 21.6 26.77 - -
ADA Solutien, 1b/hr 3540 3500
COy 9.02 60.84 - -
co 76,33 23,99 - -
): ) 35.53 11.13 - -
cos 0.12 - - -
N2 3.07 120.9%9 - -
Ar 0.74 - - -
CHy, 0.01 - - -
H30 9.11 29,10 154.15 138.0
HeS - 4.02 - -
NaHS - - 4.30 -
TOTAL 133.93 250,07 158.45 138.0
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The oxygen purity specified for the plant is 98 volume percent with
two percent inerts {mostly argon). The by-product nitrogen contains
a maximum of two percent oxygen &ud is bone-dry. The required
pressures for the oxygen and by-product nitrogen at the air
separation plant battery limits are 1 psig and 40 psig,
respectively. The oxygen product piped from the air separation
plant is compressed to approximately 15 psig by a compressor within
the GKT battery limits. The by—-product nitrogen available at

40 psig from the air separation cold box will be adequate for the

GKT gasification unit conveying and purging requirements.

The total normal nitrogen requirement for GKT gasification plant
conveying and purging is shown below. The conveying nitrogen
estimate is based on 7.0 lbs of coal conveyed per 1b of nitrogen.
In additiom to the normal nitrogen requiremeats, the nitrogen
requirement for gasifier system emergency shutdown purging is also
ahown.

Conveying 186,140 Scf/hr (35 psig)
Purging & Blanketing 148,900 Scf/hr (25 psig)
Total Normsal 335,040 Sci/hr

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

The air separation plant (Unit 50) is a turnkey facility.
Engineering and design will be furnished by a contractor experienced
in this field.

The basic process for separating ozygen from air is a distillatiom
operation that takes place at low temperatures under moderate
pressure in which air is reduced to the ligquid state and the
components are separated by fractiomation. The cryogenic
temperatures are achieved by special heat exchange equipment and
expansion turbines that efficiently transfer heat and energy between

feed and products to make the operation eccmomically practical.
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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 ligquid air
temperature, gas expansion to produce refrigerstion, separation of
air hy distillation, product heating by heat exchange with the
incoming air, and compression of oxygen to the required pressure.
Figure 5-8 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 incomplete, however,

so refrigeration must continuously be added.

Air also contains variasble quantities of dust, water, carbon dioxido
and hydrocarbons. These impurities must be removed from the system
to insure a safe, efficient operation. In the process, dust is
reuoved by a filter on the inlet of the main air compressors. The

dust that goes by, along with other contaminants, is removed in &
water wash tower.

For reliability and flexibility in turndown, two 50 percent air
separation trains (600 tpd each) will be provided. 1In additiom,
there will be two main air compressors - one drivem by an electri
motor, the other by a steam turbine. Approximately 93,000 lbs per
hour of saturated steam at 925 psig is available for use by the air
compressor steam turbine. This is approximately 65 percent of the
total compressor power requirement. The electric driven compressor

is sized to provide 50 percent of the air compressor requirement.

Compressed air from the main air compressors enters the base of
water wwsh tower and is cooled by a countercurrent direet 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
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leaves at the top of the tower at near ambient temperature and flows
tc the reversing heat exchangers.

Conpressed process air is cooled to liquid air temperatures in
reversing heat exchangers by the outgoing stresms. During this
process, contained water and carbon dioxide are frozen and deposited

ag solide inside the exchanger.

At regular intervals, the zir and the waste nitrogen stream, which
is the largest effluent stream, are interchanged. Both continue te
flow in the same direction, 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.
Switching is accomplished by an aatomatic system of timers, warm-end

reversing valves, and cold-end checlk wvelves.

Slightly superheated air leaves the reversieg exchanger, entui the
high pressvre column and is separated into an oxygen rich liquid at
the bottom, pure liquid nitrogen at the tep, and impure liquid

nitrogen part way up the column.

Pure nitrogen gas from the top of the high pressure column is
condensed in the reboiler by boiling pure liquid oxygen in the low
pressure column. The returning liquid nitrogsu sexves as reflux for
the high pressure column.

Further down the high pressure column, impure liquid nitrogen is
withdrawn and subcooled, part of it providing reflux for the low
pressure colum and part of it acting as a subcooling medium for
liquid oxygen product in the product subeooler, if requived. Waste

nitrogen vapor is withdrawn from the top of the luw pressure column.

Rich liquid oxygen is taken from the base of the high pressure

columm, subcooled via the waste nitrogen stream, purified ia the
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rich liquid filter, and paséed to the feed entry tray of the low

pressure column.

Provisions for mitrogen drawn off the top of the high pressure
column will be made in two places. First is the pure liquid
nitrogen stream semt to a nitrogen £lash separator where resulting
liquid is sent to nitrogen storage. The flash from the sepaéator 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, o' - vise it goes out as waste nitrogen
through the silencer. The opérator will control just how much

liquid nitrogen is withdrawn, from the high pressure column.

The other strmam, cold pure nitrogen gas, is sent to the reversing
exchanger. Pari of this gas is drawn off at the midpoint and sent
to the expunder. Expander exhaust along with the possible flash
from the separator is seant back to the reversing exchanger as
dascribed above.

Finel separation of oxygen takes place in the low pressuxe columm.
Provisions for liquid oxygen to be tzken from the base of low
prezsure column, passed through liquid 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 above the bottom of the low
pressure colum and sent through air liq&efier exchanger, where it
may be superheated by a slipstream of coandensing air, and then to
the reversing exchangers 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 aitrogen during an
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3.7

3‘7.1

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 shut-down would only reduce
oxygen production by 50 percent. For this reason, the liquid
storage requirement is 50 percent of design capacity for 24 hours,
i.e.; 600 toms.

Tha liquid oxygen storage consists of a main 600 ton liquid oxygen
gstorage tank at 5 psig and a 25 ton liquid oxygen tank at 15 psig.
Two 100 percent liguid oxygen pumps are provided to pump liquid
oxygen from the 600 ton tank ta the 25 ton tank. A vaporizer at the
discharge of the 25 ton tank vaporizes the liquid oxygen for
delivery to the GKT 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 air separation unit is slow
relative to the oxygen demand rate of the gasifiers.

The liguid nitrogen storage syatem 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 supplying
nitrogen gas 2t 40 psig at a desipn withdrawal rate of 6000 SCFM.
For gasification system emergency shutdown purging, a high pressure
nitrogen tube trailer (remtal) is provided. The high pressure tube
trailer will provide an instantaneous supply of nitrogen for
gasifier system purging. The tube trailer will be designed for a
maximm withdrawal rate of 15,000 SCFM for 15 minutes, i.e.,
225,000 SCF storage capacity.

PRCDUCT GAS HANDLING

Gas Compression

The clean fuel gas from the Stretford plant is compressed to 40 psig
and cooled to 1009F prior to dehydration and distribution. The
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3.7.2

product gas leaves the Stretford absorber at 105°F and 1.5 psig
gaturated with water vapor. The gas is compressed in a set of

parallel compressors. The compressors are centrifugal machines with
aftercoclers.

The compressors will be driven by condensing steam turbines using
excess low pressure steam from the gasifier jackets. The steam is
superheated prior to entering the turbimes at 25 psig and 3220F
(559F superheat). There is sufficient steam to provide 100 percent
of the compreasion duty. Because of the high specific 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 oucput 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 100°F with cooling water in order to condense
as much wate;-as possible. It is intended to winimize the load on
the dehydration unit. The condensare from the compressor

aftercoolers will be used as make-up to the plant main cooling
tower.

Gas Dehydration

In the gas dehydration unit (Unit 64), excess water from the
desulfurized and compressed gas {40 psig) is vemoved to meet the
selected medium-Btu pipeline gas specifications of water content not
to exceed 53.3 1b Hp0 per MM SCF. Most natural gas pipelines
specifications require a water content specification not to exceed
7.0 1b H20 per MM SCF because of long distances and pipeline
presaures up to 1000 psig. However, the PGW appl catiom requires
only short diotance transmission and a relatively low pressure of

35 psig. Therefore, very low water content specification is not
necessary and econcmic considerations led to the selection of

53.3 1b Ez0 per MM SCF (or 20°F dew peint) limit. The wet
compraessed gas at 40 psig and dew point of 1J009F has a water coeatent
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of 851.1 1lbs per MM BCF. Dehydration unit will remove the excess
water (797.8 1lbs per MM SCF) to prevent gas freeze-ups and gas
transminssion problems such as pipe line corrosicn. In most newer
plants triethylene glycol (TEG)} system has been utilized, as in the
present design.

A process flow diagram of a typical gas dehydration plant is shown
in Figure 3-9. The wet inlet gas enters the bottom af the absorber
and flows upward through trays countercurrent to the concentrated
{99.7 percent) glycol flowing downward through the column.

97.8 percent of the water in the gas is absoxbed by glycol flowing
at a rate of 1.55 gallons per 1lb HpO removed. The dry gas with a
water content of 53.3 lbs per MM SCF leaves the top of the absorber
through mist eliminator which aids in removing any entrained glycol
droplets. It then flows through a glycol cooler and is heated from

100 to 160°F by the incoming regenerated hot glycol which is cooled
from 250 to 1109F.

The dilute glycol (93,% percent) leaves the bottom of the absorber
and enters a heat excianger coil (in the glycol still) where it is
preheated before being flashed in the flash tank. The diluted
glycol stream then passes through a glycol filter which removes any
foreign solid particles. The clean glycol is further heated in the
accumulator/heat exchanger to about 260°F and enters the glycol

still (stripper) for regenmeration, which is mounted on the top of &
reboiler operating at &400CF.

The dilute glycol passing downward through the atripper is contacted
by hot rising water vapors paesing upward through the columm. The
water vapor released in the reboiler and stripped from the glycol im

the stripper is discharged to the atmosphere.
In the reboiler, glycol is concentrated to 99.7 percent by adding

1 £e3 per gallon of atripping gas (nitrogen) through a sparger. The
nitrogen aids in removing any water vapor pockets which might
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otherwise remain in the glycel solution. The concentrated glycol
frem the reboiler flows to the glycol accumulator/heat exchanger,
passes through the glycol cooler, and returns to the absorber to
complete the cycle. A glycol makeup of seven gallons per day is
required.

3.8 WASTEWATER TREATMENT

Plant industrial wastewaters are collecred and treated before
discharge to the Delaware River so tha:c the effluent meets
applicable discharge regulations of the U.S. Environmental
Protection Agency, Pennsylvania Department of Bavironmental
Resources, Delaware River Basin Commission and City of Philadelphia.
The process flow diagram ghown in Figure 3-10 schematically
represents the wastewater treatment system (Unit 74). Plant

jndustrial waste sources are as follows!

a. Travelling water screen backwash,

b. In-plant floor drains,

¢. Gravity filter backwash,

d. Carbon filter backwash,

e. Demineralizer regeneration wastes,
f. Coal snd ash pile rumoff,

g+ River water clarifier sludpe, and

k. Cooling towers blowdown.

Travelling water screens are backwashed to an adjacent dewatering
chamber where solids are separated and the water allowed to drain
back to the intake structure. Solids are collected in a dumpster
‘for haulaway.

Wastes from the in-plant floer sumps, gravity filter backwash and
carbon filter backwash are directed to an equalization and holding
tank. Demineralizer regeneration wastewater is collected in a

. separate tank, where the acid and alkaline wastes are allowed to

3-42




1a-t8y - £ LD (U Zae-a FHda

s B, gEees g Bome, B

I
. YT Yy I"-
e 1
LAMITY FILTER WACHwAt ! . i
ool b -
IN LAY AOCR R ﬂrla__-l Vil 4 wasyyatey
sy e
L AN Do EH BATSWATA | .
DLWALAALJTTM WL uun.‘l'r'l _
WAL SRR W o I

[eacts rpas EOMEANTANID

PEROM UNMTEE, Syt

ANk LOWD, o xis

Jrisrm wesved
ny AU LA

Tgbuasg

ALE

74 w1

ot}
k)

1 e e s

1
1
i
i IR N !‘,5’:&&“

. SO Y

' ' . b M . -t [N

FADW AMTI0 - o, AMD A3 | " i vg l

:-n?mmat LT " L_‘ )\ % lﬁ:‘lﬂw - .

| 1 . maruY OF .
VT WA
L :

l SUROIT 10 CIZESY 14 O LI-AD STAR, B4 aBul TAAY O JTOMR "




JeEy IaaTny pLl_T] PaeTwe] Pafangy s
Pk G ATERRuer SRsess Wu‘wﬁ.

Af
‘.".“"“s‘.‘ i [ 30H
at l-———
AP
l A
B i
B [PATs
U\J LAY *
. —— T
£ [C o)
 ofifatieos) (AR HE
1enom wvr oz, TR LED
t 1.’3."‘»&%'-‘“-,
%‘?‘.’"l :
! F
i EN l
| [
A B
it Bt .
1y aom Ut gd
Io.:‘s‘um?-
.'-.:—l;
r . i FIGURE 3-10
|-
:|m;~‘n --ni foo Msint ) o
WS T, IS @;
S [ PR e
Sieunns wowoow pr— | L
PR, P —p_—— i i cmaInktIN
. Call MELRASLS FOR il

miLiationd il SkS
CHL CAGIY 1AT10m PLARE
MUIOLLANS . B

L1 - o}
] [l

f
e
s
E-
H:
£

|

-]

w —— mnmm - ——— - -
2 Fiow |08} 8276 [EE-571-00 | A
‘! il d na mw

" OO T I TELY




self-equalize before being "rough' neutralized and ‘conveyed to the
equalization and holding tank. Coal and ash pile runoff are
collected and pumped at a controlled rate to the equalization and
holding taunk. An in-line mixer and pH wmonitor are provided in the
pump discharge line. A pH controller adjusts the feed of lime
slurry to neutralize the runoff to a minimum pH of 6.0, before it
enters the equalization and holding tamk. Rainfall in excess of the

once~in-ten-year, 24~hour storm overflows directly to the outfall.

Wastewaters collected in the egqualization and holding tank are mixed
and pumped at & flow-controlled rate to the meutralization tank. A
pH control system feeds either lime slurry or sulfuric acid
solution, & required, to adjust the pH within 8.0 to 9.0 range.
Neutralization tank overflow enters the oxidation/flocculation tank
where polymer is added to the wastewater to aid in floe formation
and air supplied to oxidize any iron. Overflow from the
oxidation/flocculation tank enters a Lamella Lype gravity settler
where suspended solids are separated from the wastewater. Settler
overflow enters the gravity polishing filters and is then directed
to the effluent flow and sampling chamber, prior to discharge to the
Delaware River.

The settler sludge is periodically blown down to the sludge
thickener where it combines with the river water clarifier sludge.
Thickened sludge is pumped to the dewatering filter. The sludge
cake is disposed of with the gasifier slag/ash in an approved
landfill.

Cooling tower blowdown is generally acceptable for discharge without
treatment due to the high degree of treatment provided for tower
makeup water. In the final design phase, cooling tower blowdown may
be used for gasifier quench or coal dust suppression, thereby

eliminating the need for a direct blowdown discharge.
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