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"LEGAL NOTICE*

"This ceport was prepared by Foster Wheeler Energy
Corporation as an account of work sponsored by the Tennessee
Valley Authoeity [TVA). WNeither TVA, Foster Wheeler Enezgy
Corperation, nor any perscn acting on their behalf: (a)
makes any warranty, express or implied, with respect to the
agecuragy, completeness, or usefulness of the information
contained in this report, or that the use of any informa-—
tion, apparatus, method, or process disclosed in this repor:
may not infringe privately owned cights: or (b) assumes any
liabilities with respect to the use of, or for damages re=
sulting from the use of, any information, apparatus, method,
or process disclosed in this report.”
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Licensor Notice
"This report contains informaticn provided by Gesellschaft fur
’ Kohle~Technologie mbh, (GKT). GKT licenses the gasifier technology
and does not consider the publication of the information contained
herein as a walver of its licensing rights nor should it be

inferred that the information is sufficient to design and build a

gasifier."
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SECTION 1.0

INTRODUCTION
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TVA Coal Gasification
Roppers-Totzek Gasifier

Introducticn

This volume presents a technical description of a coal gasification plant,
based on Koppers~Totzek gasifiers producing a medium BTU £fuel gas preduct.
Foster wheeler carried out a conceptual design and cost estimate of a
nominal 20,000 TPSD plant based on TVA design criteria and information
suppiied by Krupp-Koppers concerning the Koppers~Totzek coal gagification
process. Technical description of the design is given in this volume.
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SECTION 2,0

PROCESS SELECTION
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2.1 bDiscussion of Choice of Processing Sequence

i

Selection of the processing sedquence for the coal gasification plant is
determined largely by the characteristics of the Koppers-Totzek (K-T)
process and the results of the several specigic studies carried out in
Task 1 (Volume 2) including:

(=
. acid gas removal B
- oxygen purity

« coal washing
. sulfur recovery -

The K-T process is an atmospheric pressure entrained flow oxygen biown coal
gasifier operating at high temperatures - about 3000°F. Pulverized coal

is blown into an opposed burner gasifier together with oxygen and steam.
Coal is gasified rapidly at the high temperature existing in the gasifier

to form a gas rich in hydrogen and carbon monoxide. Hot gas is cooled in

& waste heat boiler and scrubbed with water to remove fly ash. 0il and tar
are absent from the raw gas because of the high temperature of gasification.
As a result, further processing of the gas consists essentially of compres-
sion and removal of gulfur ccapounds.

Studies carried out in Task 1 included consideration of acid gas removal

processes, oxygen purity, coal washing, and sulfur recovery. As described,

in volume 2, consideration of the characteristics of the raw K-T gas,

the requirement of delivering the fuel gas product at elevated pressurs

and the parameters of various acid gas removal procegses led to a selection

of the Selexol process to remove sulfur compounds from the gas. The gquestion

of oxygen purity was studied and it was concluded that 98% oxygen was the

preferred purity, Washing of the coal feed prior to gasification to

lower ash content ‘did not appear to be cconomically justified and re-

sulted in production of a waste stream containing appreciable coal content

which would require disposal. Consequently, unwashed coal was used for

A - gasification and as fuel for boilers. Recovery of sulfur as e¥imental

sulfur or as sulfuric acid was considersd. It was concluded that the -

prospects for marketing elemental sulfur were better than for sulfuric

acid and this form of sulfur was selected even though acid production

appeared to be less costly. TVA decided that elemental sulfur should

be produced as prills rather than as molten sulfur.

i*orm No. 13U-1/1
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Pulverized coal ls conveyrd pneumatically to K-T gasifiers
where it is mixed with oxygen and steam and injected into the ,
gasifiers operating at essentially atimospheric pressure. GgSifi-
cation of coal occurs rapidly at temperatures of about 3000°F.
Gas from the gasification zone Flows through a vertical waste
heat boiler where high pressure saturated steam is produced and then
through a cooler/washer where the gas is cooled to ambient tempera-
tures and coal ash dust is removed from the gas., Approximately 753
of the coal ash is carried overhead with the gas while approximately
25% of the coal ash is removed Erom the hottom of the gasifier as
slag. The cooled gas flows through a disintegrator to remove addit-
ional dust and then to blower which delivers gas to the next process-
ing section at a  pressure of about 0.5 psig.

Section 400 Acid Gas Removal

The first part of the Acid Gas Removal section consists of gas
compression. Raw gas first flows through electrostatic precipitators
to remove ash dust sufficiently to permit compression of the gas. Gas
is then compressed from atmospheric pressure to about 25 psia and
passed through catalytic reactocs which conver: traces of nitrogen ox-
ides and oxygen to nitrocgen and water vapor. This treatment avoids
the formation of elemental sulfur in compressors and acid gas removal
systems. Koppers Totzek gasification plants have previcusly experi-
enced difficulty in blockage of compressors and scrubbing towers by
traces of elemental sulfur apparently Formed by reaction of hydrogen
sulfide and traces of oxygen, catalyzed by traces of nitrogen oxides.
Catalytic conversion of nitrogen oxides in raw gas is provided to
avoid these difficulties.

The gas is then compressed to a pressure of about 300 psig and
passed through hydrolysis reactors to effect conversion of carbonyl
sulfide to hydrogen sulfide. Compression to a pressure of about 300
psia prior to hydrolysis and acid gas removal was selected as the
preferred balamee between removing acid gases at low pressure and com=
pressing clean gas to 600 psig delivery pressure and compressing raw
gas to the final pressure of 600 psig and then removing acid gas.
Hydrolysis was included because removal of carbonyl sulfide from raw
gas without excessive removal of carbon dioxide is significantly more
difficult than removal ¢f hydrogen sulfide. '

Acid gas, principally hydrogen sulfide, is removed Erom the
hydrolyzed gas in a Selexol serubbing process unit. This process
uses a high boiling oxygenated compound to selectively absorbk hydrogen
sulfide E£rom the gas together with an equal amount of carbon dioxide. .
Treated gas, containing about 200 ppmv of sulfur, flaows ko the Treated
Gas Compression section. Drying of the gas is not required since suf-
ficient water is removed from the gas in the Selexol unit to meet the
moisture specification of 7 1b/MNMSCE. C
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Séﬁﬁion 500 __Treated Gag Compression
)

Purified gas Erom the Selexol unit is compressed to a pressure

6ﬁ about 600 psig. The gas is then cooled and delivered to the battery .
limits of the plant.

Seetion 600 Sulfux Recovery

In accordance with the Task I'recommendations, sulfur compounds
in the acid gas stream are converted to elemental sulfur using a Claus
process unit followed by a Beavon tail gas treating unit. The hydrogen
sulfide concentration in the acid gas stream Erom the Selexol unit is
about 50%. Accordingly, a conventional Claus plant without supplemental
‘fuel is used to obtain about 95% conversion to elemental sulfur.,

In order to limit sulfur emissions from the Sulfur Recovery
Section, the Beavon Sulfur Removal process is used to treat the tail
gas. Overall sulfur recovery £3 increased to about 99.9% which meets
sulBir recovery unit emission standards of 200 PPM or less of sulfur
compounds in treated tail gas, :

Molten elemental sulfur produced in the Claus and Beavon units
is eonverted to solid prills IR a Chemsource sulfur prilling process.
In this operation, molten sulfur is sprayed into a circulating stream
of water. BSolid prills of uniform size are produced and then sepa-
‘Tated from the water stream, Dewatered prills are sent to storage for
aventual shipment Erom the site.

gction 700 Sour Water Stripping

Water condensed during compression of raw gas from K-T gasifiers
.is contaminated with small amounts of hydrogen sulfide, ammonia,

hydrogen cyanide, thiocyanates, sulfites and chlorides. The first step
in treatment of this water is carried oyt in the sour water stripping
section. The sour water -is stripped of acid components in a sour

water stripping tower. Acid gases flow to the Claus plant in the Sulfur
Recovery Section., Stripped water is used as cooling tower makeup.

Section 800  Ash and Slag Handling

In the K~1 gasifier, approximately 75% of the coal ash is
entrained with the raw gas and flows through the gasifier waste heat
boiler to the washer/cooler. Mest of the entrained ash is separated
Erom the gas in the washer and Elows ko the Ash and Slag Handling

. Section., The remainder of the coal ash flows as liguid from the bot-
tom of the gasification zone to a water bath located at the bottom of
the gasifier. The bottom ash is removed From the water bath as a
aranulated slag containing about 63 water. .
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Slurcy from the cooler washers in the Gasification Section
flows to a gravity settler where a thickened sludge of about 15-20
"percent solids content is obtained. Sludge from the settler flows
to a belk filter press where a filter cake containing about 50%
solids is produced. The filter cake and the bottom slag from the

gasifier are transported by conveyor to the Long Term Solid Waste
Storage Area.

Section 1200 Utility Area
The Utility Area includes:

© Raw water starage and treatment

0 Potable water treaktmenc
o BfW and condensate treatment
o Steam generation

o Plant and instrument air and inert gas

Raw water is taken Erom the river and filtered and softened.
This water is used for coocling tower makeup and for process water
makeup as well as for feed for boiler Eeed water Lreatment. A por-

tion of the softened water is further treated by chlorination to
provide potable water.

Softened water is treated by ion exchange to provide water of
satisfactory quality for use as boiler feed water in high pressure
steam systems. Recovered condensate is treated in an ion exchange
system to "polish" the water reused in steam generation.

Steam for the plant based on K-T gasifiers will be generated
in Foster Wheeler coal fired fluidized bed boilers, These boilers
superheat the saturated steam made in the X-T gasifier waste heat
boilers as well as generate superheated steam from boiler feed water.
Emissions of sulfur dioxide is controlled in Foster Whealer f£luidized

bed boilers by the addition of limestone which captures sulfur dioxide

made during combustion. Spent limestone is sent to Long Term Solid
Waste storage.

Plant and-instrument air systems are based on the use of nitro-
gen produced as byproduct in the air separation section. .

Section 1300  Copling Water System

Cooling waker used in process heat exchangers and exhaust steam
condensing systems is cooled in mechaniecal draft cooling towers.’

Blowdown from the cooling tower is treated for recovery of chromates'
and then sent to Waste Water Treatment,
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8ection 1400 Flare and Ineinerator

i Flares are provided to handie startup and emergency disposal
of gas. An incinerator is provided to handle disposal of aay
combustible wastes or gas which cannot be flared.

Section 1500 Wastewater Treatment
_—h_-—‘-.—-_._.._

Wastewater ccllected in the plant based on K-T gasifiers is
comprised of cooling tower blowdown, water treatment and steam
generation blowdowns, and sanitary treatment efEluent. In addition,
water runoff from ccal storage piles and long term solid waste stoc-
age piles and long term solid waste storage piles and long term
solid waste storage is added to the waste water.

The treatment system provided Eor wastewater includes API
separator, air floatation, surye basin and activated sludge biologi-
cal oxidation systems and final holding ponds, Water from these
final ponds is discharged to the river.

ection 2000 General Facilities

General facilities for the coal gasification plant include:
\

Long term solid waste storage

By products and chemicals storage

Power, lighting, and communicationsg

Reads and fences ’

FPirewater system

Sewage plant

Interconnecting piping

Storage of solid wastes accumulated over a 20 year period is
provided. The major byproduct storage for the plant other than waste

solids is elemental sylfur prills. Chemicals storage include water
chemicals, solvents and limestone,

.

Section 2100 Buiidings

Bulldings are provided as required in TVA's Design Criteria,
Section 1, Paragraph 1.3.

‘Section 2200  pock Facilities

_ Dock facilities are provided to receive and handle barges
delivering emal and barges handling sulfur shipments,
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2.2;General Description of Flow

Section 100 _coal Receipt and Handling

Coal is delivered by barge to the plant as essentially 3"X0
material. Coal is unloaded from the barges, broken to remove oversize
pieces, and transferred to live storage or dead storage as required,
Provision is made for receipt of about 53 of the coal by truck,
buring normal operation of the plant, coal is reclaimed from live stor-
age ind delivered to the gasification section.,

Section 200  Air Separation Plant

Oxygen réquired for gasification in the K-T gasifier is pro-
duced as 98 volumel oxygen from an air separation plant. The K-T
gasification process requires approximately 4400 TPD of oxygen to
gasify 5000 TPD of Rentucky 49 coal per module.

Pr}ncipal components of the air separation plant are:
o Air compressicn to a pressure of 8§ psig

o Low temperature air fractionation

© Oxygen compression to aﬁaut 7 psig for K-T gasifiers

Liquid oxygen storage (24 hours consumption in one module) and
high pressure gaseous oxygen storage (13 minutes consumption in one
module) are provided as back-up supply of oxygen during outage of the
air separation plants. In addiktion, atmospheric preasure oxygen gas
holders (350,000 SCF each) are provided as required by the K-T
gasification process.

The air separation plant produces nitrogen for use as a convey-—
ing medium for pulverized coal and as inert gas fer blanketing and in-
strument service. Liquid nitrogen storage of 250 tons is provided as
back-up nitrogen supply. In addition, atmospheric pressure nitrogen
gas holders are provided as required by the K-T gasification process.

ection 300 Coal Gasification

The K-T progess for gasification of coal requires pulverized
coal dried to essentailly zero surface moisture content. The coal
pulverization area consists of surge hoppers, gravimetrie feeders,
Foster Wheeler MB mills, pulverized coal storage hoppers eguipped
with bag filters, and hot flue gas blowers. The Foster Wheeler MB
mills are vertical ring and roller mikls. Hot Flue gas from Foster
Wheeler fluidized bed boilers sweep pulverized coal through the mills
and classifiers and transfer coal to storage hoppers. Sensible heat
of the Flur 1as is used to dry the coal to low moisture content which
is required to obtain proper flow characteristics of coal in bins and
feeders. '
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2.3 NOMINAL PLANT CAPACITIES
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2.3

Nominal Plant Capacities

Nominal capacities of the processing sections of the plant are as

follows:

Section
100
200
300
400
500
600

700

ao0

Deseription
Coal Handling

Air Separation

Coal Gasification

Acid Gas Removal
Treated Gas Compression

Sulfur Recovery
Sour Water Stripéing

Ash/Slag Handling

Nominal Design Capacity

5100
17,624
22,116

1280

1140

740

1120

4900

TPH Coal

TPh 02

TPD Coal (as received)
MMSCFD Raw Gas

MMSCFP Clean Gas

LTPD Sulfur
GFM Sour Water

TPD D.B. Ash/Slag
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2.4 Bleock Flow Diagram
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SECTION 3,0

BASELINE DESIGN
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TVA Coal Gasification Study

Koppers - Totzek

3.1,

A'

SECTION DESCRIPTION

SECTION 100-COAL PREPARATION '

Reference Material:

* Process Flowsheet FWEC Dwg. No. 54098-~32-1-50-1

. Elevation Drawing FWEC Dwg. Wo. 54099-32-1-01-1
* Equipment List .

RDescription of Flow

The unit is designed to receive, store, prepare and transport ¢oal
to the c¢oal gasification units,

R LN

Sized coal 3" x 0" (B" maximum) will be delivered to the site vxa
1508 ton barges. Each barge will be unloaded using a 5300 TPH free dig-
ging barge unloader (32-UD101). The barge unloader will feed belt con- o
veyor 32-CR102 which will convey the coal to a 500 ton surge bin' (32-TK10l).
Prior to entering the surge bin, tramp iron will be removed by magnetic
geparator 32-8101. Vibrating feeders 32-FD10l and 32-FD102 located under

_the surge bin will feed belt conveyors 32-CR103 and 32-CR104 conveying

the material to sampling stations 32-SS101 and 32-85192. Prior to enter-
ing the sampiing stations an inventory cof the material will be made by
belt weigh scales 32-WS10l and 32-WSl02.

an alte:nate-feed arrangement will be provided using dump trucks.
Trucks delivering coal to the site will be weighed, for inventory, using
truck scale 32-WS103 located at the unloading site. The trucks will dump
the material into a 25 ton receiving hopper 32-TK102., The material will
then be removed £rom the hopper using vibrating feeder 32-FD103 and will
be conveyed to the sampling tower. Prior to sampling, tramp iron will
he removsd using magnetic separator 32-5102.

After sampling, the material will be fed to 4 coal breakers {32-SR1Gl
thru 32-5R104) where the cozl will be reduced to 1-1/4" x g lumps and
then fed to 2 collecting conveyors (32-CR108 and 32-CR103) transporting
the coal ta a transfer tower. Refuse material discharged by the coal
breakexs will be collested by refuse coaveyors 32-CRLG6 and 32-CR107 which
will convey the refuse out of the breaker tower and discharge to grade. '

At the transfer tower the material will either be directed to four .
14,500 ton storage silos (32-TK103 thru 32-TK106) or to the load out area.
Coal discharged to the silos will be weighed for silo inventory by, belt
gcale ‘32-WS105 and then conveyed by helt conveyor 32-CR11l to a cascaded
conveyor system 32-CR112, 32-~CRL13 and 32-CR114 on top of the szlos.;?
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Coal will then be removed from the silos using either 3 or 4 L.
beélt feeders per, silo (32-FDLl04A~G thru 32=-FD107A-G). They will be
fesding .helt conveyor 32-CR115 discharging the material to the pul-~
verizer storage bunker feed conveyors 22-CR117A/B. Prior to this
the materjal will be weighed on belt scale 32-WS106 and tramp iron
'Q?ill be removed by magnetic separator 32-5104.

]
Coal directed to the load ocut area will be weighed for dead
storage inventory on belt scale 32-WS104 and then be conveyed on

belt conveyor 32-CR110 to a load out dump where scrapers will kbuild
"the 90 day dead storage pile.

In the event that coal from dead storage is used it will be drawn
from 2 reclaim hoppers (32-TK107 and 32-TK108) located at the dead
storage site. Vibrating pan feeders 32-FD108 and 32-FDL09 located un—
der the hoppers will each feed reclaim collecting conveyor 32-CR1LE
which conveys the material to the pulverizer storage bunkexr feed con-
veyors 32-CR117A4/B. Prior to this the material will be weighed on belt
scale 32-WS107 and tramp iron will be removed by magnetic separateor
32-5103.

The pulverizer storage bunker feed conveyors will feed the material
to the pulverizer bunker £ill-conveyors 32-CRL18A/B which will f£ill four
1430 ton storage bunkers (32-1TK109 thru 32-TK112 each having a 4 hour
storage capacity) or to the steam generator bunker £ill conveyors
32-CR119A/B which conveys the material to steam generation, Section 1200.

The material from the pulverizer storage bunkers will be removed
from the bunkers on a weight contrxolled basis by using 10 weigh belt
feeders (32-1-FD1l0A-J thru 32--4-FD 1132-J) per module. The material
will then be led to the pulverizer feed, section 300.

All eguipment from the pulverizer storage bunker feed conveyors

to the storage bunkers are provided with one opexating and one spare
train.

Limestone

Limestone will be delivered to the plant site by barge, then loaded
into trucks. The trucks will be equipped with pneumatic unloadets for
unloading into the 3400 ton limestone storage silo. Limestone will he
removed from the sile using vibrating bin bottom 32-Bv101 and will be
fed into a pneumatic transpor® line by 2 rotary feeders 32-FDl1l4a/B,
leading the material to the steam generator limestone storage bunkers.
The pneumatic transport line will be equipped with silencers before and
after pneumatic transport blowers 32-B101A/B for noise suppression.

r— s
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TIVA Coal Gasification Study

Barge Unloading System

A power winch system for barge pulling has been cCntemplated
and included in Item UD-1l0l, of the equipment list for Section 100,
Coal Preparation. The barge puller is designed to move a line of

coal laden barges, already moved, and eventually, a single barge only
during the actual coal unloading operation of that barge. :

Considering the scale of the Key Plot Pian, 1 in. = 400 £t.,
the barge puller is not shown. It does not appear on the Process
Flow Diagrams of Section 100, either, as it is. an ancillary device
which does not serve to clarify the movement and treatment of the
product, coal, the principal purpose of the Process Flow Diagrams.

The ¢cost of the barge puller is included as part of the hardware
costs of equipment Item UD-101, for each of the coal gasification
Plants.

The foregoing comments apply as well to the barge cleanout
system which consists of a small front end loader and a single
bucket crane which loads the residual coal into a barge dedicated to
the plant site for cleanout service. When it becomes full, the

dedicated barge is moved into the unloading line and is then re-
Placed by another of the empty barges.

Movement of. single barges, other than those operated by the
power winch, is effected by means of a 750 hp switch boat for
which pricing provisions have been made in our estimate of plant
cogts,
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FOSTER WHEELER ENERGY CORPORATION :

3.2

A‘

SECTION DESCRIPTION

SECTION 200 — AIR SEPARATION

Reference Material

+ Process Flowsheet FHEC Dwg. No. 54099-32-1-50-2

B, Description of Flow

Section 200 of the Coal Gasificaticn plant inctudes two air
separation units each rated at 2313 tons per day of 98% oxygen. This
capacity is about 5% higher than the normal oxygen consumption of the
K-T gasifiers and is provided to account for the expected variability
in coal in accordance with Foster Wheeler's supplemental design criteria,

although the final design of the air separation unit has not been
made in the conceptval design, a typical plant includes the process steps
of air compression to about 85 psig, water and C0, removal, air ceooling,
gas expansion to produce refrigeration, separation of air by distillation,
product heating by heat exchange with incoming air, and compression of
air to the redquired pressure. A simplified flow diagram for an air

separation plant using reversing heat exchangers is shown in Drawing
54099-32-1-50-2.

Air is compressed and the heat of compression is removed in a water
wash which also removes a part of the moisture and carbon dioxide con-
tained in the incoming air, The compressed air then flows through
reversing heat exchangers where it is cooled against product streams.
Residual amounts of carbon dioxide and water freeze out in the exchangers,
These deposits are periodically removed by a reverse flow of nitrogen
which results in an impure nitrogen stream. Cold air flows to the dis~
tillation column where it is separated into oxygen and nitrogen components.

A part of the separated nitrogen vapor is used to remove depozsits
from the reversing heat exchangers. The remainder is expanded to pro=-
duce low temperature refrigeration and then used to cool incoming air.
Separated oxygen f£rom the colnmn exchanges heat with incoming air and
flows to the oxygen compressor. Since the K-T gasifiers operate at
essentially atmospheric pressure, oxygen is compressed only to about 7
paig.

In addition to the air separation units, Section 200 contains - the
following systems: )
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a)

b)

)

q)

e}

H 4

. liquid oxygen storage, eguivalent to 24 hours consumption of
??ggygen for one module in the gasification plant,

gigh pPrtessure gaseouns oxygen storage eguivalent

to 15 n}inutes consunption of oxygen for the one module.
" The system is provided so0 that a rapid supply of oxygen is

available in the event of air neparation unit upset until the

liquid oxygen storage system can be brought into opecation.

liquid nitrogen storage having a capacity of 250 tons. This
system is provided as a limited backup supply of nitrogen for
coal conveying, inerting, etc.

gaseous oxygen gas holder which provides a means of leveling out
fluctuations in oxygen purity which may occur during periodic
switching or reversing heat exchangers.

gaseous nitrogen gas holder which provides additional backup supply
of nitrogen for coal conveying and inerting.

Compressed oxygen flows to the gasification area of Section 300.

A part of the nitrogen product is used for coal conveying and inerting;
.the remainder is vented to the atmosphere. any water condensed out
“in the air separation units is sent to the water treatment system in
Section 1200,
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FosTER WHEELER ENERGY CORPORATION @]

'i‘VA_ Coal Gasification Study
Koppers-Totzek Gasifier

SECTION DESCRIPTION

3.3 SECTION 300 - GASIFICATION SYSTEM

A. Reference Material . FWEC Dwg. No. 54099-~32-1-50-3
54099-32-1-50-4

« Process Flowhseet
. Major Stream Flows
« Equipment List

B. Description of Flow

Section 300 of the coal gasification plant consists of two major

areas, coal pulverization/drying and coal gasification. Each of
these areas is described below.

Coal Pulverization/Drying Area

A flow diagram for this area of Section 300 is shown in Drawing
54099-32~1-50=-3. Crushed coal is conveyed f£rom Sectiorn 100 - Coal
Handling to the hoppers of the coal pulverizers. For the purposes of
this conceptual design, Foster Wheeler MB mills were selected for this
service.

The raw coal is fed through the center of the pulverizer and is
centrifugally force fed radially outward between rollers and grinding
segments where it is pulverized. Pulverize@ coal travels outward from
the grinding segments where it is entrained by a stream of high velocity
hot flue gas directed wpward through the airport ring. The coal is en-
trained and drjed by the flue gas andcarried to the classifier section.
Coal which has not been pulverized to proper fineness in the grinding
section is redeposited on the grinding table for further pulverization.
The coal which remains suspended in the flue gas stream is carried to
the pulverizer discharge section and then to the pulverized coal hopper.
The flue gas passes through a bag filter system to remove residual coal
particles before the gas is released to the atmosphere.

Coal Gasification Area

A flow diagram for this area of Section 300 is shown in Drawiﬁg
54099-32~-1-50-4. -Koppers-Totzek oxygen-blown, entrained flow gasifiers
are used to gasify cozl at elevated temperatures to produce raw fuel
gas.

Pulverized coal (approximately 90% through 200 mesh) is conveyed.
from hoppers in the’ coal pulverization/drying area to the bunker system ..
of the X-T gasifiers. Coal is withdrawn from the bunkers by means of -
screw conveyers and fed to each gasifier mixed with the necessary oxygen




FOSTER WEEELER ENERGY CORPORATION - .

TVA Coal Gasificaticn Study

Kopperg~Totzek Gagifier

4 UEEI AYUL AJUSL T )

, agﬁ_steam. In this design, four—head gasifiers are used, each

burner lacated in opposing position around the periphery of each gasifier.
A high temperature (about 3000 F) zone is maintaihed in the R-T gasi-

fier and the injected coal undergoes preheating, gasification, and par-
tial combustion within a time of about one second. The gas formed
consists primarily of carbon monozide, hydrogen, and carbon dioxide.
Formation of methane is very limited because of the high temperature
gasification. WNo 0il,'tar, or other low temperature pyrolysis product

is formed since these materials are completelyreacted in the high tempera-
ture zone cc the gasifier.

Hot gas from the gasifier is tempered with water guench and flows
through a waste heat boiler positioned immediately above the gasifier.
The sens3ible heat of the hot gas is recovered as saturated steam. In
this design, saturated steam at a pressure of 950 psig is generated in
the waste heat boiler. Low pressure steam (42 psia) is generated in
coeling jackets arcund the gasifier.

Approximately 25% of the ash contained in the coal leaves the bottom
of the gasifier as a molten slag., The slag is solidified in a water
quench chamber located immediately below the gasfifier and is removed as
a frit containing about 6% watei: by a conveyor. The remainder of the
ash is carried with the gas into the waste heat boiler. This fly ash
either settles into the bottom of the waste heat boiler where it is re-
moved as a dilute water slurry or is carried over to the cooler/washer
tower,

Gas from the waste heat boiler carrying entrained £ly ash is washed
and cooled with a circulating stream of water. Most of the fly ash is
separated from the gas in the washer and is removed as a dilute water
slurry. Additional fly ash is removed in a disintecrator/separator
Slurry from this unit is combined with slurry from the cooler/washer
tower., The scrubbed gas then flows to a blower which provides sufficient’
head to transfer the gas to Section 4010, Acid Gas Removal. Flyash-water
slurty is pumped to Section B0O, Ash/Slag Handling.

The flowsheet shown in Prawing 54099-32-1-50-4 depicts one KT
gasification train. There are 10 identical trains in this design for
each module, 8 trains specified by Krupp-Koppers as required for the
normal capacity and two spare trains. Foster Wheeler's analysis in-
dicated that at least twe spare gasification trains are required to
achieve TVA's requirement of 90% on stream factor for each module of the
4 module gasification plant .

LanalN
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Major Streoam Flows

2 listing of the major input and autput f£lows of the gasi-
fication area is gilven in the attached table of major streams. The
flowrates given are for one of the total 4 module gagsification plant.

Equipment List

A summary of eguipment for the gasification area as provided by
Krupp~Koppers is given in the following Rquipment List. Tha number of
each equipment item required for one module is shown.,
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TVA COAL GASIFICATION DEMONSTRATION PLANT

PLRRT BASED ON KOPPER-TOTZEK GASIFIERS

MAJOR STREAM FLOWS
SECTION 300-GASIFICATION

ONE MODULE

DESCRIPTTON
Crushed Coal

Hot Flue Gas
Cenveving Nitrogen
Oxygen

Wash Water

¥lue .Gas To Atmosphere

Ash-Water Slurry

Slag

FLOW, LB/HR
460,750

469,750
57,000
367,170

3,257,145

464,060

3,218,430

21,130
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TVA Coal Gasification Study
Kopperg-Totzek Gasgifier
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A-

SECTION DESCRIPTION

e

SECTION 400 ~ ACID GAS REMOVAL

Reference Material - FWEC' Dwg. No. 54099-32-1—50-5
' 54099032*1—50-6

+ Praocess Flowsheet
« Major Stream Flouws
« Eguipment List

Description cof Flow

Section 400 of the conal gasification plant consists of two major
areas, raw gas compression and acld gas removal. Ezch of these areas
is described below.

Raw Gas Compression Area

The K-~T gasifiers operate at essentially atmospheric pressure.
As a result, it is necessary to compress the gas before or after acid
gas removal in order to deliver fuel gas product at a pressure of 600
psig as specified by TVA, Foster Wheeler analysis of pussible alternates

for ccmpression and acid gas removal indicated that two major considerations

are involved. The first consideration is the necessity of removing -trace
amourtts of nitrogen oxides which are present in the raw gas in order to
avoid operating difficulties during compression and acid gas removal.

Nitrogen oxides are formed in small amounts in the K-T gasifier
by reaction of nitrogen compounds {either molecular nitrogen present in
the oxygen supplied to the gasifier or nitrogen compounds resulting.from
coal gasification} and oxygen at the high temperahuresexxsting in the
gasifier. Patridge /1/ described difficulties experienced in the AECI
coal-based ammonia plant lorated near Johannesburg, Sonth Afriea arising
from deposition of elemental sulfur in compressors and in a Rectisol unit.
Elemental scvlfur was apparently formed by oxidation of hydrogen sulfide

by traces of oxygen in the gas, the reaction being catalyzed by traces
of nitric oxides.

The difficulty is eliminated by passing the raw gas through a
catalytic reactor where nitrogen oxides are reduced by hydrogen contained
in the gas to molecular nitrogen and water. Trace amounts of oxygen

1/

and Shift Conversion of Gas Produced from Coal," The. Chemical Englnee:
February 1980, page 88 - 91,

Partridge, L.J., "Production of ammonia Synthesis Gas by'Pur1£icatxon'
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may also be reacted inthis step. This catalytic treatment must be
accogu}'glished before any majer compression of the gas is carried out.

“The second consideration in the proceasing of raw gas is whether
the raw gas should be compressed to a pressure slightly higher than
600 psig anéd then cleaned of sulfur compounds or compressed to an
intermediate pressure, desulfurized, and then compressed to the final
dalivery pressure. The latter method, since it minimizes compression

of wet sour gas in relatively more expensive compressors, was selected
for this design.

Process Description

-&. flow diagram for the raw gas compregsion axea is shown in
Drawing 54099-32-1-50-5. Gas from the 8 operating gasification
trains in a module flows to an atmospheric pressure gasholder. This
holder provides surge capacity to even out minor fluctuations in raw
gas flow so that compressors are providing a constant flow of gas.

Gas from the holder is first compressed to a pressure of about 30 psia.
Heat of compression heats the gas to a temperature of about 310 F
which is sufficient for the "DENOX" reaction. The gas flows through
two parallel packed bed catalytic reactors where nitrogen oxides are
reacted with hydrogen producing nitrogen and water.

Reactor effluent is cooled and condensed water is separated.
The gas is then compressed to a pressure of about 330 psia and delivered
te the Acid Gas Removal Area of Section 300. Intercoolers are provided
in sufficient number to limit the gas temperature during compression
to a maximum of about 390°F. ~

The flow diagram wentioned above represents a single train of
equipment provided for each module of the 4 module plant. Available
information on compressor reliability indicates that a single train
of compressors (two compressors in series) per module are sufficient
to achieve the 90% on-stream factor for a module as required by TVA.
Gas flow in the first compressor is sufficient to justify an axial
compressor. The remaining compressor is centrifugal. The machines
are rated for 5% over noxmal material balance to allow for variation in
gas flow resulting from variation in coal properties.

Acid Gas Removal Area

A flow diagram for the Acid Gas Removal Area of Section 400 is shown
in Drawing 54099~32-1-50-6. In accordance with the assessment of acid ‘
gas removal processes made by Foster Wheeler the Selexol Process was used
to remove sulfur compounds from the K-T raw gas. Consideration was given,
however, to the problem of carbonyl sulfide removal. This compound is
difficult to suparate from the gas without extensive removal of carbon
dioxide at the same time. Since carbon dioxide removal is not required
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to meet product gas specification, it was decided to provide a con-
version step wherein carbonyl sulfide is hydrolyzed to hydrogen
sulfide. The Selexol process unit could -then be designed essentially
on the basis of hydrogen sulfide removal only. This would be of ine
creased importance if the product gas sulfur specification were de-
creased substantially below 200 ppmv.

Hot gas from the £inal raw gas compressors is mixed with steam
and then flows through fixed bed reactors containing activated alumina
hydrolysis catalyst. Carbonyl sulfide reacts with steam to Form hydro-
gen sulfide and carbon dioxide. For this design, a carbonyl sulfide
conversion of 95% was selected.

Effluent from the hydrolysis reactors is cooled first against
cooling water and then against cold clean gas from the Selexol absorber
tower. Gas is separated from condensed water and flowsto the base of the
Selexol tower. The gas is contacted countercurrently with Selexol sclvent
whith removes hydrogen sulfide and some carbon dioxide from the gas.

The Belexol Solvent Process, developed and marketed by Allied
Chemical Corporation, uses an oxygenated organic compound as solvent.
This material has a high solubility for hydrogen sulfide and lesser
solubility for carbon dioxide, Light gases such as hydrogen and carbon
monoxide have low solubility.

Rich solvent flows from the bottom of the absorber to a flash tank.
The flash gas is recompressed and recycled to the bottom of the absorber.
The flashed solvent is preheated against hot stripped solvent and flows
to the top of the stripper. Absorbed gases are stripped from the solvent
and sent to Section 600, Sulfur Recovery. Lean solvent is cooled first
by rich solvent and then by refrigerant, Cold lean solvent is intro-
duced into the top of the absorber. The Selexol unit is designed to

produce gas containing about 200 ppm total sulfur as required by TVA's
criteria.

Water vapor has a high solubility in Selexol solvent., As a result,
the clean gas is dehydrated sufficiently to meet TVA's water vapor speci=-
fication.




- Form No. 130-171

' FOSTER WHEECER ENERGY CORPORATION

TVA Coal Gasification Demonstration Plant Study

Plant Based on Koppers-Totzek Gasifier

. MAJOR_STREAM FLOWS

Section 400 - Ac.id das Removallf
Ccos Hydmiysis - F,éléx'o:l. A.rea
e . . One Maodule
Stream Number Description
52—404 Compressed Raw Gas
32-407 ) Clean Gas
32-463 - Process Condensate
32~408 Agid Gas

Flow Rate, Lbs/lr

706,625
662,650
114,475

42,735
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a.

B.

SECTION 500 - 'TREATED GAS COMPRESSION
Reference Material Dwg. No. 54099=32 »l=50=7

_ SECTION DESCRIPTION

. FErocess Flowsheet

« Major Stream Flows

Desription of Flow

A flow diagram for Section 500 of the plant is shown in Drawing
54099-32-50=1-7. Clean gas from Section 400 is compressed frocm a | '
pressure of about 300 psig to the final pregsure of 600 psig. A
centrifugal compressor driven by electric motor ia uwged For this service.
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TVA Coal Gasification Demonstration Plant Study
Plant Baaéd on Koppers-Totzek Gazifier
MAJOR STREAM FLOWS

Section 500 - Treated Gas Compression -

Cne Module
Streait Numbher . Description Flow Rate Lbs/Hr
32~-501 Clean Gas 662,650
32502 *  Compressed Clean Gas 662,650
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TVA Coal Gasification Study
Koppers-Totzek Gasifier

SECTION DESCRIPTION . .
3.6 SECTION 600 = SULFUR RECOVERY
A. Reference Material FWEC Dwg. No. 54089-32-1-50-8
54099-32-1-50-9
» Process Flowsheet 54099~32-1-50-10

- Major Stream Flows

B. Desgcription of Flow

aAcid gases frem the Selexol unit in Section 4006 and from the
Sour Water Stripper in Section 700 are processed in the Sulfur Recovery
Section. There are three major areas in this section - Claus unit,
Beavon Tail Gas Treatment unit, and Chemsource sulfur prilling unit.
These units are described below.

Claus Unit - *

A flow diagram of the Claus sulfur recc:a3ry unit is shown in
Drawing 54099-32~1-50-8. The unit consists of a combustion furmace
followed by three catalytic conversion stages. Acid gases from Sections
400 and 700 are combined and fed tc the furnace where a portion of the
contained hydrogen sulfide is burned with air to form sulfur dioxide.
Bydrogen sulfide and sulfur dioxide react according to the Claus reaction:

2 HpS + SO0 ¥°F 3S + HgO

Hot gases from the furnace flow through a waste heat beiler where steam

is generated. The gas is then further cooled to a temperature of 300 - 350°F
to condense elemental sulfur from the gas.

Acid gas recovered from raw gas produced from E-T coal gasifiers
contains a relatively high concentration of hydrogen sulfide - about 45
volume $. Combustion of this acid gas in the Claus unit furnace provides .
sufficient heat to raise the temperature of the combustion gases to a
temperature where the Claus reaction proceeds rapidly. As d result,
supplemental fuel for the Claus furnace is not required as is the case
for aéid gases containing low hydrogen sulfide concentration.
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'nhe Claus reaction described above is a reversible reaction and
the extent of reaction depends on the temperature and the conmentration
of reactants and products. Since the reaction to produce elemental
sulfur is not completed in.the Claus furnace, catalytic stages are pro~
vided to provide further conversion. Gas from the initial sulfur con-
denser is reheated to a temperature of about 500°F and passed through
a fixed bed reagtor containing Claus catalyst. Effluent from the reactor
ig cooled and additional elemental sulfur is condensed. The remaining

gas is reheated and reacted in the same manner in the second and third
catalytic stages.

Residual gas from the third catalytic stage flows to the Beavon
Tail Gas unit since the concentration of sulfur compounds in the tail
gas is too high to allow discharge of the gas directly to the atmoaphere.
Elemental sulfur from the condenser is collected in a sump and pumped
as a liquid to the Chemsource sulfur prilling unit.

Beavon T&il Gas Unit

A flow diagram of the Beavon unit fs shown in Prawing 54099=3Z=1=
50-9. Tail gas from the Claus upit is mixed with a reducing gas (product
fuel gas for TVA's coal gasification demonstration plant) and passed
through a hydrogenation reactor. Sulfur compounds in the tail gas other
than hydrogen sulfide - principally sulfur dioxide, but also carbonyl
sulfide and mercaptans - are converted virtually completely to hydrogen
sulfide. Effluent from the hydrogenation flow to a Stretford hydrocgen
sulfide conversion unit. :

The gas is scrubbed with an agueous solution containing sodium
carbonate; sodium vanadate, anthraguinone disulfonic acid, and a 2 small
amount of chelated iron compound. Hydrogen sulfide dissolves in the
solution and is oxidized by the vanadium compound to elemental sulfur
which disperses as solid particles in the solution,

The slurry of spent solution and sulfur particles flows to an oxidizer
vessel where air is blown through the solution to reoxidize vanadium com-
pounds. Sulfur particles are removed from the solution by froth flotation
and transferred to a filtering and melting system to produce liguid sul-

fur. The. material is sent to the molten sulfur tank in the Claus unit
area. :

Tail gas from the Stretford absorber is released to the atmosphere.
This gas contains less than 10 ppm hydrogen sulfide and less than 200 ppm
total sulfur compounds.
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Chemsource Sulfur Prilling Unit

A flow diagram of the Chemsource Sulfux Prill ing unit is shown
in Diagram 54099-32~1-50-10, Molten sulfur is pumped from.the Claus
plant sulfur storage tank to the sulfur storage pit in the prilling
area. The sulfur is filtered to remove any solid impurities and then

fed to the top of the prilling tower where it is distributed over a-
plate containing a number of nozzles,

Sulfur flows through the nozzles and falls through an air space
vhere surface tension causes the streams of sulfur to form spheres.
The spheres of molten sulfur fall into a pool of water where they are
solidified and cooled. The slurry of sulfur prills and water flows
from the bottom of the tower to a dewatering acreen located bhelow
the tower. The screen separates the bulk of the water from the p:zlls.f
Prills containing 3 - 4% water flow to a rotary screen where the water
content of the solids are reduced to less than 2%.

Water from the dewatering screen and rotary screen flows to a two-
compartment hotwell. The first compartment allows sulfur fines to
settle out which are pumped back to the screens. The water ovarflows
into a second compartment from which it is punped to a coonling tower.
Temperature of the water is controlled by operation of the cooling tower
air fan. Cold water is returned to the prill tower.

Sulfur prills fron the ‘notary screen are transferred to si:o::age.
The prills are haré surfaced spherical particles having an average szze
of about 1/8" diameter. Bulk density of the prills is about 73 1b/st3.
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' FOSTER WHEELER ENERGY CORPORATION \ - w

TVA Coal Gasification Commercial Demonstration Flant Study
' Plant Based on Koppers-Totzek Gasifiers
MAJOR STREAM FLOWS

Section 600 - Sulfur Recovery

v

One Module
. Stream Number Deseription Flow Rate (lbs/hr.)
32-601 Acid Gas f£rom Selexsl Unit 42,735
32-602 Acid Gas from SWS 140
32-603 Process Air 36,555
32-604 Reducing Gas " 4,150
32~605 Beavon Unit Tail Gas 62,415
32-606 Oxidizer Tank Vent Gas - 4,075
a2~-607 cooling"rower Vapor 1,250
32-608 Prilled Sulfur Product 16,990
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FOSTER WHEELER ENERGY CORPORATION —

TVA Coal Gasification Study
Koppers—-Totzek Gasifier

SECTION DESCRIPTION

3.7 SECTION 700 -~ SOUR WATER STRIFPING
A. Referencg Material FWEC Dwg. No. 54099-32-1-50-11

« Process Flowsheet

. Major Stream Flows

B. Description of Flow

Water condensed from raw gas during raw gas compression in Section
400 contaminated with acid gases such as hydrogen sulfide and carbon
dioxide as well as ktraces of ammonia. The sour water is stripped with
steam to remove volatile impurities prior te further treatment and reuse
of the water.

A flow diagram of the Sour Water Stripping Section of the plant is
shown in Drawing 54099 -32-1-50-10. Sour water from Section 400 is
preheated by heat exchange with stripping column bottems and then charged
to the top of the stripping column. The water Flows downward through the
column countercurrent to rising steam generated in the column reboiler. .
Low pressure (65 psia) steam is supplied to the reboiler at a rate of
about 2.5 lb steam/gallon sour water to insure thorough stripping of
the water.

Vvapors from the top of the stripping column are cooled tc condense
steam. Acid gases flow to Section 600 - Sulfur Recovery. <Condensed
water is returned to the stripper column feed stream.
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TVA Coal Gasification Commercial Demonstration Plant Study
’ Plant Based on Koppers-Totzek Gasifiers
MAJOR STREAM FLOWS
Section 700 - Sour Water stripping

Oone Module
Stream Number Description Flow Rate {1bs./hr.)
32~761 Process Condensate 114,475
32-702 acid Gas 140
32-703 Stripped Water 114,335
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™A Coal Gasification sl:udy
Koppers - Totzek

A,

B.

3.8

SECTICN DESCRIPTION

SECTICN B800-SLAG EANDLING

Reference Material:

~ Process Flowsheet ' FWEC Dwg. No. 54@&9-33u€'u§4125 B

54099-32-31-50-13
* Equipment List

Degcription of Fiow
Slag

Slag discharged from dragchains will be collected by 8 collect-
ing conveyors (32-CR801A-R) which will discharge the material to.con=
veyor 32-CR802 transporting the material to the slag load out area.
At the load ocut area there will be a 56 hour surge pile. Slag will
be removed from the surge pile and brought to the slag pile via scrapers.

Spent Bed

Spent Bed from the spent bed coolers in section 1208 are fed into
a pneumatic transport line by rotary feeders 32-FDB0lA-J. The material
is then blown up to the filter separator 32-F801 by pneumatic transport
blowers 32-B801A/B. The pneumatic transport line will be equipped with
silencers before apd after the pneumatic transport blowers 32-B8C1A/B
for noise suppresesion.

The filter separator will remove the forced air from the mater1a1
and discharge it into the atmosphere. The spent bed will then drop into
the spent bed storage silo 32-TK80l. The spent bed will = removed
from the silo and discharge into the spent bed/flyash load-out conveyor
{32~CR803) which will transport the material to a speat bed/flyash surde
pile to be later removed by scrapers. Should the spent bed/flyash loaa-

out conveyor fail the material will then be brought to the disposnl's:te
via trucks,

Flyash

Flyash from baghouses will be drawn 1nto filter sepa:atn: 32—?302 ,
by flyash centrifugal blower 32-BB02A/B. The air will be- discharged o the ’
atmosphere and the flyash w111 drop into the flyash storage silo 32—TKBBZ..
Flyash will be removed from the' -gilo by flyash mixer cond:txoner 32-M801 .
which will also blend the flyash with water to ‘create a uniform duast ftee
mixture for clean disposal. The flyash/water m;xtura will be bnought to piR
the disposal site by spent bed/flyash load-out conveyor 32-CRB0.3:. Should
the spent bed/flyash load-out .conveyor fa;l the mater:al w;ll be b:ought o
to the axsposal site v;a trucks. :




. BECTION KO.: . _800 __

FOSTER ‘WHEELER ENERGY CORPORATION SECTIOH HAME-KOPRERS-TQL2EE SLAG UANDLING v
m&_ CUSTOMER: _ TVA_ _ _ _ _ _ _ . REF. DWG.:_ _ 58099-32-1-50=13 __ _ __ _ PAGE ND.:— 1_ OF 1 _
vt/ LOCATION: __ _MURPHY HILL, ALABAMA __ __  (GONTRACT NO.:11-32-5409%Ey,: 0 _ __ __ _ DATE: .. .. 6/30/80 __
EQUIPMENT SUMMARY
: DESIGN * | DESIe *
ITEH DESCRIPTION DEFINITION TEMP. PRESS. Snﬂmm_.ﬂm.
(9F) (rsiG)
| _32-BBOIA/B | Pneumatic Transport Supply Blowers
_32-BB02h/B | Flyash Centrifugal Blower
32-CRBO1A | 813g Collecting Conveyor 25 _TEH
| _32-CRB01B Slag Collecting Conveyor 25 TpH
32-CRUGIC 2 yor 25 Py
{ _32-CRSQ1D o) vor 25 PPH
__32-CRA0IE ! Slzg C VOr 25 PPH
. 32-CRAQIF | Slag Collecting Conveyor 25 TPH
| .32=CRA0IG | Slag Collecting Convevor 25 TPY -—
| 32=CRB0AH | Blag Collecijnc Qonveyor 25 TPH
__32-CRB02 | 8lag Toadeant Convevar 200 TPy
|__32-CRB03 ! Spent Bed/Plyash Foad-out Conveyor 200 _TPH
32-F301 t Bed Fi1 — L
32=1802 I Flvagh Filter/Separator
.wu..m%mpw..q Rotary Feeders 10 TPH
32-M801 100 TPH
32-8.801____ | Bilenger
—32~TREQT " 1 spent_Bed mnnnmmu e 8ilc 410 Tons
I 32-7R802 | Flvagh Storage 8ilo B29Q_‘Tons

¥ SHELL/TUBE WESE APFLICASLE
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PROCESS FLOW DIAGRAM

TVA COAL GASIFICATION COMMERCIAL DEMO PLANT
, " PLANT BASED OM_K-T GASIFIERS

SECTION 8OO ASH /SLAG HANDLING

- - ASH DEWATERING AREA
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FOSTER WHEELER ENERGY CORPORATION
110 80, ORANGE AVE.. LIVINGSTON, N.J.
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FOSTER WHEELER ENERGY CORPORATION

3.9

A,

B.

SECTION DESCRIPTION

SECTION 1200 - UTILITY AREA Y
Reference Material

» Process Flowsheet Figure 32.1
Figure 32.2

Degecription of Flow

The utility area of the coal gamification plant includes raw
water treatment and storage, potahle water treatment, BFW and conw
densate treatment, and steam generation. These systems are dig-
cussed below,

Raw_Water Treatment and Storage

Raw water treatment systems provided for the plant include
the following:

raw water and firewater sto:aﬁe ~ 9.4 million gallons

goftener/clarifier (alum, lime, polyelectrolyte}

clarifier chemicals gtorage and feed system

clarifier sludge dewatering system

sand filters ’

demineralizer package . . {_5::

potable water package and chlorinator

BFW deaerating heaters plus chemicals injection package

condengate polishing package

filtered water storage

condensate storage

demineralized water storage

A diagra.. of the sequence of water treatment operations is
shown in Figure 32-1.

Steam Generation

K-T coal gasifiers produce a large quantity of high pressure
saturated steam in waste heat boilers used to cool the hot gases.
from the high temperature gasification zone. It is important to
utilize this steam efficiently since it represents a significant
fraction of the heat energy of the feed coal. The most important
application is for driving large compressors in the air separation
and raw gas compression sections of the plant.

-In order to provide driving power for the compressors, 1t is
necessary to superheat the saturated steam made in the, K—T gasif ier
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FosTER wHBBLEﬁ ENERGY CORPORATION ' ,

In adé&'(:ion, vaporization and superheating of some boller feed
water is required to achieve a practical situation where half
of the large compressors are steam turbine driven and half are
electric motor driven. The quantities involved for the total
4 module plant are as follows:

.. saturated steam from gasifiers 1,680,000 lb/hr
BFW vaporized and superheated 400,000 1b/hr

superheated steam made in boilers 2,080,000 1b/hr

Foster Wheeler selected fluidized bed boilers for this im-
pp::t:ahp: service for the following reasons:

1) high efficiency of steam production

2) high heat transfer rate from fluidized bed to steam
tubes

3) limestone added to Fluidized bed captures sulfur dioxide
formed during combustion

4) relatively low operating temperature resulting in reduc-
ed NDOx formation

. 5) less expensive that cofventional boilers equipped withwet
flue gas scrubbing systems

6) offered commercially by Foster Wheeler in capacities up
to 609,000 lb/hr of steam production

Five fluidized bed bojlers are provided, each capable of pro-
ducing 600,000 1b/hr of 920 psig, 920 °k steam. One boiler ser-
vices each module, the fifth boiler serves as z spare in the event
one of the bhollers is off-line. A schematic diagram of the fluid-
ized boiler is shown in Figure 32-2.
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FOSTER WHEELER ENERGY CORPORATION — W

SECTION DESCRIPTION

3.10 SECTION 1300 - COOLING WATER SYSTEM
A. Reference Material FWEC Dwg. No. 54099-32-4-50-14

B.

« Process Flowsheet

Description of FlLow

Cooling water circulated through heat  exchange equipment in
the various sections of the plant is cooled in a wet cooling tower,

A gchematic dlagram for the cooling water system is shown in Draw=
ing 54099=32-4-50-14, :

Major Stream Flows

Estimated flow of cooling water to the various sections of -~
the plant is ghown in the cooling tower system diagram. Total flow
for the 4 module plant is about 534,000 GPM, Capacity of the tower
system provided is 640,000 GPM. Blowdown from the tower is treated
in a chrome/zinc recovery package to remove and recycle the chemi-
cals,
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SECTION DESCRIPTION

3.11 SECTION 1400 - FLARE

Description of System

A flare system capable of handling 2125 MM BTU/hr is provided
for each of the 4 modules of the plant. Two or more flares could be

dedicated to a single module in the event additional flaring was
required from a given module.
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SECTION DESCRIPTION

3.12 SECTION 1500 = WASTE WATER TREATMENT
A. Reference Material FWEC Dwg. No. 540939-32-4-50-15

« Process Flowsheet

n\i‘
B. Description of Flow

A diagrawm showing the overall plant water usage, including
waste water treatment is shown in Drawing 54099=32~4-50-15, Raw
wvater is softened, clarified and filtered as described previocusly.
A part of the filtered water is used to supply cooling tower make-
up, gasification process water, sulfur prilling process water and
sanitary water. The remainder of the filtered water is demineral-
ized and deaerated for use in steam generation.

Stripped sour water, rain water and blowdown from steam con-
densate polishing are used as cooling tower makeup,

Blowdown from the cooling tower is treated for chrome/fzinc
recovery, used for seals and bearing cooling and then sent to
waste water treatment. A portion of the cooling tower blowdown
is used as make-~up water in the gasification, primarily as make-
up for the £ly ash dewatering system. Blowdown from raw water
treatment and steam generators are also sent teo waste water treat-
menta

The waste water treatment system selected for this plant in-
¢ludes API separator and air floatation to remove entrained oil,
and activated sludge biclogical oxidation to reduce COD, BOD, TOC,
etc. of the water which is then dispersed inta the river.

Blowdown from the raw gas cocler-washers in Section 300 leaves
the system with the fly ash as a 60% solids Eilter cake. This
material is placed in the ash/slag disposal area,

Major Strean Flows

Estimates of flow for the various water uses in the plant are
shown in the water usage diagram. The major f£lows can bhe summar-
ized as followst

GEM
Raw water intake 16,940
tooling tower evaporization 12,300
and drife

Cooling tower blowdown 2;7°h
Faw water and steam blowdowns 1,340

Effluent to river 1,300
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TVA Coal Gasifigation Study
Koppexs — Totzek

SECTION DESCRIETION

3.13 . Section 2000 - General Facilities

rThis section describes long-term ash storage, by-products and chemicals
storaqe, firewater system, sewage system. power. lighting and communi-
cations.

Ash Storage

An irregular area, generally N.E. of the operating plant facilities, is
to be cleared and rough graded for deposition of ash and other spent
solids related to the combustion processesn. The perimeter of the ash
pile is designed with a vertical to horizontal slope 1:3 to provide for
a reasonable margin of design for stability. Should it be required, an
additional margin of stability of the perimeter embankment can be pro-
vided by employing earth and rock £ill material from the site.

Slag and flyash cakes from the Koppers-Totzek gasifiers and flyash and
spent bed materials Ffrom the Fluidized bed boilers, will he constituted
with an overwhelming predominance of flyash. The constituents of the
ash, given in Section 2.1.4 of the Design Criteria, indicate a high
percentage of silicon and aluminum oxides, Such compounds, in the
presence of moisture and an alkaline agent (limestone}, would undergo
pozzolanic activity tc form, in many aspects, a more stable, cementitious
compound..

The design Criteria (Sectiocn 4.3) of TVA, for base case degign, stipulates
no lining under ash, sludge, and water containment ponds. The present
deisgn, which iy dry storage, does not include any lining. The reader
should be alerted to the possibility of leachate from the slag and wush
pile finding its way iInto the Guntersville Reservoir. This possib:.lity
would become less likely if the ash undergoes pozzolanic activity,
inasmuch as the permeability of the ash by moisture would be reduced.

A further concern is. the possibility of toxic materials which could leach
into the ground and eventually into Guntersville Reservoir. The ash
analysis, Section 2.1.4 of the Design Criteria, indicates compounds
vhich are largely inert and non-toxiec. It is known, however, that
trace quantities of the heavy metals may be found in flyash, Leachate
for the flyash, in particular, could be a source of unacceptahl2 pollu-~
tion of Guntersville Resexrvoir.

Nene of the foregoing comments are to be construed as definitive state=
ments of fact and should, therefore, be verified by suitable testing
immediately following startup of the plant, to verify the chemical

and physical behavior of the mixture of slzg, ash and spent bed mater-
ials. 2additionally, the presence of toxic elements and the atténuating
properties of the cementified pile and soil from the proposed pian‘l:
site of Murphy Hill, should be determined,
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By-products and Chemicals Storage

A i4~-fay supply of limestone for the fluwidized bed steam superheaters
is provided.

A variety of solvents, catalysts and other chemicals are stored either
as a“periodic replacement charge or as a continuing, spendable reguirement.

such solvents, catalysts and chemicals are indicated in the succeeding
section 2, Plant Requirements.

sulfur is converted into a solid form in a prilling operation at the.
sulfur recovery unit serving each module of the gasification plant.
The solld prills are then transported to a storage bin of 30 days
production capacity prior %o removal from the plant site.

Pirewater System

2 1l0~inch underground looped piping network will be provided to supply
firewater to all areas of the plant. Hydrants are located at approx-
imately 300-foot intervals. In the Porcess Area, 25 percent of the
hydrants will be provided with monitor nozzles capahle of directing water
coverage on eguipment in minimal response time.

The source of firewater is an allowance in the Raw Water Storage Tank.
Three {(3) 2000 gpm pumps =-- cne diesei=-driven and two motor-driven —
supply water to the piping grid. A fourth 300 gpm capacity jockey

punp provides pressurization of the system at all times. Should loss

of pressure occure due to fire, the main pump(s) are sequentially started
avtomatically. Pump discharge pressure is 150 psig. This assures fire-
water supply demands to remote hydrants at 80 to 100 psig.

Sewage System

Several sewer systems will be provided. These include a clean rain:
runoff system, an oily water system to handle rain runoff from arceas

of oily contamination, systems to handle rain runoff from coal pile and
ash storage areas and sanitary sewer collecting wastes from all building
sanitary facilitles. All Gf these systems direct flow to the waste
treatment facilities for treatment.

Power, Lighting and Communications

1. General

The electrical facilities for the Coal Gasification Complex
will be a2 complete installation, including power supply from a
TVA power substation, lighting, communications, fire alarm and
aircraft warning systems. ’
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2.

4.

Standards, Codes and Regulations

The design, materials, equipment and installation of the electrical
“ facilities will be in accordance with Foster Wheeler's Engineering

ftandard 70A1, the latest edition of the codes and requlations
contained therein, and including the following:

- Section 1.4.3 Electrical Design Considerations
{TVA Design Criteria)

— FAA Regulations
- FCC Regulations

Area Classification

All areas within limits are classified in accordance with the
National Electrical Code, Article 500.

Power Distribution

A dual 138/13.8 XV intertie with the TVA power grid will be provided,
including 2 transformers, each rated to supply the total plant load,

The overall desiqn basis for the proposed electrical system is one
of high reliability to minimize interruption of operation. Xey
features of the design are as follows:

— DPual feeders from the TVA system.
— Secondary-selective double-ended substation load

centers are provided as required to supply medium
and low voltage process loads.

- Double radial feeders are run to each load center,

- Outdecor/indoor bus duct is furnished from the cut-
door transformers te the indoor 5 KV or 480 KV switchgears.

~ All gwitchgear and motor control centers are indoors.

- Electric power is distributed to power consumers rated on
the following basis:

Motors 2508 HP to 5,000 HP; 4,000 Vv, 3 phase, 3 wire
Motors & to 200 HP; 460 V, 3 phase, 3 wire

Motors below % HP; single phase, 2 wire, 115 V

Lighting & instrument branch circuit; 120 V,single phase
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5.

G.

7.

9.

la.

Electrical Bquipment

In general, electrical equipment and wiring materials are furnished
as required by the Natlonal Electrical Code and Saction 1.4.3 Elec-
trical Design Considerations {TVA Design Criteria), and to conform
to the following standards, where applicable:

'~ National Electrical Manufacturer's Association (NEMA)
= Ameripan Mational Standards Institute (ANSI)

- Underwriter Laboratories (UL)

Motor Control Equipment

The 4000 V motors up to 2000 HP are magnetic contactor-type control
with currzent limiting fuses. Two high units are furnished. Moters
greater than 2000 HP are controlled by switchgear type circuit
breakers. The 460 V motors are controlled by a combination circuit
breaker and magnetic contactor,

Wiring Method

Both 13.8 KV and 4,160 V distribution will be in underground conduvits.
Within process unit limits wheze owverhead pi.pe racks or supports are
available, wiring for 48D ¥ and less will be in overhead conduit.

Lighting

Lighting for process areas is provided in accordance with FW Eng:.neer-'
ing Standard 7021l and all applicable standards referred to in Section
1.4.3 Electrical Design Considerations (TVA Design Criteria).

aviation obstruction lighting will be provided in accordance with the
FAA requirements for the site.

Road and equipment lighting will be provided, using mercury vapo:
lighting fixtures mounted on poles.

Communications

Telephone Company system: An empty conduit system will be provided
for the local telephone company to furnish and install tklephone
service to the plant. '

Two-way Communication: A two-way ¥M radio communication gystem wili
be provided for plant operation.

Fire Alarm System

The Sire alarm system design is based on utilization of the telephone
system for fire alert throughout the plant. Telephone-type relays
will be provided to actuate fire signal devices in areas required for
personal safety.
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SECTION DESCRIPTION

3.14 Section 2100 - Buildings

Buildings for the Coal Gasification Complex will be provided in accor-
dance with the building list tabulated below. This indicates the

nominal building dimensions and designates the basic materials of con-
struction. The buildings will be in accord with standard industry design.
The envisioned scope of supply includes necessary foundations, structural
framing, sheathing, roofing, insulation, plumbing, heating and ventilating,
along with electrical power and lighting circuitry. ALl deisgn and con-
struction will be completely in accordance with applicable local and

state codes.

Allowance is provided for building furnishings. This includes office
furnishings for the administration building and other office areas for
personnel, tools and shop equipment to sufficiently outfit the various
craft shops in the maintenance building to conduct normal maintenance
of plant equipment, laboratory equipment for sampling and analyzing
process streams, change house lockers and facilities for personnel

convenience. .
Construction
Service Dimensions (ft) Area (£t2) Material
Administration 25,600 Masbnrg '
Maintenance =
Shop : 75 ¥ 280 21,000 Pre~fac Metal '
Offices 48 X 100 4,800 Masonry
Warehouse 200 X 240 48,000 Pre-fab Metal
Laboratory 50 X 100 5,000 Masonry
Firehouse/First Aid 50 X 90 4,500 Pre-fab Metal
Gate/Change House 80 ¥ 125 10,000 Pre-fab Metal
Process Control 60 X 100 6,000 Masonry
Water Treatment 100 X 200 20,000 Pre-fab Metal
Eiectrical Substations (size varies-10 required) Masonxy . -
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