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~LEGAL NOTICE"

. ""L"ri:l._; repecrt uas-p:eparea-by Foster Wheeler Enersy
Corcporation as an acccunt of work sponsored by the Tennessze

_Vallay Authority (TVA) .r.‘_ueithé: ™ja, Foster Wheeler Energy

Corpocation, nor any person acting on their behalf: (a)
makes any warranty, exXpress Of implied, with respect to the,

- accuracy, completeness, or usefulpess of the infozmation

contained in this rvepork, or that the use of any informa~ . -
tion, apparatus, method,-or process discloseé in this report
may not infringe -privately owned rights; or (b) agsumnes any

- liabilities with respect. to the use of, or for damages re-.

sulting From the use of, any infocmation, apparatus, method,

ot process disclosed in this .report.” .
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TVA Coal Gasification Study
Texaco Gasifier

' INTRODUCTION

The baseline of a coal gasification plant producing medium Btu
gas, based upon the Texaco gazification process is documented in this
report. =

-

"The coal gasification plant consists of four identical modules, -each

with a capacity of approximately 4,800 tons of coal per day dry basis
as delivered -"to the gasifiers-iffhe‘entire plant (four modules) pro-
duces 1,195.0 Million Standard Cubic *Feet per day of gas with a GHV
value of approximately 285 Btu/SCF for a total heating value of about
341 billion Btu/day. .

The plant location is the rural site of Murphy Hill, located along the

Terinessce River, some 30 miles east of Huntsville, Alabama, Section 1
provides more detailed site information.

'Tpe desired product gas is a éiégn, medium=-Btu gas suitable for pipe-

line distribution. The coal used for processing and for auxiliary
hoilers is a Kentucky No. 9 coal. The product gas specifications and
the coal characteristics are listed in Scetion 2.

The site is accessible by barge and to;d, with the plare receiving coal
primarily by harge. About 5 percent of plant needs are delivered:by

truck, The site will not be served by rail. TZe ceal recei?fﬁsfgacil-
ities are sized to handle the entire needs of rthe plant,

[}
Water needed for ccoling and for process consumption will be drawn from
the Tennessee River and.will be treated by the plant water treatment

Eacility. The plant will use closed loop cooling. Electricity will be
furnished by TVA at the plant boundary.

The plant will be designed to meet all Federal, Staté.'and local stan-
darfs and guidelines. -

A‘gésc:iptioﬁ'bf the plant by major sections is included as well as flow
diagrams, stream balances and lists of major equipment. A key. plot plan
is presented in Section 5.
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2.1 Choice of Processing Seguence"(Cont'dl

-
-

Raw coal is received from barges and is transported-to coal-EEorage
piles. The coal is crushed, pulverized,slurried and fed

to the gazifier, where it is reacted with oxvgen from the air separa-

[

tion plant. The gasifier product gos is cooled and scrubbed free, SE

-’

sohds“*" fter which the ac:.ﬁ ygas components, ;:02, sz and_cﬁs, are

'I
removed in the ‘Selexol unit. Slag emanatlng fromxthe gas ifier is

Tany
LR

______ waste water generated from var::.oue

- —

el ’
_E_l:_OCG;S:I.I‘IQ..-UDJ.-.—S‘lS treated by s te’a‘m strirping. I‘he hydrogen’fsulfa.de

P =)
=T . - ~§

removed in the acid gas trecuing’ ..tep ig furthex p:ocessed tc: :ecover .

i g -
P

The regulting. clean. medlum Btu gas

——

saleable sulfur, in.prilled form.

=

is sent to the distribution system.
. .

Support facilities common to these various units include: utilities

waste water treating, flare/incinceration., and coocling tower.
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2.2, General Uescription of Flow
Section 100 - Coal Receipt and Haundling

.Coal is deliverad hy barge to the plant ak lessentlallg "=z 0
material. Coal is unloaded from the barges. bioken to remcve Over-
size pieces, and transferred to live storage or dead storage as re-
quired. Provision is made for receipk of about 53 of the coal by

" truck. During normal operation of plant, cnal is reclaimed from live

storage and delivered to a coal ccushar which reduces the size ko %" x 0
as rquirgd for Section 300. -

Section 200 — Air Separation Plank -

Oxygen as required for gasification in the Texaco gasifier is
produced as a 98%.by volume oxygen stream Erom the air separaticn plants.
The Texaco gasification process requi:es approximctely 4,424 tons per
day of oxygen to gasify 4,800 TED ol Kentucky dNumber 9 coal per module.
The _coal feed is expressed on a dry basis.

‘~Principal components of the air separation plant are:

o Air compression to a pressure oF approximatesly 7S psig

¢ Low terperature air Eractionation

o dxygen qpmp:essxon to a prescu:e of about 980 psig for
the Texaco gasifiers :

Ligquid oxygen storage { 24 hour consumption in one module) and
high pressure gaseous owygen storage (15 minutes consumption in one
medule) are provided as back-up supply of oxygen during short termoutages
of the air separation plant. Storage is provided in order to insure the
requir2d 20% operating factor rfor the plant. -

The air separation plant produces nitrogen which is used for inert
gas blanketing, instrument service, purges and other miscellaneous
services. Liguid nitrogen storage of 250 tons is provided as a back-up
nitrogen supply. Liquid nitrogen waporization rate of 30 tons per houtr
has been used to meet the estimated plant needs with-3 delivery pressure
of 100 psig. i

Section 300 - Coal Gasification

Seection 300 includes all of the equipment specified by the Texaco
Development cOrpnrat-on For the Texaco coal gasiEication ptocess., Sized
coal %" x 0 is delivered to a coal feed bin included in Section 3Q0.

The coa’”ﬁs then pulve:;zed in a rod mill using a wet grinding technique.

.- The” dzscha:ge Erom the mill is then fed to a slurry makeup system which



Form N-a. 130-171

-t
N

FOSTER WHEELER ENERGY CORPORATION @ '

producés a coal/water slurry of proper consistency for pumping te the
gasifiers. Coal Eines and dirty water streams recovereddownstream of

the'gasificaéibn system are recycled to the mill in order, to minimize .
any carbon losses From the plant. - : !

S
.

The coal/water slurcy is pumped into the gasifier where it is
aasified .at high temperatures, With oxygen, the gasifier operating
pressure is 750 psig which meets the final product gas fequireméhts"f--
cf 600 psig at baktery limits withonut further compression. The gasifiler
effluent, which contains molten ash and the hot product gas, flows ’
through a cooling sectiaon which generates 900 psig steam. Slag is
discharged from the bottom of the gasification unit through a lock
hopnar svstem and discbarged as a wet product to battery limits.

The partially cooled.gas next flows through a three-stage scrubbing’
system forocarbdn removaif The scrubbéd gas of a temperature of approxi=-
mately 286 F then flows to a COS hydrolysis unit which is not included .
in the scope of Texaco's supply. The gas from the hydrolysis system is
returned to the Texaco unit, Section 300, at a temperature of about 330°F
and is then cooled to a final temperature of 1lQ°F. The gas stream at
-this:point contains less than 1 ppm by weight of carbon and flows to. . -
the sulfur removal system.. . ' ' .

Various water streams,including water condensed from the gas:is )
collected and processed: to clarify the water For the use in the progess..:
A waste stream of about 300 gpm per module i5. sent to Section 700 for-
‘waste' treatment. Recovered carbon is recycled to the wet coal grinding
systen. - : : : ,

&
3

Section 400 - Acid Gas Remowval

-

The raw medium Btu gus from Section 300 contains sulfur compounds which ~
must be removed. The bulk of the sulFur from ‘the coal is as hydrogen sul-
fide with a smaller portion as carbonyl sulfide. COS is hydrolyzed in '
a catalytic reactor .at a temperature of about 330°F. This reduces the COS
content to about 13 ppm volume. Allied's Selexol process has been picked
as suitable for removal of the H.S for this particular application.
This process uses a solvent consisting of dimethyl ether of polyethylene
glycol (DMPEG), can be designed to provide a high degree of selectivity be-

' tween hydrogen sulfide and carbon dioxide, and alsc has dehydration capa=-
pilities thus allowing .the gas to meet the moisture specification of 7 1bs/
MMSCF without further drying. This process is a physical absorption .pro-
cess and the relatively high partial pressure of H,S is a factor in making
this process attractive for the present plant design. o e

ia,
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Carbon dioxide removal is alszo required in addition to H,5 re-
moval in order to meet the GHV requirement of 285 Btu's per standard
cubic Eoot in the purified product gas. Accocdingly. design capacity
has been provided in the Selexol unit to remove the reguired amount of
co

e

The purified gas from the Selexaol unit is delivered directly to
battery limits at about 600 psig. tlo further rrcatment nor compeession
is required to meet the specifications for this plant.

géction 500 — Treated Gas Compression

This section is not required for this process.

section 600 - Sulfur Recovery

In accordance with the Task I recommendaticn, sulfur comgounds in
the acid gas stream are converted to elemental sulfur using a Claus
process Eollowed by a Beavon tail gas treiriag unit. The hydrogen sul-
fide concentration in the acid gas stream £rom ths:Selexol unit is about
18.531. " Accordingly, a split flow wariation of the Clans process is used
to obtain over 958 conversion of H3S to elemental sulfur. The low H,S
concentration in the acid gas requires thak the Claus plant be provided
with supplemental fusl. Product gas is used for this purpose.

In order to limit the sulfur emissions from the Sulfur Recovery
Section, the Beavon sulfur recovery process is used to treat the tail gas.
Ovarall sulfur recovery is increased to about 92.9% which meets sulfur re-
covery unit emission standacds of 200 ppm or less OE sulfur compounds in
treated tail gas.

Molten elemental salfur produced in the Claus and Beavon units is econ-
verted to solid prills in a Chemsource sulfur prilling process. In this
cperation molten sulfur is sprayed into a circulating stream of water.
Solid prills of uniform size are produged and then scparated f£rom the water
stream. Dewatered peills are sent to storage For sventual shipment from
the site.

Section 700 - Soutr Water Stripping

The water corndensed ducring cooling of the gas stream from the Texaco

- gasifiers is contaminated with small amounts of sulfites, cyanides,

thiocynates, formates, ammonia end solids. while much of the water is re-
cycled, 2 portion must be withdrawn Erom the system for waste water treat-
ment. The waste water is treated with iron sulfate and lime, is clarified,
filtered, and then £lows through an ammonia stripper, which removes the
ammonia stream for disposal. The water froa the ammonia stripper is neu-
tralized and then Flows to a biological oxidation clarifier before final
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discharge to sewer.

Section 800 - Ash and Sng_Hgndling

In the Texaco casifier approximately 100% of the coal ash is con- |
verted to an inert siag. This material is discharged through equipment
provided in Section 300. The slag dischargs scrzens in Section 300 dis-
charge on to conveyor and the material is then conveyed to a 56 hour
slag pvile before Einal dxscharge to the long-tem slag storage pile. Fines
accumulated in the screens' sumps are rec.ycled to the coal pulverizers.

Section 1200 —~ BEility Area

The utility Area includes:
o Raw water storage and treatment
0 ‘Potable water treatment

_© BFW and condensate treatment
o Steam generation
o Plant and instrument air inert gas

Raw water is taken from the rivex, Filtered and softened. This water is
used for cooling tower makeup and for process water makeup as well as for
Eeed for boiler fesd water treatment. A portion of the softened water is
further treated by chlorination to provide potable wate:.

' Softened water is treated by ion exchange to provide water of satis-
factory guality for use as boiler feed water in the high pressure steam
systems. Recovered condensate is treated in an ion exchange system to "polish”
the water for reuse in stedm generation. :

The Texaco coal gasification waste heat boilers normally generate ade-
cuate steam for opecation of the plant. Foster Wheeler coal fired fluidized
bed bollers are supplied for startup purposes. The high pressure steam
generated in the Texaco waste heat boilers is saturated and must be supex:-—
heated before prior use. A goal fired fluidized bed beiler super heater isBr p..\o-
vided for this purppse. Sulfur dioxide emissions are controlled in the == T,
Foster Wheeler £luid bed boilers by the addition of limestone which captures ™
sulfur dioxide produced during combustion. The spent limestone is sent to
long-term solid waste storage. .

Plant and instrument air systems are based on the use of nitrogen pro-
uced as the byproduct in the Air Separation section.
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~-aect1nn 1300 = Cooling Water szstem

Cooling water used in process heatexchanguraan!exhaﬁut steam
condensing systemsis cooled in mechanical draft cooling towers. Blow-
down from the cooling water is treated for jrecovery of chromates and
then sent to Waste Water Treatment.

.V o,

 Section ‘1406.= Flare and Incineration

»

. Flareg are provided to handle stactup and emerygency disposal of
gas. An incinerator is provided to handle disposal of any combustxble
wastes or gases which can not be Ela:ed. .

‘Section 1500 - Waste Mater Treatment’

Hastewate:cmllected in the plant based on the Texaco gas1£1ers is
c:nmpnsed of coolmg tower blowdown, water kreatment ‘and steam generation
blowdouwns, and sam.l:ary treatment effluent. In additicn, water runoff
from coal storage piles and long-term solid waste storage piles is added
to the waste watec 3

The treatment systEm p:cwz.ded for waste water includes API sepatator,
air floatation, surge basin and activated sludge chloglcal oxidation systems '
and final holding ponds. WUater from these Einal ponds is -@discharged to the
river.

v o
\‘\

‘\\\

SertxonZOOU‘ General Facilities

General fac111t1es for the coal gasification plant anlud

o Long-term solid waste storage

o Byp:oducts and chemicals storage

o Power, lighting’ and comnunicati.ens
o Roads and fences

@ Firewater systems

=] TSeﬁage plant .

o Interconnecting piping

Storage of solid wastes accumulated dver a 20 vear peried is provided.
The major byproduct storage for the plant other than waste solids is elemental
sulfur prille. .Chemicals storage includes water chemicals, solvents and
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limestone. The water system is based on drawing water Erom the river,

The raw water storage tank serves as fire water reservoir as described
in Section 1200.

Seckion 2100 - Ruildings

Buildings are provided as reguired in TVA's Design Criteria, Section l,‘
Paragraph 1.3.

1.
1

Sectign 2200 — Dock Facilities

Dock facilities are provided to receive and handle barges dellvering
coaj and barges handling sulfur shipments.
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2.3 NOMINAL CAPACITIES OF PROCESSING UNITS
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Nominal Capacities of Processing Units
Nominal Capacity
Process Unit Units 1 Module -4 Modules
100 Coal Handling and
Preparation _TPD 5,642,5 22,570
200 Air Separation
Cxygen Production TPD 4,424 17,556
306 Coal Gasification  TPD 5,000 20,000
400 Acid Gas Removal '
Gas Processed MMSCED 324.7 1,298.8
500 Product Gas
Compressor MMSCID - -
500 Sulfur Recovery LTPD 196 784
700 Sour Water Stripping GPM 500 2,000
. _800. . Ash Handling TPD 750 3,000
900 Phenol Recowvery TED - -
1000 Ammonia Recovery TPD . - -
1200 Utilities Arxea
Raw Water Treatment GPM 24,400
Potable Water
Treatment GPM 300
BFW Treatment GPM 2,240
Condensate Treatment GPM 7,600
Steam Generation TED 34,858
Flue Gas Cleaning MMSCFD - -
1300 Cooling Water System
Cooling Water
Circulation GPM 175,000 790,000
Blow Down Treatment GPM 4,000
1400 Flare MMBTU/HR 2,000 _ 8,060
1500 Waste Water Treatment GPM - 4,320
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2.4 BELOCK FLOW DIAGRAM
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3.1

TvA Coal Gasification Study
Texaco Gasifier

SECTICH DESCRIPTION

SECTION 100-COAL ‘PREPARATION

e
\

Reference Material:

. Process Flowsheet FWEC Dwg. No. 54099-35-1-50-1

» Elevation Drawing FWEC Dwg., No. 54099-35-1-01-1
« Equipment List

Description of Flow

The unit is designed to receive and store coal, and transport it
to four (4) coal gasification modules. a

3 % 0" coal (B" maximum lump) is received in 1500 ton barges, and
removed by barge unloader 35-UD10l1. Coal is thcn'conveyed to unloader
surge bin 35-Tkl01, Prior to entering the: surge bin, tramp iron is re-
moved by unlocader magnetic separator 35-8101. - Then the coal iz conveyed
from the surge bin to sampling station 35~35101 “and 35-58102. Incoming

inventory will be determined by sampling station feed weigh scales
2545101 and 35—W5102.-

"Coal will-alsc be received by trucks, dumping inko truck zece1v1ng
hopper 35-TK102 in 25 ton bakches. Coal is then conveyved directly to

. sanpllng station 35-S5101 and 35-S5102. Prior to sampling, tramp 1ron

is removed by truck receiving magnetic separator 35-S102. Incoming in=""
ventory in this case will be determined by truck weigh scale 35-Ws103.

Upon sampling, all coal drops to vibrating screens 35-5N101, 35-SN1OZ,
35-5N103 and 35-SN104, where oversized lumps (+6") are ccnveyed dz*ectly
to loadout and 90 day open dead storage. Unders (-6") are conveyed either
to dead storage or enclosed live storage In storage silos 35-TK103,
35-TR104, 35-TK105 and 35-TK106. Incoming inventory to dead storage is
determined by load-cut weigh scale 35-WS104. Incoming inventory to live
storage is determined by silo feed weigh scale 35-WS105.

Live storage reclaimation is handled by silo discharge feeders
35-FDLl04A-G, 35-FDLUSA-G, 35-FD106A-G and 35-FD107A-G, and the coal is
conveyed to ¢oal feed crushets-35-5R101, 35-8R102, 35-SR103 and 35-SR104.
Dead storage reclaimation = done by a front-end loader dumping coal into
dead storage reclaim hop 'rs 35-TX107 and 35-TKL08, then conveying to the
coal feed crushers.
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The crushers break the. coal down Lo 1/2" x 0¥ particle size and
discharges it to the gasifier feed conveyors 35-CRL17A/B. The‘ga51—
fier feed conveyors will transport the material to the overhead bunker
LFill conveyors 35-CR118A/B feeding the coal feed bins or to” the steam
generator transfer conveyors 35-CRL20A/B, which conveys ghe material
onto the steam generator fill conveyors 35-CR119A/B.

All equipment From the gasifier feed conveycrﬁ-ﬂ_ﬁc the storage
bunkers are provided with one operating and oneﬂg.;ié);e train. .

Limeséone sStorage

leestone will be dellvered, & the plant site by barge, then loaded
into trucks. The trucks will, L& eguipped with pneumatic unloaders for -
waleading into the 5000 l:on, imestone storage silo. Limestone will be
removed from the silo usidg vibrating bin bottem 35-BV10L and will be fed
intc a pneumatic transgnrt line by 2 rotary feeders 35-FD1LOA/B leading
_the material to theﬂateam generator limestone storage bunkers._ The pneu-~
matic transport 11ne will be eguipped with silencers before and after
pneumatic transpar* blowers 35-Bl0lA/B for nois# suppre551on.
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Ba:gerUnloading Svstem

. = A power winch system for barge pulllng has been cOntemplated
"and included in Item UD-101, of the equlpment list for Sectiun 100.
Coal Preparation. The bafge puller xSJdesxgned to move a line of °
coal laden barges, already moved, and‘eventually. a slngle barge only
durlng the actwal cbal unlcading ope:atzon of that barge.

C°nsxde:1nq the scale of thefKey Plot Plan, l in. = 400 E¥, .-

the barge puller is not shown. /It does not-appear on. the Process
Flow Diagrams of Section 100, fither, as it,is an anc1llary device ’
which does not serve to clar;.y the movement and treatmnnt of the
product, coal, khe prlnczpalfpu:pose nf the Process Flow Dxag:ams. T

=;.-

‘.’

The cost of the barge pulle: is anluded as part of the hardwa:e
costs of equzpment Item ID~101, for each ofrthe coal gas:f;catlon
plants. Zf )

/4 .

- The foregoing cownents apply as well to the barge cleanout
system which cous;sta oF a small frent: end loader and a single
bucket crane whlch/loads the residual coal into a barge dedicated ko
the plant site Eo cleanout-service. When it becomes full, the

dedicated barge Thgmoved into ‘the unloading line and is then re=
placed by anot&7r af the empty barges. ¢
Movement nf single barges. other than those onernted by the
power winch. Js efiected by means of a 756 hp»suixch boat for
which prxcina,proviszons have been made in our estimate of plant

costs.
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TVA coal Gasification Study
Texaco Gasifier

SBCTION DESCRIPTION

SECTION 200 - AIR SEPARATION PLANT

rReference Material:

+« Process Flowsheet FWEC Drwg No. 54099~35-1-50-2
. Equipment List

. Input/Output Major Stream Flows

Description of Fiow

Filtered air is compressed to approximately 90 PSIG in Air Com=-
pressors (35-12-C~201A/B). Intercoolers, an aftercondenser, and K.O.
prum are provided. Condensate leaving the K.O. Drum flows to the
cooling tower., One Air Compressor is motor driven and one turbine
driven pex air plant.

Some compressed air is fed to the gasifier during startup.
Normally compressed air is fed only to the Cold Box Package (35-12~

The Cold Box Package produces nitrogen containing about 10 ppmv
Op and oxygen of about %98 vol % Op purity. Waste nitrogen is vented
through the Waste Nitrogen Silencer (35-12-SL-201) to atmospheze.
Oxygen gas leaving the Cold Box Package is compressed to a pressure
of about 900 PSIC by the Oxygen Compressor (35-12-C-202R/B). Inter-
coolers will be provided by the compressor manufacturer. A& fraction
of the compressed oxygen is sent to the Gasification Section 300.
A smaller fraction is boosted to about 3,000 PSIG by the Op Storage
Feed Compressor and flows to the Gaseous Oxygen Storage Tanks (35-11-

TR-208/B/C/D). Stored oxygen is provided to insure continuity of
a gasiFier operation during shut down air plant outages.

The liguid oxygen product leaving the Cold Box Package (35~12~PG-~
201) enters the Liquid Oxygen Storage Tank {35-11-TK~201). When xeguired,
1iquid oxygenm is vaporized in the Liguid Oxygen Vaporation Package
{35-11-PG~204}), then combined with oxygen from the 0p Storage Feed Com-
pressors in both air plants (two air plants per module). The combined
gaseous oxygen stream enters the Gaseous Oxygen Storage Tanks.
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1

Y. " niguid nitrogen J.eaveq the Cold Box Package and enters f.he
Liguid Nitrogen Stoxage Tank {35-11-TK~203) . When :equ1rea, liquid
nitrogen is vaporized in the Nitrogen Vaporization Packages: (35— o
11-PG-203A/B) . V&por;zed nitrogen from Nitrogen Package PG-203A -
iz, sent to the Gagifier in Section 300 Wwhile vaporized nitrogen from
Fitrogen Vaporization Package PG-203E is used for Plant Instruments.

Gaseous n:trogon from the Cold ‘Box Package. PG~201, enters the °
Plant Nitrogen Package (35—12—PG—202) . Compressed nitrogen leaving
the Knockout Drum at a pressure of about 585.PSIG is distributed
tq*process users. A fraction of the compressed nitrogen utilized
by plant instruments, the remainder used for purging. blanketing,
coal system shutdown, Fnal treatment and coal feed system.
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Form No, 130-171

FOSTER WHEELER ENERGY CORPORATION W

TVA Coal Gas lfwrat1on Study
Texaco Gasifier

SECTION DESCRIPTION

3.3 SECTION 300 - TEXACO GASIFICATION SYSTEM

A. Reference Material:

* process Flowsheets FWEC Dwg. No., 54099=-35~4-50~33
+ Input/Output Major Stream Flows

B. Description of Flow .

Sized coal (k" x 0) is delivered to a Coal Feed Bin. The
Coal flows to the Belt Scale, and then to the Coal Feeding Belt,
which conveys the coal (dry basis) at an average rate-of 400,000
lbs/hr into a Mill. The Mill pulveriges the coal using wet
grinding technigue. Make-up water is continucvsly added to the
Mill. Pulverized coal is discharged by gravity into the Mill
sump, where additional water is added. The coal slurry is
pumpad to a Slurry Make-up Tank. Coal/water slurry of proper
consistency 'is produced .in the Make- ~dp Tank.

Coal fines and dirty water stieams recovered downstream of the
gasification system are recyclod to the Mill in order to mini-
mize any carhon losses £ om,kdi plant. The slurry is pumpad
into the Slurry Mix Tank. ~ When the tank 15 full, coal slurry
is pumped into the Slurry Run Tank.

The coal slurry Flows to the Gasifier where a controlled
flow of oxygen from battery limit is introduced. The oxygen

burns the coal to a synthetic gas containing largely H, and
CO by the basic reaction:

Cx Hy + % 0, = CO + Lylly + lleat Evolved

The process bucner directs the products of cembustion down
into the gasifier.

The gasiifier effluent, which contains molten ash and the
hot product gas, flows through a Radiant Cooler, and then through
a Convection Cooler, which generates 900 psiq steam. The hot
gas is scrubbed of soot and slag. The slag falls to the bottom
of the radian: cooler and into the Lock Hopper. The Lock Hopper
is opPrateu Sn a 30 minute automatic cycle. The slag slurcy
lpaving the hopper is screened to remove the larger sizes from

. " the fines and water in Slag Screen. The slag is delivered to
battery limits and the Eines and water are c¢ollected in Startup
Quench Water Sump. The fines are pumped to the battery limits
for disposal by Sump Pump. The Sump Pump is alsc used to flush

the slag hopper and to supply quench water during preheat of the
gasifier.




Form No. 130171

FOSTER WHEELER ENERGY CORPORATION ‘ W

The partially ““¥oled gas flows through a Heat Exchanger, to
heat the BFW to 375“? The cooled gas next flows through a scrubbing
systemn for ca:bun rémoval. The scrubbed gas of a temperature of
approximately 280 OF then flows to COS Hydrolysis Unit (FWEC Dwg.
54099-35-1-50-7) tc reduce the COS concentration in the gas before
entering the Acid Gas Removal Section. The gaa from COS hydrolysis
system is returned to Gasification Section. Most of the water vapor
is condensed by first passing the syngas through coolers. All of the
condensate is recirculated through the carbon scrubbing system. Syngas
from the cooler flows to the Acid Gas Removal System, Section 400.

The carbon water from the gasifier and scrubbers is cooled in
the Carbon Water Prectoler before it enters the Clarifier. 1In the
clarifier, carbon salids are concentrated and recycled to the wet coal
grinding system. Tha.overflow from the clarifier enteyrs the Gray Water
brum, where the watex is further clarified and ger!: to various process
units within the Gasi Elcatlon Section. A waste eirean is sent"to the
Section 700 for waste treatment. .
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Form No. 130-171

" FOSTER WHEELER ENERGY CORPORATION

TvA Coal Gasification Study
Texaco Gasifier ‘

SECTION DESCRIEFLION

SECTION 300 - COS HYDROLYEIS

A. Reference Material:

- Process Flowsheet . FWEC Dwg, No. 54099=35=1=50-7
« Equipment Summary List

B. Pescription of Flow:

The scrubbed syngas downstream of the carbon scrubber flows
to the COS Reactor TFeed Preheater E-301. The gas is heated from
© 280 °F to 333 'F temperature to avoid pore condensation in the
reactor,

The COS Reactor R-301, comverts the bulk of CUS in the raw
gas to H.5 using the Haldor Topsoe CRA Catalyst. The conversion
of COS t5 M, S in the hydrelysis unit decreases the utility-re-—
quirements and size of the Selexol unit, The raw gas leaving the
reactor enters the syngas airfan ccoler, ) "
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FOSTER WHEELER ENERGY CORPORATION -

1TvA Coal Gasification Study
Texaco Gasifier

@ i

- L evimewr . SECTION DESCRIPTION 7=

" 1.4 SECTION 400 = ACID GAS REMOVAL

A. Reference Material

Equipment List
Input/Output Major Stream Flows

B. Description of Flow

_raw gas. Raw gas from Gas Scrubbing

Product Gas Exchanger {35-11-E-401).
is separated. in the HpS Absorber K.O.
leaving the H,S Absorber K.O. brum 3

absorbs H,S, residual COS and some CC

Limit and the remainder to the Beavon

ppmv 155 and less then 30 ppmv COS.

te the 0,5 Flash;ﬂruT {(35-11-D-402) .*
yases are flashed,then compressed in .
C-401), and then combined with the ra

Solvent learving the bottom of the nés

with hot lean solvent pumped £rom the
11-T=401) . Prcheated solvent enters

404} thcn enters the Stripper Rocycle
totally recycled back to the Stripper

Refrigeration Package (35-~11-PG-401),
Absorbex. ) .

utilized as a reducing gas. The produckt gas contains less than 100

Process Flow Diagram: FWEC Dwy. No. 54099-35-1-50-8

The purpose of this section is to remove sullur compounds from the

{Section 300} combines with

process recycle 4as from the Recycle Gas Compressor {35-11-C-40L}
and is then cooled by heat exchange with product gas in the Feed-

Water condensed from the raw gas
Drum {35-131-D-40l). Raw gas
§-11-D-401) Elows to the HyS

Absorber {35-11-T-401) vhere cold lean Selexol solvent physically

5. Product gas leaving the top -

of the H,S hbsorber is heated in the Feed-Product Gas Eschanger
(35~11-B-401) . Most of the product gas flows to the Plant Battery

Unit, Section 600, toc be

)

The Selexol solvent leawing the bottom of the nzé pbnorber f£lows directly

“Most of the absorhed CO; and sour
the Recycle Gas Compressor {35-11-
w gas feed entering the Feed-Product

Gan Exchonger. Make-up solveént is added to the IS stripper bottom.
Fresh solvent is stored in a Solvent Storage Tank {35-11-TK-401).

Flash Drum is pumped to the n5s

Stripper Preheater ( 35-11-3-402). The Stripper Preheater is heated

bottom of the 15§ Stripper (35-
the 0,5 Stripper for removal of

acid gases. Stripper bottoms arc reboiled in the HpS Stripper Reboiler
{ 35-11-5=-403) heated with 85 PSIG Steam. Vapors leaving the ;S
Stripper overhead arc condensed in the H,5 Stripper Condenser {35-11-E-.

prum (D-403). Condensate is
, while the Acid Gases flow to the

Sul fur Recovery Claus Plant (Section 600). liot lean solvent is pumped
from the bottom of the 1isS Stripper and cac}ed in the 1,8 Stripper
Preheater as described earlier. The solvent is chilled@ in Selexol

then enters the top of the HZS

L
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FOSTER WHEELER ENERGY CORPORATION W

TVA Coal Gasification Study
Texaco Gasifier

SECTION DESCRIPTION

3.5 SECTION 600A — CLAUS SULFUR RECOVERY PLANT

k. Reference Material

Process Flowsheet FWEC Drawing No. 54098-35-1-50-9
Equipment List
Input/0utput Major Stream Flows

B. Description of Flow

Acid gaas from the Selexcl Unit Stripper Recycle Drumflows through
K.O. Drum and enters the Muffle Furnace (H-601). Hydrocgen sulfide is
partially Jabout one-third) oxidized to sullur dioxide, utilizins air
fed hy the Process Air Blower (B-60l). Medium pressure steam is generated
in the Waste lleat Boiler (E-601) and is the major source of 150 psig steam
' for process use (refer to 54099-35~1-50-151).

Gases leaving the Waste Heat Boiler flow to 2 three stage
Claus reactor system, consisting of R-801, 602, and 603, where
sulfur dioxide reacts catalytically with the remaining hydrogen
suifide, producing elemental sulfur and water. The Claus Unit is.
about 96% efficient in removal ¢f sulfur compounds from acid gas.
Treated tail gas leaving the Claus Unit flows to the Beavon Unit
(in series with the Claus Unit) for further reduction of sulfur
compounds from the gas and recovery as elemental sulfur. Total
normal sulfur production from Claus and Beaven Units combined is
about 198 T/D per module. :

Gas leaving each Claus Reactor (Stage) is coolec below about
3000F to condense sulfur before entering the next stage or flowing
to the Beavon DBnit. A third Reactor Preheater, E-606, is provided
for cptimum operation in the third stage.

Liguified (condensed) sulfur flows to a Sulfur Pit, X-G21,
and may be stored in the Liguid Sulfur Storage Tank, TK-SOlA:
for sale as a liquid product or prilled in the Sulfur Prilling Unit

Low pressure steam is generated during gas cooling to
recover sulfur. Boiler blowdown streams will be used as cooling
tower makeup as shown on 54099-35-1-50-151.
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FOSTER WHEELER ENERGY CORPORATION

&

TVA Coal Gasification Study
Texaco Gasifier ‘

SECTION DESCRIPTION

SECTION 600B~ SULFUR RECOVERY BEAVON UNIT

A. Reference Materials . . o=

. Proecess Flow Diagram: FWEC Dwg. NC. 54099-35-1-50-10

. Eguipment List
+ Input/Output-Major Stream Flows

B. Description of Flow

Essentially all the sulfur ¢empounds contained in the tail
gas flowing from the Sulfur Recovery Claus Plant {Section 600)
to the Beavon Dnit are converted by hydrogenation to hydro-
gen sulfide in the Beavon Reactor, R-620. Product reducing
~gas Erom Section 400 seryes-tu reduce the sulfur oxides to HjS.
The tail gas to the Reactor (35-11-R-620) is preheated
in the Reactor Effluent Exchanger, 35 -1l1-E-620, reduced, then
cooled in the Reactor Effluent Cooler, E-621. Boiler feedwater
is the coolant on the shell side of the Reactor ﬁffluent Cooler.
Tail-gas from the Beavon Unit flows to the bottom of the HpS |
Abso;ber {35~11-T-620}. Most of the H23 contained in the tail
gasris absorbed by the Stretford solution, which circulates

countercurrent to the gas entering the Absorber. Clean gas is
vented to atmosphere from the tap of the Absorber. The Stretford

sclution leaving the bottom flows to the~0xidize: Pit,
35-11~X-620. The absorbed sulfur, mostly H3S, is oxidized to
elemental sulfur, as is reduced Stretford solution, by air
admitted by the Aerator, 35-11-M-620. Vent gases (air) leaving

the Oxidizer Pit are released to atmosphere. The resulting



Form No. 130-171

FoSTER WHEELER ENERGY CORPORATION = &

B. Description of Flow (cont'd)
frothy solution is circulated by the Solution Circulation Pump,
P=620A/B, to the Ha25 Absorbek; A portion of the cireulating

stream is filtered in the Sulfur Filter, F-620, to recover

i35—11—D—620) and also is recycledxto the top of the H3S
Absorber by P-621A/B.

Liguid sulfur flows to the Sulfur Pit (X-601) in the
Claus Plant (Section 600). A small pértion of the recycled
solution is purged to Wastewaster Treating {Section 1500} or
to drums. Makeup Stretford solution, .stored in drums, is
pumped intermittently as an aguecus solution to the top of the
H3S Absorber to replace purged solution. It may be necessary
to direct vent gas, normally no flow, from Waste Water Treating

{Section 1500} to the Beavon Unit for reduction of sulfuf

compaunds.

elemental sulfur. Filtrate enters the Recovered Selution Drumﬁﬂ;f
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FOSTER WHEELER ENERGY CORPORATION

B.

TVA Coal Gasification Study
Texaco Gasifier

SECTION DESCRIPTION

SECTION 6500C - SULFUR PRILLING UNIT

Reference Material

. Process Flowshect FWEC Dwg. No. 54099-35-1-50-11

. Equipment List

Degcription of Flow

The molten sulfur is fed to the top of Prilling Reactor, R-£30,
where it is distributed on a plate containing a number of nozzles,

Sulfur Erom the molten pocl on the plate flows down through the
nozzles into a short air space where surface tension causes the indi-
vidual flow streams to break up and contract into spheres. The latter

* then drop inko a pool of temperature controlled process waker where

the prills are completely solidified and cocled.

The process water enters the reactor through a series of inlet
nozzles located along the straightside of the reactor. This provides
precise water flow control and allows for control of the surface move-
ment of the water.

A grizzly screen is located near the bottom of the Prilling
Reactor to catch large pieces of sulfur which are swept away.

Sight glasses are provided on the reactor to observe both the nozzle
plate and the bottom screen. MNanways are located on the reactor to
gain access to the grate and the nozzle plate.

From the reactor, the water slurry of cooled solid sulfu¥ prills
flows on te Dewatering Screen, F-630, which is located directly under
the reactor. This sereen separates the bulk of the water from the
sulfur prills.

Water From F-630 Flows by yravity into the Hotwell, TR-633. The
Hotwell iz a two-compartment vessel. The water entecs the first com-
partment and overflows a weir before entering the second compartment.
This will allow any sulfur £ines in the water to settle in the first
compartment. Any solids trapped in TK-633 can be pumped out, using the-
Slurry Pump, P-6303/B.
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Make-up water flow to the system is controlled by the level in

the Hotwell. The Botwell Pump, P-6312/B pumps the water from the
Hotwell to the Cooling Tower, CT-630, which is packaged type

cooling tower. The temperature of the water from the tower is con-
trolled by on/off control of the fan motor. The water from the
water cooler drains to the Cold Well, TK-631, and is pumped from the
Cold Well to the prill reactor by the Cold Well Pump, P-632A/B.
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FOSTER WHEELER ENERGY CORPORATION : '

A.

TVA Coal Gasification Study
Texaco Gasifier

SECTION DESCRIPTION

3.6 SECTION 700 - SOUR WATER STRIPPER & WASTE WATER TREATMENT

Reference Material:

+ Process Flow sheet FWEqﬂDwg; No. 54099-35-4-50-12A

Description of Flow:

The process flow for the Blowdown Wastewater Treatment section -
is described below, ’

Blowdown from the clarifier in Secticn 300 is flashed and stripped
with steam. The overhead vapors are partially condensed and the
condensate is returned to Section 300, The non-condensibles are
water scrubbed in the Reukralization Unit. The flashed liguid

is sent to the Chemical Mix Reaction Unit where most of the
impurities are chemically precipitated. any vapor formed in the
reactor is sent to the neutralization system, while the rxeacted
wastewater flows to clarification. From the clarifier, the sludge,
after dewatering, is sent to landfill., The clarified water is then
steam stripped. Stripped vapor is sent to boiler fire box, and

the stripper bottom liguid is neutralized.

After neutralization, the ligquor f£lows to Aeration and Biological
Oxidation. The digested sludge from biological oxidation is
filtered and then disposed of as landfill. The clean water f£rom
the biox system is used as cooling tower make-up water,
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SECTION DESCRIPTION

SECTION S00-SLAG HANDLING

Refarence Material:

* Process Flowsheet ! FWEC Dug. No, 54099-35-1-50-13
* Equipment List

Pescription of Flow
Slag

PThis unit is designed to receive slag from any or all of twénﬁy (20)
Texaco Gasification Units, and mechan1cally transport the slag to an on-
gite landfill area. :

5lag from each gasifier ié dewatered by a screen and discharged to
one of the slag transfer conveyors 35-CRBOSA/B. It is then conveyed to

a slag conveyor 35-CR806, and transfer:ed to a 56 heur slag pile at the
onsite landfill area.

Slag is also captured in the grinding section of each module by a
clarifier screen. This slag is dumped onto a clarifier screen transfer
conveyor 35-C3801A/B, 35-CR802A/B, 35-803a/B or 35-CRBO4A/B. It is then
transferred to the slag tranfer conveyors and conveyed to the landfill.

Spent Bed

Spent bed from the spent bed coolers in section 1200 is Fed into a .
pneumatic transport line by rotary feeders 35-FDBOlA-J. The material is
then conveyed up to the filter separator 35-F801 by pneumatic transport
blowers 35-B80LA/B. The pneumatic transport line will be eguipped with
silencers before and atfter the pneumatic transport blowers 35-B801A/B for -
noise suppression.

The filter separator will remove the forced air from the material ii
and discharge it into the atmosphere. Meanwhile, the spent bed falis intc

the spent bed storage silo 35-TK80l. Latet, the material will be removeﬂ
from the silo and brought to the disposal site by trucks.

Fivash

Flyash from baghouses will be drawn into filter separator 35-FBo2 bﬁ

. flyash centrifugal blower 35-B802. The air will be discharged to the

_atmosphere and the flyash will drop into the flyash storage silo 35-TKBOZ
‘Flyash will be removed from the silo by flyash mixer conditioner 35-MBO01
‘which will also blend the flyash with water to create a uniform dust free

mixture for clean disposal. The flyash/water mixture w1ll be brought to,-
the dispbsal site by trucks.
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TVA Coal Gasification Study
Texaco Gasifiers

, C 'GECTION DESCRIPTION -
3.8 Section 1200 Utility Area

Section 1200-1 Raw Water Storage & Trgatmént
A. Reference Material
. Process Flowsheet - FWEC Drawing No. 54099-35-1-50-14

Equipment Summary List

B. Degeription of Flow

Raw water makeup entering the plant battery limits is of
excellent guality. It is river water of the following approximate
analyses in milligrams per liter:

, . " ' Concentration, Mg/liter

Companent i Median Maximum Minimum
Silica (Sio3) 5 6 3
Calecium (Ca) i 19 23 ' 15
Magnesi.u:i\. {Mg) ‘ , 3.8 4.8 2.0
' Sodium (Na) ‘ . 5.3 24 |
Bicarbonate (HCO3) " 50 62 38
Sulfate (S04) ' . 9.9 16 6.3
Chloride (Cl) 8 ‘ 3 3
Nitrate (KO3) ' 1.3 2.8 0.
bisolved: Solids (180°¢)... 84 160 56
Hardness, as CaCOj 62 76 45
pH {5U) 7.4 7.8 6.9
Color (BCU) 5 20 )
“Iron negligible

Fluorides . negligible

The Raw Water Storage Tank,TR-1208, also will serve as a reservoir
of firewater. Therefore, it should always contain four hours of

raw water storage at the peak usage of 4000 gpm per module x 4 modules,
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even though the normal makeup is about 100 gpm {sirice water is re-—
covered from wastewater treating and used as cooling tower make-
Up ). ’ ’

Raw weter, after treatment, will be used for cooling tower
makeup, as emergancy potable and service water, and influent to
the demineralizer package provided in SEC 12006-3 to produce water
for H.P. boiler feedwater treating. A single trizin of raw water
treating is provided to serve all four modules.

Raw water is lifted from the river vy P-1208A/B/C and pumped
into TK=-1208. Raw water is pumped Erom TKR-1208 to the above-
ground Clarifier-Softeners, CL-1201A/B, twc units arranged in
paraliel. Sludge (mud, silt, etc} will precipitate from the river
water in these Clarifiers. Lime,alum and polyelectrolyte are added
to the Clarifier feed-wells as required to reduce hardness to a
ow level and enhance flocculationm of suspended solids. Sludge
underfiowing the Clarifiers .. .umped to rotary vacuum or belt
filters for concentration of solids. Polymer or lime are added
in line in M-1201A/B to .improve Eiltration rate. Filtrate is
recycled to the Clarifiers. Concentrated solids are trucked to
ash (slag) ponds.

Clarifiea water flows by gravity to SandFfilters, F-l1202A/B,
for polishing, reduction of suspended selids to a very low level
{1-2 ppm). The filters are backwashed periodically,approximately
every 12 to 16 hours, for about five minutes, Backwash alsoc is re-
cycled to the Clarifiers.,

Tres:+d water leaving the Qlarified Water Sandfilters, F-1202A/B,
flows to . ..: 1200-3, aFW Treating (Demineralization).
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3.8

TVA Coal Gasifiecation Study
. Texaco Gasifiers

SECTION DESCRIPTION

SECTION 1200-2 - POTABLE WATER STORAGE & CONDENSATE TREATMENT

I

Reference Material

'. Process Flowsheet - 'ki§4099—35—1-50—15

. Equipment Summary List

Description of Flow
i . .
Potable water extracted downstream of the Activated Carbon Filter
in the Demincralization Unit {Sec 1200-3) is chlorinated ko kill

micro-organisms, then stored iﬁ”th&-Potable Water Drum, D-1210. °

Medium pressure condensate and high pressure condensate collected
from the varicus gontinbous users and various other miscellaneous
intermittent users are Flashed to 50 psig steam for procegss users.
The low pressure condensate is then cooled to about 274°F in the
Condensate/ Demin., Water Exchanger, E-1201, by exchanging heat

with cold demineralized water. The latter stream feeds the Deaera-
tor. Cooled condensate is Eurther flashed in the Condensate
Storage Tank, TK-1203to 15 psig steam.

Condensatc and steam recovery have been maximized in order to minimize
raw water intake ¢osts. Four hours of condensate hold-up is main-
tained to protect against possible leakage of a process stream into the
condensate. Adequate hold-up permits condensate dumping until the
gource of the problem is located and a course of action is taken.
tondensate from the Condensate Storage Tank, TK-1202, is pumped by
Condensate Pumps, P-1203 A/B, to the Deaerator, DI-1201. C{ondensate
from turbine drives on the Air Compressor,C-201, and Oxygen Compres-
sor, C-202,cnter the Deacrator ac doecs condensate from the shell

side of BFW precheater, E-1206. ‘The required deaeration steam is
provided by L.P. steam from the 50 psig steam header, M.P. steam

from the 85 psig steam header, and to a lesser extent by flashed
steam from the Condensate Storage Tank, TK-1203.

;
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Deaeration is required to prevent corrosion in the various °
steam generation systems. The Deaerator, 'DH-1201, normally
operates at 5 psig. Steam is used as the stripping medium
and is vented to atmosphliere, thercby removing gases entrained
in BFW. Demineralized water makeup maintains the level in the
deacrator storage drum. V

Final oxyyen control is maintained by chemical addition of
hydrazine, an oxygen scavenger, directly to the deacrator.
Amine is added in the form of morpholine to the boiler feed-
water pump suction line to econtrxol corrosion of piping.

_Deoaerated BFW is pumped to the MP condonsate header. A side-

streoam is withdrawn and boosted to a higher pressure by the BFW
Booster Pump, P-1213A/B thereby providing high presgure (935 psig)...-
BFW. This stream is preheated in the I.P. Condensate licater,
E-1206, before entering the HP condensate header.
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TVA- Coal Gasification Study
Texaco Gasifiers

SECTION DESCRIPTION
) SECTION 1200-3 BOLLER FEEDWATER TREATMENT -

Reference Material:

. Process Flowsheet: 54@9§—35-1—50- 18
54099-35=-1-50-151

. Eguipment Summary List:

Descriotion of Flow

Treated river water at 75 = 20°F average, from Raw Water
Treating, Sec 1200-1, is stored in TK-12Cl (8 hour surge)
then partly used as cooling tower and Gas Scrubbing (Sec 300)
makeup. Most of the treated raw: water undergoes- additional
treatment in a Demineralizer Package, PG-120l1, to upgrade

the water guality for use in the fluid bed boilers which gen-
erate h1gh pressure superheated steam (933 psig/775 E). This
dem1ne-al;zat1on system has an activated carbon filter to
remcve organi¢ chlorides found in the river water in.order o -
prctect the downstream resin beds of rhe ‘demineralizer.
Caulon exchangers (weak acid unit) reduce hardness and alka-
linity; a degasifier removes carbon dioxide and- reduces the
lo2d on the following mixed bed vnit which removes silica and

.=other anions. Demineralized undeaerated water is stored in

the Demineralized Water' Storage Tank, TK-1204, which provides
apout 8 nrs. hold-up. From this tank, the demineralized water
is pumped through the Condensate/Demineralized Water Exchanger, <
E=1201, in Sec 1200—2

Potable water is extracted downstream of the Demlnerallzat1on
Unit Activated Carbon Pilter and flows to the Potable Water
prum, D-1210, in Séc 1200-2, '

A Neutralization Tank, TK=-1202, is provided to collect rinse
and regenerant streams from the Demineralizer Package. These
wash streams then are neutralized with 66° BE sulfuric acid
or 50% caustic, as reguired, Wastes then are drained to the
Clean Water Holding Basin, X-1506, located in the Wastewater
Treatment Area, Sec 1500.
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FOSTER WHEELER ENERGY CORPORATION : o

TVA QSg}sGasifiEEtion Study
Texact Gasifier . :

SECTIOE-DESCR;PTiON

SECTION 1200-4 — STEAM GENEFATION AND DISTRIBUTION

Reference Material
. . Process Flogsheets FWEC Dwg. MNo. 5405@—35—i—50-17
. Steam Balance Summacy FWEC Dwg. No. 540%?-35-1-su~1§1
. Egquipment Summary LiEE?
DescFiEtion of Flow -
Flow of steam gensration and distribution may be ‘followed on
the Plant Stream, Condensate and Boiler Feed Water Diagj.r'am, Drawing

No. 54099-35-1~50-151.

The Steam Header System congists.of four steam levels

High Pressure (H.P.)} 900 psig, 1Q90°F
Medium P:essur%?ggﬁp.); 150, psig, 365°F
Low Pressure (L.P.) 85 péig, 460°F
ow Pressure (L.2.) 50 psig, 298\02‘

lligh pressure satiratea scean is generated through waste heat recovery

in the Radiant Cooler, E~313 and Convection Cooler, E-314. Most of high
pressure steam is condensed or expanded through turbines driving Air
Compressor, C-201, and the Oxygen Compressor, C-202. A small amount of
i.P. steam is required for preheat in the Clause Sulfur Recovery Plant.
Condensate from H.P. steim users is returned to the deaeratox.

", Medium pressuze steam is generated in Clause Plant Section in the
Waste“-Jeat Boiler, E-GOl. Midium pressurz steam is utilized principal-
1y in the Gasification Section 300.

8% psig steam is extracted Erom the oxygen compressor turbine.
It is utilized principally if the H_S Stripper Reboiler, E-403, in
Acid Gas Remova’ Section 400. Othet consumers of 85 psig steam are
the H.P. Condensate Heater, E-1205, and Deaerator, DH-1201. 2Also the
Beavon Tail Gas Treating Unit, steam tracing and miscellaneous itams
utilize 85 psig steam. i
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50 psig steé‘m is generated by flasl-yiné medium and high, pressure
steam ccpdensate into Condensate Flash Drum, D-1203. Waste Heat
Beiler, SG-1202, upstream of the Fluid Bed Boiler Superheater, §6-1202,"
alse generates 50 ‘psig steam by recovering heat from flue gas. - Con-g;
sumers of the 50 psig steam are: Deaerator, DH~120l, the Flash Drum,
D-701, and Ammonia Stripper, T-701 in Section 700, Tail Gas Treating
Unit and Sulfur Prilling Unit. Blowdown from varicGus steam generatirig
equipment is directed to the cooling tower as. coaling tower makeup.
L.P. condensate flows to the Condensate Storage Tank, TK-1203 and
flashes to 15 psig steam. Final Sulfur Condenser, E-667, also gene-
rates 15 psig steam. Deaerator, DH-1201, utilizes all of the 15 psig
steam generdted within .the plant. The condensate from the storage
tank is pumped to the deaerator for subseguent use as boiler feed
water. A BFW Booster Pump, P-1213, is provided in series with the M.P.
BFW Pump, P-1205, to pump a portion of the deaerated condensate to
the H.P. level. :

.

£ . azt

Process [lowsheet 54099-35-1-17 shows the Steam Generator, 56-1201,.

and the Fluid Bed Boiler Supgrheater, 5G-1202. The Steam Generator

- ig used during the plant startup. The Fluid Bed Boiler Superheater

s superheats the 900 psig saturated steam produced in the Gasifier.
Limestone is injected into both the Steam Generator and Fluid@ Bed
.Boiler to reduce the sulfur emission. Approximately 90% of the sulfur
in the coal is converted to calcium sulfite, recovered as ash and

- discharged to the slag pond. N i '
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TUVA Coal Gasification Study
Texaco Gasifiers X

SECTION DESCRIPTICN

SECTION 1300 ~ COOLING WATER SYSTEM

Reference Material:

54099-35-1~50- 18

. Process Flowsheet: 5309935 ~1-50-161

. Equipment Summary List:

Description of Flow

The cooling water system consists of a rechanicalldraft
cooling tower, cooling water circulation pumps, chemical
addition, blowdown pumps, chromate recovery [if economical),

'chromate destruct, and settler/thickener packages.

éooling water .at- B8°F is purped by Caoeling Water Circulating

Funps, P-1301, A/B/C from Cooling Tower, CT-1301 to the ©
supply header, From the supply header it flows through the
distribution system to users and_then, into the return header
at an average temperature of 103 F. From the return headec,
it Elows back into Ccoling Tower, CT-1301, thus completing

a closed-loopnfycle.

Chemical feeding equipment associated with the cooling water
system includes facilities for the addition of chlorine, coI-
rosion inhibitor, dispersant and suifuric acid. A cooling
water monitoring system provides for antomatic and continu-
ous sensing of cirgulating water quality and sends resmnlting
output signals to chemical additives pumps, provided as part
of the cooling tower package, and a cooling bleed vaive for
maintaining non-scaling, minimum corrosion conditions. Gase-
ous chlorine £ram cylinders is fed directly into the cooling
tower basin by weans of an eductor, with water supplied by a
tap off the circulating pumps discharge as motive fluid.

To control pH and total dissolved solids content of the cool-
ing water,.a bleed stream is prmped by the Cooling Tower
Blowdown Pump, P=1302 A/B, to Chromate Recovery, X~1304,

then to Chromate Destruct Package, X-1505,located in the
Wastewater Treatment Section, The effluent stream from
Chrome Destruct is fed to aSettler/Thickener Package, part of
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f.:
¥X-1505, from whizh cliarified overflow is sent to a Treated
C. 7. Effluent Tank,_/-*TK-lSOB. then discharged to the outfall.

Thickened underflow sludge is punmped to an offsite area for
eventual landfill.

The primary source of make-up cooling water is treated river
water from the Treated Water Storage Tank, TR-1201.in Sec-
tiop 1200-3. Makeup is also available as intermittently
flowing streams From Wastewater Treatment, Sec 1500, and
other sections (Sec 200, etc.)

‘-Cooling water users are shown on dwg. no, 5409%-35-1-50-161.
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TVA Coal Gasification Study
Texaco Gasifiers

SECTION DESCRIPTIOK

SECTION 1400 ~ FLARE SYSTEM

Reforence Material:

. Preocess Flowsheet: . FWEC Dwg. No. 54099-35~1-50-1%

* .« Equipment Summary L%st:

Deseription of Flow

The function of the flare system is to provide for safe burn-
ing of combustible vapors released from process eguipment dur-
ing plant startup, shutdown or during operating upsets.

Flare (R:0.) Seal brum,D-1401, receives the gischarge from vents
and safety valves in the various process units connected to a
single main flare header. Water collected in the Flare Seal
Drum,D-1401, is drained intermittently to Waste Water Treating,
Section 1590. Vapors from the Flare {K.Q.) Seal Drum are

burned in Elevated Flare, FL-140l1. The Flire Seal Drum is pro-
vided with a steam coil te prevent water freezing in cold
weather. Elevated Flare, FL~1401, includes the following fea-
tures: )

. PFaciiities for smokeless burning of hydrocarbons.

» An 2ir seal, located underneath the flare tip to p:event
oxygen back-diffusion into the system.

« A flame front generator for igniting pilots.

» Facilities are provided for automatic nitrogen injection into
the flare knockout drum to compensate for the system "“con-
traction" after a hot blow.

As part of the flare package, a Pilot Gas K.0. Drum is provided
ir the pilot gas line to separate all liquid droplets from the
gas. Similarly, a Steam Separator removes entrained mist and
bulk condensate from the steam line.

An incinerator or ground flare, H-1401, is provided to combust
raw gas during startup. Incinerator air is blown by B-1401 a/B,
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one cperating blower and one 100% spare, through the air Pre-
heater, E-1401, and into the incinerator combustion chamber.

Plue gases are vented te a stack provided by the incinerater

. vendor, -
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" TVA Coal Gasification Study
Texaco Gasifler Alternate

SECTION DESCRIPTION

3.11 SECTION 1500 - WASTE WATER TREATMERT

A, Reference Material:

. Process Flowsheet: FWEC Dwg. No. 54099-35-1-50-20 °
. 4

. Equipment Summary--List:

B. Descrintion of Flow ¢

Wastewaters will be generated from several sources in the plant.
The type and degree of treatment and the ultimate disposal of
these wastewaters will depend on the source of the wastewater

and on the type and concentration of pollutants in the water.
The wastewaters and their sources are:

I3o-Srormwater falling on, and drained from the area inside the
. limits. of processing units (ISBL);

2. Aash Pile Leacilate from stormwater falling on piles of ash:

3, Rinse and Neutralization Water from regenerati-on'of tl':é'i:)e-:
" mineraizer in Sec. 1200-3;

4. Epent service water (deck washings, flushing, etc.)

5. Stormwater falling on,; and drained from the-coal piles; Coal
Pile Runoff

6. Cooling tower blowdown; -

7. Sanitary wastewater generated by plant personnel.

The treatment and disposal of these wastewater streams are desciibed
below:
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Claan Water Streams - ISBL Stormwater,
Ash Pile Leachate and Rinse
and Heutralizagion Waters

The above clean water streams are collecteé€ in the Clean Water Holding
Basin, 35«11=X-1506 for analyses’ before pumping these waters to the
cooling tower {as makeup) or d;scharglng to the outfall depending upon
dissolved solids level. :

ISBL stormwater is collected from process units and may reqguire lifting
to the helding basin depending on the plant terrain. Ash pile leach-
ate is an intermittent stream which drains from piles of ash during a
rainfall., Rinse dnd neutralization waters are obtained during regenera-
tion of the Demineralizer. The latter unit reduces the dissolved solids
level to permit the use of water as BFW makeup ta the H.P. Steam
Generators. TET s e e - ey - -

Dirty Watér Streams — Coal Pile Runoff,
Sérvice Water

The above streams are described in the Preliminary Report on Emissiéns
and Effluents. They are relatively low in organics {BOD, COD} but do
contain a significant amount of dissolved solids. Cyanides may be
present in the stripped sour water stream, although analyses or esti-
mated cyanide level have not been determined. If cyanides ate present,
these will be destroyed rather easily by the relatively 1nexpen51ve
ozohation-UV syste:x.

Coal pile leachate (runoff), spent service water f£rom deck washings, ete.
are collected in the Dirtv Water Holding Basin, 35-11-X¥-1501. A continuous
diacharge is pumped to the- Neut:alzzat;on Basin, TK-130l, into which hydrated
lime is fed by gravity from a large storage bin mounted above the basin.
The lime adjusts the PH to appzoxxmatcly B.5. Theé wastewater Ehen flows by
gravity to an Aerating Basin, X-i502, where fixed aeratdrs aerate and mix
the incoming stream oxidizing inofganxc ionic materials, thereby causing
them to form insoluble hydroxides. The aerated@ stream flows by gravity to
the rectangular clarifier with travellng arm siphon sludge removal, CL-1501,
where the insoluble precipitate settles. from the water.!.

: L )
The 20 wt.% solids precipitate slurry is bumped te a disposal pond.
Decant from the pond is returned by grav:.ty\ to the clarifier. Sludge ie* .
removed penod:.cally from the pond for dlSPD&.;al to landfill.

It may be necessary to recarbonate the clarified stream to remoﬁé excess
lime. This could be accomplished using the co, rich gas stream emitted
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from the Beavop Unit absorbeT. The clarified-recarbonated stream

then would enter an ozonation-UV package system for destruction o
cyanides, Since oxygen is available from the”Air Separation Plant,’ -
Sec. 200, ozone could be generated simply by provzdmg an ozcne
.generator. Ozone would .contact the aguecus stream in an QOzone Con—

t.actor a . =

E)
Treated wastewater is pumped to the Treated Wastewater Basin, X-1503, for
analyses, then anpea to the Cooling Tower as makeup or dischargad..
to the outfall. . -

Cooling Tower Blowdown : : \

==

Cooling Tower olowﬂown contains chromium anﬂ zinc which must‘be reduced
to very low levels’ before this agueous stream, high in dissolved solids.
can be dzscharged

-

A chrome_ recovery system, X~1504, is shown on drwg. 54099-35—1—50-20
preceded by a sandfilter to remove suspended solids and prevent fouling
of ion-exchange resins in the _recovery system. A moving bed ion ex-
change system c0u;é reduce chromium and zinc levels to less than 1 ppm
‘each. The recovery -systen would be followed by a‘Chrome Destruct Unit,
. _X-1505, which would precipitate residual chromium®™and 2inc as insoluble
“hiréroxides, thereby reduc;ng these metals to’ undetectable levels.

The cost effectlveness cf a recovery system must be sktidied i.e.
vwhether the value of recovered materials would pay out the capital cost
in a reasonable pnclod of timz2. If not cost effective, the recovery
system will be omxtted and all the chzome angd- :zine in the C.T. blowdcwn'
destroyed. "\ , , T

Treated cooling tower blowdown is held in a day tank, TK-1503, Eor
analyses before being pumped to the outfall. % . -

Sanitary Wastewater o, . = ‘

r .'-g.,

- Sanltary wastewater from toilets, showers and wash basins will be sent

to a.package biological -unit® to- réduce” BOD and-destroy mlcroorganléms.
The treated wastewater will be d;scharged.
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TVA Coal Gasification Study
Texaco Gasifiers

SECTION DESCRIPTION

3.12 SECTION 2000 — GEMERAL FACILITIES

This section describes long~term ash and slag storage, by-products and
chemicals storage, firewater system, sewage plant, power, lighting and
conmunications,

Ach and Slag storage

An irregular area, generally N.E. of the operating plant facilities, is

to be cleared and rough graded for depcsition of ash and other spent
solids related to the combustion processes. The perimeter of the ash
pile is designed with a vertical to horizontal slope 1:) to provide for

a reasonable margin of design for stability. Should it be reguired, an
additional margin of stability of the perimeter embankment canﬂpe PLOmre 2
vided by employing earth and rock £ill materlal f:Om.thn-aztéf

Slag from the Texaco gasifiers and Elyash and spent bed materials from
auxiliary fluidized hed superheaters, are expected to have a chemical
compositon and resulting physical properties resembling irxegularly

shaped glass beads. The foreguing mav render the slag possolanic when
reacted with lime in the presence of moisture. In any event, either the

slag in its natural state, or with the addition of lime, would be hospitable .
to supporting root systems for plant growth. Ultimately, such vegetation

- would be an effective means for stablllzxng both the surface of the slag

pile as well as the perimeter. .-

The Design Criteria {(Section 1.3) of TVA, for base-case design, stipulates
no lining under ash, sludge, and water containment ponds. The present
design, which is dry storage, does not include any lining. The reader
should be alerted to the possibility of leachate from the slag and ash
pile finding its way into Guntersville Reservoir. A relatively high iron
oxide content in the ash/slag would indicate an acidic leachate. 1In any
event, none of the chemical constituents of the ash indicated in the
Design Criteria appear as toxic materials which could leach into water
ultimately destined for consumption by hamans, fish or animals. Elsewhere,
it has been reported, however, that flyash normally contains a variety of

toxic elements in trace amounts which could leach into the soil and, ulti-
mately, into Guntersville Reservoir.

None of the foregoing comments are to be construed as definitive statements
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 ash. The presence of toxic elements and the possible attenuvating

properties of the 50il from the propeosed plant site of Murphy Hill should
be determined.
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By-products and Chemicals Storage

& l4-day supply of limestone for the Eluxd:zea bed steam superheabers is
provided. -

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 to removal from the plant site.

A variety of solvents, catalysts and other chemicals are storsd elthnr as
a periodic replacement charge or as a continuing, expendable :equ1rement.
Such solvents, catalysts and chemicals are indicated in the succeeding
section 2. Plant Requirements.

Firewater System

A l0-inch uUndérground~looped piping network will be provided.-to--supply--. .-
firewater. to all areas of the plant. Hydrants are located at approximately
300-foot intervals.- In the Process Area, 25 percent of the hydrants will
be provided with monitor nozzles capabL; of directing water coverage on

.equipment in minimal respnnse time.

The source of firewater is an allowance in the Raw Water Storage Tank.
Three (3) 2000 gpm pumps -= Ong dlesel-&rlven and two motor-driven --
supply water to the piping grid. A fourth 3np gpm capacity jockey pump
provides pressurization of the system at all-times.—=Should loss of press-
ure ocecur due to fire, the main pump(s) are sequentially started autcmati-

cally. ‘Pump discharge pressure is 150 psig. This assures firewater supply
demands to remote hydrants at 80 to 100 psig.

Sewage System

Several sewer systems will be provided. These include a clean rain run-
off system, an oily water system to handle rain runoff from areas of oily
contamination, systems to handle rain runoff from coal pile and ash storage
areas and sanitary sewer collecting wastes from zll building sanitary
facilities. All 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 a complete installation, including power supply from a TVA
-power substation, lighting, communications, fire alarm and air-
craft warning systems.
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2.

Standards, Codes and Regulations - -

The design, materials, equ;pment and installation of the electrical

facilities will be in accordange with Foster Wheeler's BEngineering
Standard 70Al. the latest edztlnn of the codes and regulations
contained therein, and including the following:

- Section 1.4.3 Electrical Design Consideraticns
{TVA Design Criteria)

- U.S. Bureau of Mines
~ FAA Regulations -
=~ Fco-Regulations

Area Classificatian

Al11 areas within limits are classified in accordance with the
National Electrical Code, Article 500.

+ i

Power Distribution

A 30 MvA, 138/13.8 KV intertie with tne TVA powar grid will be
provided to supply power.

The overall design basis for the p:opos:gd electrical system is
one of high reliability to minimize interruption of operation.

 ‘Rey features of the design are as followf: . -

- Dual feaders from tne TVA pouet system.

- Seconda:y—selectxve double—ended substation load
=% Géfiters are provided as requlred to supply medium
and low voltage process loads.'

bDouble radial feeders are run to_each load center.

Dutdoor/indoor bus duct is furnished from the out-
door transformers to the indoor 5 KV or 4B0 KV
.-switchgears. . | ,
]
Bll switchgear and Motor Control CénEets are indoors.

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

Motors 250 HP to 5,000 HP: 416 Vv, 3 phase, 3 wire

Motors % to 200 HP; 460 V, 3 phase, 3 wire
Motors below % HP; single phase, 2 wire

Lighting & Instrument branch circuit; 120 V¥,
single phase.
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'-":s. Electrical Equipm eni;. R L
: -In gehetal, elec!:tical equ:.pmem: and wtrinqr maizerials are Eu:m.ahud E
% ' as.required by Article 500 of the National. Electrical Code and.

*.”Sectiun 1.4.3 Electrical Design Consideratidns (TUA Design Criteria),
C .ana to’ conform‘ t:o the fallowing standards, where appl:.cable._

- Natmnal Elect:ncal Manufacture: s‘ Assoc:;aluon {NEM2.}

+

Anazlcan National Standards Institute (ANSI)

- Underwnter Laboratones (UL}

In non-hazardous 1ocatlons, equ:.pment enclosures are dictated by
dust and moisture ot corrosive ‘conditions of the iocation. The
minimum- enclosure for"electrical—appa:atus is NEMA, Type L. r

IH

6. Motor c:m!:rol Eauxgmnnt . :" : b
. v ) _
‘The 4000 V motors up ko 2000 HP are magnetic contactor-type conkrol
+ % .. with current limiting fuses. Two-high-units .are furnished. Motors
greater than 2000 HP are controlled by sw1tchgeat—type circuit
breakers. The 460 V.motors are controlled. by 2 combina..:.on_ cﬁguu:
bx:eaker and nagnetlc contactor:. TTTTETTTT T .
L o . . . h

7. wirmg Method

~. Both 13.8 kv and 416 v d:.stnbutx.on will be in undergmund condu:.ts.

© . Within process ‘unit limits where overhdad pipe racks. or supports .
are ava:.lable. wiring for 480 V and less will be in overhead conduit.
All rigid conduit will he hot-dipped galuanx.zea steel or PVC (poly- ’
v:.an. chlor:ide). - P
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Lo : 8. pigheing

Lighting Eot—-p:ocesa ATeds is provxded 1n accordance w‘:lth E’W Engineer—
. =~ifg St andax:d _.7031 and all apphcahle standards referred to in
' .=Saction 1.4 3 Electncal*‘i)e ian COn51derat1ons f'rv.\ Design C"J.ter:.a)

1’

: viatian obstruction lighting will be pruvmed”in ‘stcordance With ™
the FAA requirements for the site. :

Road and' fence lighr.ing will be provided, using mercury vapor light-
ing . fixtures mounted ¢n poles and incandescent fixtures for fence
lighting whenever road/Eence layout does not allew the use of a
combz.ned lighting system.
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o, Cammqni_:?al:io:ns

'i'élephone éompany s_vstem- An empty conduit system will be provided
for the local telephore company to’ £urnish and install telephone
) se:vice to the plant.

- Two~way Ccmmunicatiom A bwo-way FM: radio cmmum.cation system will
.be pmw.ded fo: pl.am: operation.
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1. Fire Alarm System

The fire alarm system design is based on utilization of the
telephone system for fixe amlert throughout the plant. Telephone—
type relays will be provided to actuate fire cignal devices in
arezs required for perscnal safety. ' '
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TVA Coal Gasifichtion.Study
Texace Gasifiers

SECTION DESCRIPTION
¥

!
3.13 "SECTION 21600 - BUILDINGS

Buildings for the Coal Gasification Complex wiil be provided in accord-
ance with the building list tabulated below. This indicates the nominal
building dimensions and designates the basic materials of construction.
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 design 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 egquipment 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) Brea (ft2) Material
Administration -~ 25,600 " Masonry
Maintenance

Shop . 75 x 280 21,000 Pre-fab Metal

Offices 48 x 100 4,800 Masonry
Warehouse ) 200 x 240 48,000 Pre-fab Metal
Laboratory % 56 x 100 5,000 Masonry .
Firehousé/?irst Aig 50 x 90 4,500 Pre—-fab Metal
Gate/Change House 80 x 125 10,000 Pre-fab Metal
Process Contiol - 60 x 100 6,000 Masonry
Water 'Treatment 100 x 200 20,000 Pre-fab Metal
Electtical Substations (size varies 10 xequired) Masonry

v



