BAST CASF I
3.0 OrFSITE UNITS

Unless stated otherwise, upils are shown on Block Flow Dizgram
ZO-GEM-65894 in Sub~Section 3.4, In addition, units such uy
bolicrs, gencorators and water treaters are ulso included in
Steam/BFW Balance Z0-GEM-G910 in Sub-Section 3.6. The schematic
flow diagrams {&TD) are placed at the end of this seclion.

3.5.1 Oxypen Prodaction Unii 121

Purpose of the Unit is to produce the oxygen reguired
Ty the gasirication of tne coal.

Uoeseription

The axygen procuctism unit is an air separation unit
including the following:

- air filter

- alr compresscr

- Rir cocling

- onld box

- power recovery turbine, including electric power geserator
~ DXYEEnR COMPYAEsOT

= nmitrogeh roelease stagk

- liquid mitrogenr storage tank 5,000 fg3 {for start-up, eto.)
= niftrogen evaporator, capacity 500 lh-moifhr

= gmergoney liguid air evanorator

- Tinuid nxypen stornge tank

Oxypen guantity (calcylated as 100%): 14,060 ib-mol/hr
Oxygen purlty: 98.06%

Design Capawviiy 105% of normal

Note: fn additicn, @00 1b-wol/hr of instrument zir is
suppiied to the complex from this unit. (See Unit 127}

3.5.2 Doiler Unit 122
Purposc of the Urit iz to generate high pressure (HP)
3tezm for the balance of the power requiremcnts not
provided by the various MP and LP steam generztors using
procass waste heal.




The boller is a cogl fired boiler complete with 211
necessary eguipment reguirced to produce 1608 psig
steam, including prowvisiens to burn the supplemental
tuels and incinerate the sour pfigases listed below,
Bificiency assumed is B83%.

Hain Fuel
Finoe conl (composition listed in Sub-Ssction 2.3)
Quantity 274.0 Mlb/ar
Low heating velue, uas recelived 7,883 BTU/1b

(3ee¢ Unit 128 process description.}
Supplementnl Fuels

(til (from Gas Liquor Separation Unit 107)

Quantity 35.90 Mlb/hr

Low heating value 16,700 BTU/ 1k
- Tar (Ffrom Gas Liguor Separaticn Unit 107)

Quantity 4% 85 Mib/hr

Law heating value 15,700 BTU/1b
- Phencls (Trom Phanc! Becovery Unlt 198}

Quantity 15,26 Mlb/hr

Low heating value 7,800 BTTU 1b

Ingiperation Fucl

— Sour offgases (mainly from Sulphur Rocovery Unit 108)
ruantity 1,582.4 Nlb/hr
Iow houtincg value 274 BTU/1b

Note: The heat content o2 these gases (30 BTU/BCF) has
nmot been inciuded in the boiler thermal balancc.

Normal Capacity 2,221.2 Mlb/hr
Design Capacity 120% of normal

Main Superheater Unit 123

Purpoge of the Unit is to superhsat the HP steam
generated in the boiler for more economic use in the
various HP staam turbines.

Description

Tno main superheater consists of all equipment necessery

to produce HP steam af onllet copditions of 98269F and

1,566 psig. It 1is ao integral parl of the boiler system.
[lmit 123 includes the {fuel regquirements for the superheater.
A 43,2 Mib/hy slip stream o boiler steam is not super—
heoated.
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Superheater Unit 123

Purpose of the Urit is Lo superheal surplos moediam
and low steam produced 1n the process units.

Description

The superheater consiets of all equipment necsssary
to superheat WP amidl TP steam as followe:

HP Steam LP Steam
Inlet Pressure, nsig h71 pAIL3]
Outlet Pressure, psaip B30 35
fnlet Temperature, °F 483 338
Outlet Temperuturc, S T48 502

In addition, each coil is controlled individually and is
able to be inactive while the cther is fully operating.

The superheater iz designed to burn part of the oil
recovered in the Gas Liguor Separation Unjit 107.
ElTicienny assumsd is 785,

Quantity of oil 15.81 Mib/hr
Low heating valu= 18,700 BTI/ 1b

Normal C&l!{ici iy

Coil 1 MP steam superheating 7ES.5 Mlb/hr
Call 2. LP sleam superheating 842.7 Mlb/br
Design Capacity 105% of normal

Elootrostabic Stuck Ges Precipitator Unil 235

Purpose of the Unit is the remowval of particulate matter
to mect Lhe stale and federal environmental reguirements
for coal fired boilers. {See Sub-8ection 2.8}

Description

The unit conzists of sll equipment required to remove
the dust from Poiller Gpit 122 stack gza= to a level

which is cowpatible with the downstream Siack Gag Clean Up

Unit 126. The stack gas leaving Unit 126 will eontain
0.1 pound of parvticulates por million BTD of fueel Tired,

Rormal Capacity 167.5 Mlb-mol/hr
Design Capacity 120% of asrmal
T T



G.60.4

Stack fus Clean-Hp Unil 128

Purpose of the Unit 1s to remove 504 from the stack
pas to meet the state and federal regulations for ocoal
fired boilers, (Bee SEalhi-Seclion 2.8)

Description

The unit consists of ail equipment required to remove
SOZ from the stack gas of Boiler Unit 124 to a lowvel
of 0,2 pounds S02 per million BTV of fuel fired. The
S04 absorbant is a lime slurry. The clean stack gas
is digcharged to the atmosphers via a 30 foat stack.

Wormal Capacity 187%.5 Mik-meol/br, zontaising
26.1 lb-mol/hr S50g

Design Capecity 120% of normal
Instrumeht and Plant Air Unit 127 (not sShown)

Purpoze of the Unit iz to supply instrument alr for
Atr Separation Unit 121 end the hoiler arco only, mnd

to supply plant air for meintenance purposes. (%)

Deceription

The unit consists of all equipmernt, such ns comprossars
and dryers, o produce instrumsnt and plant air, The
instrumment air is available at &5 psig and -l0°F dew point.
The plant air will be avaiiable at a pressure ranging

from B85 to 140 psig.

Design Capacity

Plaat =air 108 1b-mod fhr
Instrument alr 54 1lb-mol/hr

(%} Instrument air for the ftotal complex {(estimated to
be B00 1b-mol/hr, normal) is supplied by the Air
Beparation Unit 121, from a peint where the air
iz pressured and dried.
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Coal Handling Unit 128

Purpose of Lhe Unif is to prepare the as mined coal
inte suitable feedstocks for the pasifiers apd boller
und Lo provide coal storage.

Tuchnology Used

Coenmerreial-type coal erushing and screening facilities
are ugcd to vroduce well-sised coal for gasification
and fines for koller firiog.

The: woll- siwed cozl is in the raage of 174" to 2V,
containing approximately 15% oversive and 7% undersisc.

Procecs Description (SFD EO-GEM-BS09)

The coal ig delivered by trucks [rom Lbe adjacent wmine
area., Ther operate six dzvys per weel delivering
approximately 32,000 tons per day. Trucks flood unleoad
into the lruck domg stalion having fowr dumnp pockets,
eack with a feeder outlet dezigned o accommodate two
trucks simultaneouslv. The coal drops into & bin and is
fed inle the four primary crushers by four plate feeders.

Crushers reduce the zize to minuz 3" with a minimum
weneration of fines, The product of the primary crushers
discharges ontoe two belt conveyors for weighing and
conveying to Lhe primary screening station using

B" x 20" zingle deck screenz2. The minus 2" produoct i=
fed to two belt conveyors and the plus 2V product is
digncharped into secondary crushers, which reduce the
overgize ecprl to minus 2",

The minus 2" ocoal is then conveyed Lo a trinsafer station
[rom where the eosl is direoted to the live or dead
storage plles or, through a2 b:.r-pa.ss conveyor, directly
to secondary sereening. Nermally, the conveyor to tha
live sborage wilil be used. The live starage ares is
sufficient for abeout six full days of plamt production.
The dead storage area is sufficient to feed the plant
for approximately 30 days.

Coal is reclaimed from live storage via conveyors and

iz transfierred to the secondary scereening buildling for
final eizing intce gasifier and boiler feeds. In this
building, the coal iz Fed Lo the soreens throagh variable
rate vibrating feeders. The overzirve from emch mscreen
falls onto twoe ¢ollecting conveyors for sampling and
transfer to the gasifier building feed econveyors. The
undergize product {(minns 1/4") also falls opto two
zallecting belts for transfar to the fines silo.



Two belt copveyors, cquipped with scaloes and samplers,
carry the fines from the storage =21lo to Boiler 122,

Gazifier fecd (174" to 2"} 1,801.3 Mihi/hr
Fine Coal {(minus 174"} 378.5 Mib/hr

Ash Handling Unit 128

Purpose of the Unit i1s to recelve hot ash Irom the
pagitier ash locks and cotl the ash To a suitable
temperature for contlnuou=s transport and disposel
without formation of dust.

Technolopy Used

The asu Landling system is a btydraulic sluiceway systém
wimiler to the ash syatem used comm=rcially by Basol.
It haz proven to be vory sulisTzelory for bandling fhe
ash from a large number of gaszifiers.

Process Descripticn (SFD ZC-GEM-6911)

The ash from the gasifiers discharges inte totally

enclosed sluicoways Iocated below pgrade under the gasifiers.
The ash from the gasifiers is quenched by a large circula-
ting atream of water which is recycled from the thickenar
clear overflow, Exhaus! Fan 128-C-01 exhausts a mixiure

of gir wod waler {(steam} Irom Lhe wluiceway, The stream

of alr and water is quenched with water sprays before being
rcleassd to the atmospherc to roduce the water content of
the scream and Lo eliminate any dust.

The mixture of ash and water flows by gravity to Duplex

Bpiral Olassifler 129-Y-01 which separates the bulk of

the ash from the water, Fine ash and water from the
classifier flow hy gravity into Clamsifisr Bump 122-F-01
whiie solids from the classifier are fed to Conveyor 129-Y-02.

The water and fines {from the classilicr sump are pumped

to Thickener 128-FP-02 which i2 a cone hottom center feed
rake thickensr., The clear overfliow from the thickener
{lows fo Thickener Overflow Sump 129-F-03. From thie sump,
water is pumped back be lhe sluicewsy by Thickener Overflow
Sump Pump 129-0-02Z2. The hottoms of the thickener is
puomped by 129-G-01 to Fiilter 128-P-04. Filtrate is
recyeled to the thickener by 128-G-04. BSolids are fed to
the convever. The conveyor discharges the solids from

the filter and from the classifler into Ash Storape Bin
138-F-0b.
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BFW Preparation Unit 131

Purpose ol Section 13171 is to deaerats the boeliler
feed water (DFW) before steanm generation.

Beseriplion

The deaerator section uses commercial-typs deaeration
equipment to remove dissolved geaees from steam condensate
and tresh water.

The dissolved gases in these streams are removed by heat
suppiied from Heat Exchanger 100-E-06., (3se PFD
Z20-GEM-89315, )

aiter deaeration, the BFW is pumpsd to the various steam
generators.  Stripped dissoclved gases are venloed to
the almosphore.

Normal Capacity

Temp. , Flow,
oF Hlb/hr
MP condensate 483 88.5
L? vondensatbo 384 o72.3
Vacuum condenzate dyTm Z,452.3
Methepation Unit 112
process condensato 28H 103.0
BF¥ maie-up water 207= 2,079.9
Trrtal 221 5, BUDT
* After heating in 130-E-0B
Design Capacity 120% of normal capacity
Ope: 17.8 psia

Purpose of Section 131/2 is to provide the high gquality
wiloer reguired for high pressure steom gencretion.
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Lescription

Commercial-type eguipment iz used. The fresh waiter

ia {iltered, asafiened and demineralized before flowing
to Deaerstor 13171, (The assumed fresh water analysis
is reported in Sub-Section 2.8).

Normal Cepscity 2,125.9 MIh/br
Design Capacity 120% of normal
Operaiing Temperature BBCF {#)

{*) The cifference of 20C°F in the fresh water temperature
listed in Bub-Section 2,3 reculls frowm dhe use ol
this fresh water stream for direct copling of air
in the Uxygen Production Tnit 121,

Cogling Water Make-Up Preparation Upit 132

Purpose of the Upit is to treat the fresh water reoguired
to replace losses in the cocling water system.

Deacription

The fresh water is softened and chemically treated to
become suitabite for make-up to the cooling tower system.
Comnercial-type egenipment is usted. 1n additien to
troated frosh watcr, the biologicully irceated water

from Waste Water Treatment Unit 135 and the humidity

of the air condensed in Air Separaticn Unit 121 are alse
used as eopoling tower make-—up.

The CW make-up requirement hzs been estimated as follows:

tercent of CW

Circulation
Evaporation losses 1.6
Drift 0.1
Blow-down {*} 0.5
Total 2

{*} Dlow-down is based on a hardness of the softened
water of 35 ppm CaCOs.

.



Normal Capacity

Mib/hr

Treated fresh water 1,025 8
Ireated water fron Unit F35 and

hmmidity condensed in

Unit 121 i,994.9

Talal 3,0621,7

Design Capzscity
Softening 200% of fresh waler
Chemiczals 115% ol total weter

Cooling Water Tower Unit 3133

Purpose of the Unit iz to supply the cooling water
necegsary Ior ithe steam turbine condensers and for the
processfoffsite unit trim coclers.

Deseriplion

Standard commercial-type cooling towere and pumps arc
used to provide 73°F cooling water. The cooling
towars arc degigned for a maximum wet bulb temperature
of 68°F. MNake-up water is supplied to the cooling
towers from Cooling Water Make-lp Preparation Umib 132,

Normzl Caggcitx (%)
GEM

Steam turbipe condenser duty 181,400
(temperature rise 75 to 100°F and

diecharge presgpure 50 psig)
Trim cooler duty 81,7285
{temperature rige 75 to 87°F ave,

and discharge prossure B4 psig)

Total 273,125
Design Capacity 115% of pormal

(*} The CW capacity is based on air cooling to 130°F
and trim coeoling below 130VFP,
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3.5,13 Electric Power Generation Unit 134

Purpese of the Unit is to genarate the electric power
reguircments for Lhe plant complex.

Description

Electric power is genereied [rom commercial-iype power
ganerators driven by steam turbines using waste stieam
{rom the process unite. Two levels of steam are used
to gencrate elentric power. Generator 134--01 uses

48 psig, I78OF ateam with Condensing Turbine 134-T-01
Generater 134-M-02 uses superheated 83 psig steam with
Back Pressure Turbine 141 T-02 cxhwusting to 50 psig.

Electric power iz generated at §,000 Velts; stepdown
transformers are provided.

Jorngl Capacity

Eteam Flow,

MH Mib/hr
134-M-01 43.5 BH3.4
134-M-02 7.9 242 .7
Design Capacity 110% of normal

3.5.14 ¥Waste Water Treatmeat Unil 335

Purpose of the Unit is to treat the waste and acid
waterzs of tho Lotal compiex sc that they gan he used
as part ol the cooling water meko-up recutremocnts.

Deseription

The waste water trestment unit is a commorcial - type,
biclogical treatment process using alr. In additiom,
the acid water will be neutralized using caustic soda.

Formal Capacity

Flow,
Composition Mlb/hr
Orgunic aelds and phenols 4.8
Acetone plus C6+ centaining some HyS 2.2
Ammon ia 1.3
Water 1,874 .8

Tatal - TEETA

Dbesign Capacity

110% of nrormal capacity regarding to water flow rate
130% of normal capacity regarding to components.
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3.5.13

3.5.16

Purpogse of the Unit is to provide relief for all
liguid and gaseous effluents from the complex.

Deseription

A rommercial-type flare system hurns all gaseous
streams comirg from either process ventg or zafety
valves. The blow-down facility coosists of a holding
pond to collect the cocling tower and steam system
Blow«down Streams.

Normal Capeeity

Blow down water to holding pond B9 5 Mlb/br
Design Capnoity 130% of normal

Storage 137 {(pot shown)
The feollowing is a summary of the intermediate, product

and chemical storage tank capzeities which are nol
located within the procvess and offsite units:

Product 3torage (15 days)

Anhydrows ammonia 1.700 lon (refrigersted}
Sulphur 1,000 ton {covered)
Gagsoline 354,000 Bbl {floating rooi)
Propans LPG 26,000 Bbi {nressurel
Misend Lo dare: 37,000 Bbl (pressure)

Intermediate Storage (15 days)

Melhonol |70,000 Bh! (Floating ract)
aw gasiliier naphtha 22,000 Bbl {floatiug rocf)

Chomical Storage

Diisopropyl ether 1,500 Bhl

Coal Tipes (7 days) 8,700 T (silo)
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3.5.17 lnterconnecting Pipeway 132 (not skown)

Purpese of the Unit is 1o proevide plping and racks for
connection between the varioue pracess units and
between the process and ol fsite uoits.

3.5.18 ERefrigeration Unit 141

Purpose of the Unit is to supply the rolrigeration
regairemenls [or the plant complex.

Deseription

An amronia absorplion refriperaiion system is uged,
This prnoess nses the 20 psig waste steam which cannot
be utilized in amcther way. Twa temperature levels of
refrigeration are providod.

Normal Capacity
—--Duty, MMBtu/hr--——

Temperature Leval +329F -156°%
Purification Unit 105 and

amnonia storage 5.5 T0.5
Design Capacity 110% of normal

3.5.19 Gasocline Blending Unidi 134

Eurpose of she Unit is to blend in-line the verious
eompnnents contintously and automatically into a 10 BVP
gazoline product.

Desnrigtion

4 typical commercial in-lise blending operation is& carried-
put 2y [ollows:

~ Unrnponent samples are test biended in the labaratery
to determine the proper blending apd additive recipe.

- Blending recipe requirements are entered intc the
blending contral system.

- After ipitial checking, operztian is placed on-strean
and the gasoline product is sert to final storage.

Eguipmenl wongists of rundown tanks, the blendicg control

system with valves, flow mcters, analyszer and controllers,
and pumps.
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BASE CABE I
3.7 TRAIN PHILOSOPHY

The train philosophy for the various units was selected on the
basis of providing a plant complex having an onstream factor of
02%. Consequently, parallel trains have been used for many units
to give flexibility in both cperation and maintenance. Also,
hecnuse of the large size of the complex, some units must be
divided into parallel trains. In the methanol conversion and
hydrncarbon processing area, however, intermediate storage is
used to provide this flexibillity.

In addition, all normally operating pumps, reciprocating compressors
and conveyors are provided with an 100% spare.

The following is a summary of the train philosophy used for each
unit:

Gasitication Unit 101

Two parallel trains, each econtaining 14 Lurgi gasifiers, are used.
Each gasifier includes a wash cooler, waste heat boiler and other
agsociated equipment,

Only 25 gasifiers will be required to produce the design snythesis
gas guantity. The other three spare gasifiers can be withdrawn
from service for maintenance.

Baw Gas Shift Unit 102

Two parallel trains are provided because of reactor size limitations
and to provide operating flexibility.

Raw Gas Cooling Unit 103

Three parallel trains are provided due to the size limitation of
the heat exchangers.

Shifted Gas Cooling Unit 104

One train is provided since the heat exchange eguipment is small
and a centrifugal booster compressor is provided.

Gas Purification Unit 105

The absorber and regenerator section is divided into four parallel
trains to allow towers to be shop fabricated. All the other
gsections ¢f the unit are divided into two parallel trains for
operating flexibility.
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Sulphur Recovery Unit 106

The absorber secticn is divided into four parallel trains due to
the large slze of the zbsorbers. In addition, becguse of the
height requirements of the absorbers, each train will contain two
absorbers 1in series. All other geetions of this unit are divided
into two parallel trains for operating flexibility.

Gas Liquor Separation Unit 107

The dusty gas liquor separation eguipment is divided inte three
trains to provide operating flexibility and to keep the equipment
reasonably sized.

Phenol Recovery Unit 108

The phenol extraction section 1s divided into twe parallel irains
for operating flexibility and for reasonably sized equipment.

Ammonia Recovery Unit 109

The total stripper and assoclated eguipment is divided into two
parallel trains because of size limitations.

Methanol Synthesis Unit 110

Beeause of manufacturing size limitations, this unit is divided
into four parallel reactor trains. Also, two feed/recycle centrifugal
compressors are provided for operating flexibility.

o Recovery Unit 111

One train is provided.

Methanation Unit 112

Two parallel reactor trains are provided for operating flexibility.

02 Removal Unit 113

Cne train is provided.

SNG Drying Unit 114

One train is provided.
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Methanol Conversion Unit 150
Naphtha Hydrotreating Unit 151
Fractionation Unit 132
Alkylation Unit 153

All are single train units. They are decoupled from the gasification
and methanol synthesis sections by 15 days of tank capacity for the
crude methanol and raw naphtha. In addition, Unit 150 has the
following reactor configurations for efficient operability:

Reactors Design
First-stage DME ' 2 in parallel for 1l year
regeneration
Second-stage M-Gasoline 6 in parallel for 14 day cyeclic

regeneration

Offsite Units

The offsite units are designed for a minimum of two parallel trains.
In cases where commercial-sized equipment is too large with two
trains, the number of trains has been increased,
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