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"LEGAL NOTICE" 

"This report was prepared by EosBer Wheeler Ene=~y 
COrporation as an account of work sponsored by the Tennessee 
Valley A~thori~y (TV~J° Ne£~her TV&, Foster Wheeler Energy 
Corporation, no~ any persoB acting on their behalf: (a) 
makes any warranty, express or implied, with respect ~o e.he 
a=curacy, completeness, oE usefulness of Bhe information 
conBained in ~his report, oE B h a t  the use of any informa- 
tion, a~parat,- me~1od, or process disclosed in this report 
may not in£riLge privately owned rights; or (b) assumes any 
liabilities wi~h respect to the use of~ or Eor damages re- 
sulBing from the use of, any info~matlon, apparatus, method, 
or process disulosed in Bhls report." 
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TVA Coal Gasification Study 
B&W Gasifier 

INTRODUCTION 

The baseline design of a coal gasification plant producing medium Btu 
gas, based upon the Babcock and Wilcox gasification process is docu- 
mented in this report, 

The coal gasification plant consists of four identical modules, each 
with a capacity of approximately 5,000 tons of coal per day as deliv- 
ered to the gasifierso The entire plant (four modules} produces 1205.7 
Million Standard Cubic Feet per day of gas with a GHV ;alue of approx- 
imately 299 Btu/SCF for a total heating value of about 360 billion Btu/ 
day. 

The plant location is the rural site of Murphy Hill, located along the 
Tennessee River, some 30 miles east of Huntsville, Alabama. Section 1 
provides more detailed site information. 

The desired product gas is a clean, medium-Btu gas suitable for pipe- 
line distribution. The coal used for processing and for auxiliary 
boilers is a Kentucky No. 9 coal. The product gas specifications and 
the coal characteristics are listed in Section 2o 

The site is accessible by barge and road, with the plant receiving coal 
primarily by barge. About 5 percent of plant needs are delivered by 
truck. The site will not be served by rail. The coal receiving facil- 
ities are sized to handle the entire needs of the plant. 

Water needed for cooling and for process consumption will be drawn from 
the Tennessee River and will be treated by the plant water treatment 
facility. 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, State, and local stan- 
dards and guidelines. 

A description of 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. 

Section 6 presents an estimate of emissions and effluents from the Babcock 
and Wilcox coal gasification plant~ 

ii i lili !il 
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2.1 Discussion of Choice of Processing Sequence 

Evaluations and specific studies completed in Task I and the charac- 
teristics of the B & W gasifier influence the process :alection for 
both the plant main units and the support Zacilities. Studies in- 
volved in Task I included: 

o Gas' Cleanup 

o Oxygen Purity 

o Coal Washing 

o Sulfur Recovery 

Support facilities studies include: 

o Equipment Drives 

o Gas Storage and Spares 

0 Gas Delivery Pressure 

o Effects of Scale 

o Effects of Load Change 

Process selection depends upon economics, experience with the process 
application and upon the characteristics of the B & W gasifier. In 
addition to the selection of the process units, there is also the 
problem of selection of the process configuration involving the 
arrangement of units, number of trains, multiple part-capacity equip- 
ment items all integrated with the optimum plant capacity. Some 
configuration limitations are due to the state of development of the 
gasifier, some to equipment size and scale limitations, as well as 
product demand variation and high risk, high maintenance items. 
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2.2 General Description of Flow 

Drawing No. 54099-'-50-27-1 is a block flow diagram illustrating 
a coal conversion~BG plant using the Babcock and Wilcox gasifier. 
As shown in the diagram, coal, air, and water are the only raw 
materials enterin% the plant. Medium Btu gas is the only product 
leaving the plan~:, together with by-products of sulfur, carbon dioxide 
and slag. 

The accompanying Process Block F~Ow Diagram provides an overview of 
the main processing units selected for preparing medium Btu gas based 
on incorporating B & W's gasificauion reactor. A brief review of the 
schematic which traces the flow of raw materials into finished pro- 
duct is furnished below, as well as a mo~e detailed description of 
each individual unit. 

Raw coal is received fr,ms barges and is transported to coal storage 
piles. The coal is crushed, screened and dried, and fed to the gaui- 
fiet, where it is reacted with oxygen from the air sepa:ation plant. 
The gasifier product gas is cooled and scrubbed free of solids, afteu 
which the acid gas components, CO 2, [12S add COS, are removed in the 
Selexol unit. Slag emanating from the gasi~ier is removed to a slag 
disposal area; sour water condensat~s generated from various prou~ss- 
ing 0nits is treated by steam stripping. The hydrogen sulfide removed 
in the acid gas treating step is further processed to recover saleuDl,: 
sulfur, either in molten or prilled form. The resulting cle~n mudiu,, 
Btu gas is compressed for ~ransmission to the distribution system. 

Support facilities co~non co these various units include: utilities, 
waste water treating, flare/incineration, and cooling tower. 

Air Separation Plant 

The ~ & W gasification system ~equires approximately 4,200 ST/D of 
oxidan~ per module to react with coal. The air separation plant is 
designed for a capacity of 5% higher than that Shown in the material 
balance. This 5% factor accounts for variations in the coal composi- 
tion, heating value and carbon content, hut does not include any 
factors associated with licensor's guarantees or with on-stream 
factors. 

Task I evaluation studies indicste a 98% concentration o£ 02 is 
optimum and a low pressure r~versing exchanger process is economical. 

For B & W gasifier~, a 98% oxygen purity means that the GHV of product 
gas will be about 296 Btu/SCF. 
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The B & W Gasifier 

The B & W gasifier is based upon the principle of entrained flow, 
high temperatures and short residence time. Pulverized coal, oxygen 
and transport gas are fed to the reactor in a multiplicity of feed 
points or burners, creating a rising stream of hot gas. The "combus- 
tion zone" temperature is very high, promoting the melting of the 
ash which falls by gravity to a central tap hole, then to a quench 
section. The slag breaks up to a frit in t~le quench zone and is 
removed f=om the gasifier by means of an ash lock hopper. Recycle 
char from the two stages ~f cyclones is reinjected into the gasifier, 
using steam transport. Fine char rises with the hot, high velocity 
gas. The gas cools due to continued gasification and, also, due tc 
heat transfer to the bare wall evaporator tubes in the upper zone of 
the gasifler. The gas exits the gasifier together with partially 
reacted char, the bulk of which is removed in the primary cyclone. 
Heat is then recovered in the waste heat boiler, which is followed by 
a secondary cyclone. After heat recovery, the gas is further cleaned 
of particulates by means of a venturi scrubber. 

The gasifler system includGs the coal feed lock hoppers, gasifier, 
ash lock hopper, cyclones, waste heat boiler and scrubber. The gasi- 
fier will be desigzled for 5% increased capacity above the normal 
material balance to account fox coal variations. 

Acid GaG Removal 

Gas from the scrubbers is sent tca Selexol unit to remove sulfur 
compounds in the gas. The Selexol system chosen in Task I is a 
physical absorption acid gas removal system operating at low tempera- 
tures of 0°F ± 20OF. The Selexol plant will be designed for both 
105t of material balance capacity and for 115% of the H2S and COS 
concentration to allow for coal variations. 

The Selexol system can absorb all sulfur compounds in the gas phase. 
However, COS solubility in the Selexol solution is lower than that 
for H2S. As a result, the solution circulation and utilities are 
determined by COS. This is evident if the COS concentration is high 
or if the sulfur specification o~ the product gas is low. For 
200 ppm sulfur, it is economical to hydrolyze COS after the scrubber 
and then remove H2S and ~esidual COS in the Selexol unit. The hydro- 
lysis unit is designed for 5% higher capacity and 15% more COS than 
the normal material balance. 
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Sul£ur Recovery 

The most economical method of sulfur recovery from acid gas is by 
means of the Claus plus tail gas plant, provided the H2S concentra- 
tlon in the acid gas is above 15 to 20%. For the B & W gasifier, 
the H2S concentration will be better than 20% H2S concentration 
regardless of the amount of CO 2 removed from the product gas, which 
has a low CO 2 concentration. A tail gas cleanup is required with 
a Claus unit, which only converts 90±% of the H2S to elemental 
sulfur. The Beavon-Stretford type was chosen in Task I to remove 
sulfur compounds from the Claus tail gas. The H2S concentration 
in the acid gas is sufficiently high to allow a "split flow" Claus 
operation. Reasonable concentrations of H2S are required in order 
to sustain combustion in the Claus furnace. The Beavon unit con- 
verts all the sulfur compounds from the Claus unit back to H2S. 
The concentratlon of H2S in the tail gas from the Beavon unit is very 
low. Consequently, a Stretford unit is used to convert the low 
concentration, low pressure H2S to elemental su?.fur. The tail gas 
is then vented. 

Task I evaluations and studies conclude thzt elemental sulfur would 
be the more desirable product rather than to convert H2S to sulfuric 
acid. The least expensive way of handling the elemental, sulZur would. 
be as a molten liquid. Sulfur can be produced in either molten or 
solid form; it was concluded that the prilled solid form would be 
preferable for the TVA design. The Claus-Beavon-Stretford Sulfur 
Recovery System will be designed for 115% of material balance to 
account for variations of sulfur content of the coal. 

Support Facilities 

Support facillties include utilities, coal and ash handling, 
wastewater treatment and general facilities. 

Steam Production and. Distribution 

Steam production from the gasifier includes 245,000 Ibs/hr of 250 
psi and saturated, plus 650,000 Ibs/hr of 950 psi steam superheated 
to 750OF. The low pressure steam will be used to drive turbines. 
However, steam generation in boilerswill be small compared to that 
required for the Lurgi Dry Ash system. For the capacities required, 
it is believed that the most economical boiler for the B & W gasi- 
fier would be a coal fired fluldized bed boiler. This choice would 
eliminate the stack gas scrubber and also eliminate sludge disposal 
problems. There would still be a problem of disposal of solid ash 
plus calcium sulfit-sul~ate, a simpler problem than sludge disposal. 

"T 
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Plant Water Treating and Distribution 

Plant water is obtained from the river, with eaoh module requiring 
about 3000 gpm. The system~ to which plant water is distributed 
include: 

o Fire water 

o Boiler feed water 

o Potable water 

o Cooling tower water makeup 

0 Ash quench and sluice makeup 

Sufficient spare pump capacity is required to account for pump 
maintenance while operating and for variation in coal properties. 

Fire water is simply river water with coarse screening to remove 
trash and silt. 

Boiler feed water, in addition to the above, will have treatment 
and demineralization sufficient for the purity required for the steam 
generating pressure and superheat. 

Pota~le water will be treated for purity required for drinking purposes. 

Cooling tower makeup must be treated to remove silt and for chemical 
addition to prevent corrosion and prevent algae growth, Part of the 
cooling tower makeup water may come from the treated process waste 
water. 

Ash quench and ash sluice water makeup may come from river water. 
It may also come from treated process waste water or it may come in 
part from cooling tower blowdown. 

m Q": l 
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Waste Watez Treatmen t 

Waste water treatment is a single train system for each module. 
Process water before disposal must be reduced in dissolved acid 
gases by means of a sour water stripper. The gas from the sour 
water stripper is sent to the Claus unit to recover sulfur and 
the stripped water ~s sent to the waste water treatment system. 
Waste water treating consists of clarification, neutralization, 
aeration, sludge removal, holding tanks and disposal to outfall. 
In addition to process waste water, the coal pile runoff is also 
treated in the same system as the process waste water. Other 
liquid streams which require treatment are sanitary effluents, 
spent service water, inside battery limits (ISBL) storm runoff, 
cooling tower blowdown and neutralization water from ion exchange 
demineralizers. 

All the above streams are held in effluent holding basins to measure 
pH, turbidity, BOD and priority pollutants before sending the water 
to the river. Cooling tower blowdown must have a chromium destruct 
system before allowing that water to flow to the river. Sanitary 
effluent will be treated by conventional package system and ISBL 
storm runoff will be treated with the normal process waste water 
system. However, in order to smooth out a large surge in storm 
water capacity, a holding basin is provided so that storm water may 
be worked off gradually. 

Coal Handling, Treating and Feedin 9 

Coal receiving, unloading, conveying, stacking and reclaiming 
are not influenced by the gasification process and are the same 
for all gasification processes with slight variations in amount 
of coal for each process. The Babcock and Wilcox gasification 
process differs from the Lurgi type in that all the coal to the 
gasifier shall be crushed and pulverized to 70% by weight through 
200 mesh. The pulverized coal (PC) shall be dried and pneumatic- 
ally transported to lock hoppers to raise the coal to operating 
pressures and then the coal must be injected into the gasifier by 
means of multiple burners. 

Coal  i s  r e c l a i m e d  from t h e  l i v e  o r  l ong  s t o r a g e  p i l e s ,  s c r e e n e d  
and crushed to a size of I~ x 0. The crushed coal will he further 
reduced in the pulverizer to 70% through 200 mesh. Hot flue gas 
enters the pulverizer, drying coal to 2% moisture and lifting the 
coal to the primary pulverizer cyclone. Hot flue gas is generated 
in hot air heaters by burning coal. 

i ̧ : 
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Pulverized coal is gravity fed from the cyclones and baghouses 
directly into the coal storage bin. From the storage bin, the 
coal d~ops by gravity into lock hoppers where the coal is 
pressurized and then directed to the feed tank. Coal is trans- 
ported from the bottom of the feed tank into the gasifier with 
inert gas. 

Sla 9 Handling 

Slag is formed when molten ash in the gasifier is quenched with 
water. The molten slag is broken into small size frit. 

A slag slurry from each gasifier look hopper is gravity fed into 
a transfer hopper and then sluiced to a sump. The slurry from a 
number of gasifiers is collected in the sump and pumped to a de- 
watering bin. Damp ash is conveyed by truck to onsite storage 
piles together with othe= solid wastes, such as sludge from stack 
gas scrubbers or spent limestone {gypsum) from fluidized bed boilers. 
Water from the dewatering bin is clarified and then returned to the 
slag lock hoppers for reuse. About 10% by weight of the slag is 
water remaining after dewatering. 

Slag handling equipment is designed at a rate of 25% higher than 
material balance to account for coal property variations. 

Slag Disposal 

Slag is trucked from the Slag Handling area dewatering bins, together 
with spent limestone from the boilers to basins for 20 years of 
storage. Water is pumped from drainage culverts surrounding the ash 
piles to a holding pond and th~n the drainage water is used for slag 
conveying, quenching and Ic~k hoppe~=. Excess water is sent to the 
weste water treating section for disposal. The slag storage area is 
based upon the material balancG with no increased factor for coal 
variations. Any variation in coal should be smoothed out in 20 years. 
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2.3 NOMINALPLANT CAPACITIES 
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2.4 BLOCK FLOW DIAGRAM 
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TVA Coal Gasification Study 
B&W GasiEier 

3.1 

SECTION DESCRIPTION 

SECTXO}] i00 COAL PREPARATION 

A. Reference Material: 

" Process Flowsheet 
• Elevation Drawing 
• Equipment List 

FWEC Dwg. No. 54099-27-1-50-1 

~EC Dwg• No. 54099-27-i-01-i 

B. Description of Flow 

The unit is designed to receive, store, prepare and transport 
coal~limestone to the coal gasification units. 

Sized coal 3" x 0" {8" maximum) will be delivered to the site 
via 1500 ton barges. Each barge will be unloaded using a 5600 TPH 4 
free digging barge unloader. The barge unloader (27-UDI01) will 
feed belt conveyor 27-CR102 which will convey the coal to a 600 ton 
surge bin {27-TKI01}. Prior to entering the surge bin, tramp iron 
will be removed by magnetic separator 27-Si01. Vibrating feeders 
27-FDI01 and 27-FDI02 located under the surge bin will feed belt 
conveyors 27-CRI03 and 27-CRI04 conveying the material to sampling 
stations 27-SS101 and 27-SSI02. Prior to entering the sampling 
stations an inventory of the material will be made by belt weigh 
scales 27-WS101 and 27-WSI02. 

An alternate feed arrangement will be provided using dump trucks. 
Trucks delivering coal to the site will be weighed, for inventory, 
using truck scale 27-WSI03 located at the unloading site. The trucks 
will dump the material into a 25 ton receiving hopper 27-TKI02. The 
material will then be removed from the hopper using vibrating feeder 
27-FDI03 and will be conveyed to the sampling tower• Prior to s~mp- 
ling, tramp iron will be removed using magnetic separator 27-SI02. 

After sampling the material will be fed to 4 coal breaker~ 
(27-SRI01 thru 27-SRI04) where the coal will be Leduced to 1-1/4" 
0" lumps and then fed to 2 collecting conveyors (27-CR108 and 27-CRI09) 
transporting the coal to a transfer tower. Refuse material discharged 
by the coal breakers will be collected by refuse conveyors 27-CRI06 
and 27-CRI07 which will convey the refuse out of the breaker tower 
and discharge to grade. 

Barge unloading at 6 times average coal usage to allow for day- 
light unloading, five days per week, minor repairs & for pulling 
the barges into position. 
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At the transfer tower the material will either be directed to 
four 14,500 ton coal storage silos (27-TKI03 thru 27-TKI06} o r  to 
the load out area. Coal discharged to the silos will be weighed for 
silo inventory by belt scale 27-WS105 ~nd then conveyed by belt con- 
veyor 27-CRI14 to a cascaded conveyor system (27-CRlll, 27-CRI12 and 
27-CRl13) on top of the silos. 

Coal will then be removed from the silos using either 3 :o 4 
belt feeders per silo [27-FDI04A-G thru 27-FDI07A-G). They will be 
feeding belt conveyor 2~-CRI15 discharging the material to the gasi- 
fief and steam generator feed conveyors 27-CRllTA/B. Prior to this 
the materSal will be weighed on belt scale 27-WS106 and tramp iron 
will be removed by magnetic separator 27-S104. 

Coal directed to the load out area will be weighed for dead st,,~- 
age inventory on belt scale 27-WSI04 and then be conveyed on belt ,,~n- 
veyor 2?-CRII0 to a load out dump where =c[aperu will build the 90 day 
d e a d  storage pile. 

In the event that coal from dead storage is to be used it will 
be drawn from 2 reclaimhoppers(27-TKlf7 and 27-TK108} located at 
the dead storage site. Vibrating pan feeders 27-FDI08 and 27-FDI09 
located under the hoppers will each feed reclaim collecting conveyor 

27-CRl15 which conveys the material to the gasifier and steam generator 
feed conveyors 27-CRI17A/B. 

The gasifier and steam generator feed conveyors will direct the 
material to either the pulverizer bunker fill conveyors 27-CRII8A/B 
which will fill four 1430 tons storage bunkers (27-TK109 thru 2?-TKll2 
each having a 4 hour storage capacity) n~ to the steam generator trans- 
fer conveyors 27-CRllgA/B which conveyL the .~-~-rial onto the steam 
generator bunker fill conveyors 27-CRI20A/B. 

All equipment from the gasifier and steam generator feed conveyors 
to the storage hunkers are provided with one operating and one spare 
train. 

Limestone Storage 

Limestone will be delivered to the plant ~ite by barge, then loaded 
into trucks. The trucks will be equipped witn pneumatic unloaders for 
unloading into the 980 ton limestone storage silo. Limestone will be 
removed from the silo using vibrating bin bottom 27-BVI01 and will be 
fed into a pneumatic transport line by 2 rotary feeders 27-FDIIOA/B, 
leading the material to the steam generator limestone storage bunkers. 
The pneumatic transport line will be equipped with silencers before and 
a~ter pneumatic transport blowers 27-BI01A/B for noise suppression. 

k 

i 
/ 



FOSTER WHEELER ENERGY CORPORATION 

TVA Coal Gasification Study 
B&W Gasifier 

Barge Unloading System 

A power winch system for barge pulling h a s  been contemplated 
and inclu.~ed in Item UD-101, of the equipment list for Section i00, 
Coal Preparation. The barge puller is designed to move a line of 
coal laden barges, already moved, and eventually, a single barge only 
during the acuual coal unluadisg operation of that barge. 

Co;tsiderin,~ the scale cf the Key Plot Plan, 1 in. = 400 ft., 
the barqe puller is not showt(. It does not appear on the Process 
Flow Diagrams of Sectlon lO0,:either, as it is an ancillary device 
which does not serve to clarify the movement and treatment of the 
product, coal, the principal purpose of the Process Flow Diagrams. 

The cost of the barge puller is included as part of the hardware 
costs of equipment Item UD-).bl, for each of the coal gasification 
planus. 

The fore~6in~ comments ~pply as well to the barge cleanout 
system which consists of a small f~ont and loader and a single 
bucket crane which Loads the residual coal into a barge dedicated tc 
the plant site ~or cleanout service. When it becomes full, the 
dedicated barge is moved into the unloading line and is then re- 
placed by another of the empty barges. 

~vement of single barges, other than those operated by the 
.Dower winch, is affected by means of a 75C hp switch boat for 
which pricing provisions have been made in OUr estimate of plant 
cGsts. 
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TVA Coal Gasification Study 
B&W Gasifier 

3,2 

SECTION DESCRIPTION 

SECTION 200 - AIR SEPARATION PLANT 

A. Reference Material: 

• Process Flowsheet 

• Equipment List 

• Material Balance 

FWEC Dwg. No. 54099-27-1-50-2 

B. Description of Flow 

Filtered air is compressed to approximately 90 PSIG in three 
~tage Air Compressors (27-12-C-201A/B), half turbine/half motor 
driven. Intercoolers, an aftercooler, and K.O. Drums are provided. 
Condensate leaving the K.O• Drums flows to the cooling tower. 

Some compressed air is fed to the gasifier during startup. 
Normally compressed air is fed only to the Cold Box Pack&ge 
(27-12-PG-201). 

The Cold Box Package produces nitrogen containing about i0 
ppmv 02 and oxygen of about 98 vol % 02 purity. Waste nitrogen 
is vented through the Waste Nitrogen Silencer (27-12-SL-201) to 
atmosphere. Oxygen gas leaving the cold box package is compressed 
in three stage machines (half turbine driven) to a pressure of 
about 275 PSIG by the Oxygen Compressor (27-12-C-202). Inter- 
coolers and ~.O. drums will be provided by the compressor 
manufacturer. A portion of the compressed oxygen is recircula~ed 
through the Oxygen Comp. Recirc. Cooler (27-12-E-207), to the 
suction side of the Oxygen Compressor for controllability. A: 
fraction of the compressed oxygen is sent to the Gasifier 
(27-14-R-301) in Section 300. A smaller fraction is boosted to 
about 3,000 PSIG by the 02 Storage Feed Compressor and flows to 
the Gaseous Oxygen Storage Tanks (27-12-TK-202A/B/C/D). Stored 
oxygen is required for the Gasifiers in Section 300 t approximately 
ten minutes every two hourstdue to a reversal in Cold Box Package 
operation. 

The liquid oxygen product leaving the Cold Box Package 
(27-12-PG-201) enters the Liquid Oxygen Storage Tank (27-12-TK-201}• 
When required, liquid oxygen is vaporized in the Liquid Oxygen 
Vaporation Package (27-12-PG-205), then combined with oxygen from 
the 02 Storage Feed Compressors in both air plants (two air plants 
per module). The combined gaseous oxygen stream enters the Gaseous 
Oxygen Storage Tanks• 

L ! B 
i ..i ̧ 



!~i i!i: ~ 

F,. 

6 
ee~ 

z 
E 
U. 

FOSTER WHEELER ENERGY CORPORATION 

Liquid nitrogen leaves the Cold Box Package and enters the Liquid 
Nitrogen Storage Tank [27-12-TK-~03). When require~liquid nitrogen is 
vaporized in the Nitrogen Vaporization Packages (27-12-PG-204A/B). 
Vaporized nitrogen from Nitrogen Package PG-204A is sent to the Gaslfier 
in Section 30~ while vaporized nitrogen from Nitrogen Vaporization 
Package PG-204B is used foe Plant Instruments. 

Gaseous nitrogen from the Cold Box Package, 9(;-201, enters the 
Plant Nitrogen Compressor (27-12-C-203A/B),  motor dr iven,  with i n t e r -  
coolers,  an af tercooler  and knockout drums. Compressed nitrogen 
leaving the Knockout Drum at a pressure of about 585 PSIG is distributed 
to process users. A fraction of the compressed nitrogen is utilized 
by plant instrum0nts, the remainder used for purging, blanketing, coal 
system shutdown, coal treatment and the coal feed system. 
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TVA Coal Gasification Study 
B&W Gasifier 

3.3 

SECTION DESCRIPTION 

SECTION 300A- B&W GASIFICATION SYSTEM 

A. Reference Material: 

• Process Flow Diagram FWEC Dwg. No. 54099-27-1-50-3 

• Equipment List 

• Material Balance 

B. Description of Flow 

Crushed coal from Coal Preparation (S~ction I00) is surged 
in the Crushed Coal Bunker (27-14-BN-301), then flows to the 
Raw Coal Feeder (27-14-FD-301 A thru J) which conveys the coal (dried basis) 
at an average rate of 5000 T/D per module into the Coal Pulverizers 
(27-14-GR-301 A thru J). Coal is pulverized so as to pass through 
200 mesh and dried in the Fulverizers with flue gases from the 
Steam Generators (27-11-SG-l~01 A/B). The pulverized coal and 
flue gas enter, the Pulv. Coal Cyclone (27-!4-S-301 A-H) where 
the two are separated, coal flowing through the Coal Cyclone Dis- 
charge Feeder (27-14-TK-301 A,B,C,D) to the Pulv. Coal Reservoir 
Tank (27-14-TK-301 A,B,C,D). The Pulv. Coal Cyclone is vented 
through the Primary Pulv. Coal Saghouses (27-14-FD-301 A thru H) 
which removes particulates to a low level before venting the gas 
to the atmosphere. Coal fines recovered are discharged through 
the Primary Baghouse Discharge Feeder, D-303 A,B,C,D to the Pulv. 
Coal Reservoir Tank. 

Pulverized coal from the Pulv. Coal Reservoir Tank enters 
the Pulv. Coal Lock Hoppers (27-14-BN-302 A thru H) where it is 
pneumatically transported to the Pulv. Coal Feed Tank (27-14-TK-302 
A,B,C,D). High pressure nitrogen from the Inert Gas Receiver is 
fed to the Lock Hoppers and the Feed Tank to pneumatically 
transport the pulverized coal to the Gasifiers (27-14-R-302 A,B,C,D). 
Vented gas from the Feed Tank and Lock Hoppers is sent through 
the Sec. Pulv. Coal Baghouse (27-14-F-302 A,B,C,D), then released 
to atmosphere. Coal particles are returned to the Pulv. Coal 
Reservoir Tank by the Sec. Baghouse Discharge Feeder (27-14-FD-304 
A,B,C,D). The lock hopper/feed tank arrangement permits continuous 
feeding of the Gasifiers, 

Gaseous oxygen from the Air Plant is injected directly into the 
gasification zone where it is mixed and combusted with the pulverized 
coal. The ash in the coal forms a molten slag which drops into.the Slag 
Tank (27-14-TK-303 A,B,C,D) and quenched with ~luice water. The slag is 
transported to the Slag Lock Hopper (27-14-BN-303 A.,B,C,D) intermittently 
and conveyed by the Slag Eductor (27-14-J-301 A,B,C,D) to the slag 
disposalpond. 

II/!,; : i  i] i I I111 i ! I I I I I !1 I1 I] 
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Hot gases leavin 9 the gasification zone contain ungasified 
suspended char particles. Much of the char is removed in the 
Primary Char Cyclone (27-14-S-302 A,B,C,D) where it is cooled and 
discharged through the Prim. Char Cyclone Discharge Feeder (27-14- 
FD-305 A,B,C,D) and combined with char recovered from the Secondary 
Char Cyclone Discharge Feeder (27-14-FD-306 A,B,C,D). The combined 
stream is returned to the Gasifier by the Char E~uctor (27-14-J- 
302 A,B,C,D). 

Heat is recovered from raw gas indirectly in the upper portion 
of the Gasifier, producing H.P. Steam in the waterwall. The H.P. 
steam-condensate mixture flows to the H.P. Steam Drum (27-14-D-303 
A,B,C,D). Separated steam flows to the Heat Recovery Boiler 
(27-14-E-301 A,B,C,D), is superheated, then flows to the H.P. 
steam header. 

Heat is recovered from the hot raw gas leaving the Primary 
Char Cyclone in the Heat Recovery Boiler, E-301 A,B,C,D, thereby 
producing additional H.P. superheated steam. The cooled gases at 
about 450°F flow through the Secondary Char Cyclone to aqueous 
Gas Scrubbing also in Section 300. 

Four gasifiers are provided in each module (sixteen gasifiers 
in the entire plant), two operating, two on standby, to gasify the 
normal throughput of 5.000 T/D of coal per module. 
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FOSTER WHEELER ENERGY CORPORATION 

TVA Coal Gasification Study 
R&W Gasifier 

Section Description 

Section 300B - Gas Scrubbing 

A. Refarence Material 

Process Flowsheet 

Equipment Summary LisU 

~qEC Drawing No. 54099-27-1-50-4 

Material Balance 

8. Description of Flow 

The raw gas is fed to the venturi section of the ist Stage Scrubber 
(27-II-T-301) and contacted with a portion of the ist Stage circulating water 
from P-307A/B. Purged water from the bottom of the 2nd Stage Scrubber (27- 
II-T-302) is added as makeup to the ist Stage water circulation stream. Car- 
bon, ash and small quantities of ammonia and hydrogen sulfide are scrubbed 
from the raw gas in the two Scrubbers in addition to cooling the raw gas. 
Recirculating ist Stage scrubbing water in turn is cooled externally with 
cooling water in the ist Stage Scrubber Water Cooler, E-302, before re- 
turning to the top of the ist Stage Scrubber r T-301. 

Scrubbing water is purged from the ist Stage Scrubber at a rate of 
approximately 560 gpm. Purged water will be pumped to the Sour Water Strip- 
ping Unit (Section 700). Partially s~ubbed raw gas leaving the 1st stage 
flows to the 2nd Stage Scrubber venturi where it is contactea in similar 
fashion to the 1st stage with reciroulating water and makeup water from 
the Treated Water Storage Tank (27-11-TK-1201)(in Section 1200-3) in addition 
to sour condensate from Acid Gas Removal (Selexol-Section 400). Scrubbing 
water from the 2nd stage is pu~ged to the 1st Stage Scrubber. The raw 
gas leaving the 2nd Stage Scrubber flows to G;.s Treating (Section 400- 
Selexol) for further reduction of hydrogen sulfide and an~onia. The hydro- 
gen sulfide concentration in scrubbed gas is about 13,700 ppmv but the 
ammonia level is relatively low (,~23 ppmv). 
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FOSTBR WHEELER }~IEROY CORPORATION 

3.4 

SECTION DESCRIPTION 

SECTION 400 - ACID GAS REMOVAL 

A, Reference Material 

Process Flow Diagram: 
Equipment List 
Material Balance 

FWEC Dw~, No. 54099-27-1-50-50-5 

B, Description of Flow 

The purpose of this section is to remove sulfur compounds from 
the raw gas. Raw gas from Gas Scrubbing (Section 300) flows 
to the Raw Gas Heater (27-11-E-407). The raw gas is heated to 
a temperature of 300UF by external heat exchange with 250 PSIG 
steam. The scrubbed raw gas then flows to the COS Hydrolysis 
Unit (27-11-PG-401). 

The hydrolysis reactor converts the bulk of the COS in the raw 
gas to H~S using the Haldor Topsoe CKA catalyst. The col=ver- 
sion of COS to H2S in the Hydrolysis Unit decreases the utility 
requirements and size of the Selexol Unit. The raw gas leaving 
COS Hydrolysis flows to the Sour Gas Condenser, 27-II-E-408, 
where it is cooled with cooling water. Condensed water in the 
raw gas is removed in the Condenser K.O. Drum, 27-II-D-405, 
then combined with additional sour condensate from the H_S Ab- 

z 
sorber K.O- Drum, 27-II-D-401, and pumped to Gas Scrubbing 
(Section 300). Raw gas from the Condenser K.O. Drum is combined 
with process recycle gas from the Recycle Gas Compressor, 
27-II-C-401, and then cooled in the Feed-Product Gas Exchanger, 
27-II-E-401, with the product gas. Additional water condensed 
from the raw gas is separated in the H~S Absorber K.O. Drum, 
27-II-D-401. Raw gas leaving the H~S Absorber, 27-II-T-401, 
flows to the H2S Absorber, 27-II-T-~01, where cold lean Selexol 
solvent physically absorbs HgStresidual COS and some CO 9. Pro- 
duct gas leaving th3 top of Ehe H2S Absorber is cooled in the 
Feed-Product Gas Exchanger. Most of the product gas flows to 
Section 500 (Compression) and the remainder to the Beavon Unit, 
Section 600, to be utilized as a reducing gas. The product gas 
contains less than I00 ppmv H2S and less than 30 ppmv COS. 

The Selexol solvent leaving the bottom of the H_S Absorber flows 
directly to the H2S Flash Drum, 27-II-D-402. M~st of the ab- 
sorbed CO_ and sour gases are flashed, then compressed in the 

z 
Recycle Gas Compressor, 27-II-C-401, and combined with the raw 
gas feed entering the Feed-Product Gas Exchanger. Make up sol- 
vent is added to the H_S Flash Drum. Fresh solvent is stored 
in a Solvent Storage T~nk, 27-II-TK-401. 

et" 

II 
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FOSTER WHEELER ENERGY CORPORATION 

Solvent leaving the bottom of the H2S Flash Drum is pumped to 
the H~S Stripper Preheater, 27-II-E-402. The Stripper Pre- 
heater is heated with hot lean solvent pumped from the bottom 
of the H2S Stripper, 27-11-T-401. Preheated solvent enters the 
H.S Stripper for removal oE acid gases. Stripper bottoms are re- 
5~i!ed in the H_S Stripper Reboiler, 27-Ii-E-404, heated with 60 z 
PSIG steam. Vapors leaving the H2S Stripper overhead are con- 
densed in the H2S Stripper Condenser, 27-11-E-405, then enter 
the Stripper Recycle Drum, D-403. Condensate is totally re- 
cycled back to the Stripper, while the Acid Gases flow to the 
Sulfur Recovery Claus Plant (Section 600). Hot lean solvent is 
pumped from the bottom of the H_S Stripper and cooled in the H_S M 
Stripper Preheater as described earlier. The solvent is chill~d 
in the Lean Solution Refrigerator, 27-II-E-403, then enters the 
top oE the H~S Absorber. The refrigerant required for E-403 will 
be provided From a package refrigeratlon system. 

m 



;2., . i 
~ / 

it l ' '  

77;!,:. r:i 

,~,, 2 i i 

• L , + : ,  

~. ! " ! ' .  ''I 



' i~i ~,~ ~ ~ i ~ 

t~ 
H 

r~ 

r~ 

i~i~ i,~ i ~ 

i~,~,~ii~!~ i~ , 

i ~ ,~i ,~!i~i. 

~ i ~ i  ¸ 

r~ 

, H 

i ¸ ~ , .  • 

~,,~\ ~i~ ¸ 



• • • + ,  • o ,  ~ 

~H 

c~ 
I-1 

r .I  

i 

I i !,i i • 

+ 



H 

m 

H 

FOSTER ~VHEELER ~ERGY CORPORATION 
I 



i~. ~i I 

® 

~I%II-TI.O~ 

! 

• ~o  ~ e,~a . '~ ~?4 t - E -  407  

r ~  

I 
! 
I 
I ~? -  I1-T-  40! 

I 

m \/ 
2 ? - I 1 - -C  -4 0 1  

i~L ~ ~LVI'aT 

] © 

~r~.q'rP.R ~[-IE~LER ]~qERGY CORPORATION 



L ~ " :~ 

J 

27- tl-E-403 

~?- I I -T-401 

IUI~IIm,l 

'1 

t) .  

I 

A-. 
i 

. ,,. 

J 

O c 

~?-ll.I~ -40d 
~S STmP~'~ ~ I D L t ~  

1~ Mtz:m u m  ~ "  

2?- i l - £  - 4 0 5  
us~ S1h~q  t ~ U ~ l  

) 
P.7-11-- D-4~17, 

~U-T,m| 

I~mm m ism~f I:mFaLtlIN ' I~1OC~5 FLOW D~C~JtM 
TVA ~ GASLFICATI~t ~UDY 

c:¢ 400 AClO r , ~  RL~W.(SFJJ!~L~ 

.o 

l~! I . I l l i l l l l l l l l l l l  "111 I iL~l lJl l l l l l l ldI I I l l l  

I I. i ' ~  



i ~ [ . 

. 

i i  ' 

• :: t 

2": 

• . f  tl " ,  
. !  

{:  , . ,  , 

' i : \  i}i 

*. x -  

i 
i - 

• ' 2 ' " { 

? 

' " : 2  

• ii • 
) 

, ' . - 

ii i ~. ~ 
/ i  ~i ~" i~'~:~ "~ 

~ i i ~ 

? i ~ i~, " • 

'[ 

\i : 

"I 

- 4  

,,% 

.= 

FOSTER WHEELER ENERGY CORPORATION 

TVA Coal Gasification Study 
B&W Gasi~ier 

3.5 

SECTION DESCRIPTION 

SECTION 500 - TREATED GAS COMPRESSION 

A. Reference Material: 

• Process Flow Diagram 

• Equipment List 

FWEC Dwg. NO. 54099-27-1-50-6 

B. Description of Flow 

This section compresses the product gas from a pressure of 
approximately 175 PSIG to about 610 PSIG for subsequent transfer 
to the distribution network. One product gas compressor is 
provided per module. 

Product gas from Acid Gas Removal (Section 400) enters the 
PGC Suction K.O. Drum (27-11-D-503) for removal of entrained 
clean water, This water flows to the Clean water Holding Basin 
(X-1506 on FS #18). Product gas leaving the top of the drum 
enters the turbine driven Product Gas Compressor (27-II-C-501). 
The turbine utilizes H.P. (935 PSIG superheated) steam and is an 
extraction type turbine, extracting a required amount of M.P. 
(250 PSIG) steam, the rest condensed. Extracted steam flows to 
the 250 PSIG steam header. Condensate from the turbine condenser 
flows to the Deaerator (27-II-DH-1201). 

The compressed product gas enters the water cooled Prod. 
Gas Comp. Aftercooler (27-II-E-502) which cools the gas to about 
120°F. Cooled product gas enters the PGC after K.O. Drum 
[27-II-D-502), then flows to the gas d~stribution network. 
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TVA Coal Gasification Study 
B~W Gasifier 

3 . 6  

Section Descriptlon 

SECTION 600 - SULFUR RECOVERY PLANT 

A. Reference Material 

CLAUS UNIT 

Process Flowsheet FWEC Drawing No. 54099-27-1-50-7 

Equipment List 

Material Balance 

Description of Flow 

Acid gas from the Selexol Unit Stripper Recycle Drum, D-403, 
and a smaller stream of acid gas from the Sour Water stripper 
Reflux Drum, D-701, flow through respective K.O. drums and enter 
the Muffle Furnace, H-601, for destruction of ammonia. Hydrogen 
sulfide is partially (about one-third) oxidized to sulfur dioxide, 
utilizing air fed by the Process Air Blower, B-601. High pressure 
steam is generated in the Waste Heat Boiler, E-601, and is the 
major source of H.P. steam for process use (refer to 54099-27-I- 

50-151). 

Gases leaving the Waste Heat Boiler flow to a three stage 
Claus reactor system, consisting of R-601, 602, and 603, where 
sulfur dioxide reacts catalytically with the remaining hydrogen 
sulfide, producing elemental sulfur and water. The Claus Unit is 
about 96% efficient in removal of 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 Beavon Units combined is 

about 198 T/D per module. 

Gas leaving each Claus Reactor (stage) is cooled below about 
300OF to condense sulfur before entering the next stage or flowing 
to the Beavon Unit. A third Reactor Preheater, E-606, is provided 
for optimum operation in the third stage. 

Liquified (condensed) sulfur flows to a Sulfur Pit, X-601, 
and may be stored in the Liquid Sulfur Storage Tank, TK-601A/B, 
for sale as a liquid product or prilled in the Sulfur Prilling Unit, 
PG-601. At presentt it has been decided to normally prill all of 

the sulfur recovered. 

Medium pressure steam is generated during gas cooling to 
recover sulfur. Boiler blowdown streams will be used as cooling 
tower makeup as shown on 54099-27-1-50-151. 
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